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Abstract 

 The purpose of this mixed methods study was to document and examine the beliefs held 

by preservice elementary teachers prior to entering a teacher education program concerning the 

nature of mathematics and their perceptions about the effective use of information and 

communication technology (ICT) for mathematics instruction. Through an online questionnaire 

(N=132) followed by interviews of purposefully selected respondents (n=8), the following 

questions were addressed: (1) What beliefs do preservice elementary mathematics teachers hold 

upon entering teacher education programs regarding the nature of mathematics? (2) What beliefs 

do preservice elementary mathematics teachers hold upon entering teacher education programs 

about how ICT should be used in the classroom? and (3) How do preservice elementary 

mathematics teachers’ beliefs about the nature of mathematics relate to their views about the use 

of ICT in teaching mathematics? 

 Video-elicitation was used in the interviews to determine how respondents perceived 

various uses of interactive whiteboards. Respondents were grouped based on their beliefs about 

the nature of mathematics and their reactions to the videos that they were shown. It was 

discovered that interview respondents who held contrasting views about the nature of 

mathematics also held differing beliefs about teaching and learning as well as the benefits of 

ICT. Respondents who saw mathematics as a set of fixed naturally occurring rules, an Absolutist 

view, favoured teacher directed use of ICT to support the transmission of knowledge. On the 

other hand, those who viewed mathematics as a human construct, a Fallibilist image, were more 

in favour of ICT use to support student mathematics investigation and talk. The existence of a 

potential hidden curriculum was also discovered. Although all interview participants were shown 

the same videos, respondents in the two groups perceived roles of the teacher and students in the 
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videos that were aligned with their beliefs about the nature of mathematics and teaching and 

learning.  
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Chapter One: Overview of Study 

Introduction 

 From Euclid to Einstein, various theorists have conceived of new ways of thinking about 

the nature of mathematics. Philosophically, there are two prominent schools of thought on the 

issue of the nature of mathematics; some believe that mathematics consists of a set of 

unchanging rules that have been “discovered”, while others believe that humans have 

“constructed” the notion of mathematics and fit this construct into our perceived world (Roulet, 

1998). Raymond, Santos and Masingila (1991) report that “teaching actions are directly 

influenced by teachers’ beliefs” (p. 4). This suggests that teachers’ beliefs will influence how 

they respond to proposals for changes in curriculum and instructional practice (Emenaker, 1995) 

and the way they teach in the classroom (Pajares, 1992).  

 Mathematics education reform is increasingly being heralded in curriculum policy 

documents (Ross, McDougall & Hogaboam-Gray, 2002). The reforms that are suggested include 

an increased use of student investigations, the sharing and discussion of student ideas, and use of 

concrete and virtual models of mathematical concepts (National Council of Teachers of 

Mathematics, 2000; Ontario Ministry of Education, 2005). Information and Communication 

Technology (ICT) is another component of reform in the above documents, and can be used to 

support these reform proposals; thus, some view ICT as a potential agent of change (Ross et al., 

2002). As teachers gain more access to technology, they may be more apt to adopt instructional 

models that are aligned with reform (Olson, 1992). However, others disagree with this 

assessment. Cuban (2003) argues that despite the increase in ICT available to classroom 

teachers, the impact of ICT on school reform may be slight. As ICT becomes more accessible in 
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classrooms, the decisions that teachers have to make around how and when to use these new 

resources become more important (Ertmer, 2005).  

 By examining the ways that preservice teachers with differing beliefs about the nature of 

mathematics view the use of technology in the classroom, this study sought to provide insight 

into the relationship between beliefs and perceptions of practice in mathematics teaching as they 

relate to the use of ICT.  

Purpose 

 The purpose of this mixed methods study was to document and examine the beliefs held 

by preservice elementary teachers prior to entering a teacher education program concerning the 

nature of mathematics and their perceptions about the effective use of ICT for mathematics 

instruction and the relationship between these beliefs and perceptions. 

Research Questions 

 This study was guided by the following questions: (1) What beliefs do preservice 

elementary teachers hold upon entering teacher education programs regarding the nature of 

mathematics? (2) What beliefs do preservice elementary teachers hold upon entering teacher 

education programs about how ICT should be used in the classroom; and (3) How do preservice 

elementary mathematics teachers’ beliefs about the nature of mathematics relate to their views 

about the use of ICT in teaching mathematics? 

Significance of Study  

 Academic significance. This study adds to the relatively small body of literature on the 

beliefs that preservice teachers hold prior to entering teacher education programs. It extends the 

knowledge base on preconceptions of preservice teachers regarding the teaching and learning 

process related to the use of ICT to teach mathematics (National Research Council, 2000). 
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 Educational significance. One of the main goals of teacher education programs is to 

encourage potential teachers to teach in a manner that is recognized as effective (Richardson, 

1997). By identifying the beliefs that preservice teachers hold prior to entering teacher education 

programs, this study highlights a set of factors that may impact the preservice teachers’ future 

use of ICT in the mathematics classroom.  

Conceptual Framework 

 Teachers’ beliefs about mathematics and instruction of mathematics are important and 

influence teachers’ enacted instructional practices (Brown & Cooney, 1982; Pajares, 1992; 

Richardson, 1997), including decisions about whether and how to employ ICT (Crissan, Lerman 

& Winbourne, 2007). It has been established that preservice teachers’ beliefs influence the 

decisions they make in the classroom (Bandura, 1986; Wilkins, 2008). Even before starting their 

first courses in education, preservice teachers hold a wide range of beliefs about mathematics, as 

well as beliefs about teaching mathematics (Ball, 1988).  

 Beliefs concerning the nature of mathematics can be roughly divided into two 

epistemological positions (Ernest, 1991). The first epistemological position around the nature of 

mathematics that teachers can hold is an absolutist view of mathematics (Ernest, 1991). Those 

who hold this view believe that mathematical knowledge, embedded in the mechanisms of the 

universe, is certain, unchanging, discovered by humans and then treated as isolated facts and 

rules. Teachers who hold an absolutist view of the nature of mathematics often follow a 

traditional instructional model (Chan, 2011; Chan & Elliott, 2004; Crissan, Lerman & 

Winbourne, 2007; Yadav & Koehler, 2007). According to the traditional instructional model, 

teachers are seen as the source of knowledge while students act as passive recipients of facts. 
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This transfer of knowledge from expert to novice is taken as being non-problematic by the 

teacher (Chan & Elliott, 2004). 

 Alternatively, teachers can hold a fallibilist view of mathematics (Ernest, 1991). With 

this belief, mathematