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Abstract
Preservice teachers bring to their studies a host of beliefs concerning the nature of
mathematics. These mathematical beliefs have been shown to influence teachers’ instructional
practices. Research that examines the alignment of beliefs about the nature of mathematics and
beliefs about effective instructional practices have left many unanswered questions including, do
beliefs concerning the nature of mathematics held by preservice primary-junior mathematics
teachers align with beliefs concerning effective mathematics instruction at the beginning of
teacher education programs? In this study, the beliefs Ontario preservice primary-junior (grades
JK-6) teachers bring to their teacher preparation programs were examined and the alignment of
beliefs concerning the nature of mathematics and the teaching and learning of mathematics was
explored. Specifically, I investigated the beliefs of preservice teachers who displayed
contradictory views on the nature of mathematics and effective instructional practice; preservice
teachers who held absolutist beliefs about mathematics but intended to teach using a
constructivist approach. A questionnaire was used to identify participants with misaligned
beliefs, and interviews, with a focus on manipulative use, were used to further explore the nature
of the misalignment. Preservice teachers were found to hold primarily absolutist beliefs about the
source, stability and structure of mathematical knowledge and intended to use many
constructivist tools and techniques in their teaching of mathematics. Further exploration of how
and why these constructivist teaching tools and techniques were intended to be used revealed a
more traditional mathematics teaching approach. The findings of this study therefore suggest that
preservice teachers’ beliefs at the beginning of their teacher education program were primarily
absolutist and traditional in nature and therefore were aligned. The misalignment of beliefs
detected by the questionnaire could more appropriately be labelled an apparent misalignment.
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Chapter 1: Introduction
This research examines preservice elementary (JK-6) teachers’ beliefs about the nature of
mathematics, beliefs concerning the teaching and learning of mathematics, and the alignment of
these beliefs at the beginning of a teacher education program. In this chapter key terms will be
defined, the reasons for conducting this research will be outlined and the significance of this
study will be discussed. The chapter concludes with an autobiographical signature which
describes my personal interest in preservice teachers’ beliefs.
Key Terms
For the purpose of this research, it is important to understand the distinctions between
two different beliefs concerning the nature of mathematics and also the differences between two
sets of beliefs concerning teaching and learning mathematics. In this section four key terms are
outlined. These definitions will be elaborated on in the literature review.
Absolutist beliefs about the nature of mathematics. Individuals who hold absolutist
beliefs about mathematics view mathematical knowledge as absolutely certain, static,
unquestionable and objective (Ernest, 1989b; Ernest, 1991). With this view individuals believe
mathematical knowledge is a divine gift or an independent body of knowledge that is waiting to
be found (White-Fredette, 2010). The absolutist view maintains the focus of mathematics is on a
product, not a process used to gain the knowledge (Ernest, 1989b).
Fallibilist beliefs about the nature of mathematics. Individuals who hold fallibilist
beliefs about mathematics suggest mathematical knowledge is uncertain, imperfect, changing
and amendable (Ernest, 1992). With this view, mathematical knowledge is not seen as an
objective reflection of the external-world; rather it is believed to be an interpretation of the
world, built from human experience and is never above revision (White-Fredette, 2010). Each
1

individual is thought to hold a unique understanding of mathematics. In contrast to the absolutist
view, the fallibilist view suggests the process involved in gaining knowledge is as important, if
not more important than the product.
Traditional beliefs about teaching and learning mathematics. Teachers who hold
traditional teaching beliefs suggest teaching involves the process of presenting information,
explaining ideas clearly and transferring knowledge from an expert to a novice (Chan & Elliott,
2004). The process of transmitting knowledge is often achieved through lecturing and involves
the teacher telling the students information, often how to use a step-by-step process to arrive at a
correct answer.
Constructivist beliefs about teaching and learning mathematics. Teachers who
support a constructivist teaching approach believe “teaching is a provision and facilitation of the
learning process…the creation and acquisition of knowledge by the learner through reasoning
and justification” (Chan & Elliott, 2004, p. 821). The teachers’ role in the classroom is to act as a
facilitator helping students to actively construct their own mathematical knowledge through the
process of inquiry. Teachers who support a constructivist teaching approach provide students
with situations which encourage them to build on their prior knowledge, explore and discuss
ideas, and make claims. Unlike the traditional teaching approach, the focus of this approach is
more on students’ processes then on correct final answers.
The Problem
Since 1990 there has been an increased focus on teachers’ beliefs but a lack of attention
to specifically preservice teachers’ beliefs remains despite the impact beliefs have on teachers’
reasoning, learning and decision-making (Ernest, 1989b; Schommer, 1994). This is a problem
because certain beliefs may be hindering the enactment of teaching approaches encouraged by
2

educators’ mathematics reform efforts, thus providing continual support for the use of traditional
teaching practices. Specifically, the absence of research on preservice teachers’ beliefs raises
questions about the occurrence of misaligned beliefs and their effect on teacher education
programs and the enactment of education reform in the classroom.
Research which focuses on teacher beliefs often addresses practicing teachers’ beliefs
and not preservice teachers’ beliefs (Ravindran, Green, & DeBaker, 2005). Furthermore,
research which concentrates on preservice teachers’ beliefs tends to focus on the impact teacher
education programs have on beliefs (Ravindran et al., 2005) not how these beliefs are connected
to the intended teaching practices of the preservice teachers. Studies which have examined the
relationship between preservice teachers’ epistemological beliefs and intended teaching
approaches suggests more research is needed to identify the initial epistemological beliefs
preservice teachers bring to teacher education programs (Tanase & Wang, 2010).
With researchers continually presenting new information aimed at improving education
systems, educational reform is an ongoing reality. Although some reform movements put into
practice are successful, others are not. This is unfortunate as many of these reform-based
teaching practices, despite being solidly based in research, are not fully adopted or properly
implemented in the classroom by teachers. Ernest (1989a) suggests teachers’ beliefs may be
responsible for the incomplete adoption of reform based teaching practices.
…[T]eachers and learners of mathematics (a group which includes virtually all school
pupils at some time, and most teachers) have well-formed views on the nature of
mathematics, although these may be implicitly held views. Furthermore, these views have
a powerful influence on the way mathematics is taught and learned. Thus, the views of
the nature of mathematics held by teachers and learners have a significant impact on the
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current school curriculum and consequently on the implementation of curricular
developments. (Ernest, 1989a, p. 555)
Research suggests epistemological beliefs and beliefs about teaching and learning may play a
role in the degree to which educational reform is enacted (Ernest, 1989b; Prawat, Remillard,
Putnam, & Heaton, 1992). Therefore, research assessing preservice teachers’ beliefs may help to
explain the state of current educational reform movements.
Preservice elementary school (grades JK-6) teachers’ beliefs are critically important in
teacher education programs because personal beliefs influence how these future teachers
understand mathematics, teach mathematics and affect what preservice teachers take from
mathematics teaching methods courses (Chan & Elliott, 2004; Foss & Kleinsasser, 1996). The
beliefs preservice teachers bring to teacher education programs vary in nature and strength,
which impacts professional growth and consequently educational reform (Chval, Lannin,
Arbaugh, & Bowzer, 2009). Preservice teachers’ beliefs also affect knowledge acquisition and
interpretation, task definition and selection, interpretation of course content and comprehension
monitoring by teachers (Pajares, 1992). Although these beliefs are often unarticulated they
include information about what it takes to be an effective teacher (Pajares, 1992). During teacher
education programs many new ideas about teaching and learning are presented which may
support, or conflict with, the established beliefs held by preservice teachers (Pajares, 1992).
Beliefs about teaching mathematics often begin to develop during preservice teachers’ early
schooling making teaching beliefs difficult to change unless they are strongly challenged by
teacher educators (Ball, 1990b; Chan & Elliott, 2004; Thompson, 1992). Pajares (1992) suggests,
“unexplored entering beliefs may be responsible for the perpetuation of antiquated and
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ineffectual teaching practices” (p. 328). Thus, teacher education programs cannot afford to
ignore the initial beliefs of preservice teachers (Pajares, 1992).
The link between teachers’ beliefs about mathematics and intended or enacted
mathematics teaching practices has been explored by many researchers (Brown & Cooney, 1982;
Chan & Elliott, 2004; Ernest, 1992; Harkness, 2009; Pajares, 1992; Richardson, 1996; Yadav &
Koehler, 2007). Teachers with absolutist views of mathematics have been found to teach using
traditional approaches and preservice teachers supporting a fallibilist view of mathematics have
been found to teach using constructivist approaches (Ernest, 1992; Roulet, 1998; Tanase &
Wang, 2010). Although the relationship between teachers’ beliefs about the nature of
mathematics and beliefs concerning teaching mathematics is suggested in the literature, there is
some contradictory evidence. Inservice and preservice teachers have been found to hold views
about mathematics which do not align with practices or beliefs about teaching mathematics
(Chan and Elliott, 2004; Liljedahl, Rösken, Rolka et al., 2006; Prawat, Remillard, Putmam, &
Heaton, 1992; Raymond, 1997). This misalignment is characterized in the literature as teachers
maintaining an absolutist belief about mathematics despite employing constructivist teaching
tools and techniques associated with educational reform. In a study of 39 preservice teachers’
beliefs, Liljedahl et al. (2006) found a misalignment of seven participants’ epistemological and
teaching beliefs. Chan and Elliott (2004) similarly found the preservice teachers in their study
who held absolutist beliefs supported both traditional and constructivist teaching approaches.
Evidence of misaligned beliefs is often set aside and considered to be extraneous or exceptions to
a rule possibly explaining why few researchers have focused on teachers’ misaligned beliefs.

5

Significance of this Study
This research focuses on the initial beliefs preservice teachers bring to teacher education
programs and thus, provides support to the body of research addressing preservice teachers’
beliefs. By contributing to the current understanding of preservice teachers’ beliefs it may also
provide support for policy makers interested in reforming instructional practices and initiatives
aimed at improving teacher education programs.
This study provides a snap shot of the beliefs preservice teachers hold as they enter
teacher education programs therefore contributing to the larger body of research that addresses
preservice teachers’ beliefs. Specifically, this research will add to the small body of research
which examines the alignment of preservice teachers’ beliefs about the nature of mathematics,
and mathematics teaching and learning.
Research focused on teachers’ beliefs, such as this current study, may be useful to policy
makers interested in reforming instructional practices (Prawat, et al., 1992); “…many reformers
insist that teachers do more than change the way they teach. They are also expected to change
their views about a number of things, including students, the teaching-learning process, and the
nature of subject-matter knowledge” (Prawat et al., 1992, p. 147). In order for instructional
approaches, such as constructivist teaching approaches, to be adopted, it is suggested that
changes must be made to beliefs about mathematics (Seaman, Szydlik, Szydlik, & Beam, 2005).
A better understanding of the beliefs preservice teachers bring to teacher education programs
will allow teacher educators and policy makers to address issues of educational reform more
effectively (Cooney, Shealy, & Arvold, 1998; Ernest, 1989b).
This research also has the potential to impact teacher education programs. Pajares (1992)
and Pintrich (1990) both separately suggest understanding the belief structures of preservice
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teachers is essential to improving their professional preparation and teaching practices. It may
therefore be important for the development of teacher education programs to determine
preservice teachers’ initial beliefs so that the best possible effort can be made to encourage
preservice teachers to develop effective practices (Buehl & Fives, 2009; Tanase & Wang, 2010).
Buehl and Fives (2009) state that “understanding preservice and practicing teachers’ beliefs
about knowledge will ultimately allow teacher educators to specifically address misconceptions
and naïve beliefs that may hinder the development of effective teaching practice” (p. 404).
Information about the initial beliefs held by preservice teachers can then be used to incorporate
specific experiences that will challenge or support the initial beliefs of preservice teachers (Buehl
& Fives, 2009). In addition, teacher educators will be better equipped to help students become
aware of their own beliefs, thus possibly creating better teachers (Chan, 2011; Chan & Elliott,
2004).
In conclusion, this current research contributes to the understanding of preservice
teachers’ beliefs about the nature of mathematics, beliefs about teaching and learning
mathematics, and the misalignment of these beliefs by examining preservice teachers’ beliefs at
the beginning of a teaching education program.
Autobiographical Signature
As a primary, secondary and post-secondary student, I enjoyed school and specifically
my mathematics classes. My love for school led me to enrol in a Bachelor of Education program
where I was shocked by my fellow elementary preservice teachers’ attitudes towards
mathematics. Not only were many of these preservice teachers openly discussing how much they
disliked mathematics, they often referred to how they were going to teach the step-by-step
solution processes to their students, a teaching approach that I did not completely agree with.
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Throughout the teacher education program we were continually exposed to constructivist
tools and techniques. Although we all really liked the fun activities that allowed the students to
construct their own mathematical knowledge, I could see that some of my peers only liked
certain aspects of the constructivist approach, such as using manipulatives, and often only
referred to liking the activities because they made math fun. I was disappointed by this and
wondered if their beliefs about mathematics were responsible for their intended teaching
approach. In addition, I began to think about my personal beliefs about mathematics and how
they would affect my teaching.
Upon reflecting on my own beliefs, I have found I held some traditional beliefs about
mathematics, such as the structure of mathematics knowledge can be visualized as a hierarchy.
However, I also believed students should explore mathematics concepts. This dissonance
between my own beliefs about mathematics and mathematics teaching and those of others has
led me to pursue a Master’s of Education degree and this current research. As an elementary
school mathematics teacher, I am entering this research from an insider perspective. My
experiences as a student and preservice teacher have influenced my views on teaching practices
and have shaped my approach in this study.
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Chapter 2: Literature Review
Overview of the Literature Review
In this literature review research on beliefs in general, personal epistemological beliefs of
mathematics and beliefs about teaching and learning mathematics is outlined. In these three
sections the following terms are defined and discussed: beliefs, personal epistemological beliefs
of mathematics, mathematical teaching beliefs, absolutist philosophies of mathematics, fallibilist
philosophies of mathematics, constructivist view of learning, traditional view of learning,
constructivist view of teaching, and traditional view of teaching. Subsequently the alignment of
beliefs about the nature of mathematics and beliefs concerning teaching and learning
mathematics are discussed in terms of the source, stability and structure of mathematical
knowledge. Other studies addressing the alignment and misalignment of beliefs are presented
and a summary of the literature reviewed. The chapter concludes with the research questions
addressed in this study.
Beliefs
Beliefs have been studied in a wide range of fields which has resulted in the term
‘beliefs’ being assigned a variety of meanings and definitions (Chan, 2011). In addition, there is
a wide array of terms that are used interchangeably with the term ‘belief’, such as, knowledge,
attitudes, values, judgments, axioms, opinions, ideology, perceptions, conceptions, conceptual
systems, preconceptions, dispositions, implicit theories, explicit theories, personal theories,
internal mental processes, action strategies, rules of practice, practical principles, perspectives,
repertories of understanding, social strategy, image, and teacher thinking (Chan, 2011; Pajares,
1992; Sigel, 1985). Although no specific working definition of beliefs in educational research
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has been universally adopted, for the purpose of this study, beliefs will be defined as mental
constructions of experiences which are held to be true and guide teacher behaviour (Sigel, 1985).
Beliefs are thought to be formed through an incidental learning process which occurs
throughout an individual’s life. By way of observation, participation and imitation, individuals
assimilate cultural elements present in their lives. This process is referred to as enculturation
(Pajares, 1992). Once beliefs are created and built upon, it becomes very difficult for change to
occur unless deliberately challenged (Pajares, 1992).
The term ‘educational beliefs’ is very broad and lacks context which makes it challenging
to operationalize (Pajares, 1992). It is therefore more helpful, for the purpose of this study, to
define epistemological and teaching beliefs within a mathematics context. Personal
epistemological beliefs of mathematics are defined as a person’s beliefs about the nature of
mathematical knowledge and mathematical knowledge acquisition or learning (Chan, 2011;
Ravindran et al., 2005). Schommer (1990) hypothesized five epistemological dimensions of
which three are relevant to this study. The three Schommer (1990) epistemological dimensions
that address the nature of mathematics are: the source, stability and organization (structure) of
knowledge. Beliefs about the source, stability and structure of mathematical knowledge, have
been conceptualized on a continuum ranging from absolutist to fallibilist (Ernest, 1991);
descriptors to be elaborated on later.
Although two teachers may hold the same knowledge about teaching mathematics, they
may teach differently because of the beliefs they hold about teaching and learning mathematics
(Pajares, 1992). Mathematical teaching beliefs are defined as,
a connected set of systematically related beliefs and ideas about what are felt to be the
essential features of teaching…a broad definition of the task and set of prescriptions for
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performing it, all held at a relatively high level of abstraction. (Sharp & Green, 1975, p.
29)
Chan and Elliott (2004) suggest beliefs about teaching include the meaning of teaching and the
roles of students and teachers. Beliefs about teaching have been divided into two learning models
in the literature, traditional and constructivist (Ernest, 1991), which will be conceptualized on a
continuum. This brief introduction to the beliefs discussed in this chapter is expanded upon in
more detail in the following two sections of this literature review.
Personal Epistemological Beliefs of Mathematics
Even before starting their first education courses, preservice teachers hold a wide range
of beliefs about mathematics (Ball, 1988). These beliefs have been found to be interconnected
with beliefs about teaching and learning (Chan & Elliott, 2004). This has led researchers to
examine teachers’ philosophies of mathematics and teachers’ personal epistemological beliefs
surrounding mathematics.
Philosophies of mathematics “reflect and give an account of the nature of mathematics”
(Ernest, 1991, p. 22). There are a wide variety of philosophies of mathematics which include,
intuitionism, logicism, formalism, platonism, empiricism, social constructivism and radical
constructivism (Ernest, 1991, 1989a; Phillips, 2000). These philosophies of mathematics can be
divided into two broad views; absolutist and fallibilist.
Absolutist philosophies of mathematics. A popular view is that mathematical
knowledge is absolutely certain, unquestionable and objective (Ernest, 1991). This absolutist
view of mathematics is a prescriptive approach to the philosophy of mathematics which guides
us to believe how mathematics should be understood (Ernest, 1992). Individuals who hold this
absolutist view believe mathematical knowledge is a divine gift or an independent body of
11

knowledge waiting to be found (White-Fredette, 2010). Mathematics is viewed as a formalized
language without error or contradiction (White-Fredette, 2010) which through the use of logic
and deductive reasoning, truth can be found (Ernest, 1992). With this view mathematics is
understood to be certain, consisting of immutable truths and irrefutable methods (Ernest, 1991).
Individuals who subscribe to this philosophy view mathematical knowledge as a static unified
body with interconnecting structures and truths (Ernest, 1989b). The absolutist view maintains
the focus of mathematics is on a product, not a process used to gain the knowledge.
Since 1900, the failure of efforts to place mathematics on an axiomatic base has led to
questions regarding the certainty of mathematics knowledge (Ernest, 1992). The absolutist
approach has been challenged by a descriptive approach to the philosophy of mathematics, the
fallibilist view of mathematics (Ernest, 1992).
Fallibilist philosophies of mathematics. According to the fallibilist view mathematical
knowledge is built from human experience. Knowledge is believed to be interpreted by the
individual and thus, each individual is thought to hold a unique understanding of mathematics
(White-Fredette, 2010). With this view, mathematical knowledge is not seen as an objective
reflection of the external world (Phillips, 2000). Although some mathematical knowledge may be
accepted as objective knowledge, it is viewed as a human construction (White-Fredette, 2010)
and products such as proofs and concepts are never considered perfect, final or above constant
revision (Ernest, 1991). This philosophy also suggests there is a process involved in gaining
knowledge which is as important, if not more important than the product. This descriptive
approach provides a picture of the nature of mathematics based on empirical data and suggests
mathematics is fallible, uncertain and corrigible (Ernest, 1992).
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Personal epistemologies of teachers. A number of theories concerning personal
philosophies of knowledge in general have been developed. Although Perry (1970) and
Schommer’s (1994) theories dominate the literature, other theories including the Kitchener and
King’s Reflective Judgment Model (King & Kitchener, 1994; Schommer, 1994), Magolda’s
(1996) model, Kohlberg’s (1969) model, Kuhn, Chene, and Weinstock’s (2000) model and
Belenky, Clinchy, Goldberger and Tarule’s (1986) refinement of Perry’s model, can be found.
Schommer’s personal epistemological dimensions were used in this study because these
dimensions provided a functional theoretical framework and have been used to explore teachers’
mathematical beliefs in the past (Buehl & Fives, 2009) .
Schommer’s personal epistemological dimensions have played a prominent role in the
literature addressing preservice teachers’ epistemological beliefs. Schommer (1990)
hypothesized five epistemological dimensions: source of knowledge, certainty of knowledge,
organization of knowledge, control of learning and speed of learning. Schommer (1990)
hypothesizes personal epistemological beliefs to be multidimensional in structure and
acknowledges that these dimensions do not develop at the same time at the same rate. With this
in mind, each of the five dimensions has been pictured on individual continuums. The ‘source of
knowledge’ dimension ranges from the belief that knowledge is transmitted by omniscient
authority to the belief that knowledge can be reasoned out. On the ‘certainty of knowledge’
continuum, at one end knowledge is believed to be absolute and at the other extreme knowledge
is believed to be constantly evolving. The ‘organization of knowledge’ dimension ranges from
the view that knowledge is compartmentalized to the belief that knowledge is highly integrated
and interwoven. The ‘control of learning’ dimension identifies the belief that the ability to learn
is genetically predetermined at one extreme and the belief that an individual can develop an
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ability to learn through experience at the other. Schommer’s last dimension, ‘speed of learning’,
ranges from the belief that learning is quick or not-at-all to the conception that learning is a
gradual process (Schommer, 1994).
Schommer (1994) has also labelled beliefs as sophisticated and naïve. The following
beliefs, that knowledge is evolving, complex and developed through reasoning, are considered
sophisticated beliefs. Learners with these views believe they have control over their learning and
that learning is a gradual process. Alternately, naïve beliefs include the view that knowledge is
absolute, isolated and comes from authority figures. Learners who hold these naïve beliefs view
their ability to learn as predetermined and they either will or will not be able to learn this
knowledge. Although Schommer’s classification of beliefs as sophisticated and naïve are not
discussed further in this study, a similar division of beliefs has been made in this study. Beliefs
identified in this study as absolutist correspond with Schommer’s naïve beliefs and beliefs
identified as fallibilist correspond with Schommer’s sophisticated beliefs.
Schommer’s dimensions have been used in the examination of teacher’s epistemological
beliefs. Based on Schommer’s dimensions, Buehl and Fives (2009) suggest teachers possess
distinct beliefs about different aspects of mathematical knowledge. They identified three
dimensions: where knowledge comes from (i.e., source), whether knowledge is certain and
unchanging, or tentative and evolving (i.e., stability) and whether knowledge is simplistic and
isolated, or complex and integrated (i.e., structure). Buehl and Fives (2009) three dimensions,
which are synonymous with Schommer’s first three dimensions provide a framework which is
used in this study for examining beliefs about the nature of mathematics. The terms source,
stability and structure will be used from this point forward in this study to describe the
dimensions of mathematical beliefs.
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Epistemological dimensions of mathematical knowledge: source, stability and
structure.
Source. Beliefs about the source of knowledge are important to not only the learning
outcomes of preservice teachers, but also to their teaching practices (Buehl & Fives, 2009). At
the absolutist end of the continuum describing beliefs about the nature of mathematics,
knowledge is believed to originate in nature and be conveyed by authority figures, and at the
other, fallibilist end, knowledge is believed to be actively constructed by the individual (Hofer,
2004).
Sources of knowledge have been classified as formal and informal (Beuhl & Fives,
2009). Formal sources of knowledge are external bodies of information such as textbooks,
experts and news reports, which can be transmitted through authority figures (Buehl & Fives,
2009). Individuals holding absolutist beliefs regard formal sources of knowledge as the
foundation of mathematical knowledge (Buehl & Fives, 2009). Alternately, individuals who hold
fallibilist views of mathematics believe mathematical knowledge originates from informal
sources of knowledge. Informal sources of knowledge are internal bodies of information which
are the result of individual social experiences and interactions (Buehl & Fives, 2009). Individuals
may believe in multiple or single sources of mathematical knowledge and the value placed on
sources may differ (Beuhl & Fives, 2009). In a study examining 101 preservice teachers,
Ravindran, Greene and Debacker (2005) found stronger beliefs in authority as the source of
knowledge among preservice teachers were linked with lower levels of motivation, more
surface-level strategy use and lower levels of meaningful cognitive engagement.
Stability. Teachers hold different beliefs about the stability of mathematical knowledge.
Absolutists believe mathematics can be seen as a set of rules that are unchanging. In a study done
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by Charalambous, Panaoura and Philippou (2009), one preservice teacher “perceived
[mathematics] as being carved-in-stone” (p. 174) and believed that once rules are learned,
individuals should be able to apply them to a variety problems. Alternately, a more sophisticated
belief concerning the stability of knowledge, is the belief that knowledge is fallible, evolving and
changing over time (Schommer, 1994). Rules are believed to be generated and mathematics is
invented and re-invented (Liljedahl, et al., 2006). Individuals who hold this belief are considered
to hold fallibilist beliefs about the nature of mathematics. Buehl and Fives (2009) suggest
holding extreme views about the stability of knowledge at either end of the continuum can be
unfavorable. Holding the belief that all mathematical knowledge is constantly evolving suggests
learning anything new is a waste of time because of constant change. On the other hand, holding
the belief that all mathematical knowledge is static results in the attitude that there is no need to
rethink concepts or seek new information.
Structure. Beliefs about the stability and structure of mathematical knowledge are closely
linked. Ball (1990b) found preservice teachers’ understanding of mathematics is rule-bound, an
arbitrary collection of facts that lacks depth. Similarly, in a study exploring math problems with
undefined answers, Even and Tirosh (1995) found teachers provided rule-based arguments as an
explanation for why any number divided by zero is undefined. These beliefs suggest preservice
teachers hold a simplistic and isolated view of the structure of mathematics. Mathematics from
an absolutist perspective is thus seen as an “…isolated and discrete discipline, which is strictly
demarcated and separated from other realms of knowledge” (Ernest, 1991, p. 25). Absolutists
also believe mathematics is structured based on the goal of objective finished products (Ernest,
1991).
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The alternative to believing mathematics is structured based on a set of rules and
absolutes which are independent of one another is the belief that mathematics is constructed,
fallible and interconnected. With this view, the structure of mathematics is seen as
“…indissolubly a part of the whole fabric of human knowledge” (Ernest, 1991, p. 25) where
relations between different ideas are used in a constructive process (Liljedahl, et al., 2006). At
the beginning of a preservice elementary mathematics methods course, of 39 preservice
elementary teachers studied more than three quarters of the participants were found to believe
mathematics is a set of rules, formulae, skills, procedures (Liljedahl, et al., 2006). It was
therefore suggested by Liljedahl, Rösken and Rolka (2006) that fallibilist views of the structure
of mathematics are not prominent among preservice elementary teachers before they enter
teacher education programs.
In summary, for the purpose of this study teachers’ beliefs about mathematical
knowledge will be conceptualized on a nature of mathematics continuum. At one end of the
continuum preservice teachers will be classified as holding absolutist views of the source,
stability and structure of mathematics. Individuals holding the absolutist views believe
mathematical knowledge is found, certain and unchanging, and is simplistic and isolated. At the
opposite end of the continuum, teachers will be classified as holding fallibilist views of the
source, stability and structure of mathematics. With these views teachers believe mathematical
knowledge is constructed, evolving, complex and integrated.
Beliefs about Mathematics Teaching and Learning
A teachers’ choice of teaching approach in a mathematics classroom is determined by
many different factors including, their personal attitudes and beliefs toward mathematics,
mathematics content knowledge, motivation, goal orientation and beliefs about teaching and
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learning (Chan, 2011; Fennema & Franke, 1992; Quinn, 1997; Richardson, 1996). These factors
make up a teacher’s teaching ideology, a teacher’s interconnected system of beliefs, conceptions
and values (Ernest, 1989b). Teaching ideologies account for many of the differences seen among
teaching approaches. One key component of teachers’ teaching ideology is their beliefs or
conceptions about teaching and learning. Conceptions of teaching and learning are highly
interconnected and play an important role in the choice of teaching approach (Ernest 1989b).
Conceptions about teaching and learning are “…beliefs held by teachers about their preferred
ways of teaching and learning. These include the meaning of teaching and learning and the roles
of the teacher and pupils” (Chan & Elliott, 2004, p. 819).
Due to the interconnected nature of conceptions of teaching and learning, they both
must be examined when preservice teachers’ preferred teaching approaches are being explored.
For the purpose of this study, beliefs about teaching and learning have been conceptualized on a
continuum with traditional and constructivist approaches at either ends. Conceptions of learning
mathematics, including a synopsis of the constructivist and traditional theories of learning are
examined first. Next, mathematics teaching beliefs are discussed in terms of constructivist and
traditional views of teaching. A brief summary of beliefs about mathematics teaching and
learning is provided followed by a review of the teaching approaches that current mathematics
reforms are supporting.
Conceptions of learning mathematics. Beliefs about learning have been conceptualized
by Chan (2011) as a hierarchy with a constructivist view of learning at the upper level, and a
traditional view of learning at the lower end. This view has been adopted by Chan (2001) based
on education reform literature which places more value on constructivist views than traditional
views of learning. Researchers have also examined conceptions of learning in terms of a
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constructivist view of learning and a traditional view of learning but have conceptualized it on a
continuum with equally valued ends (Cobb, 1988). This second view has been adopted in this
current study as the effectiveness and value of traditional and constructivist teaching approaches
are not discussed.
Constructivist view of learning. A constructivist view of learning suggests knowledge is
actively constructed by humans and that cognition allows us as humans to create meaning and
organize our experiences (von Glaserfeld ,1989). Chan and Elliott (2004) suggest a constructivist
view of learning “emphasizes the creation of active learning environments that permit critical
thinking, discovery and collaboration” (p. 819). Although a “constructivist” view of learning is
the most common terminology used, the constructivist view has also been referred to as an
interpretive view of learning.
Constructivism as a view of learning is based on a principle which states, “knowledge is
not passively received but actively built up by the cognizing subject” (von Glasersfeld, 1989, p.
162). Learners are believed to construct their own unique meanings and understandings based on
prior knowledge and experience (Ball & Bass, 2000; Phillips, 2000). With this approach to
learning, individuals are believed to build knowledge based on pre-existing mental schemas or
prior knowledge which shapes the way new experiences are interpreted (Ball & Bass, 2000).
This view of learning suggests “knowledge is made and not acquired” (Phillips, 2000, p. 7) and
stresses that students should be active inquirers. Language along with artefacts, ideas,
assumptions, concepts and practices are seen to influence the individuals’ construction of
knowledge (Phillips, 2000). Language specifically plays an important role in establishing,
justifying and communicating mathematics knowledge (Ernest, 1991). When a student has the
ability to solve problems in a wide variety of situations, long after the instructional period, the
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student is believed to have constructed powerful conceptual structures (Cobb, 1988). The ability
to build on these conceptual structures when learning in other domains is another indication that
a student has constructed knowledge (Cobb, 1988).
Traditional view of learning. The traditional view of learning emphasises “teachers as
the source of knowledge and students as passive recipients of knowledge, learning by receiving
information especially from text books or teachers, to help students learn and encounter well
defined concepts” (Chan & Elliott, 2004, p. 819). It involves students’ learning information,
often by the means of memorization (Chval et al., 2009). Learning is considered successful when
students are able to give the information they have just learned back to the teacher. Learning is
accomplished through practice (Chval et al., 2009). Other terms which have been used to
describe a traditional view of learning including the acquisition, or reproduction view of
learning.
Conceptions of teaching mathematics. Teaching beliefs have been conceptualized on a
continuum with a traditional approach of teaching and constructivist approach of teaching at
either end. The traditional approach to teaching defines teaching as a, “non-problematic transfer
of knowledge or an untransformed manner from expert to novice” (Chan & Elliott, 2004, p. 821).
The traditional approach to teaching has been referred to using many terms including, direct
instruction and teacher-centred teaching (Hong, 1995; Seaman, 2005). Alternately, a teacher who
holds the constructivist view of teaching believes “teaching is a provision and facilitation of the
learning process. . . the creation and acquisition of knowledge by the learner through reasoning
and justification” (Chan & Elliott, 2004, p. 821). This view of teaching is not believed to be
based on the passive transmission of knowledge.
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Constructivist approach to teaching. “Although a constructivist view is attractive when
the issue of learning is considered, deep-rooted problems arise when attempts are made to apply
it to instruction” (Cobb, 1988, p. 87). The issue remains, what does a constructivist approach to
teaching look like? Ball and Bass (2000) have come up with three fundamental commitments
involved in constructivist teaching. They include the “commitment to treat the discipline of
mathematics with integrity, the commitment to give serious respect to children’s mathematical
ideas, and the commitment to see mathematics as a collective intellectual endeavour situated
within a community” (p. 197).
Ball and Bass (2000) provide guidance for what practice means, by outlining teaching
approaches which would promote or facilitate the construction of mathematical knowledge. They
highlight the importance of mathematical reasoning as justification. Using inquiry, they suggest
students should be encouraged to construct and explore ideas. Encouraging students to construct
and explore ideas involves facilitating mathematical activities which allow students to collect
empirical evidence and make claims. Ball and Bass (2000) suggest mathematics teaching should
encourage students to attempt to justify claims and convince classmates and teachers of their
theories. Unlike the transmission of knowledge, facilitating student inquiry is a dynamic and
continually changing process with accommodations made by both the teacher and students.
Both parties must also support their claims with good mathematical reasoning (Ball &
Bass, 2000). This involves using prior knowledge to provide support for the ongoing
development of publicly accepted knowledge within the classroom. Publicly accepted knowledge
is knowledge which is part of the students’ prior knowledge or past work that is accepted as true
and does not require further explanation (Ernest, 1991). For example, if a grade three class had a
solid understanding of single digit addition, a student in that class would not have to justify the
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number sentence 1+1+1+5 =8. The student may however use such publicly accepted knowledge
to justify the number sentence 17+8 = 25.
A constructivist approach to teaching requires all the students in the class to participate in
exploring problems, making claims and trying to prove the validity of claims, thus adding to the
collective knowledge. This requires the class to have a common set of symbols, terms and
definitions so that students are able to communicate and explain their ideas. Ball and Bass (2000)
highlight the importance of a common language, “mathematical language is a crucial cornerstone
of moving toward the construction of publicly shared and validated mathematical knowledge” (p.
221).
The following example provided by Ball and Bass (2000) helps to provide clarity to what
constructivist teaching in mathematics looks like in practice. During a grade two mathematics
class one of the students, Sean, suggests the number six is both odd and even. Although the class
agrees with Sean’s explanation as to why six is even, many of the students do not agree with his
explanation as to why six is odd. Sean suggests that because six can be divided into two equal
groups it is even and because it can also be divided into three equal groups and three is an odd
number, six must be odd too. The teacher prompts the students to explain why they do not
believe six is odd which leads to a discussion about the definitions of odd and even. After some
discussion, the teacher intervenes and asks Sean if there are any other numbers that he thinks are
both odd and even. Soon the numbers 12 and 18 are put up on the board. One student raises her
hand and points out a pattern. The student suggests Sean’s numbers can be divided into two or
three equal groups. The class decides to call these numbers ‘Sean numbers’ as not everybody
agrees that they are both odd and even. The teacher makes a note of this development and plans
to do some more activities which will further develop the definition of even and odd. The
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classroom scenario described above, is an example of a constructivist lesson because students
were encouraged to develop hypotheses, test ideas, discuss ideas with the class, use their own
language and finally, the problem was left unresolved rather than forcing a “correct” answer at
that time.
Teachers like the one described above, believe that mathematics can be and should be
explored and developed. These teachers tend to view students’ responses as partly right and use
these responses to aid instruction. For example, if a student suggested all triangles do not have
three sides because a triangular prism has five sides, although not correct according to the
definition of a triangle, this response can be viewed as practically correct (Harkness, 2009). The
student’s response can then be used to generate discussion within the class, increasing class
engagement. Such teachers believe students are capable of building knowledge and therefore
provide support for students to explore, search and construct mathematical meaning.
The role of teachers who adopt a constructivist approach to teaching is often described as
listening more and telling less (Ball & Bass, 2000). As suggested by Cobb (1988), “the teacher
needs to be aware that he or she cannot inevitably lead the child to make the correct
construction.” The teacher’s role is to present students with situations that promote students to
construct their own knowledge. Knowledge is not given to students, but rather developed by
them (Ball & Bass, 2000).
One criticism of constructivist teaching that Ball and Bass (2000) argued against, is the
notion that constructivist teaching requires students to act like little mathematicians. Ball and
Bass (2000) argue that the construction of knowledge can be seen through the interactions of
students when a disciplinary perspective is adopted. Another criticism that arises with
constructivist teaching is that students are often not motivated to construct new knowledge. Cobb
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(1988) address this criticism suggesting that it is important for the teacher to present the students
with genuine situations that contain obstacles, contradictions and surprises, therefore motivating
students to construct new knowledge.
The constructivist approach to teaching mathematics has also been accused of suggesting
that teachers do not play an important role in their students’ learning (Cobb, 1988). To an
untrained observer, teachers may not appear to play a crucial role in the constructivist teaching
approach because they may not be at the front of the class or be the main speaker however, this is
not the case. Cobb (1988) suggests that through the use of broad opened-ended questions
teachers can provide students with direction and when students collect their ideas and reflect
upon them, these ideas can be integrated into a single coherent solution. Although a student’s
solution may not be the ‘correct’ or the ‘desired’ solution, it is the teachers job to present the
student with contradictory evidence or an additional experience which will further add to
students’ evolving solutions. The process of reflecting on thoughts, questions and reasoning
through different solutions, results in the construction of knowledge.
The constructivist approach to teaching also recognizes that there are certain bodies of
knowledge in the curriculum that must be learned (Phillips, 2000). Without these bodies of
knowledge a student would not be considered mathematically educated. For example, if a student
were to lack the basic knowledge needed to count or add the student would not hold the
knowledge publicly recognized as mathematics (Phillips, 2000). It is thus the teacher’s job to
ensure his or her students construct this specific knowledge. Thus, constructivist teachers’
actions and activities are very important but are not as visible as they have been in the past
(Cobb, 1988).
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Although constructivist teaching is often characterized as teaching with certain
techniques, such as problem solving, Ernest (1993) points out that a constructivist teaching
approach does not imply or disqualify any particular teaching techniques in principle. He notes
that learning does occur during drills and rote learning despite learners appearing to be inactive
(Ernest, 1993). Learners can still construct knowledge in these situations; however these teaching
approaches are not ideal for promoting the construction of knowledge.
Traditional approach to teaching. As suggested above, the traditional approach to
teaching mathematics is viewed as a process of transmitting knowledge, presenting information,
or explaining clearly (Chval et al., 2009). According to Cobb (1988), “The central assumption of
the transmission view of teaching is that meaning is inherent in the words and actions of the
teacher or in objects in the environment” (p. 88).
Common activities which are associated with a traditional approach to teaching are rote
learning, drill and practice and passive listening on the part of the student (Ernest, 1993). A
common method of transmitting knowledge is through lecturing. It is described as a
straightforward and easy approach to teaching (Chval, 2004). Lecturing comes in many forms.
Questioning students to get them to see a specific end goal or using a guided discovery teaching
technique can also be considered traditional approaches when they involve a teacher leading
students to a ‘correct’ answer. There are many other teaching approaches which support the
transmission of knowledge. Reading from a text book or watching a demonstration performed by
the teacher and then reproducing the information at a later time are other forms of traditional
approaches.
One issue with traditional teaching is the tendency for teachers to talk past students,
resulting in misconceptions and the incomplete transmission of concepts (Cobb, 1988). When
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students struggle with material, a teacher who has adopted the traditional teaching approach,
assumes that the student for some reason or another was not able to receive all the information
provided (Cobb, 1988). The teacher then tries to find new ways or uses different language to
transmit the knowledge to their students.
Many preservice teachers believe the transmission teaching approach is effective
(Brookhart & Freeman, 1992; Hong, 1995). Brookhart and Freeman (1992) found many
preservice teachers enter teacher education programs with beliefs that support their role in the
transmission and dispensing of knowledge to students. Hong (1995) examined preservice
teachers’ conceptions about teaching problem solving and found even after teacher education
courses, preservice teachers believe teaching “step-by-step” and using a verbal presentation of
solution processes is effective. It is suggested that preservice teachers believe teaching solution
processes step-by-step is effective because it is the way they were taught. It is suggested that if
preservice teachers were taught using rule-based methods, these teachers are likely to see these
methods as effective (Wilkins, 2008).
In an extreme form, the traditional teaching approach is described as the authoritarian
transmission model (Ernest, 1991). The authoritarian transmission model involves the teacher
placing constraints on the students’ activities by insisting on the use of certain methods to solve
problems. No control over what is learned or how it is learned is given to the students (Ernest,
1991). Teacher inflexibility as a result of relying on textbooks can lead to the adoption of the
authoritarian transmission model of teaching. Direct explanations and demonstrations followed
by assigning individual seat work on paper and pencil exercises are common traditional teaching
techniques. Students’ alternative methods are believed to be undesirable and should be
eliminated.
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Summary: Beliefs about mathematics teaching and learning. The way mathematics is
taught can range from broad, creative and exploratory resulting in a focus on meaning-making,
understanding and unifying a body of knowledge to narrow, instrumental and focused on basic
skills which results in a focus on facts, skills and correct answers (Ernest, 1989b). The teaching
approach teachers adopt is in part determined by their beliefs about teaching and learning (Chan
& Elliott, 2004). Conceptions of teaching and conceptions of learning are difficult to separate as
teachers’ beliefs about learning influence how they believe material should be taught. Due to the
interconnectedness of teaching and learning beliefs, studies often consider and discuss preservice
teachers teaching and learning beliefs together (Chan, 2011; Chan & Elliott, 2004; Ernest,
1989b). When beliefs about teaching and learning are considered together, they have been
conceptualized on a continuum with the traditional and constructivist views at opposite ends.
This approach to examining preservice teachers’ beliefs about teaching and learning has been
adopted in this study. Although the effectiveness or value of traditional and constructivist
teaching approaches is not discussed in this study, professional leadership such as the National
Council of Teachers of Mathematics (NCTM) and the Ontario Association for Mathematics
Education (OAME) who have called for mathematics education reform have clearly shown
support for the constructivist teaching approach.
Based on the understanding of beliefs about teaching and learning mathematics just
established, five teaching tools and techniques which are considered to support a constructivist
teaching approach are discussed to provide an understanding of what current educational reform
movements are promoting.
Mathematics education reform movement. Official publications by groups such as the
National Council of Teachers of Mathematics (NCTM, 1989, 2000) and the Ontario Association
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for Mathematics Education (OAME, 1993) have called for innovation in the teaching of
mathematics. These reports describe the direction that school mathematics programs should
move, putting forth recommendations which have guided curriculum standards and textbook
selection towards the constructivist approach to teaching mathematics. The NCTM and OAME
have called for the use of teaching tools and techniques including building on students’ prior
knowledge, student exploration, use of collaborative learning strategies and use of manipulatives
(NCTM, 1989, 2000; OAME, 1993). The positions the NCTM and OAME have taken on these
teaching tools and techniques and the response from the Ontario Ministry of Education are
discussed below.
Prior knowledge. Students come into the mathematics classroom with a range of
mathematical knowledge and experiences either learned in previous classrooms or from the
world around them. Current education reform movements suggest teachers should use students’
prior knowledge to help them make connections to new concepts (Gunel, 2008). The OAME
(n.d) states the learning of mathematics should be based on the following principle: “Learners
build on prior knowledge and understanding, and work at a developmentally appropriate level to
construct new personal meaning.” The NCTM (2000) similarly states, “Effective teachers know
how to ask questions and plan lessons that reveal students’ prior knowledge; they can then
design experiences and lessons that respond to, and build on, this knowledge” (p. 18). In
accordance with these statements, the Ontario Ministry of Education (2005) mathematics
curriculum document, grades 1-8, states, “Effective instructional approaches and learning
activities draw on students’ prior knowledge” (p. 25).
Student Exploration. The OAME and NCTM both suggest students should be
encouraged to actively explore mathematical ideas. The importance of student exploration is
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echoed in the Ontario Mathematics curriculum as it “is based on the belief that students learn
mathematics most effectively when they are given opportunities to investigate ideas and concepts
through problem solving and are then guided carefully into an understanding of the mathematical
principles involved” (Ontario Ministry of Education, 2005, p. 4). Questioning is one technique
described by the Ontario Ministry of Education which is used by teachers to direct students’
attention towards the exploration of mathematics (Martino & Maher, 1999). The Ontario
Ministry of Education suggests that teacher questioning “during the problem-solving process will
help students internalize a valuable approach that can be generalized to other problem-solving
situations” (Ontario Ministry of Education, 2005, p. 13). Driver (1990) indicates questioning is a
skill that teachers require to successfully implement a student-oriented learning environment
suggesting it is an important aspect of the constructivist teaching approach. Not only does
teacher questioning help to support student understanding, good questions also help teachers
access students’ prior knowledge (Gunel, 2008).
Collaborative learning strategies. With reform movements emphasising group work and
discussions in the classroom, interest in the use of small group instruction has been increasing
(NCTM, 1989). Encouraging students to work in groups is an important element of a
constructivist teaching approach as it encourages critical thinking, social interactions and
communication skills (Ashman & Gillies, 1997; Gillies, Ashman & Terwel, 2008; Kutnick, Ota,
& Berdondini, 2008; Simon, 1992). The OAME (n.d.) supports the use of group work suggesting
learning is enhanced when students are encouraged to communicate their understanding with
their peers. The current Ontario mathematics curriculum encourages teachers to promote smallgroup conversations where students share ideas and justify results (Ontario Ministry of
Education, 2005). Although heated debates and rich exchange of ideas are not typically thought

29

of as part of past mathematics classrooms, mathematics does afford opportunities for students to
learn to justify their reasoning and defend their positions with ideas (Allen, 2011; Ernest, 1992).
The NCTM suggests classroom interactions involving students proposing mathematical ideas
and conjectures leads to learning with understanding. Supporting mathematics reform, the
Ontario mathematics curriculum states, “Communication is an essential process in learning
mathematics. Through communication, students are able to reflect upon and clarify their ideas,
their understanding of mathematical relationships and their mathematical arguments” (Ontario
Ministry of Education, 2005, p. 17).
Manipulatives. Manipulatives are powerful tools that allow students to make connections
to the real world (Olkun & Toluk, 2004; Willoughby, 1988). Manipulatives may be solid 3-D
objects such as base ten blocks or virtual images which can be manipulated on a computer
(Moyer, 2001; Bouck & Flanagan, 2010). Mathematics reform movements promote the use of
manipulatives in the classroom suggesting learning is enhanced when students have access to
“hands-on” activities (OAME). The NCTM and OAME both envision manipulative use as a key
element when teachers create meaningful mathematical experiences for all students; “[E]very
classroom will be equipped with ample sets of manipulatives and materials” (NCTM, 1989, p.
87). As stated by the Ontario Ministry of Education (2005), “Manipulatives are necessary tools
for supporting the effective learning of mathematics by all students. These concrete learning
tools invite students to explore and represent abstract mathematical ideas in varied, concrete,
tactile, and visually rich ways. Moreover, using a variety of manipulatives helps deepen and
extend students’ understanding of mathematical concepts” (p. 25).
The implementation of constructivist tools and techniques. Based on
recommendations from the NCTM and the OAME teachers are expected to promote the

30

investigation of mathematical concepts, use manipulatives, encourage group work, facilitate
student discussions and build on students’ prior knowledge (NCTM, 1989, OAME, 1993).
Although these teaching tools and techniques are considered to indicate the use of a
constructivist teaching approach, simply noting that these teaching tools and techniques will be
or are used in the classroom may hide subtle differences in teaching approaches and the
underlying beliefs about teaching and learning. Thus, equating certain teaching tools and
techniques with a constructivist approach could be problematic.
Manipulatives, for example, are often equated with a constructivist approach however,
the effectiveness of manipulates has been found to depend on how knowledgeable teachers are
about their use (Sowell, 1989). In addition, teachers “…beliefs about how students learn
mathematics may influence how and why they use manipulatives as they do” (Moyer, 2001, p.
178). Although manipulatives have been proposed as useful tools which can help students gain
mathematical understanding and can be found in many elementary classrooms, the ways in
which they are used (Howard, Perry, & Tracey, 1997) and reports of their effectiveness (Drickey,
2006; Trespalacios, 2008) vary greatly. Thus, labeling specific teaching tools and techniques as
supporting a constructivist approach can be misleading. For example, statistics which describe
the use of specific teaching tools and techniques, such as 78% of primary teachers (grades 1-3)
and 46% of junior teachers (grades 4-6) reported frequently using manipulatives in their
mathematics classroom (Education Quality and Accountability Office, 2010), could be
interpreted to mean that many teachers are using reform-based constructivist teaching
approaches. Although the statistic does indicate that a teaching tool which is supported by
mathematics reform is being used, it does not provide any information on how or why this tool is
being used in the classroom. Hypothetically, all of the primary teachers who reported frequently
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using manipulatives could be using them to teach their students step-by-step solution processes, a
traditional teaching approach.
Although the NCTM, OAME and subsequently the Ontario Ministry of Education
strongly promote the use of manipulatives and other teaching tools and techniques in the
classroom it is unclear whether using these constructivist teaching tools or techniques means a
constructivist teaching approach is being implemented or even if the teacher holds constructivist
beliefs about teaching and learning. This issue is further explored by looking at the beliefs about
how and why constructivist teaching tools and techniques are intended to be used by future
teachers.
The Alignment of Beliefs concerning Mathematics and Beliefs about Teaching and
Learning
“The resources teachers bring to teaching – their knowledge, skills, and beliefs – affect
their actions in a number of ways” (Prawat et al., 1992, p. 146). In particular, teachers’ beliefs
about mathematics and mathematics instruction influence teachers’ enacted instructional
practices (Pajares, 1992; Richardson, 1996). Brown and Cooney (1982) suggest, “a teachers’
inclination to teach a certain way or to use/not use knowledge learned from a variety of
experiences is indeed affected by what he/she believes mathematics is” (p. 16). Ernest (1992) has
also discussed the relationship between epistemological beliefs and instructional beliefs but with
respect to the impacts of a constructivist view of mathematics.
[A] view of mathematics as a way of knowing and as a social construct can powerfully
affect the aims, content, teaching approaches, implicit values, and assessment of the
mathematics curriculum, and above all else, the beliefs and practices of the mathematics
teacher. (Ernest, 1992, p. 89)
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The relationship between beliefs concerning the nature of mathematics and conceptions
of teaching and learning is not simple or clear. Moyer (2001) further highlights the difficulties
which occur when looking at this relationship, by noting that there is not a simple correlation
between beliefs and the actions of teachers. The practices of teachers are often used in studies to
extract and understand the beliefs of teachers, but as beliefs are orienting teachers’ actions, the
teachers’ actions are also influencing beliefs (Moyer, 2001).
The majority of research which examines the alignment of beliefs suggests there is a
relationship between epistemological beliefs and instructional beliefs (Ernest, 1992, 1991;
Roulet, 1998; Tanase & Wang, 2010; Toumasis, 1997). Studies which have examined this
relationship have found absolutist beliefs about the nature of mathematics align with traditional
teaching approaches (Tanase & Wang, 2010; Wilson, Konopak & Readence, 1994). Although
some cases have been found where teachers hold fallibilist beliefs and intend to teach using a
constructivist approach this finding is less common (Yadav & Koehler, 2007). The finding that
there is more evidence of a link between absolutist views of mathematics and traditional teaching
than fallibilist views of mathematics and constructivist teaching may be because the traditional
teaching approach has a longer history and/ or because it is more difficult to define what the
constructivist approach looks like in practice. In this current study, the alignment of beliefs
concerning the nature of mathematics and beliefs about teaching and learning mathematics is
looked at by focusing on three dimensions of preservice teachers’ mathematics epistemologies:
source, stability and structure of knowledge.
Source of mathematics. Beliefs surrounding the source of mathematical knowledge have
been shown to influence choice of teaching approach (Yadav & Koehler, 2007). Yadav and
Koehler (2007) examined the relationship between source of knowledge beliefs and teaching
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approach preferences. One participant who indicated on a survey that she did not believe
someone with authority (ie., teachers, parents) held absolute knowledge, stated she felt it was
important to give students freedom and choice when teaching. She chose an instructional clip
where “the teacher gave the students opportunities to be responsible for their own learning and
discuss the questions they brought with the whole class to have them work through the problems
instead of transmitting the knowledge” (Yadav & Koehler, 2007, p. 354). This research
illustrates the alignment of epistemological beliefs and teaching beliefs as the preservice teacher
in Yadav and Koehler’s (2007) study was found to hold fallibilist views about mathematics and
constructivist beliefs about teaching.
Stability of mathematics. Beliefs about the stability of mathematical knowledge are
thought to impact the teaching of mathematics. Harkness (2009) suggests preservice teachers
who feel mathematics is rule-oriented and unchanging, find it very difficult to look at students’
mathematical reasoning through a believing and accepting lens. These teachers who have rigid
beliefs about mathematics unknowingly put pressure on students to answer questions the “right”
way (Harper & Daane, 1998). The absolutist view of the stability of mathematics has been linked
to traditional teaching approaches that focus on having students learn the “right” answers the
“right” way.
In a study conducted by Thompson (1984) teachers who moved away from traditional
teaching were found to hold a more dynamic view of mathematics. It has been suggested that
teachers who believe mathematical knowledge is dynamic and changes over time are more open
to and aware of new teaching methods (Buehl & Fives, 2009). In a study exploring two teachers
conceptions of mathematics and teaching practices, Roulet (1998) found one of his participants
held the fallibilist belief that mathematics is an “evolving discipline with the validity of concepts
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in flux” (p. 124) and supported a constructivist teaching approach. The research suggests
fallibilist beliefs align with constructivist views of teaching (Roulet, 1998).
Structure of mathematics. Beliefs about the structure of mathematics have also been
found to be related to preferred teaching approaches. Many teachers feel mathematics has a
unique fixed hierarchical structure. This view of mathematics is consistent with an absolutist
position. Individuals with absolutist beliefs feel mathematics is learned best when organized
hierarchically and adopt teacher-centred transmissive modes of instruction (Ernest, 1991).
Alternately, teachers holding a fallibilist view of mathematics feel there is no overall
mathematical hierarchy and that there is no unique order to the teaching of mathematics (Ernest,
1991). With this view, mathematics is taught as a connection of inter-related topics. In a study of
eleven preservice teachers, Yadav and Koehler (2007) found that beliefs about the structure of
knowledge and beliefs about students’ ability to learn affected the study participants’ selection
and interpretation of teaching video cases. Teachers who viewed knowledge as simple, selected
teaching videos which involved a lot of direct instruction. Teachers who viewed knowledge as
complex and integrated, chose videos which involved the use of real world examples and
encouraged students to integrate new ideas with prior knowledge (Yadav & Koehler, 2007).
Philipp, Flores, Sowder and Schappelle (1994) also found a relationship between fallibilist
beliefs about the structure of mathematics and constructivist teaching approaches. The
elementary (grades 3 to 7) teachers in their study were found to reject the image of mathematics
as a collection of disconnected algorithms, and supported a constructivist approach to teaching
mathematics (Philipp et al., 1994). Thus, absolutist beliefs about the structure of mathematical
knowledge have been found to correspond with traditional teaching beliefs and constructivist
teaching approaches align with fallibilist views of mathematics.
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Studies discussing alignment. Ernest (1989b) discussed the relationship between
mathematical epistemological beliefs and practical outcomes in the classroom. He suggests
teachers who think mathematics is absolute hold a traditional view of teaching and learning.
With the absolutist view teachers see mathematics as a unified body of knowledge which
consists of static immutable products, and are suggested to stress laws, see the teacher as an
explainer and view the learner as a receptor of knowledge. Alternately, teachers who think
mathematics is fallible hold a constructivist view of teaching and learning. Teachers who view
mathematics as dynamic, problem-driven, open to revision and as a continually expanding field
of human inquiry are suggested to see themselves as facilitators who accept students’ methods
and approaches to help them actively construct understandings. Ernest (1989b) concludes by
suggesting, “…views of the nature of mathematics are likely to correspond to views of its
teaching and learning” (p. 26).
In a case study aimed at identifying preservice teachers’ beliefs and the changes which
occur during a methods course, Tanase and Wang (2010) found epistemological beliefs and
teaching beliefs align. In one case, the participant moved from an absolutist to a more fallibilist
view of mathematics. This shift in epistemological beliefs resulted in a shift from a traditional
teaching style to a constructivist teaching style. “The study suggests that participants’
epistemological beliefs about knowledge could impact their teaching and the transformation of
their beliefs could further lead to the change of their teaching ideas and practices” (Tanase &
Wang, 2010, p. 1246). Wilson, Konopak and Readence (1994) also suggest teaching approaches
and epistemological beliefs align. They found that preservice teachers who believed knowledge
is uncertain, constructed and complex, preferred student-centered teaching approaches. Although
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these two studies suggest that classroom behaviours are consistent with epistemological beliefs,
Tanase and Wang (2010) indicate that they do recognize that conflicting beliefs can be held.
Misalignment of beliefs about the nature of mathematics and instructional beliefs.
Although the research discussed above suggests epistemological beliefs align with instructional
beliefs, there is evidence that this is not always the case. Theoretically, there are two cases where
misalignment may occur. Misalignment occurs when a preservice teacher holds absolutist beliefs
about mathematics but intends to teach using a constructivist approach, or when a preservice
teacher holds fallibilist beliefs about mathematics but intends to teach using a traditional
approach (Figure 1). These cases are often dismissed as outliers. Despite there being two
possible cases of misalignment in the literature, there is only evidence of teachers holding
absolutist beliefs about mathematics and intending to teach using a constructivist approach (Chan
& Elliott, 2004; Cross, 2009; Liljedahl et al., 2006; Prawat et al., 1992; Raymond, 1997; Yadav
& Koehler, 2007). Little research has been conducted surrounding this issue.
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Figure 1. The alignment and misalignment of teachers’ beliefs about the nature of mathematics
and their beliefs concerning the teaching and learning of mathematics.
In a study exploring relationships between elementary mathematics teachers’ knowledge
of mathematics, beliefs about the nature of mathematics teaching and learning, and mathematics
instruction, Prawat et al. (1992) presents one teacher with a misalignment of beliefs. Following
the implementation of a new mathematics curriculum the teacher was observed to use new
teaching tools and techniques in her instruction but when interviewed the new reform based
teaching approach was found to have little influence on her beliefs about the nature of
mathematics and the learning process. This study suggests that changes to teaching practices can
occur without corresponding changes in beliefs about the nature of mathematics or beliefs about
teaching. Raymond (1997) also addressed the alignment of beliefs concerning the nature of
mathematics and instruction beliefs using a multiple case study approach. In her study, Raymond
(1997) examined six first and second year teachers’ beliefs about the nature of mathematics and
beliefs about teaching and learning, and found misalignment. It was found that one teacher’s
beliefs about mathematics content was more traditional (absolutist) than her teaching
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conceptions. She suggested that mathematics was fixed, predictable, absolute, certain and
applicable but indicated that good mathematics teaching involves having a flexible lesson and
using manipulatives. Despite expressing some constructivist beliefs about teaching and learning,
the participant’s teaching approach was observed to be primarily traditional. The results of this
study therefore suggest beliefs about the nature of mathematics are more strongly linked to actual
teaching practices than are teaching and learning beliefs.
In a study conducted by Yadav and Koehler (2007) concerning the alignment of
epistemological beliefs and teachers’ preferred teaching approaches, it was suggested that
preservice teachers selected videos of teaching approaches which were aligned with their
epistemological beliefs. However, within the study one participant was found to select two
videos depicting traditional approaches of teaching that were consistent with her epistemological
beliefs and another two videos depicting a constructivist approach that were not consistent with
her epistemological beliefs. Another participant was found to hold complex beliefs about the
nature of learning (fallibilist beliefs) however she chose a video of a teacher that used concrete
examples (traditional approach) to illustrate what she thought was ‘good’ instruction.
Chan and Elliott (2004) also examined the relationship between epistemological beliefs,
and teaching and learning conceptions of preservice teachers, but did so using a quantitative
approach. Using Pearson’s correlation and factor analysis Chan and Elliott (2004) examined the
relationship between four measures of epistemological beliefs (innate/fixed ability, learning
effort/process, authority/expert knowledge and certainty of knowledge) and two teaching and
learning conceptions (traditional and constructivist). Traditional teaching and learning
approaches were found to be significantly and positively related to innate/fixed ability (r = 0.
395, p = .000, a = .01), authority/expert knowledge (r = 0. 402, p = .000, a = .01), and certainty
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of knowledge (r = 0.311, p = .000, a = .01). Constructivist teaching and learning approaches
were found to be significantly and positively related to innate/fixed ability (r = 0.155, p = .002, a
= .01), authority/expert knowledge (r = 0.218, p = .000, a = .01) and negatively related to
learning effort/process (r = -0.392, p = .000, a = .01). The results of this study therefore suggest
that there is not a clear relationship between epistemological beliefs and teaching/ learning
conceptions. A misalignment of beliefs was found as innate/fixed ability and authority/expert
knowledge were found to be related positively to a constructivist teaching approach (Chan &
Elliott, 2004). Chan and Elliott (2004) suggest this may be the result of the mixing of strong
cultural influences, past school experiences and recent experiences in a teacher educational
program.
Liljedahl et al., (2006) also discusses the occurrence of misalignments. The purpose of
his study was to determine if a change in beliefs resulted after completing a mathematics
methods course. He examined the alignment of 39 preservice elementary teachers’
epistemological and teaching beliefs and found seven participants’ beliefs were misaligned at the
end of the course. These individuals’ beliefs remained rule-based (absolutist) despite the
methods course; however their beliefs about teaching mathematics shifted from a traditional
approach to constructivist approach. This result suggests teachers’ beliefs concerning the nature
of mathematics may not align with their beliefs about mathematics instruction. The misalignment
is reported based on data collected after preservice teachers completed the methods class, and
there is no discussion of misaligned beliefs prior to a teacher education program.
Although the research discussed above surrounding the misalignment of beliefs is not
exclusively focused on preservice teachers’ beliefs before entering teacher education programs, it
does suggest misalignments may exist. This study enhances past findings by examining the
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beliefs of a sample of a population that has not been explored in the past, preservice teachers
who have not begun the teacher education program.
A Summary of the Literature
Individuals’ beliefs have been described, defined and labeled using many different terms.
Beliefs concerning the nature of mathematics have been conceptualized on a continuum ranging
from absolutist to fallibilist and discussed in terms of the source, stability and structure of
mathematical knowledge. In the literature, individuals holding absolutist views believe
mathematics knowledge is certain, unchanging, isolated, simplistic and is found by persons with
authority (mathematicians). Individuals holding a fallibilist view of mathematics believe
mathematical knowledge is uncertain, dynamic, complex, integrated and constructed by humans
as culture (Buehl & Fives, 2009). Schommer’s (1994) personal epistemological dimensions play
a prominent role in the literature addressing preservice teachers’ epistemological beliefs. Three
of Schommer’s five dimensions, source, stability and structure are focused on in this current
study.
Beliefs concerning the teaching and learning of mathematics have also been
conceptualized on a continuum ranging from traditional to constructivist approaches. The
traditional view of teaching and learning is characterized by a passive student, step-by-step
transmission of knowledge from the teacher to the student. The constructivist view of teaching
and learning is described as the teacher facilitating the students’ active building of knowledge. In
the literature the traditional approach to teaching is more clearly defined in practice than the
constructivist approach. In an attempt to clearly describe what constructivist teaching looks like
in practice, Ball and Bass (2000) outline some key elements which bridge ideas concerning the
construction of mathematical knowledge and teaching. These elements include the use of inquiry
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in the classroom, building on individuals’ prior knowledge and publicly accepted knowledge,
using mathematical reasoning as justification during discussions and the importance of language.
A relationship between teachers’ beliefs about mathematics and beliefs about teaching
practices has been found and discussed by many researchers (Brown & Cooney, 1982; Chan &
Elliott, 2004; Ernest, 1992; Harkness, 2009; Pajares, 1992; Richardson, 1996; Yadav & Koehler,
2007). Teachers who hold absolutist beliefs about mathematics have been found to support
traditional approaches to teaching and teachers who possess fallibilist beliefs about mathematics
support constructivist approaches to teaching (Ernest, 1992; Roulet, 1998; Tanase & Wang,
2010). Although there is strong evidence in the literature to suggest this relationship, researchers
have found cases where beliefs about the nature of mathematics do not align with beliefs about
teaching and learning (Chan & Elliott, 2004; Liljedahl et al., 2006; Prawat, et al., 1992;
Raymond, 1997). Practicing and preservice teachers have been found to hold an absolutist view
of mathematics and express the beliefs that a constructivist teaching approach is how
mathematics should be taught. Although misalignments of teachers’ and preservice teachers’
beliefs are found in the literature, they have not been focused on, or explored in depth
specifically before preservice teachers enter teacher education programs.
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Problem Statement and Research Questions
The purpose of this study is to document and examine the beliefs of preservice
elementary teacher candidates in Ontario at the beginning of their teacher education program.
Beliefs that are concerned with the nature of mathematics and perceived effective mathematics
instruction are examined and the following research questions are addressed:
1.

What beliefs do preservice elementary mathematics teachers hold concerning the nature of
mathematics at the beginning of teacher education programs?

2. What approaches to mathematics teaching do preservice elementary teachers think are the
most effective at the beginning of teacher education programs?
3. Do beliefs concerning the nature of mathematics held by preservice elementary mathematics
teachers align with their beliefs concerning effective mathematics instruction at the
beginning of teacher education programs?
4. If misalignments of beliefs are present, what is the nature of the contradictory beliefs held
by: a) preservice teachers who hold absolutist beliefs about mathematics but intend to teach
in a constructivist approach; and b) preservice teachers who hold fallibilist beliefs about
mathematics but intend to teach using a traditional approach?
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Chapter 3: Methodology
The methodology used in this study will be outlined in this chapter. The research design
and the reasons behind choosing this design will be reviewed followed by a description of the
methods used to collect and analyse the questionnaire and interview data.
Research Design
In this mixed methods study, the beliefs of beginning teachers were examined in two
phases. A questionnaire was used to gather data on preservice teachers’ beliefs. The
questionnaire provided a broad view of the beliefs held by the study population and aided in the
selection of participants for interviews. The aim of this study was to determine if there were
misalignments between preservice teachers’ beliefs concerning the nature of mathematics and
beliefs concerning effective mathematics instruction before conceptions were influenced by the
teacher education program. In order to avoid the influences of the teacher education program,
data collection began on August 1, 2011, approximately one month prior to the commencement
of classes in the 2011-2012 school year and concluded on September 27, 2011.
A sequential mixed methods design (Creswell, 2009) was chosen because research has
suggested that studies which rely solely on surveys and questionnaires may not provide a
complete and accurate picture of individuals’ beliefs (Allen, 2011; White-Fredette, 2010). In an
effort to gain a more complete understanding of the beliefs held by study participants, this study
employed a primarily qualitative approach that focused on interview data. Participants completed
a questionnaire and eight participants were interviewed. The interview portion of this project
added specific details, explaining and describing, and adding clarification to the understanding of
the alignment of preservice teachers’ beliefs.
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Participants
Approximately 380 primary-junior Bachelor of Education students enrolled at an Ontario
university for the 2011 to 2012 school year were given the opportunity to complete the
questionnaire and participate in an interview. One hundred thirty eight preservice teachers
responded to the questionnaire and eight were interviewed.
Data Collection
Questionnaire. The questionnaire was designed to elicit information about preservice
teachers’ beliefs about the nature of mathematics and their perceptions of effective mathematics
instruction. The purpose of the questionnaire was to provide a quantitative description of
preservice elementary teachers’ beliefs about mathematics and mathematics teaching, and to
identify potential individuals with misaligned beliefs for follow up interviews. The questionnaire
identified preservice teachers who held absolutist or fallibilist beliefs about the nature of
mathematics. In addition, it identified preservice teachers as holding traditional or constructivist
beliefs about teaching and learning mathematics.
The questionnaire was hosted by Studentvoice, (https://ca.studentvoice.com/app/Views
/Canada/Default.aspx) a company that designs and hosts surveys, and an invitation to participate
was distributed electronically by the registrar’s office using the university’s ListServ. Elementary
preservice teachers were sent a recruitment email (Appendix A) that outlined the study. At the
bottom of the recruitment email, there was a link to the questionnaire which remained open from
August 1, 2011 to September 4, 2011. Upon accessing the questionnaire, potential participants
were presented with a letter of information (Appendix B) followed by the questionnaire
(Appendix C). A follow up email containing the same information was sent out on August 29,
2011 to increase the response rate.
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A questionnaire developed by Golafshani (2005), for her research conducted as part of
her PhD dissertation, was modified for the purpose of this study. Golafshani (2005) based her
questionnaire items on the work of Edwards (1994), Ross, McDougall and Hogaboam (2001)
and Stipek, Givven, Salmon and MacGyvers (2001). The questionnaire was reviewed by six
masters of education candidates and undergraduates. They were asked to complete the
questionnaire and make suggestions concerning the wording, timing and organization of the
items. Based on their suggestions some of the items were modified to increase the clarity of the
questionnaire.
The questionnaire had two parts: Part 1. Teacher’s beliefs about mathematics (14 items)
and Part 2. Teachers’ beliefs about mathematics teaching (27 items). In part one of the
questionnaire, items measured preservice teachers’ beliefs about the nature of mathematics.
Items addressed the source, stability and structure of mathematical knowledge. In part two of the
questionnaire, items measured preservice teachers’ beliefs about effective mathematics
instruction. Two items (questions 30 and 36 – see appendix C), were excluded from the analysis
because they were not part of this study and focused on technology use. The questionnaire
consisted of a total of 41 Likert-scale statements which took approximately fifteen minutes to
complete. The Likert-scale questions had five response options including, strongly disagree,
disagree, agree, strongly agree and prefer not to answer. To reduce neutral scores, no neutral
option was provided. Approximately half of the items were phrased advocating absolutist or
traditional ideas and the other half were phrased advocating fallibilist or constructivist ideas.
Upon completion of the questionnaire, participants were given the opportunity to provide
their contact information so they could be entered in a draw to win a math manipulative valued at
thirty dollars. Providing their contact information to enter the draw did not connect their identity
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to their responses. On a separate screen, following the questionnaire and the option for signing
up for the draw, participants were able to provide their contact information if they were
interested in being contacted for a follow-up interview. Information here indicated that if they
chose to provide their contact information for a follow up interview, their responses in the
questionnaire would be linked to their identity.
Interviews. To further explore the alignment of preservice teachers’ beliefs towards
mathematics and perceived effective mathematics instruction, semi-structured interviews with
eight preservice teachers were conducted. Participants for the interviews were selected based on
the results from the questionnaire. See Data Analysis for criteria used to select participants.
Interviews were held at a time and place convenient for the participant between September 8 and
September 27, 2011, the first month of the 2011 – 2012 school year, and each lasted
approximately one hour.
Interviews started with a scripted explanation of the study and an outline of what would
occur during the interview (Appendix D). Participants were then given time to read the Letter of
Information (Appendix E) and sign a Consent Form (Appendix F). Interviewees were continually
reassured that a variety of attitudes and beliefs are held about mathematics and that no particular
belief is right or wrong.
There were three parts to the interview (Appendix D):
Part 1: Discussion- what is mathematics?
Part 2: Describing a subtraction mathematics lesson for grade two students
Part 3: Reflecting on videos
Part 1: Discussion- what is mathematics? Interview data collection began with a
discussion concerning the nature of mathematics. Using the interviewees’ responses given on the

47

questionnaire as a starting point, participants were prompted to discuss the source, stability and
structure of mathematics. Approximately 15 minutes were allotted to the discussion of
mathematical knowledge.
Part 2: Describing a subtraction mathematics lesson for grade two students.
Participants were asked to discuss how they would teach the concept of subtraction requiring
regrouping. If manipulatives were mentioned, I offered the participant base ten blocks. The
discussion at this point explored participants’ preferred method of instruction. Probing questions
were used to distinguish beliefs about intended effective mathematics instruction. Fifteen
minutes were allotted for the development and discussion of the lesson created.
Part 3: Reflecting on videos. It has been noted that visual elicitation is an effective
method when exploring teachers’ beliefs (Taylor & Galliagan, 2002). Both Wilson and Lloyd
(1997) and Yadav and Koehler (2007) used video clips to successfully access and explore
preservice teachers’ beliefs about teaching mathematics.
The last thirty minutes of the interview were spent discussing teaching approaches based
on the described lesson in part 2 and the two videos. One video depicted traditional teaching
tools and techniques and the other depicted constructivist teaching tools and techniques. In order
to ensure the two videos selected exemplified constructivist and traditional teaching approaches,
the videos were shown to six certified teachers. Upon reviewing the videos they were asked to
describe the teaching approach observed in the videos. The descriptions given by the reviewers
were consistent with the descriptions of traditional and constructivist teaching approaches found
in the literature.
Both videos were of a second grade mathematics lesson approximately half way through
the year, on subtracting requiring regrouping. The video chosen to depict a constructivist
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approach was developed by Constance Kamii, a highly regarded professor at the University of
Alabama at Birmingham who strongly supports the constructivist instructional model. This video
showed a teacher facilitating a discussion of the possible answers to a single subtraction
problem. The possible answers to the problem were recorded on the blackboard and individual
students were asked to explain their answers. In the video the teacher stated, “Ok, I am hearing a
lot of 18, 11 and a lot of people are saying the answer is nine….Gary, we will let you try first.
What do you think the answer is?” Following all of the students’ explanations the teacher
encouraged the students to collectively convince one another of the correct response and did not
give the students the correct answer or a step-by-step explanation of how to solve the subtraction
problem. Alternately, the teacher in the traditional video used focused questions to guide her
students though a step-by-step solution process using manipulatives. The teacher in this video
asked students questions such as, “When we move the ten over, how many tens do we have
left?” When the student responded by saying four, the teacher asked, “So how are we going to
change this number?” and the student explained, “cross out the five and put a four above it.” The
questioning process continued until all of the students had the correct answer and the correct
solution process.
Prior to the viewing of each video, I provided a brief description of the classroom and the
video teacher’s approach to teaching mathematics to provide the interviewee with some context
(Appendix D). A two-minute video of a traditional approach and a three-minute video of a
constructivist instructional approach to teaching subtraction requiring regrouping were shown to
each participant. Participants were asked to reflect after each video and prompting questions
were used to encourage discussion about what they liked and disliked about the teaching tools
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and techniques seen in the videos. The order in which the videos were shown was reversed after
the first four interviews to control for bias.
Data Analysis
Analysis of questionnaire data. Questionnaire responses were analyzed in order to
develop a general picture of preservice elementary teachers’ beliefs about the nature of
mathematics and beliefs concerning teaching and learning mathematics at the beginning of
teacher education programs. Cronbach’s alpha was calculated and the internal consistency
among items measuring beliefs concerning the nature of mathematics (α = .970) and items
concerning the teaching and learning of mathematics (α = .992) were found to be very
satisfactory. This suggests the fourteen questionnaire items measuring beliefs concerning the
nature of mathematics and the twenty five questionnaire items measuring beliefs about teaching
and learning mathematics consistently measured their own constructs.
Items from the questionnaire were analyzed by calculating two means for each
participant: the mean value for beliefs concerning the nature of mathematics and the mean value
for beliefs about effective mathematics instruction. These means were used to build a picture of
the two sets of beliefs within the elementary preservice teacher population and to also explore
the alignment of these two sets of beliefs.
Items were analyzed by assigning values to each response option. For items describing
absolutist or traditional beliefs, strongly agree was given a value of four and strongly disagree
was given a value of one. Alternately, for items describing fallibilist or constructivist beliefs,
strongly agree was given a value of one and strongly disagree was given a value of four. The
orientation (ex. traditional/constructivist or absolutist/fallibilist) of each item was discussed and
agreed upon with a fellow researcher who was also conducting research on preservice teachers’
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beliefs about mathematics. Mean scores were calculated from the 14 items measuring preservice
teachers’ beliefs about the nature of mathematics. The mean scores were conceptualized on a
continuum with pure absolutist and fallibilist beliefs about the nature of mathematics at opposing
ends. Mean scores were also calculated from the 25 items measuring beliefs about effective
intended practice. The mean scores calculated for beliefs about effective intended instructional
practices were also conceptualized on a continuum with pure traditional and constructivist beliefs
at opposing ends. A mean score of 2.5 on either continuum indicated a neutral score suggesting
the participant held equally strong beliefs on either end of the continuum.
Of the 138 participants who completed the questionnaire, 35 indicated that they would be
willing to participate in a follow up interview. Using the two mean scores calculated from the
questionnaire, the alignment of preservice teachers’ beliefs was determined. Eight volunteers
who held the most definitive beliefs (ie. very high or low scores on either continuum) and
exhibited a misalignment, were invited to an interview. A misalignment was possible under two
circumstances: a) when a preservice teacher exhibited a mean score on measures of the nature of
mathematics that was greater than 2.5, indicating absolutist beliefs, but also exhibited a mean
score on measures of teaching beliefs that was less than 2.5, indicating constructivist beliefs or b)
when a preservice teacher exhibited a mean score on measures of the nature of mathematics that
was less than 2.5, indicating fallibilist beliefs, but also had a mean score greater than 2.5 on
measures of teaching beliefs, indicating traditional teaching beliefs.
The standard deviation of responses from each individual was calculated to determine the
variability of individual responses and these values were averaged to determine the variability of
questionnaire participants’ responses in general.
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Analysis of interview data. The interview data was transcribed and each participant was
sent their transcript for review. This was done to provide participants with an opportunity to
verify and possibly clarify their statements. The interview data was coded using the procedure
outlined by Strauss and Corbin (1990): open coding, axial coding and selective coding. The
coding process is outlined below and examples of how the data was coded are provided.
Open coding. Open coding involved examining, comparing, conceptualising and
categorizing the data (Strauss & Corbin, 1990). The open coding phase began during
transcription and continued through the process of verifying the transcript. Key themes and terms
were recorded in a notebook. Each interview was read multiple times and coded descriptively
using the qualitative analysis software package, Atlas.ti. Data was not fit into predetermined
codes or categories (Kendall, 1999), but rather codes emerged from the data.
The coding process began with coding data from the first five interview questions (see
interview guide, Appendix D) addressing beliefs about the source, stability and structure of
mathematics knowledge. The codes and how they were conceptualized can be found in appendix
G. Forty-nine open codes were produced from the open coding process but some codes were
found to be duplicates and combined, reducing the number of open codes to 40.
The open coding process conducted on the questions in parts two and three of the
interview (see interview guide, Appendix D), addressing beliefs about teaching and learning
mathematics, yielded 92 codes. These open codes were used to identify key comments made
about the second and third foci of the interview, how participants intend to teach subtraction
requiring regrouping and their responses to the videos.
A numeric code was assigned to each open code to indicate which participants fell into
the code and the number of quotes to which the code applied. For example, the code ‘student
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exploration’ had the number code 8 (2,4,5,6,7) indicating that there were eight quotes under the
code and participants 2,4,5,6 and 7 referred to student exploration. This numerical coding
process was found to be helpful during all aspects of the data analysis as it provided information
on how frequently and broadly a code was found.
The findings from the open coding process were used to create a profile for each
interview participant, reported in chapter five. Open codes were used to create these vignettes
prior to developing the axial and selective codes because I wanted to present the participants as
individuals. I did not want commonalities and differences between participants that would
emerge during axial or selective coding to influence the reporting of key ideas that came from
each participant. The completion of the open coding process and the writing of the vignettes led
to the axial and selective coding stage. The axial and selective coding process provided a group
picture of preservice teachers who held misaligned beliefs, discussed in chapter six.
Axial Coding. Axial coding is defined by Strauss and Corbin (1990) as “a set of
procedures whereby data are put back together in new ways after open coding, by making
connections between categories” (p. 96). Following the open coding phase, codes were grouped
into similar categories (see Appendix G). During the axial coding process 30 categories emerged
from the open codes. Fifteen categories emerged from the data concerning the nature of
mathematics and fifteen categories emerged from the data on beliefs concerning teaching and
learning mathematics (Table 1 and Appendix G – outline bolded). Using these categories three
matrices were created to determine the alignment of preservice teachers’ beliefs concerning the
nature of mathematics and teaching and learning of mathematics (Appendix I).
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Table 1
Axial codes
Beliefs about the nature of mathematics
Stable and unchanging
Changes
Stable but individuals build on to their knowledge
Math is everywhere
Observations from environment – human developed
Innate ability
Learned in schools
Mathematicians discover
Still more to discover
No unique structure
No right or wrong – process important
Hierarchy
Right and wrong
Complexity determines right and wrong
Math has a unique structure

Beliefs about teaching and learning
Engagement
Student comfort
Enjoyment
Group work
Independent work
Product focused
Process- right way
No right process
Prior knowledge
Student exploration
Student explain their thinking
Teach step-by-step
Model or demonstrate
Guided discovery
Manipulatives

Through the analysis of these matrices it was determined that a closer look at
constructivist teaching approaches was needed. Five categories including group work, student
exploration, sharing of students’ ideas, prior knowledge and manipulatives, were deconstructed
to examine how and why preservice teachers intend to use these approaches (Appendix G –
shaded). For example, “students explaining their thinking” was further broken down into two
categories; students explaining their thinking to teachers and students explaining their thinking to
the class. These two categories were then further broken down into the underlying reasons for
encouraging students to explain their thinking. How the preservice teachers intended to use
manipulatives was also analyzed in greater detail. Key themes which emerged during the open
coding of intended teaching practices were applied to data concerning the use of manipulatives.
This helped to further explore how constructivist tools and techniques were intended to be
implemented in the classroom.
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In order to increase coding validity an inter-rater reliability check was performed on open
and axial codes describing beliefs about mathematics and beliefs about teaching and learning
mathematics. Eleven codes were checked by a fellow master’s student, Mr. Beaudette, in order to
clarify the interpretations of the codes (see Appendix H). Mr. Beaudette’s research interests
(2012) also lie in the area of preservice teachers’ beliefs concerning the nature of mathematics
and intended instructional practices, specifically the use of information and communication
technology (ICT). His research interests made it is reasonable to expect equal coding
probabilities between Mr. Beaudette and myself (Scott, 1955). The inter-rater reliability check
involved comparing codes, resolving discrepancies and coding for mutual agreement or
documenting discrepancies that were not able to be resolved. The inter-rater reliability values for
beliefs about the nature of mathematics were determined to be .88 for the Pi calculation and .91
for the Cohen’s Kappa calculation. The inter-rater reliability values for beliefs about teaching
and learning mathematics were determined to be .71 for the Pi calculation and .73 for the
Cohen’s Kappa calculation. The Pi statistic is slightly lower than Cohen’s Kappa calculation for
both beliefs about the nature of mathematics and beliefs about teaching and learning
mathematics. This is because the Pi statistic takes the chance of errors by the two raters into
account and it assumes that raters have the same distribution of responses, therefore making the
Cohen’s kappa slightly more informative (Scott, 1955). According to Scott (1955) the Pi value
indicates the percentage agreement; meaning there was 88% agreement between the two raters
on codes concerning beliefs about the nature of mathematics and 71% agreement for codes
addressing beliefs about teaching and learning mathematics. Landis and Koch (1977) suggest
Kappa values between .61 - .80 indicate substantial agreement and a Kappa value greater than
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.81 indicates almost perfect agreement. This suggests there was consistent agreement between
the two raters on codes in both categories.
Selective Coding. Following the axial coding process, categories were grouped together
to form larger overarching themes. The selective coding process involved the selection of core
categories around the central phenomenon of concern (Strauss & Corbin, 1990), the alignment of
preservice teachers’ beliefs about the nature of mathematics and beliefs about teaching and
learning mathematics. The interview questions concerning the nature of mathematics have been
designed to explore participants’ views of the source, stability and structure of the subject and
these emerged as three selective codes. The overarching themes that emerged from the data on
beliefs about teaching and learning mathematics were positive classroom atmosphere, product
vs. process, logistics of the classroom and how teachers want to teach (Appendix G – bolded
font, outline and shaded). Tables 2 and 3 provide two examples of the open, axial and selective
coding processes used to analyze the data in this study.
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Table 2
Example of three level coding used regarding beliefs about the nature of mathematics
Open Coding

Axial Coding

Selective Coding

New ways to go about things

Changes slowly

Stability

New ideas emerge and answers change
How knowledge changes – research
Math complex changes depending on situation
Stable and built on

Stable and unchanging

Knowledge stays the same but how we learn changes
Knowledge change – learn more or forget
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Table 3
Example of three level coding used regarding teaching and learning beliefs
Open Coding

Axial Coding

Selective Coding

Build on prior knowledge

Prior knowledge

How teachers
want to teach

Check understanding before moving on
Next lesson – focus on problems
Base lesson on problems in previous lessons
Get students ideas

Sharing of students
ideas

Students show their process
Students explain their thinking
Class discussions

Reporting the Results
The following three chapters describe and discuss the results that were found based on
the analysis of both the questionnaire and interview data. The questionnaire results will be
discussed in chapter four to provide a general quantitative sketch of preservice teachers’ beliefs,
followed by individual vignettes in chapter five, based on interviewees’ questionnaire responses
and the open coding process. Lastly, in chapter six the results from the axial and selective coding
procedures of the interview data will be presented and discussed to provide an overall picture of
the misaligned beliefs preservice teachers held at the beginning of a teacher education program.
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Chapter 4: Presenting the Big Picture of Preservice Teachers’ Beliefs

In this chapter the questionnaire results are reported to provide a general picture of the
beliefs preservice elementary teachers hold at the beginning of their teacher education program.
The responses of the 138 participants are used to discuss preservice teachers’ beliefs concerning
the nature of mathematics and beliefs about the teaching and learning of mathematics. Finally,
based on the questionnaire responses, beliefs about the nature of mathematics and beliefs about
teaching and learning mathematics are examined together to determine the alignment of
preservice teachers’ beliefs.
Beliefs about the Nature of Mathematics
A mean score, based on the fourteen statements addressing beliefs about the nature of
mathematics was calculated for each preservice teacher that completed the questionnaire and the
results are displayed graphically in Figure 2. The mode of the distribution was 2.5 and most of
the study participants scored between values of 2 and 3 indicating that they agreed with both
absolutist and fallibilist statements about the nature of mathematics. The average standard
deviation for individual preservice teachers’ scores was .91 indicating participants responded
agree or disagree to items more frequently than strongly agree or strongly disagree. This suggests
that individual elementary preservice teachers’ views of mathematics did not fall neatly onto the
absolutist or fallibilist side of the belief continuum.
When the interview data was viewed as a whole, more elementary preservice teachers
were found to slightly favor an absolutist position at the beginning of their teacher education
program. The data approaches a normal distribution with a mean of 2.53 and standard deviation
of .34 (n = 138). This indicates that most participants held a mixture of beliefs and very few held
strong absolutist or fallibilist positions. Although the data does approach a normal distribution,
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the third most frequent position on the continuum was the value of 3 indicating agreement with
the absolutist position. In addition, five more preservice teachers were found to strongly agree
with the absolutist position (score 3.1 – 4.0) than strongly agree with the fallibilist position
(score 1.0 – 1.9). Thus, elementary preservice teachers were slightly biased towards holding
absolutist beliefs about the nature of mathematics. The questionnaire participants chosen to be
interviewed scored greater than 2.5 suggesting they agreed with more statements which
supported an absolutist view of mathematics.
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Figure 2. Mean scores of individual preservice teachers’ beliefs concerning the nature of
mathematics (M = 2.53, SD = .34, n = 138). The dashed line indicates the score at which
participants held neutral beliefs about mathematics.
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Beliefs about Teaching and Learning Mathematics
Although individual preservice elementary teachers were found to hold a mixture of
beliefs about the nature of mathematics, the questionnaire indicated that they intend to employ
constructivist tools and techniques to teaching mathematics in their future classrooms. A mean
score from the twenty five statements concerning the teaching and learning of mathematics was
calculated for each questionnaire participant and displayed graphically (Figure 3). The mode of
the distribution was 2 and the mean was 1.99 (SD = .25) indicating that individual preservice
teachers agreed or strongly agreed with statements supporting constructivist tools and techniques
and only occasionally agreed with traditional tools and techniques to teaching mathematics. The
average individual participants’ standard deviation score was .94 indicating individual
participants had approximately the same distribution of responses for statements concerning
teaching and learning mathematics as statements concerning the nature of mathematics; however
standard deviation scores ranged essentially over levels of agreement with the constructivist
position. Thus, quantitative data indicates individual preservice teachers hold constructivist
positions on the teaching and learning continuum.
When elementary preservice teachers’ beliefs about teaching and learning mathematics
are viewed as a whole, there is a clear bias towards constructivist tools and techniques. Of the
one hundred thirty eight questionnaire participants, only two were identified as intending to teach
using a traditional approach and their beliefs were close to the neutral position on the continuum.
The mean value of the distribution is 1.99 with a standard distribution of .25 (n = 138) indicating
that most preservice teachers held beliefs which were predominantly constructivist in nature. The
participants chosen to be interviewed held a mean scored 2.5 or lower indicating they agreed
with more statements which supported a constructivist approach to teaching mathematics.
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Figure 3. Mean scores of individual preservice teachers’ beliefs concerning the teaching and
learning of mathematics (M = 1.99, SD = .25, n = 138). The vertical dashed line indicates the
score at which participants hold neutral beliefs about the teaching and learning of mathematics.

The Alignment of Preservice Teachers’ Beliefs
Elementary preservice teachers’ teaching and learning beliefs about mathematics were
plotted against beliefs concerning the nature of mathematics (Figure 4). Forty nine percent of
study participants were found to hold fallibilist beliefs and intended to teach using constructivist
tools and techniques. Based on the literature presented in Chapter 2, these preservice teachers
were considered to hold aligning beliefs. The other scenario in which questionnaire participants
were considered to hold aligning beliefs occurred when an individual held absolutist beliefs and
intended to teach traditionally and only two preservice teachers were found to support such
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beliefs. A large portion of individuals who completed the questionnaire (49%) were found to
hold misaligned beliefs at the beginning of their teacher education programs. The occurrence of
misaligned beliefs was found to be limited to preservice teachers who held absolutist beliefs
about the nature of mathematics, but intended to teach using constructivist teaching tools and
techniques. None of the participants in this study were found to hold fallibilist beliefs and
intended to teach traditionally. Based on these results, all eight interview participants were
selected from the group of preservice teachers who were found to hold absolutist and
constructivist beliefs, misaligned beliefs.
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Beliefs concerning the nature of mathematics
Figure 4. The relationship between beliefs about the nature of mathematics and beliefs about
teaching and learning mathematics (n = 138). The black x’s indicate the participants who were
interviewed.
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An Overview of the Questionnaire Results
In summary, the questionnaire results indicate that elementary preservice teachers held a
mixture of absolutist and fallibilist beliefs concerning the nature of mathematics and held
primarily constructivist beliefs concerning the teaching and learning of mathematics at the
beginning of their teacher education program. Approximately half of the preservice teachers who
completed the questionnaire were found to hold misaligned beliefs. The misalignment of beliefs
was only found to occur in the case where absolutist beliefs about the nature of mathematics
were simultaneously held with beliefs supporting the use of constructivist tools and techniques to
teaching mathematics.
To further explore preservice teachers’ misaligned beliefs, eight preservice teachers were
interviewed. In the following chapter a series of short vignettes provide an overview of each
interview participants’ beliefs about the nature of mathematics and beliefs about teaching and
learning mathematics. In each vignette, results from the interviewees’ questionnaire responses
are presented followed by the results from the open coding process of the interviews.
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Chapter 5: A Closer Look at the Beliefs of Eight Preservice Teachers
This chapter reports on eight individual elementary preservice teachers’ initial
perspectives on the nature of mathematics and the teaching and learning of mathematics in the
form of short vignettes. Interview participants’ beliefs about the nature of mathematics and
beliefs concerning the teaching and learning of mathematics based on both questionnaire and
interview data are discussed. Each vignette contains some context of the preservice teachers’ past
experiences, a synopsis of their beliefs about the nature of mathematics, an outline of their
beliefs about teaching and learning mathematics and lastly, a summary of their beliefs. In each
vignette, quantitative results from the questionnaire are reported before the results from the open
coding process used to analyze the interview data. It should be noted that statistics reported in
this chapter may have different sample sizes as not all of the participants answered all of the
questionnaire items. These eight perspectives provide a sense of the different beliefs preservice
teachers hold at the beginning of teacher education programs. Table 4 displays each participant’s
name, mean scores on the questionnaire and the order in which the videos were shown.
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Table 4
Summary of participants’ questionnaire responses and video order
Participant Name

Mean Score on
Questionnaire for Beliefs
about the Nature of
Mathematics

Mean Score on
Questionnaire for Beliefs
about Teaching and
Learning Mathematics

Video Order

Julie

3.07

1.92

Constructivist,
Traditional

Matthew

2.62

1.68

Constructivist,
Traditional

Mandy

2.93

2.32

Constructivist,
Traditional

Mary

2.64

2.24

Constructivist,
Traditional

Cathy

2.57

1.80

Traditional,
Constructivist

Lily

2.64

1.76

Traditional,
Constructivist

Patty

2.67

1.68

Traditional,
Constructivist

Lisa

2.57

1.88

Traditional,
Constructivist
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Julie
Throughout the interview Julie expressed her dislike for mathematics; “Math is the one
subject that I actually hate.” She also suggested that that her dislike for math may affect her
confidence and possibly her students’ confidence.
I need to know how to do this [teach math]. I need to get over my hate of math. Because I
don’t want my kids to hate it because I hate it. And I know they will if I do.
Julie’s negative experiences may have influenced her beliefs about teaching. She was found to
hold absolutist beliefs about mathematics and traditional beliefs about teaching mathematics.
Beliefs about the nature of mathematics. On the questionnaire Julie expressed strong
absolutist beliefs about the source, stability and structure of mathematics. With a score of 3.07
(SD = .92, n = 14) on the questionnaire, she displayed the strongest absolutist score among the
preservice teachers interviewed. Although her standard deviation score suggests that she agreed
with a range of absolutist and fallibilist statements, she held predominantly absolutist beliefs
about the nature of mathematics. Julie was found to agree or strongly agree with an absolutist
position 79% of the time. For example, she strongly agreed with the statement “Mathematics
involves mostly facts and procedures that have to be learned and/or simply accepted as true.”
Julie’s responses during the interview further suggest she held predominantly absolutist
beliefs about the nature of mathematics. When the source of mathematical knowledge was
discussed, Julie referred to authority figures discovering new mathematical equations; “…people
who are at MIT whose big focus is math.” When asked about the stability and structure of
mathematical knowledge, she replied, “… the basic, concepts, kind of stay the same throughout.”
She went on to explain,
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Depending on what you are doing, there might not necessarily be, like, a right or wrong
answer, it’s like a process to get to something …but other times there is very much a cut
and dry, of yup! this is the right answer and no this is the wrong answer. Ya, so it is
complex.
Despite expressing that there may be areas in mathematics where there are different ways to get
to an answer, Julie maintains that basic concepts do not change and there is a right or wrong
answer. She continued to express absolutist beliefs when talking about her image of an organized
structure for mathematics; “I think there is a bit of a hierarchy in math, absolutely.” Based on
Julie’s questionnaire and interview responses it is apparent she held a view that approached the
absolutist end of the scale.
Beliefs about teaching and learning mathematics. Julie expressed mixed beliefs about
the teaching and learning of mathematics in her questionnaire. Julie’s mean score, based on
questionnaire responses for beliefs about teaching and learning mathematics, was 1.92 (SD =
1.12, n = 25) indicating she held some beliefs which supported the use of constructivist tools and
techniques. Despite the fact that she strongly agreed with statements such as “in learning
mathematics, students should discover and create concepts and ideas on their own,” her
responses were the least consistent of the eight preservice teachers interviewed indicating she
held mixed beliefs about teaching and learning mathematics. On four occasions she agreed
strongly with traditional mathematics teaching tools and techniques.
During the interview Julie was asked how she would teach subtraction requiring
regrouping. She described a traditional lesson which involved transmitting information to her
future students.
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So if I were to do this lesson plan, I would put some examples on the board so that kids
can actually see what regrouping was and what it actually meant. I would actually do a
problem all the way through and then break it down and explain it to them so that they
understood from a step-by-step perspective how I got to my final answer.
Although she later described using blocks, which are often considered teaching tools which
support a constructivist approach, she continued to describe teaching the concept of subtraction
in a step-by-step manner. After watching both videos Julie described liking the constructivist
approach, “I liked that there…were different ways to get to this answer and she acknowledged all
the different ways to get to that answer.” However, Julie quickly made it clear that there is one
correct way of answering the question and the teacher needs to teach this. When discussing one
of the student’s solutions Julie said, “Well it made sense that she could get to the right answer
but the process, was not the process. She is going to have to relearn it.” This suggests her views
about teaching mathematics approach the traditional end of the scale because she feels there is
one right solution process that needs to be learned by students. The interview data reveals that
she plans to use both traditional and constructivist teaching approaches often culminating in a
very traditional lesson.
Summary of Julie’s beliefs. The results from the questionnaire suggest Julie’s beliefs
about the nature of mathematics are absolutist and her beliefs about teaching and learning
mathematics are constructivist, indicating misalignment. However, the interview indicates Julie
held strong absolutist beliefs about mathematics and mixed beliefs about teaching approaches.
When probed or asked specifics about how she intends to teach, Julie often expressed more
traditional beliefs about teaching and learning suggesting a closer alignment than the
questionnaire data indicates.

69

Matthew
Matthew was a mature student who had young children at home. He noted the differences
between the education he received as a child and his children’s current education and used these
experiences to explain how he wants to teach mathematics in the future. These two very different
experiences may have contributed to Matthew’s beliefs about teaching and learning resulting in
the finding that Matthew holds both traditional and constructivist beliefs.
Beliefs about the nature of mathematics. Matthew expressed both absolutist and
fallibilist beliefs about the nature of mathematics on the questionnaire. His questionnaire
responses ranged widely on the continuum resulting in a mean score of 2.62 (SD = 1.19, n = 13)
indicating he held beliefs only slightly on the absolutist side of the continuum. He did however
strongly agree with four absolutist statements from the questionnaire, such as, “in mathematics,
answers are either right or wrong.”
Continuing this pattern in the interview, when Matthew was asked about the source of
mathematical knowledge he responded with, “I think you are going to find there is math, and
math, you can’t discover math, like it is not hidden. It is just like Biology or something like that,
it is out there and we create it.” Although Matthew suggests humans create mathematics, a
fallibilist view, he positioned himself closer to the absolutist end of the continuum when
discussing the stability of mathematical knowledge; “I think it changes over time as people
discover new things. There are differences I think between mathematicians and just everyday
people. I don’t think mathematical knowledge changes other than you learn new stuff about
math.” This statement reveals Matthew’s belief that mathematical knowledge is stable and
unchanging, it also suggests he believed authority figures, mathematicians, develop new
knowledge. When asked about the structure of mathematics, he answered, “I think it is very logic
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based… You know, logically if I go from this one point to the next point and I follow the right
steps, it has to be true.” So, according to Matthew, mathematical knowledge has a hierarchical
structure which when the right steps are followed leads to truth. Although Matthew made some
statements that expressed a fallibilist view, the overall picture of Matthew’s beliefs that emerges
from the interview is absolutist.
Beliefs about teaching and learning mathematics. Matthew was found to hold
primarily constructivist beliefs on the questionnaire. Matthew’s score on the questionnaire items
assessing beliefs about teaching and learning mathematics was 1.68 (SD = 0.75, n = 25)
suggesting he held beliefs supporting a more constructivist approach to teaching mathematics.
He agreed or strongly agreed with statements supporting the use of constructivist tools and
techniques 92% of the time. Matthew’s beliefs were one of the most constructivist based on the
questionnaire data and he consistently supported these beliefs. For example, he strongly agreed
with questionnaire item thirty-two, “[D]iscussing students’ mathematical understanding should
be a major consideration when teaching math.”
During the interview Matthew expressed constructivist beliefs when he explained how he
would teach subtraction requiring regrouping.
We are going to talk about it and break it down so if it seems like kids are looking at me
like, I don’t quite get it. You know we might stop and do the think pair share thing. And
say, what do you guys think? Maybe you guys could work it out.
Although Matthew did not initially mention using manipulatives, which is often described as part
of the constructivist approach, he strongly supported their use after he saw them being used in
the constructivist video. He continued to support a constructivist approach to teaching
mathematics after viewing the constructivist video; “Because I don’t want the kids to be [told],
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now I am going to teach you how to do this the right way.” He indicated that he preferred the
approach, “Let’s figure out collectively how you guys can figure it out.” Despite the fact that
many of his remarks suggested he held constructivist views concerning teaching and learning
mathematics, he also supported the use of traditional teaching tools and techniques. After
viewing the traditional video he suggested that traditional teaching has its place too.
I sort of saw a throwback to old style of do as I do. You know I think in this case it
worked. So it was sort of necessary to see... ya ok we are going to go through this
together, and I will show you.
These possibly contradictory comments show Matthew is aware of the two different approaches
to teaching and sees benefits and drawback to both approaches. At the end of the interview
Matthew concluded by stating that although he liked the teaching approaches seen in the
constructivist video he found them chaotic and so he would emulate the teacher in the traditional
video, but would definitely use manipulatives. Thus, Matthew, based on his interview responses,
was found to hold both constructivist and traditional beliefs about teaching and learning
mathematics based on his interview responses..
Summary of Matthew’s beliefs. The results from the questionnaire suggest Matthews’s
beliefs did not align as he was found to hold more absolutist beliefs about the nature of
mathematics and his beliefs about teaching and learning mathematics approached the
constructivist end of the continuum. However, during the interview Matthew expressed
absolutist beliefs and a mixture of traditional and constructivist beliefs about teaching
mathematics suggesting that his beliefs may align more closely than indicated on the
questionnaire.
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Mandy
During her undergraduate degree Mandy took a foundations course in mathematics where
the history of mathematics was discussed. This may have affected her beliefs about the nature of
mathematics as she had given more thought to it its source, stability and structure than the other
preservice teachers interviewed. She also reflected on her own experiences learning mathematics
when discussing how to teach it; “To me it [mathematics] is harder because of the way I was
taught.” Her favourite teacher, “went through the basic steps, like clearly and I found he
explained things more properly.” These experiences apparently played a role in shaping her
absolutist beliefs about mathematics and her intended traditional teaching approaches.
Beliefs about the nature of mathematics. Mandy expressed a mixture of beliefs about
the nature of mathematics on the questionnaire that approached the absolutist end of the
continuum. Mandy’s mean score was 2.93 (SD = 1.00, n = 14) for the questionnaire items that
addressed beliefs about the nature of mathematics suggesting she held absolutist beliefs.
Although her responses ranged from strongly absolutist to strongly fallibilist on the
questionnaire, she strongly agreed with absolutist statements 29% of the time and agreed with
absolutist statements 50% percent of the time. Thus, the questionnaire results indicate that
Mandy’s views of mathematical knowledge were absolutist.
Mandy’s interview responses supported the findings from the questionnaire in that she
was found to hold absolutist beliefs but she was also found to support some fallibilist beliefs.
When asked in the interview if mathematical knowledge originated from somewhere she said
yes.

73

You can obtain it [mathematical knowledge] from different things in your surroundings.
So, you can create equations… Sure you are discovering a path to get to it that you are
making as you go along but I guess there is a way to try and find the answers....
This view of the source of mathematical knowledge approaches the fallibilist end of the
continuum because individuals are believed to create mathematical knowledge, but the language
she used, such as discovering and find, suggest a more absolutist view of mathematics. On the
issue of the stability and structure of mathematical knowledge, Mandy expressed primarily
absolutist beliefs; “I find that there are some formulas that people agree upon and they have been
perfected for all intents and purposes.” Although Mandy did suggest that some components of
mathematics may change over time she consistently returned to the idea that there are elements
of mathematics that do not change and there is a right or wrong answer. Despite expressing
mixed views about the source of mathematics, overall Mandy exhibited predominantly absolutist
beliefs about the nature of mathematics during her interview.
Beliefs about teaching and learning mathematics. Mandy’s questionnaire responses
indicate that she intended to use both traditional and constructivist teaching tools and techniques.
On part two of the questionnaire which discussed beliefs about teaching and learning
mathematics, Mandy’s mean score was 2.32 (SD = .80, n = 25) suggesting she held an almost
neutral belief on the teaching and learning continuum, with a slight tendency towards a
constructivist approach. She agreed or strongly agreed with a constructivist position 64% of the
time and a traditional position 34% percent of the time which indicates she held a view more
consistent with a constructivist teaching approach.
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Despite her responses on the questionnaire, Mandy began her interview by expressing
traditional beliefs about teaching and learning. She described how she intended to teach a
subtraction problem requiring regrouping.
So essentially I would explain that… we always start subtracting and even addition with
the number on the farthest right at the end the whole number and then you work your way
to the left then if the bottom number is larger than the top it is ok and we borrow from the
next number on the left.
This traditional approach of ‘telling’ for teaching mathematics involves using prescribed steps to
reach a correct end goal. Despite this traditional approach, Mandy did describe using
manipulatives; “Once they have the materials, I would say it is game on. They don’t have to be
quiet or anything, they can do what they please… as long as it is related to the math.” Although
manipulatives can be used to support student exploration, a constructivist teaching technique,
when they are used to help teach steps to a problem they support a more traditional teaching
approach; “So they would count one, two, three, four…and then they can physically see…then
take the seventeen and how many do I have left? Nine.” This traditional teaching approach
involving telling the students the solution process varies greatly from the constructivist approach
described earlier. Mandy demonstrated her desire to use both traditional and constructivist
teaching techniques when she described how she would change her lesson after seeing the
constructivist video; “I would actually change my lesson. I would have them do it on their own
first and then I would impose what I would do after. Kind of set a standard.” Based on this
statement, Mandy clearly indicated that although she likes having students explore initially, she
believes a traditional telling technique is required for students to arrive at correct solutions. Thus,
Mandy was found to intend to use a mixture of constructivist and traditional teaching techniques

75

such as using manipulatives, encouraging students to explore and transmitting solution steps
which when combined were aimed at achieving a traditional lesson. Mandy was therefore found
to hold teaching beliefs which approach the traditional end of the teaching and learning
continuum.
Summary of Mandy’s beliefs. The results from the questionnaire suggest Mandy’s
beliefs about the nature of mathematics and teaching and learning mathematics did not align. She
was found to hold absolutist beliefs and intended to teach using a constructivist approach. The
interview revealed a more complex set of beliefs suggesting Mandy held mixed beliefs about
teaching approaches. Specifically, during the interview it became apparent that her underlying
approach was traditional despite identifying the use of tools and techniques considered to support
a constructivist approach. Mandy’s absolutist beliefs about the nature of mathematics combined
with the evidence from the interview suggesting her overall teaching approach was traditional,
results in a closer alignment of beliefs than indicated by the questionnaire.
Mary
During the interview, Mary referred to her experience as a math student when discussing
her beliefs; “Like for me, math is really hard, so… I need to do a step-by-step process to
remember everything and keep it stored in that format.” Her experiences have apparently
impacted her beliefs about the nature of math and how she intends to teach it as Mary was found
to identify with beliefs about the nature of mathematics which approached an absolutist view and
supported traditional teaching approaches.
Beliefs about the nature of mathematics. Mary’s questionnaire responses suggest her
beliefs lay slightly on the absolutist side of the continuum with a mean score of 2.64 (SD = .63, n
= 14). This near neutral score was a result of Mary’s choice not to strongly agree or strongly
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disagree with questionnaire statements. The one statement that she did respond strongly to,
“mathematics procedures can be developed by anyone” she strongly disagreed with indicating
absolutist beliefs about the nature of mathematics.
When questioned about the source, stability and structure of mathematical knowledge
during her interview, Mary’s beliefs were found to shift closer to the absolutist position. When
Mary was asked about the source of mathematical knowledge she referred to experts who, “have
some sort of a theory and then they start to research that. And then they discover different things
within that.” Here she presented the absolutist image of authority figures finding mathematics
and she continued to present absolutist views when discussing the stability and structure of
mathematics. For Mary mathematics was the solid stable processes of arithmetic; “Long division
and stuff like that. I don’t think it alters too much” and mathematical knowledge was believed to
be arranged in “a hierarchy, just for complexity reasons. Because usually things that are easier
are more immediate and [one does] not need to remember the full steps because it is just that
easy.” Through the interview her beliefs about the source, stability and structure of
mathematical knowledge were revealed to lie closer to the absolutist end of the continuum.
Beliefs about teaching and learning mathematics. Mary’s responses to the
questionnaire suggest she held a mixture of traditional and constructivist beliefs about teaching
and learning mathematics. When statements addressing beliefs about teaching and learning
mathematics were presented to Mary in the questionnaire she scored 2.24 (SD = .52, n = 25)
suggesting she held beliefs which fell slightly on the constructivist side of the continuum. She
rarely respond strongly to any statements with the exception of statement twenty seven with
which she strongly disagreed; “Students should rely only on the teacher for learning
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mathematics.” Strongly disagreeing with this statement suggests she supported more
constructivist teaching techniques.
Mary’s interview responses suggest she held both constructivist and traditional beliefs
about teaching and learning mathematics however she often described using constructivist tools
and techniques to achieve an overall traditionally taught lesson. To access Mary’s beliefs about
teaching and learning, in an interview she was asked to describe how she would teach a
subtraction problem.
I would try to figure out what the children know… And then showing them on the board.
Ok so talk them through it. So we have twenty six birds, we have seventeen worms. Tell
me how many. Tell me how I would go about this? Just see what kids can come up with
and go from there almost so it is kind of hard to say exactly what they would do because I
don’t really know what their prior knowledge would really be.
This lesson introduction suggests a constructivist approach, but statements later in the interview
indicate that this rather open exploration was used to help identify the students' errors in
preparation for traditional instruction. After watching the constructivist video Mary was asked
how she would follow up from this lesson; “And obviously some of the kids are not
understanding it, so it would be not like almost starting over but building upon that, step-by-step
showing the children what they need to do first and then the next step.” So, according to Mary,
constructivist teaching techniques such as having students explain their thinking, should be used
to determine where student errors are so the teacher can start teaching them the correct process, a
traditional approach. Mary reiterated this belief at the end of the interview when she described
redesigning her initial lesson to include the constructivist video at the beginning to access
students’ prior knowledge followed by teaching the lesson as seen in the traditional video.
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Mary’s desire to teach traditionally was clearly expressed when she described how much she
liked the traditional video; “And not only was it child directed because they obviously don’t
understand the regrouping idea so they need the guidance of the teacher. So I think the idea of
cooperative learning is essential for things like that.” She also talked about how she could not
use manipulatives to help teach this concept because, “you wouldn’t get the idea of carrying
over.” This suggested she has a set solution process in mind, a traditional approach, which was
incompatible with manipulatives. Overall, based on her interview responses, Mary was found to
support a traditional approach to teaching mathematics.
Summary of Mary’s beliefs. Although the results from the questionnaire suggest Mary’s
beliefs did not align, the interview reveals that Mary’s teaching and learning beliefs were more
traditional in nature. Specifically, her beliefs about how to teach mathematics have constructivist
aspects that seem to build towards a more traditional approach. This results in an overall
traditional approach to teaching mathematics which aligns with her absolutist beliefs about the
nature of mathematics.
Cathy
Throughout all of the interviews conducted, Cathy was the only preservice teacher who
said that she loved math as a student. Interestingly this love of mathematics developed despite
Cathy’s experience with what she viewed as a very poor instruction; “It was taught horribly,
absolutely horribly.” Reflecting on these experiences she expressed the wish to teach differently
from the way she was taught.
Beliefs about the nature of mathematics. Cathy’s questionnaire responses indicate that
despite expressing a mixture of beliefs, she held slightly more absolutist beliefs about the nature
of mathematics. Although her mean score from the questionnaire (M = 2.57, SD = 1.16, n = 14)
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indicates only a slight bias towards absolutist approaches, she did strongly agree with four
absolutist statements including statement five in the questionnaire, “the results of mathematics
problems are predictable.” In contrast Cathy strongly agreed with just one statement supporting a
fallibilist view suggesting she held beliefs that approached the absolutist end of the continuum.
Similarly Cathy’s interview responses suggest she held a mixture of absolutist and
fallibilist views of mathematics. When asked about the source of mathematical knowledge,
Cathy commented, “I think it’s, it is embedded in almost all human learning. It’s waiting to be
discovered instead of a human, quote unquote, invention or doctrine.” This view suggests
mathematical knowledge exists independently of humans and is found by humans, thus placing
Cathy’s beliefs towards the absolutist end of the continuum. She was also found to support
absolutist beliefs about the structure of mathematical knowledge. Using the adjective hierarchical
to describe the structure of mathematics, she stated, “I would draw the base of a pyramid, like
broad categories and then I would have strands, steps, coming or linking up and maybe at the top
being unknown, unknown math.” When questioned about the stability of mathematical
knowledge her beliefs were found to shift slightly towards the fallibilist end of the continuum as
she expressed the view that mathematical knowledge changes as new knowledge is explored;
“Through discovery and chewing the fat over, throwing challenges out there to come up with a
different answer or to answer questions.” Even though she supported a somewhat fallibilistic
view of the stability of mathematical knowledge, Cathy’s absolutist beliefs about the source and
structure led to her overall view to be closer to the absolutist end of the continuum.
Beliefs about teaching and learning mathematics. Cathy was found to hold
predominantly constructivist beliefs based on her questionnaire responses. An analysis of
Cathy’s questionnaire responses to statements concerning beliefs about the teaching and learning
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of mathematics indicate she held beliefs on the constructivist end of the continuum. Her mean
score was 1.80 with a standard deviation of .96 (n = 25). Although the standard deviation
indicates she responded with some variability, more than half of the time (52%) she strongly
agreed with statements supporting the use of constructivist tools and techniques.
During the interview, Cathy expressed mixed beliefs about teaching mathematics. Cathy
was conflicted because she was taught the traditional borrowing method based on columnar
arithmetic, however she later abandoned that method for a mental math rounding method.
Reflecting on her experience Cathy decided that she would teach the way she was taught, a
traditional approach, but include manipulatives.
I would do the lesson in front and then I would differentiate and say maybe go to the
different tables or centers and buddy up according to level. And have examples for them
to work through. Check with each other, switch and check… I mean identify people who
were having the wrong answer, and ask them, all learners to help each other.
Despite the fact that she did include manipulatives, her lesson was structured very traditionally
as it was based on the belief that the correct end product is the goal and this is achieved through
transmitting knowledge from the teacher to the students. She continued to support an approach
characterized by direct instruction followed by practice when she expressed how much she liked
the traditional video.
She was telling them what we can do, getting them to think through auditory cues. She
was getting them to write it down which was kinesthetic and she was getting them to
count which they were hearing it and talking to themselves so it is visual. All three
learning styles.
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Cathy expressed a desire to teach using inquiry after hearing the scripted introductory description
of the constructivist video, “I already know I like this better…It is more collaborative and
inquiry based. I like inquiry.” However, her initial enthusiasm for using an inquiry based
approach was not maintained after seeing the video; “I did like it, aspects of it because it [is]
collaborative and it allows kids to explain why they got what they got. And to share ideas but…it
was a better tool for assessment of learning.” Although Cathy talked about open-ended
discussions favourably, she viewed this teaching technique as an assessment tool not an
opportunity to use students’ ideas as teaching points. In other words she viewed teaching
techniques in the constructivist video as a tool which could help her transmit knowledge more
effectively. The interview concluded with Cathy supporting the traditional video based on her
concern for “kids being able to carry their knowledge into another grade where a teacher teaches
it traditionally.” These quotes demonstrate the conflict Cathy experienced between past and
present teaching practices and suggests her intended teaching approach falls at the traditional end
of the teaching and learning continuum.
Summary of Cathy’s beliefs. The results from the questionnaire suggest Cathy holds
absolutist beliefs about the nature of mathematics and constructivist beliefs about teaching and
learning; beliefs that did not align. Although Cathy’s interview responses also suggest that she
holds absolutist beliefs, her beliefs about teaching and learning were found to be more
traditional. In the interview, Cathy’s description of her lesson and her video comments suggest
she liked aspects of both teaching approaches although she did continually return to a more
traditional teaching approach. Cathy’s interview responses therefore suggest that her beliefs align
more closely than previously indicated by the questionnaire.
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Lily
Growing up in a country other than Canada, Lily had different educational experiences
than the other interviewed preservice teachers. In addition, she was a mature student with
children currently in the Ontario school system which further shaped her ideas about
mathematics and mathematics teaching. She described her experience as a student as, “bad
because they were just pushing and shoving the concepts down our throats without giving us any
explanation.” Reflecting on this she explained that she wants to teach differently than the way
she was taught as a child. Lily’s strong absolutist beliefs about the nature of mathematics and
mixed beliefs about the teaching and learning of mathematics may be a reflection of her very
traditional educational experiences as a child and more constructivist experiences with her
children’s education.
Beliefs about the nature of mathematics. During the interview, Lily expressed beliefs
which approached the absolutist end of the continuum. Her mean score for questionnaire items
concerning beliefs about the nature of mathematics on the questionnaire was 2.64 (SD = 1.15, n
= 14) indicating her position on the continuum slightly approached the absolutist end. Despite
the fact that her responses did range from strongly agreeing with fallibilist and absolutist
statements indicating that she held a mixture of beliefs about mathematics, she responded
favorably towards questionnaire statements supporting an absolutist view 64% of the time.
Although Lily’s questionnaire responses suggest she held a mixture of beliefs about the
nature of mathematics, during the interview she consistently took a strong absolutist position. In
discussing the source of mathematical knowledge Lily referred to individuals holding an innate
ability for mathematics, mathematical knowledge existing independently of humans and referred
to authority figures as a source of mathematical knowledge; “…We acquire it from everything
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around us. It is already there and it is just that we have to figure it out…. We are also designed
for it already and it is all around us.” She further expanded on her absolutist beliefs expressing
the belief that mathematicians view mathematics as flawless; “So to mathematicians, math is like
poetry, it has to be perfect.” Lily continued demonstrating a strong absolutist view of
mathematics when discussing the stability of knowledge. She suggested mathematical
knowledge is different from other bodies of knowledge in that it is, “Not like any of the theories
that can change you know with the passage of time.” Lily also indicated that mathematical
knowledge has a hierarchical structure which when followed correctly will lead to a correct
answer; “It is not simple, like simple simple. It is not complex because there is a certain way that
if you apply that knowledge, you will always reach the goal.” Overall Lily held strong absolutist
views of mathematics.
Beliefs about teaching and learning mathematics. On the questionnaire Lily indicated
she held constructivist beliefs about teaching and learning. Based on her questionnaire responses,
Lily’s beliefs about the teaching and learning of mathematics were found to approach the
constructivist end of the continuum (m = 1.76, SD = 1.05, n = 25). Although her responses did
vary, 63% of the time she strongly supported beliefs about teaching and learning considered to
be constructivist in nature. For instance, showing her constructivist tendencies, Lily strongly
disagreed with statements such as, “mathematics teachers should put more emphasis on getting
correct answers than on the process followed.” However, she also strongly supported traditional
teaching tools and techniques on a few questionnaire items, such as, “Mathematics teaching
should always involve clear, step-by-step demonstrations of procedures.”
Lily continued to express the use of constructivist tools and techniques during the
interview but how she described using them indicated traditional beliefs about teaching and
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learning. In her explanation of how she would teach subtraction requiring regrouping she
revealed that she would use manipulatives to access students’ prior knowledge, a constructivist
teaching technique, but would use this knowledge to more effectively encourage students to use
a set process, a traditional approach.
…start from whatever they know from before. Always construct on, scaffold. So it would
be like, I would tell them, that there are two people. I would name them. One has this
much money. The other is asking for this much money… obviously like there has to be
some sort of a diagram showing them, and they should always remember like the arrow,
because their memory is short term. If they don’t write it, they are going to forget.
She continued to discuss how there should “be a teacher facilitating the process and asking
questions. Like ok, how did you do this?” The use of open-ended questions suggests a view of
teaching and learning which approaches the constructivist end of the continuum but she later
described using directed questions to guide students towards a set process. She concluded the
interview by saying that her lesson would begin with accessing their prior knowledge then move
into a discussion.
I would be hoping that they [students] would come up with the idea or I would just give
them cues. That it can be done and you can just borrow from someone. Do the
subtraction… I would just go from one table to another table and we would just do the
regrouping thing.
Lily described using constructivist teaching tools and techniques in hopes that students would
come up with the standard algorithm and if this did not occur she said she would switch to a
traditional telling teaching technique. Overall, Lily’s beliefs about teaching include both
traditional and constructivist teaching tools and techniques, however her end goal of having all
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the students learn a specific process suggests she held traditional beliefs about teaching and
learning mathematics.
Summary of Lily’s beliefs. The results from the questionnaire suggest Lily’s beliefs did
not align because she was found to hold absolutist beliefs about the nature of mathematics and
constructivist beliefs about teaching and learning mathematics. The interview results however
tell a different story. Lily’s responses during her interview indicate that she held absolutist
beliefs about the nature of mathematics and more traditional beliefs about teaching and learning.
Lily’s description of her teaching preferences contained constructivist aspects such as the use of
manipulatives and building on prior knowledge, yet these were used to facilitate a more
traditional teaching approach resulting in a greater degree of alignment than previously
suggested by the questionnaire.
Patty
When explaining her choices of instructional tools and techniques, Patty, a mature
student, drew on her experiences in school as well as her experiences helping her children. These
two experiences may have shaped her beliefs in different ways as she was found to hold both
traditional and constructivist beliefs about the teaching and learning of mathematics.
Beliefs about the nature of mathematics. Patty expressed both absolutist and fallibilist
beliefs on the questionnaire. Based on the questionnaire Patty’s beliefs concerning the nature of
mathematics were found to range between either end on the continuum resulting in a near neutral
score (m = 2.67, SD = .98, n = 12). Despite the fact that she did not consistently take an
absolutist position concerning the nature of mathematics, she did strongly disagree with
statement eight, “what is true in mathematics is changing.”
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Although the questionnaire indicates Patty held beliefs about the nature of mathematics
which were only slightly absolutist, during the interview Patty’s beliefs were found to be
primarily absolutist. When Patty was asked about the source of mathematics she referred to
“some really smart guy off in a lab” and suggested that “the stuff is there but someone has taken
it and put names to it so we understood what it was.” This suggests she believed authority
figures find mathematical knowledge and that it existed independently of humans, an absolutist
view. Patty continued to express absolutist beliefs about source and stability of knowledge
suggesting that people find new approaches to solving problems but the underlying concepts do
not change; “The basics, adding and subtracting, that stays the same, but there are always new
ways of doing things.” Patty also held absolutist beliefs about the structure of mathematics as she
used descriptors such as hierarchy and pyramid to describe the set structure; “You have to start
with your basic numbers. Know what numbers mean and represent and then you just build on
that. And then it gets quite complex down the road.” Based on the interview, Patty’s beliefs
about the source, stability and structure of mathematical knowledge approaches the absolutist
end of the scale.
Beliefs about teaching and learning mathematics. Patty’s mean score on the
questionnaire statements which evaluated beliefs about teaching and learning mathematics was
1.68 (SD = .90, n = 25) indicating that she also held beliefs which were located near the
constructivist end on the continuum. Despite the fact that her responses did vary, she strongly
agreed with constructivist statements 56% of the time. Statement nineteen, “allowing students to
generate and test new theories are part of mathematics teaching” is one example of a statement
with which she strongly agreed. Overall, the questionnaire suggests Patty’s views about the
teaching and learning of mathematics were very constructivist in nature.
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Alternately, during the interview Patty was found to support an overall traditional lesson
that did have aspects of a constructivist teaching approach. During the interview Patty was asked
how she would teach subtraction requiring regrouping. She explained using manipulatives,
First I would probably do…that house idea to explain…that analogy, talk about that.
Then I would split them into the groups and let them have the cubes to play with and
come up with their answers and then have a little whole class session to discuss what
everybody found and what kind of answers they came up with.
Although this approach contains many key components of a constructivist lesson, different
constructivist tools and techniques were used in hopes that the students would come up with the
standard algorithm and if they did not Patty described using directed questioning to guide them
to the specific solution process; “Like how do I take seven away from six? I don’t have enough.
So I would have to take ten from here to make this sixteen and then take the seven away.”
Patty’s traditional opinion of teaching were made clearer following the constructivist
video; “I don’t think anything was taught there.” She continued to question how the students
came up with their answers suggesting she did not believe students could construct their own
knowledge. When Patty was asked how she would change her lesson after watching the two
videos, she said she would take the approach of the constructivist video first to gather students’
prior knowledge and then follow up with an approach similar to the traditional video resulting in
traditional lesson overall. Patty’s beliefs about teaching and learning included both traditional
and constructivist teaching aspects, however the intention to use constructivist techniques in
preparation for a traditional telling lesson indicates a teaching approach which is primarily
traditional.
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Summary of Patty’s beliefs. The results from the questionnaire suggest Patty’s beliefs
about the nature of mathematics and teaching and learning mathematics did not align however,
the interview suggests Patty held primarily absolutist beliefs about the nature of mathematics and
traditional beliefs about the teaching and learning. Thus, based on the interview results Patty’s
beliefs are found to align fairly closely.
Lisa
At the beginning of the interview, Lisa immediately expressed her dislike for
mathematics; “Well first of all math is my least favourite subject.” This dislike for mathematics
may have influenced her intended teaching approach as she suggested she would teach
differently than the way she was taught so students would enjoy mathematics more. She also
discussed her identical twin daughters and her experiences helping them with their math
homework. She used her experience with them to support her belief that individuals hold an
innate ability to do mathematics. A negative attitude towards mathematics and her experiences as
a parent may have contributed to Lisa’s absolutist beliefs about mathematics and traditional
beliefs concerning the teaching and learning of mathematics.
Beliefs about the nature of mathematics. The results from the questionnaire suggest
Lisa held a mixture of beliefs about the nature of mathematics that were slightly more absolutist
in nature. A mean score of 2.57 (SD = 1.22, n = 14) was calculated for Lisa from her responses
to the fourteen questionnaire statements addressing beliefs about the nature of mathematics. Her
score indicates she held weak absolutist views about the nature of mathematics. Lisa’s position
on the continuum was nearly neutral as she regularly strongly agreed with statements associated
with either end of the belief continuum. Despite strongly agreeing with statement seven,
“Mathematics is a creation of the human mind”, suggesting she held fallibilist views, she also
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strongly agreed with statement two, “In mathematics, answers are either right or wrong”,
indicating absolutist views.
Although Lisa was found to hold a mixture of beliefs about the nature of mathematics
based on her questionnaire responses, the interview with Lisa suggests her views of mathematics
resided at the absolutist end of continuum. In the interview, when Lisa was asked where a
mathematician’s knowledge comes from she suggested mathematicians have an innate ability
towards mathematics and mathematical knowledge comes from authority figures such as a
teacher in a school; “A passion, They just, in school. Their sense of inquiry is up there and it is
them, it is in them.” When asked about the stability of mathematical knowledge, Lisa continued
to express absolutist beliefs stating that mathematical knowledge is stable and unchanging.
Because they are rules, they are facts that … I can’t articulate they are just the way you
figure out an equation and there are only certain parameters that you can work in and I
don’t think they will change that much.
Lisa also demonstrated an absolutist view of the structure of mathematical knowledge; “Well it is
very logical and it is a building block of knowledge and you can’t really go on to the next
concept until you have a good understanding. So it is logical.” So, according to Lisa,
mathematical knowledge has a rigid logical structure. Overall Lisa held strong absolutist views
of the source, stability and structure of mathematical knowledge.
Beliefs about teaching and learning mathematics. An analysis of Lisa’s responses to
questionnaire items assessing beliefs about teaching resulted in a mean score of 1.88 (SD = 1.17,
n = 25) indicating that she held beliefs about teaching on the constructivist end of the continuum.
She was found to strongly agree with statements supporting a constructivist view 60% of the
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time. It should however be noted that her responses varied greatly on the continuum due to the
fact that she strongly agreed or strongly disagreed with most statements.
Alternately, Lisa’s views expressed during the interview about the teaching and learning
of mathematics were found to lie at the traditional end of the continuum. During the interview
Lisa was asked how she would teach subtraction requiring regrouping.
Well, if they [students] are sitting on the carpet, I would be doing this [the traditional
algorithmic method of regrouping] on a chart piece of paper. And then, I would do
several kinds of examples of this very thing …. I would send them back to their seats and
I would have them work on them by themselves and I would just walk around basically
helping.
She later added to this traditional telling approach that she would use manipulatives; “I would
have them start off with twenty six or something and take seventeen away so they can physically
see the answer that they need to get.” Although using manipulatives may suggest a constructivist
approach, Lisa described using manipulatives to help transmit the step-by-step process to her
students. Lisa continued to support traditional beliefs about teaching mathematics suggesting that
she liked the traditional video and did not like the constructivist video. She described the
constructivist video as complicated and when asked if she liked the way Nicole (the little girl in
the video) used the blocks she commented, “No, I didn’t at all but she was cute and she was
confident. She didn’t have the right way of doing it but it was cute.” In discussing how she
would help Nicole, Lisa used a very traditional approach which included using the ‘right’
method to get the ‘right’ answer.
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Well I would explain to her that yes, you got the right answer and that is great but there is
a better way of doing this or I would have preferred if you had done it like this and then I
would have showed her the columns and the proper numbers.
Lisa’s comments about the traditional video were very positive, however she did question if the
steps could have been clearer. She speculated, “when she told them to remove thirty three, to
make sure they had the right answer, I think she could have explained that step a bit more,
myself. Like I understood what she was doing but did the kids?” This comment indicates that
Lisa thought the teacher in the traditional video could have outlined the step-by-step procedure
for solving subtraction problems even more explicitly. Based on her interview, Lisa was found to
hold very traditional beliefs about teaching mathematics.
Summary of Lisa’s beliefs. The results from the questionnaire suggest Lisa’s beliefs
about the nature of mathematics and her beliefs about the teaching and learning of mathematics
did not align. However, Lisa’s responses on the questionnaire and during the interview suggest
two different stories about how she wants to teach. On the questionnaire she was found to hold
constructivist beliefs about teaching and learning but during the interview she was found to hold
traditional beliefs. The interview revealed that Lisa held absolutist beliefs about the nature of
mathematics and supported traditional views on how to teach mathematics, two sets of beliefs
that do in fact align.
In this chapter the eight interview participants’ beliefs concerning the nature of
mathematics and beliefs concerning teaching and learning mathematics were reported
individually based on both the questionnaire and interview data. Data from the open coding
process preformed on the interview data was reported on in this chapter to provide an authentic
picture of the individual participants’ beliefs. In the following chapter results from the axial and
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selective coding process are presented to provide a general picture of the misalignment of the
eight participants’ beliefs. Questionnaire data is also included in this discussion as it supports the
general picture that emerged concerning preservice teachers misaligned beliefs.
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Chapter 6: Discussing the Alignment of Preservice Teachers Beliefs

The aim of this study was to document and examine the beliefs of Ontario elementary
school preservice teachers at the start of their teacher education programs in order to determine
the alignment of their beliefs about the nature of mathematics with their beliefs about teaching
and learning mathematics. Many researchers postulate that fallibilist beliefs align with
constructivist teaching approaches and absolutist beliefs align with traditional teaching
techniques (Ernest, 1991). However, the results from the questionnaire used in this current study
indicate that 49% of all preservice teachers held misaligned beliefs at the beginning of their
teacher education program. The misaligned preservice teachers were found to hold primarily
absolutist beliefs about the nature of mathematics and indicated that they intended to use
constructivist teaching tools and techniques.
In this chapter, the interview and questionnaire responses of eight preservice teachers
whose questionnaire responses indicated misaligned beliefs are discussed together in order to
better understand the nature of preservice teachers’ misaligned beliefs. Findings that emerged
from the axial and selective coding of the interviews are reported and discussed. To start, the
eight preservice teachers’ beliefs about the nature of mathematics are discussed together, based
on both questionnaire and interview data, in terms of the source, stability and structure of
mathematical knowledge. As all eight participants were found to hold absolutist beliefs about the
nature of mathematics based on their questionnaire and interview responses, absolutist beliefs are
the focus of the discussion. Next, constructivist beliefs about teaching and learning that were
expressed on the questionnaire and during the interviews are examined. The use of constructivist
teaching tools and techniques including prior knowledge, manipulatives, group work, student
exploration and sharing of students’ ideas are explored further, based on the interview data, to
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determine how and why these tools and techniques were intended to be used. Concluding this
chapter is a general discussion of the alignment of preservice teachers’ beliefs which summarizes
the findings of this study. Quotes from the interviews that are presented in this chapter are
referenced using line numbers and the interviewees’ name.
Beliefs Concerning the Nature of Mathematics: An Absolutist View
In order to access preservice teachers’ beliefs about the nature of mathematics, one
hundred thirty eight participants completed a questionnaire and eight were interviewed about the
source, stability and structure of mathematical knowledge. Beliefs about the nature of
mathematics were conceptualized on a continuum with absolutist and fallibilist beliefs at either
end. At one end of the continuum, individuals who hold absolutist beliefs believe that
mathematical knowledge consists of certain unquestionable truths which are waiting to be found
(Ernest, 1991; White-Fredette, 2010). These truths are based on logic and deductive reasoning
and do not change over time (Ernest, 1992). Alternately, individuals who hold fallibilist views of
mathematics accept mathematical knowledge is built from experience and as a human
construction it is uncertain and never above revision (Ernest, 1991; White-Fredette, 2010). At the
beginning of their teacher education program, preservice elementary teachers were found to hold
a mixture of beliefs, which were primarily absolutist. The discussion below provides a general
picture of the positioning of preservice teachers beliefs concerning the nature of mathematics at
the beginning of the teacher education program.
Source. On the issue of the source of mathematical knowledge, the preservice teachers in
this study were found to hold a mixture of beliefs which generally approached the absolutist end
of the nature of mathematics continuum. They expressed the belief that authority figures such as
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mathematicians find or discover mathematical knowledge and that some individuals hold an
innate ability for the subject.
On the questionnaire, all of the preservice teachers interviewed agreed or strongly agreed
that, “Mathematics is out there to be discovered”, supporting the absolutist view that
mathematical knowledge exists independently of humans and is waiting to be found or
discovered. Although most of the preservice teachers discussed the discovery of mathematical
knowledge during their interview, the underlying meaning of ‘discover’ was found to vary.
‘Discover’ was used by one preservice teacher to express the fallibilist belief that humans create,
not find mathematical knowledge; “…you can’t discover math, like it is not hidden” (Matthew,
13). In some cases it was unclear whether the term ‘discover’ was used to describe the process of
creating or finding mathematical knowledge, but in most cases for these preservice teachers to
‘discover’ mathematics meant that “we acquire it from everything around us. It is already there
and it is just that we have to figure it out” (Lily, 25). The absolutist belief that mathematics is
"waiting to be discovered instead of a human, quote unquote, invention or doctrine” (Cathy, 5)
was prominent.
Buehl and Fives (2009) similarly found that preservice and practicing teachers hold a
range of beliefs regarding the source of different types of knowledge. They found that
individuals believed that knowledge could be gained by being directly taught as well as through
enactive or observational experiences. Although these beliefs may seem to conflict, the
interviewees in this present study who referred to gaining knowledge from the surrounding world
later described ‘finding’ this knowledge, suggesting it exists independent of humans. Therefore,
preservice teachers were found to hold a variety of beliefs about the nature of mathematics which
were found to be primarily absolutist.
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The eight interview participants in this present study often referred to authority figures
such as mathematicians as the individuals who find mathematical knowledge; “I think some
really smart guy off in a lab coming up with a new equation that will be used for something …”
(Patty, 19). Results from the questionnaire further suggest that the eight preservice teachers
interviewed regarded authority figures as the source of mathematical knowledge, as over half of
them disagreed or strongly disagreed with statement eleven, “mathematics procedures can be
developed by anyone.” Preservice teachers also expressed the belief that mathematicians are
born with an innate ability for mathematics; “when I think of a mathematician, I think of a really
smart guy. He was born with it” (Lily, 36). The mathematical knowledge found by
mathematicians is passed on to the students as it is, “…learned from your teacher, showing you
activities…” (Mary, 17) indicating that classroom teachers were also seen as a type of authority
figure. Much of the research that addresses beliefs concerning the sources of knowledge focuses
on the role of authority figures (Buehl & Fives, 2009), and that preservice teachers believe that
authority figures are sources of knowledge (Chan, 2011).
Due to the multiple meanings of the term discover, determining where participants’
beliefs about the source of mathematical knowledge fell on the nature of mathematical
knowledge continuum was difficult. Although fallibilist beliefs about the source of mathematical
knowledge were occasionally heard, preservice teachers were found to hold predominantly
absolutist beliefs, including the view that certain individuals are born with an innate ability for
mathematics and mathematicians find rules that are embedded in the universe.
Stability. Absolutist views about the stability of mathematical knowledge were found to
dominate preservice teachers’ beliefs. To different degrees, interview participants indicated that
they did not “… think [mathematical rules and facts] will change that much” (Lisa, 35) and they
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suggested that “in terms of equations and to minimize confusion, there is a right answer…there is
a right or wrong answer” (Cathy, 9).
Preservice teachers were found to believe that once mathematical knowledge is
established it does not alter or vary over time;
Because they are rules, they are facts that … I can’t articulate they are just the way you
figure out an equation and there are only certain parameters that you can work in and I
don’t think they will change that much. (Lisa, 34)
Although most of the preservice teachers stated that personal mathematical knowledge changes
over time, they were found to hold absolutist beliefs because they maintained that, “the
knowledge that is out there doesn’t change. I think people’s individual knowledge changes as
they learn it” (Matthew, 23). The few who were found to hold a mixture of beliefs indicated that
some mathematical knowledge can be refined over time. However they also maintained that
other knowledge does not change; “some does and some doesn’t. Math will change in step with
discoveries on the laws of physics as we discover new phenomena, for now they are set,
but…eventually they change. Eventually, but very very slowly” (Cathy, 27). Schommer (1994)
discussed the occurrence of multiple beliefs within a single domain (i.e. the stability of
mathematical knowledge) and suggested that these beliefs range in strength; for example, an
individual may believe most knowledge is unchanging, some knowledge is yet to be discovered,
and a small amount is evolving, suggesting the prominent belief is that knowledge is unchanging.
Based on the eight interviews conducted in this study, the belief that mathematical knowledge is
stable and unchanging was heard most often in preservice teachers’ views about the stability of
mathematics. This finding was supported by the questionnaire results as all interview participants
agreed or strongly agreed with statement four, “mathematics knowledge is certain” and the
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average score of all questionnaire respondents was 2.84 (SD = .74, n = 138) indicating that most
preservice teachers agreed with the statement. Other studies have also found evidence that some
teachers believe mathematics knowledge is constantly up to date and does not change (Buehl &
Fives, 2009).
The belief that mathematical answers are either right or wrong was also a common view
of mathematical knowledge held by preservice teachers at the beginning of their teacher
education program in this study. All eight interviewed participants agreed that many
mathematical questions have either a right or wrong answer. However, although some
maintained that all answers are either right or wrong, others suggested that the complexity of the
problem determines the nature of the answer; “true mathematicians, people who do it for a
living, maybe they would disagree. But for the real world, there is just one answer” (Lisa, 15).
The distinction seems to lie in who is doing the mathematics or the level of abstraction.
The interviewees were found to refer to the math a mathematician does as complex and largely a
mystery, despite maintaining that the math that they know has a right or wrong answer and does
not change over time. One of the preservice teachers interviewed expressed mixed beliefs
suggesting, “solving for answers to be right or wrong is a process. If you are looking at the
thinking process, then any answer may be not completely wrong even if they come up with two
plus two is five” (Cathy, 9). Such a fallibilist belief was not found to dominate. Most of the
preservice teachers interviewed agreed or strongly agreed that “In mathematics, answers are
either right or wrong” and the average questionnaire score on this statement was 3.07 (SD = .78,
n = 138) indicating that most study participants who completed the questionnaire agreed with the
statement. Chval (2004) and Stuart and Thurlow (2000) have similarly found that preservice
teachers believe mathematical problems have either right or wrong answers.
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Regarding the element of stability of mathematical knowledge, the preservice teachers
interviewed in this study were found to hold beliefs that approached the absolutist end of the
continuum. This was consistently found in both the questionnaire and during the interviews.
Participants suggested that mathematical knowledge is stable and unchanging and solutions are
either right or wrong.
Structure. In addition to finding that preservice elementary teachers’ beliefs about the
source and stability of mathematics approached the absolutist end of the continuum, study
participants were also found to hold primarily absolutist beliefs about the structure of
mathematical knowledge. Interview participants were found to describe mathematical knowledge
as “…a hierarchy. You have to start with your basic numbers. Know what numbers mean and
represent and then you just build on that. And then it gets quite complex down the road” (Patty,
33). This hierarchy of mathematical knowledge was often described in terms of a pyramid, “and
the steps of the pyramid are knowledge, built on knowledge and one step may relate here, and
this one may relate to that other one, like a flow chart, and then at the top is the unknown”
(Cathy, 37). This result is similar to a teacher in Cross’s (2009) study who indicated that
mathematical concepts progress from simple to advanced, and suggested that students have to
master foundation concepts before they can move on to more advanced concepts. Although there
were differences between the eight preservice teachers’ descriptions of the structure of
mathematics in this present study, all of the participants described mathematics as some sort of
hierarchy. This simplistic and isolated view of mathematical knowledge places preservice
teachers’ beliefs about the structure of mathematical knowledge towards the absolutist end of the
continuum.

100

Summarizing the Absolutist View
The eight study participants interviewed in this study were selected because their
questionnaire results indicated that they held absolutist beliefs. Thus, it is not overly surprising
that absolutist beliefs were found to dominate the preservice teachers’ interview responses.
However, these preservice teachers were not found to hold purely absolutist beliefs. Although
much of the literature suggests the general population of preservice and practicing teachers bring
a range of different personal epistemological beliefs to teacher education programs (Chan &
Elliott, 2004; Tanase & Wang, 2010), the current study suggests that even preservice teachers
who are purposefully sampled for holding predominantly absolutist beliefs, hold a variety of
views concerning the nature of mathematics.
Despite often lacking the language needed to clearly express their beliefs, which may
explain the near neutral questionnaire scores, the eight interviewees expressed primarily
absolutist beliefs. Consistently, the term “discover” was used by interview participants but they
were unable to make it clear whether they were referring to the fact that people were finding
existing knowledge or were creating new knowledge. Similarly, preservice teachers spoke of
how individuals’ understanding of mathematical knowledge alters over time, describing
mathematical knowledge as “changing”; yet they maintained that the core facts found in the
universe are constant. The struggle to clearly articulate beliefs about mathematics may be due to
the fact that prior to participating in this study, many of the preservice teachers had little
experience thinking or expressing their beliefs about the source, stability and structure of
mathematical knowledge. This idea is supported by Ernest (1989b) who noted that conceptions
of the nature of mathematics are often not consciously held by teachers, but are implicitly held in
their philosophies.
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Despite the challenges preservice teachers faced when articulating their beliefs, possibly
because they had never consciously considered their notion of mathematics, their overall views
about the source, stability and structure of mathematics approached the absolutist end of the
continuum measuring beliefs about the nature of mathematics.
Intentions of Teaching: Teaching Traditionally using a Variety of Teaching Tools and
Techniques
Preservice teachers have been found to bring many beliefs about teaching and learning to
teacher education programs (Ball 1990a, Pajares, 1992). In order to access these beliefs, eight
preservice teachers were asked to describe how they would teach a grade two subtraction lesson
requiring regrouping, and were also asked to comment on two videos which exemplified
constructivist and traditional teaching approaches. Beliefs about the teaching and learning of
mathematics were conceptualized with traditional and constructivist beliefs at either ends of the
continuum. Traditional beliefs about teaching and learning include the view that knowledge can
be simply transferred from expert to novice. According to the traditional view, effective teachers
are viewed as those who are able to clearly present and explain information (Chval et al., 2009)
and consequently give little to no power to learners (Ernest, 1991). Alternately, teachers who
hold constructivist beliefs about teaching would regard themselves as facilitators, encouraging
learners to create and acquire knowledge through reasoning and justification (Chan & Elliott,
2004). Facilitating the construction of mathematical knowledge involves: presenting students
with genuine situations with which students can identify, using open-ended questions to generate
discussions, and encouraging students to reflect on their reasoning (Cobb, 1988).
The discussion below provides a general picture of the positioning of preservice teachers’
beliefs concerning the teaching and learning of mathematics at the beginning of the teacher
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education program. The discussion focuses on five aspects of teaching that emerged during the
axial coding phase of the analysis including: student’s prior knowledge, manipulative use,
independent and group work, student exploration, and encouraging students to share their ideas.
It was found that preservice teachers intended to use both constructivist and traditional teaching
techniques however how they intended to use these tools and techniques varied, often resulting
in an overall traditional teaching approach to mathematics.
Prior knowledge. Building on students’ prior knowledge is viewed by the OAME and
NCTM as a key component of effective mathematics instruction and is considered to be part of
the constructivist teaching approach (Ball & Bass, 2000; Phillips, 2000). The preservice teachers
in this study also viewed prior knowledge as an important aspect of mathematics instruction, as
six interview participants stated that students’ prior knowledge should guide instruction.
Although the interview participants agreed on the importance of accessing students’ prior
knowledge, what they considered to be prior knowledge and how they intended to use this
knowledge varied. Six of the preservice teachers described prior knowledge as information
taught in the last lesson, and five participants indicated that understanding students’ prior
knowledge would allow them to determine where to begin teaching the next steps. Alternately,
none of the preservice teachers described prior knowledge as a student’s unique general
knowledge which could inform a teachers’ choice in future activities to help students develop
mathematical concepts. As outlined in the following paragraphs, students’ prior knowledge was
often found to support traditional approaches to teaching mathematics suggesting preservice
teachers held beliefs about teaching which approached the traditional end of the continuum.
Prior knowledge was understood by preservice teachers to be information taught in the
last lesson or basic computational skills that students should have learned. For example,
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“Obviously I would tell them about their prior knowledge. Like we did it this way do you guys
remember?” (Lily, 113). This is a common misconception that was also found by Gunel (2008).
He suggested that viewing prior knowledge as a narrow body of information instead of viewing
it as the wide array of experiences students bring into a classroom restricts the number and depth
of connections that can be made (Gunel, 2008). All six of the preservice teachers interviewed
who discussed using student’s prior knowledge appear to hold this misconception as they
referred to prior knowledge as chunks of information taught in the last lesson. This suggests they
held beliefs at the traditional end of the teaching and learning continuum.
Preservice teachers, who viewed assessing prior knowledge as important, described using
students’ prior knowledge to determine where a teacher should start teaching new facts; “I would
try to figure out what the children know. What knowledge they have of this kind of thing first, so
like subtraction…[then] I would obviously do a couple with them. To model how it should be
done” (Mary, 59). Only one preservice teacher described using prior knowledge to guide their
choice of instructional activities, which could have led to a constructivist teaching approach,
however this was not found to be the case. Instead she explained that understanding students’
previous solution processes would inform her of student errors which could then be targeted and
corrected.
I guess this could be viewed as an assessment to see their understanding, to see if they are
getting to that part. And obviously some of the kids are not understanding it, so it would
be not like almost starting over but building upon that, step-by-step showing the children
what they need to do first and then the next step. (Mary, 107)
Henriques (1997) suggested that using prior knowledge this way leads teachers to believe
teaching new concepts is easy, as they expect their students to make mechanical connections
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between new concepts and past knowledge. Using prior knowledge to know where to begin
transmitting the next steps of mathematical problems suggests the presence of traditional beliefs
about teaching and learning.
Preservice teachers continued to express traditional beliefs about teaching and learning
when they discussed how they would structure their lessons:
I think the first video [constructivist video] would be first, to get their prior knowledge
and the second [traditional video] would be the guided learning and then the next step
after that would be a more independent activity or even like a paired activity or
something like that. (Mary, 155)
Five participants described starting their lesson using approaches seen in the constructivist video
followed closely by approaches seen in the traditional video. They explained that structuring
their lesson this way would allow them to access their students’ prior knowledge, which would
help them to walk the class through the step-by-step process of how to do subtraction questions
requiring regrouping as seen in the traditional video. The teaching techniques in the
constructivist video were not perceived to be effective in teaching students mathematics; “I don’t
think anything was taught there [in the constructivist video]” (Patty, 100).Thus, preservice
teachers were found to equate the student sharing of possible solution strategies depicted in the
constructivist video only with accessing students’ prior knowledge, not the construction of
knowledge. With this approach, prior knowledge is used to assist in the transmission of
knowledge, suggesting that preservice teachers’ beliefs approach the traditional end of the
teaching and learning continuum.
The preservice teachers in this study were found to hold primarily traditional beliefs
about teaching and learning mathematics, as they interpreted prior knowledge to be information
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learned in previous lessons and they described using this information to determine where they
should begin teaching. The participants in this study were also found to believe that the teaching
techniques depicted in the constructivist video were only helpful when trying to access students’
prior knowledge, not when helping students learn mathematics. Although building on students’
prior knowledge is often considered to be a technique used by teachers who hold constructivist
beliefs about teaching, in this study prior knowledge was seen to help support a traditional
teaching approach. Based on interview discussions of how they intend to use students’ prior
knowledge, preservice teachers were found to support beliefs at the traditional end of the
continuum.
Manipulatives. Manipulatives are powerful tools that can be used to enhance
mathematics instruction in many different ways (Moyer, 2001). Some teachers give
manipulatives to their students to help them explore and discuss mathematical concepts,
supporting a constructivist teaching approach, and others use manipulatives during classroom
demonstrations to teach students step-by-step solution processes, supporting a traditional
teaching approach. With mathematics reform movements pushing the use of manipulatives, it
may not be surprising that all of the preservice teachers who were interviewed described using
manipulatives in their lessons, and that 80% of all the questionnaire respondents strongly agreed
that “mathematics teaching should include a variety of tools, models, manipulatives and
technology.” Raymond (1997) also found beginner teachers were strong advocates of using
manipulatives. With results from this current study and other studies indicating that preservice
teachers do intend to use manipulatives in their future classrooms, it could be concluded that
preservice teachers hold constructivist beliefs about teaching mathematics. However, concluding
this would be inaccurate. Without knowing how or why manipulatives are intended on being
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implemented in the classroom it is difficult to get a good sense of the beliefs preservice teachers
hold. The eight interviewees in this present study were found to use manipulatives to guide
students to correct answers, demonstrate set solution process, promote student exploration and
discussion, and portray math as fun, which frequently resulted in an overall traditional approach
to teaching mathematics.
It was suggested by seven respondents that manipulatives aid in the transmission of
knowledge from teacher to student by means of guided discovery; “I would give them twenty six
blocks in total… take away seventeen. So they would count one, two, three, four…and then take
the seventeen and how many do I have left? Nine” (Mandy, 76). Preservice teachers also
discussed using manipulatives to demonstrate a step-by-step solution process; “twenty and there
is six. So we are going to take seventeen away. So there is ten, sixteen, seventeen. There should
be nine left” (Lisa, 72). D’Ambrosio (1991) also found that teachers used manipulatives to
support traditional teaching approaches. She found teachers tried to memorize how to use the
manipulatives, including the steps of activities and questions to pose, instead of using them to
help students build understanding. The teachers in D’Ambrosio’s study were found to believe
that they were supporting mathematics reform simply because they were using manipulatives.
Using manipulatives to passively transmit knowledge and to guide students to specific processes
which have specific products suggests preservice teachers hold traditional beliefs about the
teaching and learning of mathematics. This traditional teacher-centred view of teaching
mathematics using manipulatives was held by all eight of the preservice teachers interviewed in
this current study, although the degree to which this view dominated their intended teaching
approaches varied.
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To a lesser extent, participants described manipulatives as tools which help students
explore and express their ideas. For example, “like seven cannot be taken out of six then be like
so what could I do? See if anybody has any ideas and go from there. And if they don’t get it
maybe suggest a way of seeing it” (Mary, 68). Using manipulatives this way, to help students
explore and share their ideas, could be perceived as an indicator of constructivist teaching
beliefs. However, using this approach hoping a specific solution process will be found and
intending to lead students to a set process if they do not find it on their own, suggests traditional
beliefs about teaching mathematics.
Having students express their mathematical ideas was often mentioned in conjunction
with the importance of having students work in groups; “I would probably have them work in
pairs so that if I didn’t have enough blocks to go around they could share and … sometimes
learning with your peers is a little bit more helpful…” (Julie, 78). Although intending to have
students use manipulatives in groups could suggest support for a constructivist teaching
approach, interviewees described using manipulatives with groups of students for reasons of
convenience as well as to allow students to help each other understand certain solution processes,
suggesting preservice teachers held beliefs that are towards the traditional end of the continuum.
Although four interview participants described placing students in groups with manipulatives to
discuss mathematical concepts, three of these preservice teachers described using group work to
help teach a specific solution process, indicating that they held beliefs about teaching
mathematics which fell closer to the traditional end of the continuum.
Manipulatives allow students to connect their experiences in the real world to new
mathematical concepts, making manipulatives powerful teaching tools (Olkun & Toluk, 2004;
Willoughby, 1988). Almost all of the preservice teachers commented on helping their future
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students make connections between the real world and abstract mathematical concepts when they
described using blocks, smart boards, money and stories. Although using manipulatives to help
students make connections could lead one to believe that preservice teachers held constructivist
beliefs about teaching, interview participants often described using manipulatives to make
connections to the algorithmic method of subtraction, suggesting more traditional beliefs. Five of
the preservice teachers interviewed suggested that the end goal of the lesson was for students to
solve any subtraction problem on paper using an algorithm. Manipulatives were viewed as a
helpful tool to achieve this end; “I liked that they were focused and using the materials to help
them. To help guide their eventual writing down the answers” (Mandy, 134). Believing the
learning goal is to be able to solve problems using a step-by-step method on paper suggests a
view that approaches the traditional end of the scale.
Preservice teachers gave a variety of reasons for intending to use manipulatives, but a
common reason was to make math fun. One person noted, “I am so concerned to teach math in a
way that kids get it and that they enjoy math. And that is why I like all of these styles and
manipulatives and things that we are learning to use…” (Cathy, 150). In a study conducted by
Moyer (2001), ten middle grade teachers were found to use manipulatives to make math fun,
however they also expressed the belief that manipulatives were not necessary for teaching and
learning mathematics. Encouraging students to enjoy learning mathematics is clearly
preferential, however if manipulatives are used solely to achieve this end and they are being used
to transmit knowledge, they will simply be a tools which support traditional teaching approaches.
The use of manipulatives was strongly supported by all preservice teachers, but they
discussed using manipulatives in a variety of ways and for different reasons. Although
participants mentioned manipulatives as tools which could help students express their ideas and
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make connections to the real world, manipulatives were more often viewed as tools which could
help students learn the correct standard algorithm. Overall, the preservice teachers in this study
were found to hold a mixture of beliefs about how to use manipulatives which approached the
traditional end of the teaching and learning continuum.
Group work/ Independent work. Teachers organize and run their classrooms in a
variety of ways. Some teachers prefer their students to work independently, however others like
their students to work in groups. During the interviews all but one of the preservice teachers
discussed using group work in their future teaching and only half of them suggested they would
like to have their students work independently. Raymond (1997) similarly found beginner
elementary teachers believed group work should be a key component of teaching mathematics.
Using group work in the classroom has been lobbied for by professional leadership (NCTM and
OAME) as it can encourage collaboration and critical thinking among students (Chan & Elliott,
2004), supporting a constructivist teaching approach (Ball & Bass, 2000). Although having
students work in groups can support a constructivist approach, how the eight preservice teachers
in this present study envisioned their students working in groups suggested they held more
traditional beliefs about teaching mathematics. Both independent and group work was described
as time for students to practice set solution process and get correct answers.
On the questionnaire, half of the preservice teachers interviewed agreed with the
statement, “It is very productive for students to work on math activities and problems
individually.” During the interviews the preservice teachers expanded on this belief by
describing how they would have their students work independently after they had taught a lesson
so that they could assess students’ progress and students could practice set solution processes:
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So I would probably give them a sheet that has some sort of activity on it, similar to what
I did…Then just give them time to go though it themselves and just check in as they go…
Just kind of see and if there is confusion just stop explain something in a different way to
see if they understand it and then just kind of watch them to see how they do it and
hopefully do an assessment thing at the end. (Mary, 61)
Practice sheets and activities that were “a close variant on the problem” (Matthew, 41) were seen
as preferable by some preservice teachers. Having students work individually to practice set
solution problems indicates teaching and learning beliefs that approach the traditional end of the
continuum.
As suggested in the discussion on manipulatives, group work can be used to facilitate
student exploration, critical thinking, and collaboration, which are all key components of the
constructivist teaching approach. Three preservice teachers discussed arranging students in
groups so that students could share ideas. For example, one said,
We are going to talk about it and break it down so if it seems like kids are looking at me
like, I don’t quite get it. You know we might stop and do the think pair share thing. And
say, what do you guys think? Maybe you guys could work it out. (Matthew, 46)
Although using group work to promote student discussions suggests preservice teachers hold
constructivist beliefs, they were often found to hold beliefs which approached the traditional end
of the continuum because they described using group work to allow students to help one another
learn the right solution processes and get the right answers. It was suggested that students could,
“check with each other, switch and check. And then pass forward or pass back” (Cathy, 74).
Cross (2009) also found that some teachers encouraged group discussions so that students could
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check their answers, leading her to suggest that using group work in a classroom does not
necessarily ensure reform-supported constructivist approaches are being used.
Good, Grouws and Mason (1990) also suggest that shifts towards reform-supported
teaching techniques such as the use of group work may not lead to the adoption of constructivist
teaching approaches. In a survey of 4509 elementary teachers, the researchers found that
although 13% of elementary teachers primarily taught students in small groups and 23%
suggested they occasionally taught in small groups, only 5% indicated that they frequently
allowed students to work cooperatively with peers (Good, Grouws, & Mason, 1990). In this same
study, teachers were also found to teach groups of students with like abilities as their classmates
worked independently which has been associated with teaching small groups of students using
more drill and practice teaching techniques (Gerleman, 1987; Good, Grouws, & Mason, 1990;
Good, Grouws, Mason, Slavings, & Cramer, 1990).
Although most of the preservice teachers in this current study described using group
work in their future classrooms and only some described having students work independently,
how they described using these teaching techniques suggests they held beliefs about teaching and
learning which approach the traditional end of the continuum. In describing independent work,
preservice teachers in this study imagined their students practicing set solution processes which
could be later collected for assessment purposes. Group work was also described as an
opportunity for students to practice set solution processes and get correct answers but was
viewed as especially beneficial because students could help each other. Overall, the preservice
teachers in this study were found to hold primarily traditional beliefs when describing how they
would like to implement group work and independent work in their future classrooms.
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Student Exploration or Guided Discovery. Encouraging students to construct
mathematical knowledge through exploration and inquiry is considered to be an important
component of the constructivist teaching approach (Ball & Bass, 2000). Based on questionnaire
and interview responses, encouraging students to explore mathematical concepts was viewed to
be a desirable teaching approach. Elementary preservice teachers described asking students to,
“figure out what they would do” (Patty, 47) to solve mathematical problems. All of the
preservice teachers who responded to the questionnaire, including those who were interviewed,
consistently agreed with statement nineteen (m = 1.44, SD = .62, n = 138); “Allowing students to
generate and test new theories are part of mathematics teaching”. In addition, all but one of the
participants who were interviewed agreed or strongly agreed that, “students should discover and
create concepts and ideas on their own.” Although these findings and those of other researchers
(Raymond, 1997; Chan, 2011, Cross, 2009) suggest that preservice teachers aim to have their
students exploring mathematical concepts, the way in which teachers envisioned their students
exploring mathematical knowledge was found to vary, indicating that they may not hold
constructivist beliefs about teaching mathematics. Some preservice teachers envisioned
themselves as a facilitator, guiding students to explore mathematics using open-ended questions,
but others envisioned themselves guiding students towards correct processes and answers using
focused questions. This indicates that a failure to examine how preservice teachers intend to have
students explore and discover mathematical concepts could result in an inaccurate assessment,
suggesting they hold constructivist beliefs when in fact they hold traditional beliefs about
teaching. Examining how the interviewees in the current study intend to encourage students to
explore mathematics revealed preservice teachers expect to teach using transmission and guided
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discovery teaching techniques, suggesting they held beliefs which approached the traditional end
of the teaching and learning continuum.
All interview participants who stated that they would like their students to explore
mathematics indicated that the process of questioning was an important teaching technique. Two
types of questioning were discussed in this study. Preservice teachers discussed using openended questions in their future classrooms, which would prompt students to think creatively
about solution processes and proposed to use more focused questions, which would encourage
students to follow specific solution processes and express facts. When envisioning the use of
open-ended questions to support student exploration, the interview participants stated that “there
would be a teacher facilitating the process and asking questions. Like ok, how did you do this?
How come this has happened now?” (Lily, 101). “I see you are doing this? Why are you…?”
(Matthew, 109). With this technique teachers “see what kids can come up with and go from
there…” (Mary, 61), which facilitates student exploration, a constructivist approach to teaching
mathematics. Although preservice teachers did indicate that they would use open-ended
questions in their classrooms, it is not clear how these open-ended questions will be delivered.
Schymansky and Penick (1981) suggest that many teachers who use open-ended questioning do
not display proper teacher behaviours such as effective wait time and nonverbal cues, which can
lead teachers to discourage students from sharing their ideas and ultimately lead to more
traditional approaches to teaching. Thus, despite three preservice teachers being classified as
intending to use a student exploration approach (based on their intention to use open-ended
questions), how they deliver these open-ended questions will ultimately determine their teaching
approach. It should also be noted that the preservice teachers who described using open-ended
questions to facilitate student exploration often suggested that they would lead students to come
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up with the standard algorithm if students were not able to come up with it themselves; “so it is
like guided. Like you are walking them through it. Asking them the questions, making sure they
are getting to that point” (Mary, 151). All three of the preservice teachers who were found to
plan to use open-ended questions to encourage student exploration were also found to favour the
use of focused questions to guide students towards specific solution processes, suggesting that
they may hold underlying traditional beliefs about teaching mathematics.
Many of the interview participants described “directing them [students] but asking them
questions at the same time” (Mandy, 132) to guide students towards a specific process and
solution:
Here is 26 and here is seventeen. The easiest way to do it is say, ok, I need seventeen.
And you say, ok, what I really want to do is make this one look like this one. So you say,
what is different about these two? The kids will say, well there is one more. Where could
we get the white block? Well you could take it off here. Right? So... look they are
identical. So what you do when they are identical?… when they are together they are
happy and they go off together and they leave this guy. How many are left? And we
would count them. See when you add them up you make these two equal and they go off,
what is left? That is your answer. (Matthew, 77)
Using directed questioning to support a guided discovery approach was discussed positively by
seven interview participants, suggesting their beliefs approach the traditional end of the
continuum. Many teachers have been found to use questioning strategies which tend to ask more
factual knowledge questions and this has been attributed to the belief that learning is a passive
activity and teachers are the source of knowledge for students (Schmidt, McKight, Jakwerth,
Cogan, Raizen, & Houang, 1998).
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Similar to this current study, Cross (2009) found that teachers spoke of guiding students
to explore mathematics and recognized that the term guiding was ascribed different meanings by
different teachers. Cross (2009) encountered teachers who described guiding as providing
students with enough assistance so that they can explore and come to understandings on their
own. Using this teaching technique, the teachers’ role in the classroom is to create an
environment in the classroom and to create problematic tasks which encourage students to
generate powerful ideas (Simon, 1992). These teachers are suggested to hold beliefs towards the
constructivist end of the continuum as this teaching technique supports a learner-focused model
of teaching that prioritizes individual sense-making and the construction of mathematical
knowledge (Cross, 2009; Martino & Maher, 1999). Cross (2009) also found other teachers who
described the act of guiding as leading students through a predetermined step-by-step process
(Cross, 2009). Two of the teachers in her study felt their job as a teacher was to guide students
using strategic questioning to a set solution process (Cross, 2009). Using the guiding teaching
technique in this way suggests these individuals hold beliefs about the teaching and learning of
mathematics which approach the traditional end of the continuum.
Evidence that preservice teachers misinterpreted the term “discover” was also found in
their comments about the traditional video. Interview participants expressed a desire to emulate
the guided discovery approach seen in the traditional video; “I liked that she was directing them
but asking them questions at the same time and ya, I really liked that” (Mandy, 132).
Specifically, interview participants considered the guided discovery teaching approach
exemplified in the traditional video to be very “effective” (Cathy, 109; Patty, 91) and went as far
as to suggest it was a “cooperative” (Mary, 137) approach. Describing the traditional video as
“cooperative” may have occurred because of the belief that the guided discovery approach is
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student centred. The desire to teach using the guided discovery approach demonstrated by the
teacher in the traditional video suggests preservice teachers held traditional beliefs about
teaching and learning mathematics.
In addition to preservice teachers intending to use the guided discovery teaching
approach, which is considered to support the traditional teaching approach, they also all
described teaching in terms of “step-by-step showing the children what they need to do first and
then the next step. Kind of giving them that model so they are able to walk themselves through
it” (Mary, 107). With this transmission teaching technique the interview participants described
passing chunks of knowledge to students by means of demonstrations. Interview participants
described students “watching as I demonstrate it, first modeling it” (Cathy, 76) and envisioned
themselves as teachers, “actually do[ing] a problem all the way through and then break[ing] it
down and explain[ing] it to them [students] so that they [understand] from a step-by-step
perspective how I got to my final answer” (Julie, 52). Questionnaire responses also indicate that
preservice teachers intend to transmit information to their students. All of the interviewees
agreed and the majority of them strongly agreed with the statement, “mathematics teaching
should always involve clear, step-by-step demonstration of procedures.” The mean score for all
of the participants who completed this questionnaire statement was 3.57 (SD = .64, n = 138)
further confirming that preservice teachers intend to transmit knowledge to their students. Tanase
and Wang (2010) also found preservice teachers who held the belief that their role as teachers
was to transmit knowledge to their students, and Cross (2009) found that some teachers believed
students learn mathematics best through demonstrations and practice. Transmitting information
to students by means of demonstrations indicates support for a more traditional mathematics
lesson, and thus the presence of more traditional beliefs about teaching and learning.
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Encouraging students to explore mathematical concepts was viewed as a desirable
teaching technique which suggests preservice teachers may have held constructivist beliefs.
However, how they envisioned students exploring mathematics at the beginning of their teaching
program indicates they held beliefs which approach the traditional end of the teaching and
learning continuum. Interview participants consistently described using focused questions to
guide students towards specific solution processes, which corresponds with the guided discovery
teaching approach. The few preservice teachers who did allude to using open-ended questions to
facilitate student exploration suggested they would employ a guided discovery approach if
students were not able to come up with the standard algorithms on their own. In addition to
finding that many preservice teachers intend to direct students towards specific solution
processes, interview participants also viewed the teaching approach in the traditional video and
teacher demonstrations, transmission teaching technique, as very effective. Overall, preservice
teachers were found to hold beliefs at the traditional end of the teaching and learning continuum
as they described guiding or telling students how to solve problems using specific solution
processes.
Sharing of Student Ideas. Encouraging students to discuss and explain their
mathematical thinking is a key component of the constructivist approach because it encourages
students to clearly communicate and justify their ideas (Ball & Bass, 2000). Responses to the
questionnaire indicate all of the preservice teachers interviewed agreed or strongly agreed that,
“students should be taught how to explain their mathematical reasoning”. In addition, interview
participants discussed having their future students “share their ideas in that safe risk taking kind
of classroom” (Julie, 102). Although this desire to have students explain their thinking could be
interpreted as an indication of constructivist teaching beliefs, preservice teachers were found to
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hold traditional beliefs because of the reasons they gave for having students share their ideas.
Interview participants described having students explain their thinking so that weaker students or
the whole class could learn a specific solution process.
Creating a classroom atmosphere where “[students] don’t’ have to feel nervous about
being wrong in front of somebody…” (Mandy, 116) was thought by many participants in this
study to be a teachers’ responsibility. Five of the preservice teachers who were interviewed
stressed the importance of creating a comfortable and accepting environment where students
could safely take risks. For example:
Instead of saying, ‘Na that is not right! That is wrong!’ I say ‘I disagree.’ It is very
respectful. Not a value judgement. I have a different opinion so... I think it also allows the
kids to say, ‘my opinion counts too. I have an opinion, he has an opinion.’ They happen
to not be the same opinion. (Matthew, 82)
Although stressing the importance of creating a comfortable environment does not suggest
preservice teachers held certain beliefs on either end of the teaching and learning continuum,
creating a more accepting and comfortable environment would encourage students to share and
discuss their ideas, which would support a constructivist teaching approach. Tanase and Wang
(2010) support this idea as they found a preservice teacher who emphasised the importance of
providing a safe learning environment where students could gain knowledge through sharing
ideas with each other.
Despite expressing the importance of creating a safe learning environment, the preservice
teachers in this current study explained that having students share their ideas would be beneficial
because it would allow other students or teachers to help all students use the correct process and
get the correct answer; “the child that was able to get it right, let them show the class how they
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got to that answer. Sometimes peer interaction makes more sense” (Mary, 113). Interview
participants also stated that having students explain their solution processes would allow teachers
to, “…see [students’ thinking] and if there is confusion [teachers could] just stop explain
something in a different way to see if they understand it” (Mary, 61). After viewing a little girl in
the constructivist video share her ideas on how to solve a subtraction problem, some preservice
teachers suggested that she “didn’t have the right way of doing it” (Lisa, 106) and decided that
they would tell her that, “there is a better way of doing this or I would have preferred if you had
done it like this and then I would have showed her the columns and the proper numbers” (Lisa,
108). None of the preservice teachers described a mathematics lesson where the bulk of the
learning was driven by students discussing, debating, and justifying their ideas. Cross (2009) also
found that teachers valued the correct answer over developing an understanding. Despite the fact
that the open sharing of students’ ideas suggests a constructivist teaching approach, Cross (2009)
found that even teachers who discuss having open discussions in their classrooms continued to
teach using a traditionally structured mathematics lesson. Teachers have been found to believe
that when helping students make connections between ideas, lecturing is much easier than asking
questions and getting students’ responses (Gunel, 2008). It is therefore suggested that it would be
unwise to simply assume a teacher holds constructivist beliefs about teaching because they like
the concept of having their students share their ideas. The goal of having students learn a set
process to reach a correct answer discourages individuals from constructing their own
understanding suggesting the preservice teachers interviewed in this current study hold beliefs at
the traditional end of the continuum.
It should be noted that eleven of the twelve positive comments made about having
students share their ideas were made after interview participants saw the constructivist video. It
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is therefore suggested that having students share their ideas may not be a natural part of
preservice teachers approach to teaching mathematics, but that they were instead prompted by
viewing the video. They may have simply slotted this teaching technique into their pre-existing
traditional mathematics lesson leading this constructivist teaching technique to be used to
support a traditional teaching approach, as discussed above. The desire to include teaching tools
and techniques seen in the constructivist video may be due to the fact that they are relatively new
to the teaching profession and were willing to adopt any new teaching tool or technique that is
introduced to them. Although many researchers suggest preservice teachers come to teacher
education programs with predetermined beliefs about how to teach best (Ball 1990a, Pajares,
1992), many of the interviewees in this current study were mature students who had not been in a
school recently and who were aware of changes in the system due to their experiences with their
children. These experiences may have made them more aware of how the education system has
changed and thus more accepting of new teaching tools and techniques. Preservice teachers may
just have seen the video and the statements on the questionnaire and assumed that effective
mathematics instruction included student explanations. Interviewees may have also described
using the teaching techniques used by the teacher in the constructivist video because they
thought that it would engage students and make math fun. In a study by Bonner (2006), one
teacher claimed that having students orally express, write, and draw their solutions, “could make
math interesting” (p.35).
The preservice teachers interviewed in this study indicated on the questionnaire and
during interviews that they believed having students explain their mathematical thinking would
be beneficial. This could be viewed as evidence that the preservice teachers held constructivist
beliefs about teaching and learning, but an examination of how and why they intended to use this
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teaching technique revealed that they held traditional beliefs. Interview participants only
discussed having their future students explain their thinking after viewing the constructivist
video suggesting that this teaching technique may not be a natural part of their mathematics
teaching approach. In addition, when they did discuss having students explain their thinking,
they described using this technique in order to help all students learn a set process to reach a
correct answer. Overall, preservice teachers were found to hold beliefs at the traditional end of
the teaching and learning continuum based on how they why they described having student share
their ideas.
Summary of Teaching Intensions
The questionnaire revealed that at the beginning of the teacher education program
preservice teachers intended to use a mixture of teaching tools and techniques that are often
considered to support constructivist teaching approaches. Questionnaire and interview responses
indicate that the participants in this study intended to use students’ prior knowledge to guide
mathematics lessons that encourage students to explore mathematical concepts. Research
participants also supported the use of manipulatives and group work and indicated that they
would encourage students to share their ideas. To a lesser extent, preservice teachers described
demonstrating mathematical solution processes and having students practice these solution
processes independently. It is clear that when preservice teachers in this study were asked what
tools and teaching techniques they intended to use in their classrooms, they included some
traditional teaching techniques but consistently suggested that they will use tools and techniques
consistent with the constructivist approach to teaching mathematics.
Although this finding could be interpreted to mean that preservice teachers hold
constructivist beliefs about teaching and learning mathematics, interview participants were found
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to hold beliefs which approach the traditional end of the continuum based on how and why they
described using teaching tools and techniques. Interviewees expressed the belief that prior
knowledge is information taught in the last lesson and described using this information to
“guide” students towards set algorithms. Directed questions were explained to be useful tools
which could guide students to “discover” correct answers and specific solution processes. In
addition, interview participants described doing demonstrations, using manipulatives, and having
students work in groups so that all students could learn specific solution strategies. Intending to
use these teaching tools and techniques to ensure students learn specific facts, set algorithms, and
step-by-step solution processes suggests the preservice teachers interviewed actually held
traditional beliefs about teaching and learning. In conclusion, the preservice teachers interviewed
in this study were found to hold beliefs approaching the traditional end of the teaching and
learning continuum based on how and why they intend to use teaching tools and techniques.
Alignment of Preservice Teachers Beliefs
The purpose of this study was to document and examine the alignment between
preservice elementary teachers’ beliefs concerning the nature of mathematics and their views
regarding mathematics teaching and learning at the beginning of their teacher education
programs.
Preservice teachers’ beliefs about the source, stability and structure of mathematical
knowledge were found to approach the absolutist end of the continuum. Interview responses and
questionnaire data were examined and participants were found to believe that mathematicians
find mathematical knowledge. Preservice teachers also indicated that mathematical knowledge is
stable, unchanging, and is structured hierarchically. These findings, along with research done by
others (Chan, 2011; Chan & Elliott, 2004; Chval, 2009; Cross, 2009; Davison & Mitchell, 2008;
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Ernest, 2004; Stuart & Thurlow, 2000) suggest that the preservice teachers in the current study
held absolutist beliefs about the nature of mathematics at the beginning of their teacher education
program.
The questionnaire and interviews indicate preservice teachers intend to use primarily
constructivist tools and techniques to teach mathematics. They described using students’ prior
knowledge to guide students to explore mathematical concepts. They also indicated that they
would have students work in groups, use manipulatives, and that they would encourage students
to share their mathematical ideas. Using these teaching tools and techniques could lead one to the
false conclusion that preservice teachers held constructivist beliefs about teaching mathematics.
This false conclusion combined with the finding that study participants held absolutist beliefs
about the nature of mathematics would suggest that preservice teachers held misaligned beliefs.
However, during interviews a closer examination of how and why these tools and techniques
were intended to be used suggests preservice teachers beliefs about teaching and learning are
located closer to the traditional end of the continuum, indicating an apparent misalignment of
beliefs (Figure 5).
Interview participants referred to students’ prior knowledge as the information taught in
the last lesson and indicated that they would use this information to ask students directed
questions guiding them towards set solution processes. Preservice teachers also discussed using
manipulates to demonstrate the solution processes step-by-step at the front of the class. In
addition to being helpful during demonstrations, manipulatives were also viewed as valuable
tools for use during group work, as they could help students explain their step-by-step solution
processes to other students therefore helping students learn the right process and reach the right
answer. Striving to teach using these teaching tools and techniques to ensure students learn
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specific facts, set algorithms and step-by-step solution processes suggests the preservice teachers
interviewed actually held traditional beliefs about teaching and learning. Many researchers have
also found constructivist teaching tools and techniques being used to teach traditionally (Chan &
Elliott, 2004; Cross, 2009; D’Ambrosio, 1991; Good, Grouws, & Mason, 1990; Gunnel, 2008;
Moyer, 2001; Schmidt, et al., 1998).
The finding that preservice teachers hold absolutist beliefs about the nature of
mathematics as well as underlying traditional beliefs about teaching and learning indicates that
preservice teachers’ beliefs are more closely aligned at the beginning of the teacher education
program than previously thought.

Figure 5. The apparent misalignment of preservice teachers’ beliefs. The preservice teachers
were suggested to hold misaligned beliefs based on the tools and techniques they described using
in their future classroom, however, how and why they described using these tools and techniques
supported and overall traditional teaching approach. Thus, they were found to hold apparently
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misaligned beliefs because they held absolutist beliefs about the nature of mathematical
knowledge and traditional beliefs about the teaching and learning of mathematics.
The following chapter summarizes the findings of this study, outlines the implications,
limitations and provides direction for future research. The chapter is concluded with a brief
summary statement.
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Chapter 7: Conclusion

This chapter outlines the main conclusions of this thesis. A summary of the study is
provided, followed by the implications and limitations of this current research and directions for
future research. This thesis concludes with a brief statement which summarizes the findings of
this research.
Summary
To explore the alignment of preservice teachers’ beliefs about the nature of mathematics
and beliefs concerning teaching and learning mathematics at the beginning of teacher education
programs, a questionnaire and eight interviews were conducted. Approximately half of the study
participants who responded to the questionnaire were classified as holding misaligned beliefs. As
reported by many other researchers (Chan & Elliott, 2004; Cross, 2009; Liljedahl et al., 2006;
Prawat et al., 1992; Raymond, 1997; Yadav & Koehler, 2007), this study found that preservice
teachers with misaligned beliefs held absolutist beliefs about the nature of mathematics and
constructivist beliefs concerning teaching and learning mathematics. To further explore the
nature of this misalignment detected by the questionnaire, eight preservice teachers were
interviewed. Based on questionnaire and interview responses, absolutist beliefs concerning the
source, stability and structure of mathematics were found to dominate participants’ beliefs about
the nature of mathematics. These preservice teachers indicated on the questionnaire that they
intended to use primarily constructivist teaching tools and techniques; however, interview data
revealed constructivist tools and techniques were often used to support an overall traditional
approach to teaching mathematics. Specifically, teaching tools and techniques often considered
to support a constructivist approach, such as using group work, encouraging student exploration,
discussing student explanations, building on students’ prior knowledge and using manipulatives,
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were found to be used by the study participants to teach students specific facts, set algorithms
and step-by-step solution processes. The finding that many constructivist teaching tools and
techniques were actually being used to support an overall traditional approach suggests interview
participants held primarily traditional beliefs about the teaching and learning of mathematics. It
is therefore suggested that the misalignment of beliefs detected by the questionnaire data could
be more appropriately labelled as an apparent misalignment. Consequently preservice teachers
were considered to hold traditional beliefs about teaching and learning mathematics and
absolutist beliefs about the nature of mathematics at the beginning of their teacher education
program. Thus, beliefs about the nature of mathematics and beliefs about the teaching and
learning of mathematics were found to align more closely than previously indicated on the
questionnaire.
Implications
The need for epistemological change. Many studies suggest educational reform is
encouraging teachers to shift from traditional to constructivist teaching approaches (Chan &
Elliot, 2004; D’Ambrosio, 1991; Ng & Rao, 2008) and the use of constructivist teaching tools
and techniques is often taken as evidence that this shift has occurred. The assumption that using
constructivist teaching tools and techniques equates to the adoption of a constructivist approach
has led some researchers to conclude that preservice and practicing teachers hold constructivist
beliefs about teaching and learning. When this finding is combined with evidence that teachers
hold absolutist beliefs about the nature of mathematics it is concluded that teaching professionals
hold misaligned beliefs (Chan & Elliot, 2004; Raymond, 1997).
There have been sceptics who question the claim that preservice teachers hold misaligned
beliefs. They suggest that the shift from traditional to constructivist teaching approaches are
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probably not what they appear to be due to the finding that beliefs are very resistant to change
(Pajaras, 1992). This study adds support to this view suggesting that reported shifts towards
constructivist teaching approaches may not have occurred to the extent that they are described by
other researchers. In this study preservice teachers discussed using a mixture of constructivist
teaching tools and techniques, but these new reform-based teaching activities were found to be
used to support traditional beliefs about teaching and learning. Fullan (1982) provides a possible
explanation for this finding suggesting that it is possible for teaching professionals to change
their teaching approaches ‘on the surface’ by endorsing certain goals, using specific materials
and even imitating the behaviour without specifically understanding the principles and rational of
the change. It is suggested that, deeply rooted traditional beliefs about teaching and learning
mathematics developed through a variety of experiences including, prior schooling, role models
who demonstrated traditional teaching approaches during practicums, feeling a lack of control
when teaching using constructivist tools and techniques, and a lack of confidence in mathematics
(Allen, 2011; St. John, Fuller, Houghton, Tambe, & Evans, 2005) combined with absolutist
beliefs about the nature of mathematics may lead teachers to use constructivist teaching tools and
techniques to support traditional teaching approaches. With this possible explanation new
constructivist teaching approaches are hypothesized to be filtered through old belief systems
reinforced by past experiences resulting in an overall traditional teaching approach and an
apparent misalignment of beliefs.
Other researchers have also found that constructivist teaching tools and techniques can be
used to support a traditional teaching approach. Wilson and Ball (1991) found that when a
teacher is introduced to a new constructivist approach, they are often willing to try new
strategies, tools and teaching techniques, like manipulatives and group work, but remain
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unwilling to change their fundamental teaching approach. One teacher in Wilson and Ball’s
(1991) study said it was great to have students express their ideas and use manipulatives, but
waiting for all students to develop an understanding took too long. Although the teacher in
Wilson and Ball’s study may have incorporated constructivist tools and techniques into her
teaching, her teaching approach and beliefs were found to remain fundamentally traditional
(Wilson & Ball, 1991). In addition, studies which have examined the adoption of mathematics
reform in non-English countries (D’Ambrosio, 1991; Ng & Rao, 2008) have found that without
addressing teachers’ initial beliefs about teaching and learning, reform based constructivist tools
and techniques are often used to support old traditional teaching practices. D’Ambrosio (1991)
suggests that the poor implementation of mathematics reform in Brazil, in particular not
addressing teachers’ epistemological beliefs, has led to a misalignment of teachers’ beliefs about
the nature of mathematics and beliefs about mathematics teaching and learning leading teachers
to use constructivist tools and techniques to teach mathematics traditionally. The results of these
studies as well as this current study suggest that there is a need for epistemological change if
reform based constructivist teaching practices are going to be adopted fully and implemented.
Teacher education programs. If reform supported teaching practices are to be
implemented, teacher education programs should focus on creating multiple experiences and
opportunities that encourage fundamental changes in preservice teachers’ belief systems.
Unfortunately, preservice teachers' views of mathematics have been found to be little altered by
their experiences in teacher education programs (Foss & Kleinsasser, 1996). Knowing that
preservice teachers’ initial beliefs impact the extent to which teacher education programs can
change epistemological and teaching and learning beliefs, teacher educators need to assess and
be mindful of these beliefs (Tanase & Wang, 2010). This current study is one attempt at

130

assessing the initial preservice teachers’ beliefs about both mathematics, and teaching and
learning mathematics. Once teacher educators are aware of students’ initial beliefs, they can
“specifically address misconceptions and naïve beliefs that may hinder the development of
effective teaching practices” (Buehl & Fives, 2009, p. 404). Failing to address these initial
beliefs has been suggested by others to result in the continued emergence of new teachers who
are poor duplicators of a variety of teaching approaches instead of initiators of deep learning
(Foss & Kleinsasser, 1996). To encourage changes in beliefs, teacher educators must first
somehow become informed about the beliefs preservice teachers bring to the program.
Assessing preservice teachers’ beliefs: The challenges. In order for teacher educators
to address preservice teachers’ epistemological beliefs and teaching and learning beliefs some
sort of assessment tool, such as a questionnaire, is required. Although using a questionnaire
would be more time efficient than conducting interviews with individual preservice teachers,
researchers suggest questionnaires are too often relied upon when assessing beliefs and indicate
that they may not provide an accurate description of individuals’ beliefs (Allen, 2011; WhiteFredette, 2010). The validity of studies which rely solely on questionnaire data to provide a
description of teachers’ philosophies has been questioned based on the known complexity of
belief systems (Allen, 2011; White-Fredette, 2010). In addition to an over reliance on survey
data, it has been found that teachers over report their use of reform based teaching tools and
techniques (Allen, 2011). Teachers have been found to believe that they are using more
constructivist or reform based instructional practices than noted by researchers who study their
teaching approach (Banilower, Boyd, Pasley, & Weiss, 2006). These biases may have resulted in
an over reporting of misaligned beliefs. This current study also provides evidence that
questionnaires may not be the most accurate way to assess preservice teachers’ beliefs about
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mathematics and the teaching and learning of mathematics. Despite the fact that the
questionnaire and interview data told similar stories about what tools and techniques preservice
teachers intend to use in their future classrooms, the interview data revealed how and why these
teaching tools and techniques were chosen to be used, suggesting constructivist tools and
techniques were intended to be used to teach mathematics traditionally. It is therefore concluded
that simply asking if these constructivist teaching tools and techniques will be used, is not
enough to determine if reform based teaching approaches will be employed. Survey tools which
provide information on how and why these teaching tools and techniques will be used are needed
if an accurate assessment of the implementation of the constructivist approach is to occur.
Limitations
This study employed a mixed method approach to gain a well-rounded and reliable
picture of preservice teachers’ beliefs. There are three main limitations of this research: (a)
generalizability, (b) limitations due to the methods employed, and (c) general limitations
encountered when studying beliefs.
Generalizability. Studies that examine teachers’ beliefs about teaching and learning, are
most often based on qualitative research methods. Like the findings from many qualitative
studies, the conclusions drawn from the eight interview participants reported on in this study
may not be generalizable to a larger university preservice teacher population or preservice
teachers in general. It should be noted that although the interview participants were purposely
selected from the questionnaire based on their apparent misaligned beliefs, they did express a
range of beliefs about the nature of mathematics and beliefs concerning teaching and learning
mathematics. A similar range of beliefs has been documented in other studies which did not use
purposeful sampling (Buehl & Fives, 2009; Chan, 2011; Chan & Elliott, 2004; Cross, 2009;
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Seaman et al., 2005; Tanase & Wang, 2010) suggesting that the beliefs espoused by interview
participants in this current study may closely resemble those of preservice teachers in the general
population. In addition, due to the similar admission criteria of teacher education programs
across Ontario there may be some commonalities between the beliefs held by participants in this
study and other preservice teachers in Ontario.
Research, which examines preservice teachers’ initial beliefs about teaching, has been
found to be biased (Tanase & Wang, 2010). Much of the research is based on Caucasian females
from small towns and there is very little research based on multicultural students or students who
hold sophisticated beliefs that need to be supported and strengthened (Tanase & Wang, 2010).
Results of this current study are affected by the unique characteristics of the sample, such as a
bias towards females. Although this current research does roughly represent the population of
elementary preservice teachers in Ontario as there is a bias towards females in the general
population, the results of this study may not accurately depict the beliefs of male preservice
elementary teachers. In addition, this study does not focus on the contextual variables of the
participants, such as the presence of mathematics teachers in the family, which may influence
preservice teachers’ attitudes and beliefs about mathematics and effective mathematics
instruction. Future studies may wish to include these variables to better determine the
generalizability of their findings.
Method limitations. As mentioned above in the discussion on the challenges of
assessing preservice teachers’ beliefs, this study was limited by the questionnaire, specifically
the language used in the questionnaire. Terms such as “discover” and “changing” were used or
interpreted by preservice teachers to mean different things. Although this reduced the validity
and reliability of the questionnaire data, commonalities between the questionnaire and interview
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data were found. In addition to this limitation, in this study individuals’ self-reported beliefs and
not individuals’ performances in the classroom were relied upon to access preservice teachers’
beliefs. Self-reports can be affected by response set, a tendency to answer most questions the
same way and social desirability faking (McMillan & Schumacher, 2010). Participants’
responses may have been biased by how they thought their peers, instructors and/or the
researcher would want them to respond. In particular, interviewees may have associated teaching
tools and techniques seen in the constructivist video with new modern teaching approaches and
incorporated them into their discussion believing this would please the researcher.
The complications of studying beliefs. Beyond the limitations discussed above which
arise due to the methods used and population examined, this study is limited by the
complications which surround studying beliefs. Firstly, there is no clear relationship between
beliefs and intended practice. There are other factors which affect how preservice teachers intend
to enact and envision their future roles as classroom teachers; such as teacher efficacy (Aquire &
Speer, 2000), general epistemological beliefs (Cross, 2009), curriculum mandates, and class
sizes. There are also other factors such as institutional factors which act to deter or encourage the
adoption of more reform-based teaching practices. Another concern that arises with this study is
the fact that beliefs are continually changing and being re-evaluated (Pajaras, 1992). It has been
found that when preservice teachers reflect and report their beliefs, restructuring of beliefs can
occur (Cooney, Shealy, & Arvold, 1998). Although this may have occurred, the questionnaire
and interviews were relatively short and conducted in a small window of time, reducing the
chance that restructuring occurred.
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Despite these limitations, it is still believed that the findings of this study offer a better
understanding of the alignment of current preservice teachers’ beliefs about mathematics and
effective mathematics instruction.
Future Studies
This thesis provides a snapshot of preservice teachers’ beliefs at the beginning of a
teacher education program. It is hoped that this study will spark further research on teachers’
beliefs which can be used to improve teacher education programs and encourage the
implementation of teaching approaches promoted by educational reform. To accomplish this,
future researchers need to take into account the complex structure of beliefs, develop tools which
can more accurately inform teacher educators of preservice teachers’ beliefs at the beginning of
teacher education programs, conduct longitudinal research and examine beliefs based on
classroom practices.
The occurrence of multiple beliefs with variable influences within and between domains
(source, stability, and structure) makes it problematic to simply categorize individuals as holding
absolutist or fallibilist beliefs. Schommer (1994) suggests inconsistent findings may be due to an
oversimplified framework of personal epistemologies. It is therefore suggested that a framework
for beliefs concerning the nature of mathematics which includes the various domains and
weighting of these domains, is required to capture the complexity of these beliefs. Schommer
(1994) suggests epistemological dimensions, such as source, stability and structure, be pictures
as frequency distributions rather than as a single point along a continuum. She further explains
that these dimensions can be considered individually as well as collectively.
It is hoped that future research which is able to account for the complexities of teachers
beliefs will provide a clearer direction on how to improve teacher education programs and
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promote mathematics reform. Specifically, future research should focus on creating a tool that
would allow teacher educators to quickly but accurately assess preservice teachers’ beliefs at
varying points throughout the teacher education program. Accurate assessments of beliefs would
allow teacher educators to adjust their instruction to challenge beliefs which are inconsistent with
current reform movements. The questionnaire used in this current study clearly had some
shortcomings and therefore future research should focus on creating a questionnaire that does not
use ambiguous terms such as “discover” and assesses not only what teaching tools are intended
to be used but also how and why these tools will be used.
In addition to creating a tool which is able to more accurately assess preservice teachers’
beliefs, longitudinal research is needed to further explore the impact initial beliefs have on
professional development. This would allow researchers to determine if changes to beliefs which
may occur during teacher education programs are sustained over time and into different contexts.
Although researchers such as Liljedahl et al. (2006) have begun this research, how teacher
education programs affect the alignment of beliefs needs to be explored explicitly. Longitudinal
research would also allow researchers to determine if the alignment of beliefs about the nature of
mathematics and beliefs about teaching and learning mathematics change over a teachers’ career
and the long term impact of these changes.
Future studies should also explore relations between beliefs about the source, stability
and structure of mathematical knowledge and actual teaching outcomes rooted in practice (Buehl
& Fives, 2009). Researchers suggest that beliefs can more accurately be inferred from teachers’
classroom practices than opinions they express in surveys and interviews (Anderson & Piazza,
1996; Ernest, 1989a; Olafson & Schraw, 2006; Raymond, 1997; Tanase & Wang, 2010). Olafson
and Schraw (2006) found inconsistencies between teaching beliefs and teaching practices among
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24 practicing teachers. Although the majority of teachers indicated they considered themselves
constructivist (55%), only two participants (11%) described teaching practices were declared
constructivist by the researchers. Ernest (1989a) supports this by suggesting that it is “more
reliable to infer teachers’ views of mathematics from their observed practice than from the stated
beliefs no matter how sincerely these beliefs are held” (p. 558). Thus, future studies which
include observations of actual practice may provide a better understanding of the nature and
strength of beliefs as well as the alignment of teachers’ beliefs. This information would also
assist teacher educators to identify, challenge and modify preservice teachers’ beliefs that are
inconsistent with current reform movements and help strengthen beliefs that are consistent with
current reform movements (Tanase & Wang, 2010).
It is hoped that future research aimed at taking into account the complex structure of
beliefs, developing better tools to assess preservice teachers’ beliefs, conducting longitudinal
research and examining beliefs based on classroom practices will help further our understanding
of the alignment of elementary teachers’ beliefs.
Conclusions
The beliefs identified using a questionnaire indicated approximately half of preservice
elementary teachers held absolutist beliefs about the nature of mathematics and constructivist
beliefs about teaching at the beginning of their teacher education program, a misalignment of
beliefs. However a closer inspection, during interviews, of how and why constructivist tools and
techniques were intended to be used indicated that preservice teachers actually held traditional
beliefs about teaching and learning of mathematics. This suggests that although preservice
teachers discuss using constructivist teaching techniques, it cannot be assumed that how these
teaching tools and techniques are being used supports a constructivist teaching approach to
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mathematics. Thus, beliefs about the nature of mathematics and beliefs about the teaching and
learning of mathematics were found to align more closely than previously indicated by the
questionnaire. It is therefore suggested that the misalignment of beliefs detected by instruments
which depend on surface measures of beliefs, such as the questionnaire used in this study, could
be more appropriately be labelled as an apparent misalignment.
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Appendix A: Recruitment Email

Dear Teacher Candidate,
Preservice Elementary Teachers’ Beliefs toward Mathematics and Mathematics Teaching
I, Dr. Geoff Roulet, am requesting your participation in a short questionnaire as part of the study
named above. The purpose of this research is to examine the mathematics beliefs of PrimaryJunior teacher candidates in order to better understand the images of mathematics preservice
teachers bring to teacher education programs and to possibly improve teacher preparation. The
questionnaire, which will take approximately 20 minutes to complete, contains a number of
mathematics beliefs statements which you will be asked to rate in terms of your agreement.
I encourage participation from all candidates, however your involvement is voluntary. Your
choice to participate or not participate will in no way affect your academic standing in any of
your courses. Your instructors will not know if you did or did not participate in this
questionnaire. All those completing the questionnaire will be given an opportunity to enter a
draw to win a mathematics teaching resource worth $30. 00.
Any questions about the study may be directed to Dr. Geoff Roulet at geoff. roulet@queensu. ca
or 613-533-6000 ext. 74935.
I would like to thank you for your time and consideration.
Sincerely,

Geoffrey Roulet
Associate Professor

Click here if you are willing to participate in the questionnaire.
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Appendix B: Questionnaire Letter of Information
LETTER OF INFORMATION
Preservice Elementary Teachers’ Beliefs toward Mathematics and Mathematics Teaching
This research study is being conducted by Dr. Geoff Roulet, an associate professor in the Faculty
of Education at Queen’s University in Kingston, Ontario, Canada. This study has been granted
clearance according to the recommended principles of Canadian ethics guidelines, and Queen's
policies.
This study will examine preservice teachers’ pre-existing beliefs about mathematics and
mathematics instruction. In the questionnaire you will be asked to indicate your level of
agreement with statements concerning the nature of mathematics and approaches to teaching
mathematics. It should take you a maximum of 20 minutes to complete the questionnaire. Your
consent to be part of this online questionnaire is implied when you complete the questionnaire
below. The questionnaire is anonymous so it is not possible to remove your data once it has been
posted to the system.
At the beginning of the questionnaire you will be given the opportunity to provide your name
and e-mail address (which will not be linked to your responses) for entry in a draw for a
mathematics teaching resource worth $30. 00.
Upon completion of the questionnaire, you will have the option to provide contact information
should you be willing to partake in an approximately 60 minute individual follow-up interview
concerning beliefs on mathematics and mathematics teaching. If more than the required number
of candidates volunteer for the interview, participants will be selected based on the questionnaire
responses to give representative sample. Should you choose to volunteer for an interview, your
responses to the questionnaire will be linked to your name. However only the researcher and
research assistants will have access to the data you provide.
Dr. Roulet and the research assistants will not be instructing or serving as teaching assistants in
any course that may have Primary-Junior Teacher Candidates enrolled. There are no known risks
associated with your participation in this study. Participation is completely voluntary. You are
free to withdraw at any time for whatever reason without penalty by just exiting the
questionnaire before the end. You are not obliged to answer any questions that you find
objectionable. The researcher will maintain confidentiality to the extent possible.
The results of this study may be disseminated in conference presentations and/or journal articles.
Data from the questionnaire will be reported in aggregate form and you will not be identified in
any way. All data will be stored for five years in a secure computer file accessible only to the
researcher, at which point the files will be destroyed. If this data is used for secondary analysis it
will contain no identifying information.
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Any questions about study participation may be directed to Geoff Roulet at geoff.
roulet@queensu. ca or 613-533-6000 ext. 74935. Any ethical concerns about the study may be
directed to the Chair of the General Research Ethics Board at chair. GREB@queensu. ca or 613533-6081.
Sincerely
Dr. Geoff Roulet – Associate Professor
If you consent to participate in this study, click “Continue. ” Otherwise, you may exit the study.
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Appendix C: Questionnaire
Response options: Strongly agree, moderately agree, moderately disagree, strongly disagree,
prefer not to answer
Beliefs about the nature of mathematics
1.
2.
3.
4.
5.

In mathematics, answers are either right or wrong.
Some rules and facts in mathematics can be challenged.
Mathematics knowledge is certain.
The results of mathematics problems are predictable.
Mathematics involves mostly facts and procedures that have to be learned and/or simply
accepted as true.
6. Mathematics is a creation of the human mind.
7. What is true in mathematics is changing.
8. Mathematics is rooted only in logic.
9. Mathematics is an abstract and solitary subject.
10. Mathematics procedures can be developed by anyone.
11. Mathematics is out there to be discovered.
12. Doing Mathematics needs a kind of “mathematical mind.”
13. Mathematics is about memorizing rules, symbols, and formulas.
14. Mathematics can be found in everyday situations.
Beliefs about teaching and learning mathematics
15. The ability to remember procedures and rules is the key factor in learning mathematics.
16. Mathematics teaching should include a variety of tools, models, manipulatives, and
technology.
17. Mathematics teaching should always involve clear, step-by-step demonstrations of
procedures.
18. Allowing students to generate and test new theories are part of mathematics teaching.
19. Mathematics teachers should put more emphasis on getting correct answers than on the
process followed.
20. All students can learn mathematics if they work at it.
21. An emphasis on memorizing and procedures, rules and symbols is a key factor in
teaching mathematics.
22. In learning mathematics, students should discover and create concepts and ideas on their
own.
23. There is no relation between the statements “what is mathematics” and “how to teach
mathematics.”
24. Teachers should reserve complex mathematics tasks for the most capable students.
25. Teacher direction and student participation are parts of mathematics teaching.
26. Students should rely only on the teacher for learning mathematics.
27. Students should be taught how to explain their mathematical reasoning.
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28. Students can learn as much from teacher led whole class instruction as they can from
working in cooperative groups.
29. If a student asks a question in mathematics class, the teacher should know the answer.
30. Technology (e.g., interactive white board, computers) can be helpful in teaching and
learning mathematics.
31. Discussing students’ mathematics understanding should be a major consideration when
teaching math.
32. Teachers should be the ones doing the teaching in mathematics classrooms.
33. Teachers often learn from their students during math time if the students come up with
ingenious ways of solving problems.
34. The teaching of mathematics should include mathematical investigation and discovery by
students.
35. Teachers should assess students only based on getting the right answer.
36. Integrating technology into math lessons will increase students’ mathematical learning.
37. It is very productive for students to work on math activities and problems individually.
38. The teaching of mathematics should help students to understand concepts, rules and
procedures.
39. Students learn math as a result of repeated practice and reinforcement.
40. Students learn best in teacher-centered classrooms
41. Teachers’ beliefs about the nature of mathematics influence their instructional practice.
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Appendix D: Interview Guide
Introduce myself
Read LOI and consent form and get them to sign
 Two copies so they can have one
Outline structure of the interview
Part 1: Discussion- what is mathematics?
Part 2: Describing a subtraction mathematics lesson for grade two students
Part 3: Videos- Approaches to teaching a grade two subtraction using manipulatives.
*** Remind again that there are no right or wrong answers****
Part 1: Discussion- what is mathematics? (15 MINUTES)
In the questionnaire there were a bunch of questions that addressed the question, what is
mathematics? I want you to forget that you are a teacher and think about mathematical
knowledge in general. We are going to discuss where mathematics knowledge come from, how it
is organized and if it changes or stays the same.
What do you consider mathematical knowledge?
Start by expanding on responses from the questionnaire (maybe 2 responses) 1. There was a question in the online survey that stated– in mathematics, answers are either
right or wrong. Can you expand on what you were thinking when you answered it?
Prompt: Why did you respond (e.g. strong agree)?
2. When you answered the question 12 – Mathematics is out there to be discovered from the
online questionnaire what did you think discovery meant?
Source
3. Does mathematical knowledge come from somewhere in particular? If so where? If not
how does it come to be?
Stability
4. Does mathematical knowledge change over time or does it stay the same? If it does
change, how does this occur? If it stays the same, why is this?
Structure
5. How is mathematical knowledge structured or organized? Is simple, complex, random,
or hierarchal? Explain why you think mathematical knowledge is structured this way.
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Part 2: Describing a subtraction mathematics lesson for grade two students (15 MINUTES)
In grade two, students learn how to do subtraction problems requiring regrouping. Can you give
me an example?
No – Explain, Subtraction requiring regrouping occurs when you subtract a smaller
number from a bigger number; for example 26-17
I am going to give you a couple minutes to plan out a math lesson on subtraction requiring
regrouping. At the end of your lesson students should be able to answer a question such as 26-17
= 9. You can assume students know how to subtract single and double digit numbers. You can
use the piece of paper in front of you to help you plan the lesson but I am only going to ask you
to describe your lesson. If it is ok with you I will collect the piece of paper at the end. After you
are done describing your lesson I am going to ask you some questions about why you want teach
subtraction requiring regrouping in the way you described. There is no right or wrong way to
teach this concept.
(5 MINUTES)
Thanks, that was awesome.
If ideas pop into your head as you are describing the lesson please include them. I am going to be
writing down questions as you talk so I don’t forget to ask them to you at the end.
6. Why did you decided to teach subtraction requiring regrouping in this way? Prompt: was
this the way you were taught? Is this how you learn best?
7. As the teacher of this lesson what is the most important thing for you to remember?
8. Why did you decide to include concrete manipulatives?
9. How do you see the students acting during this lesson?
10. What other ways do you think subtraction requiring regrouping could be taught? What
are the strengths of your lesson?
Part 3: Videos- Approaches to teaching a grade two subtraction using manipulatives (20
MINUTES)
Next I am going to show you two videos of a second grade class learning subtraction requiring
regrouping. We are going to watch the videos one at a time and discuss each.
The first video shows a second grade math class learning how to subtract approximately
half way through the year. The teacher has spent a great deal of time creating an inclusive
classroom that encourages students to take risks and voice their opinions in a respectful
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manor. Students have been taught to formulate answers and explain their thinking. The
students have been given access to a wide range of manipulatives which they may use at
any time. In the following video the teacher has put the question 26 – 17 on the board and
students are individually whispering their answers in the teacher’s ear. They then proceed
to discuss three possible answers, 18, 11 and 9. Students explain their thinking to the class.
One student, Nicole explains her thinking using base ten blocks.
Start the video https://sites.google.com/site/constancekamii/videos at 1:00 - 3:28.
Nicole video
11. What are your initial reactions from watching this lesson?
12. What did you like or dislike about the lesson?
13. What do you like or dislike about how the base ten blocks were used?
The second video is also an example of a second grade class learning subtraction requiring
regrouping approximately half way through the year. The teacher, Mrs. Prisoc, is teaching a
small group of students how to subtract. Mrs. Prisoc has given her student manipulatives
and has created an anchor chart to help them with the concept of subtraction.
Start the video at 0.04 minutes and watch it to 2.27
http://www.youtube.com/watch?v=qe1myd3_m7E
14. What are your initial reactions from watching this lesson?
15. What did you like or dislike about the lesson?
16. What do you like or dislike about how the base ten blocks were used?
17. How is the lesson you described similar or different from the lesson you just observed in
the video clip?
Thank you (name) so much for you time. Give student email address so they can email me if
they have any questions. Inform participant that a copy of the interview will be sent to
them for review. Thanks again!
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Appendix E: Interview Letter of Information
Letter of Information: Interview
Preservice Elementary Teachers’ Beliefs toward Mathematics and Mathematics Teaching
This research is being conducted by Dr. Geoff Roulet in the Faculty of Education at Queen’s
University in Kingston, Ontario. This study has been granted clearance according to the
recommended principles of Canadian ethics guidelines, and Queen's policies.
What is this study about? The purpose of this research is to explore the relationship between
teachers’ beliefs about mathematics and their intended teaching of mathematics involving
concrete manipulatives. The study will require your participation in an approximately one-hour
interview. Interviews will be audio recorded and a transcript will be provided to you for review.
There are no known physical, psychological, economic, or social risks associated with this study.
Is my participation voluntary? Yes. You should not feel obliged to answer any question that
you find objectionable or that makes you feel uncomfortable. You may also withdraw at any time
with no effect on your standing in school. If you withdraw you may request that all your
interview responses be removed from the study data.
What will happen to my responses? I will keep your responses confidential to the extent
possible. Only the researcher and research assistants will have access to this information. The
data will be retained for five years and then destroyed. The data may also be published in
professional journals or presented at educational conferences, but any such presentations will be
of general findings and the researcher will maintain confidentiality to the extent possible. Any
secondary analysis will contain no identifying information. Should you be interested, you are
entitled to a copy of the findings.
What if I have concerns? Any questions about study participation may be directed to Dr. Geoff
Roulet at geoff. roulet@queensu. ca or 613-533-6000 ext. 74935. Any ethical concerns about the
study may be directed to the Chair of the General Research Ethics Board at chair.
GREB@queensu. ca or 613-533-6081.
Again, thank you. Your interest in participating in this research study is greatly appreciated.

Geoff Roulet
Associate Professor
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Appendix F: Interview Consent Form
Consent Form: Interviews
Preservice Elementary Teachers’ Beliefs toward Mathematics and Mathematics Teaching
Name (please print clearly): ________________________________________
1. I have read the Letter of Information and have had any questions answered to my
satisfaction.
2. I understand that I will be participating in the study called Preservice Elementary Teachers’
Beliefs toward Mathematics and Mathematics Teaching. I understand that this means that I
will be asked to participate in a one-hour audio-recorded interview.
3. I understand that my participation in this study is voluntary and I may withdraw at any time
with no effect on my academic standing. I understand that if I choose to withdraw I may
request the removal of all or part of my data. I understand that I will face no repercussions
based on any of my answers. I understand that every effort will be made to maintain the
confidentiality of the data to the extent possible now and in the future and that pseudonyms
will be used to help maintain anonymity. I understand that the data may be published in
professional journals or presented at educational conferences, but any such presentations will
be of general findings and will never breach individual confidentiality. Should I be
interested, I am entitled to a copy of the findings.

4. I am aware that any questions about study participation may be directed to Dr. Geoff Roulet
at geoff.roulet@queensu. ca or 613-533-6000 ext. 74935. Any ethical concerns about the
study may be directed to the Chair of the General Research Ethics Board at
chair.GREB@queensu.ca or 613-533-6081.
I have read the above statements and freely consent to participate in this research:

Signature: _____________________________________ Date: _______________________
e-mail address if I wish to receive a copy of the findings: ____________________________

Please sign one copy of this Consent Form and return to the research assistant. Retain the
second copy for your records.
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Appendix G: Coding
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Appendix H: Inter- rater Reliability
Beliefs about the Nature of Mathematics
1. Stable and unchanging – Mathematical knowledge existing currently does not vary
over time.
2. Dynamic and changing – Mathematical knowledge existing currently can vary over
time.
3. knowledge is learned – Mathematical knowledge is acquired through the world
around us including at schools
4. knowledge is innate – Individuals are born with an ability for mathematics.
5. step-by-step structure – Mathematical knowledge is organized in a clearly
structure and logical way.
Beliefs about Teaching and Learning
6. teach step-by-step – structured teaching which involves a structured learning
process. Teaching using steps.
7. Build on prior knowledge – through assessment teachers find out what students
already know and based their teaching on this knowledge.
8. Right process – the preservice teacher believes there is a desired process that
should be followed by students when solving mathematics problems
9. Concrete examples – the preservice teacher believes teaching using physical
examples (ie manipulatives) is beneficial and will help the students learning.
10. Student control of learning – the preservice teacher believes the students should
dictate their learning. The student drives the lesson and decides what and how
things should be taught.
11. Importance of the product - the preservice teacher places value on getting to the
answer or the correct response.
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1
2
3
4
5
6
Sean
7
8
9
10
11
0
Total

1
9

2

3

4

5

Alexandra
6
7
8

9

10

11

0 Total

2
10

1
3
8
12

1

1
1

11
3

7

1
9

1
2

9
13
2

5
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1

1

1
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Appendix I – Data Analysis

Source

1,2,4,5,6,8
student comfort

engagement

2,4,5,6

2,3,6

2,4,5,6

math is
everywhere
2,3,4,5,6,7

2,3,4,5,6,7

2,4,5,6

2,3,6

2,4,5,6

6,8

6

6

6,8

6,8

observations from
innate ability
environment - human
6,8
developed 2,3,4,5,6,7

4,8

1,4

1,4

1,8

1,4,8

learned in
schools 1,4,8

1,3,7

1

1,3

1

mathematicians still more to
discover 1,3,7 discover 3

Beliefs concerning the nature of mathematics

1,2,3,6,8

2,3,4,5,6,7

4,5,6

Beliefs concerning
the teaching and
learning of
mathematics

1,2,4,5,6

enjoyment
Logistics of the
classroom
group work
4,5,6

product focused

2,3,4,6,7

2,3,4,5

3,6,7

2,3,4,6,7

2,3,4,5

6

6,8

8

1

1,4,8

1,4,8

1,3,7

1,3,7

1,3

3

3

3

3

Classroom atmosphere

1,2,3,4,5,6,7
independent work

1,2,3,4,5,8
process - right way

3,6,7

3

4,5,6,8

1,2,3,4,6,7,8
no right process

Process vs. Product

1,3,6,7

1,3,4,5,6,7,8

all

2,4,5,6,7

2,4,5,6,7,8

guided discovery

model or demonstrate

student exploration
students explain their
thinking
teach step-by-step

prior knowledge

2,3,4,5,6,7

2,3,4,5,6,7

3,4,5,6,7

2,3,4,5,6,7

2,4,6,7

2,4,5,6,7

2,4,5,6,7

2,3,4,5,6,7

2,3,4,5,6,7

3,4,5,6,7

2,3,4,5,6,7

2,4,6,7

2,4,5,6,7

2,4,5,6,7

6,8

6

6,8

6,8

6

6

6,8

1,4,8

1,4

1,4,8

1,4,8

4

4

4,8

1,3,7

1,3,7

1,3,7

1,3,7

7

7

1,7

3

3

3

3

How they want to teach

1,2,3,4,5,6,7

Manipulatives

2,4,6,7

All
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1,5

changes slowly
1,3,5,7

1,2,3,6,8

1,2,4,6,8

stable and
unchanging
NOT 5

2,6

2,3,6

2,6

stable but individuals build
on to their knowledge
2,3,6

Beliefs concerning the nature of mathematics

engagement
1,3
1,2,4,6

Stability

1,2,4,5,6,8
student comfort
1,5

group work
5

1,3,5,7

4,6,8

1,2,3,4,6,7

6

2,3,6

Beliefs concerning the
teaching and learning
of mathematics

1,2,3,6,8
enjoyment

Classroom atmosphere

1,2,4,5,6

1,2,3,4,5,6,7
independent work

Logistics of the classroom

4,5,6,8
Process vs. Product

2,3,6

2,3
1,2,3,4,6,7,8

3,6

1,2,3,4,8
1,3,7

1,3,6,7

1,3,5

process - right way

1,3,7

product focused

1,2,3,4,6,7,8
no right process

1,2,3,4,5,8

1,3,6,7

1,2,3,4,5,6,7

1,3,4,5,6,7,8

all

2,4,6,7

2,4,5,6,7

2,4,5,6,7,8

Manipulatives

guided discovery

model or demonstrate

teach step-by-step

prior knowledge

1,3,5,7

1,3,5,7

1,3,5,7

students explain their thinking 7

student exploration

1,3,5,7

5,7

5,7

1,2,3,4,6,7,8

1,2,3,4,6,7

1,3,4,6,7,8

1,2,3,4,6,7,8

2,4,6,7

2,4,6,7

2,4,6,7,8

2,3,6

2,3,6

3,6

2,3,6

2,6

2,6

2,6

How they want to teach

All
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Structure

Beliefs concerning the nature of mathematics

engagement

4,5

3,8

4,5,8

1,2,3,4,5,6,7 1,2,3,4,5,6,7 1,2,3,4

1,2,4,5,6

1,2,3,6,8

1,2,4,5,6,8

1,2,4,5,6

1,2,3,6,8

1,2,4,5,6,8

1,2,4

1,2,3

1,2,4

6

6

6

6

not right or wrong hierarch complexity
math has a
no unique
right and
- process
simple to
determines right unique
structure 5
wrong ALL
important 3,4,5,7,8 complex ALL
and wrong 1,2,3,4 structure 6

1,2,4,5,6,8
student comfort
5

3,4,5,7

Beliefs concerning the
teaching and learning
of mathematics

1,2,3,6,8

5

Classroom atmosphere

1,2,4,5,6

enjoyment
Logistics of the
classroom
group work

4,5,6,8

5

1,2,3,4,5,6,7

4,5,8

6

5

1,2,3,4

4

independent work

4,5,6,8

4,5,6,8
Process vs. Product

1,2,3,4,5,8

1,2,3,4,5,8

6

3,4,5,8

5

1,3

6

product focused

1,3,6,7

2,4

6

1,2,3,4,5,8

2,4,5,6,7,8

2,4

6

6

2,4,5,6,7,8

2,4,5,6,7

2,4

6

1,2,3,4,6,7,8 1,2,3,4,6,7,8 1,2,3,4

2,4,5,6,7

2,4,6,7

1,2,3,4

3,4,7,8

4,5,7,8

2,4,6,7

all

process - right way

4,5,7

all

6

1,2,3,4,6,7,8

5

4,7

1,3,4,5,6,7,8 1,3,4,5,6,7,8 1,3,4

6

1,3,6,7

prior knowledge

5

3,4,5,7,8

1,2,3,4,5,6,7 1,2,3,4,5,6,7 1,2,3,4

6

3,7

2,4,5,6,7,8

5

3,4,5,7,8

1,2,3,4

no right process

2,4,5,6,7

student exploration
students explain their
thinking
teach step-by-step

5

3,4,5,7

all

1,3,6,7

all

model or demonstrate

5

3,4,5,7,8

How they want to teach

1,3,4,5,6,7,8

guided discovery

5

2,4,6,7

1,2,3,4,5,6,7

manipulatives

all

all
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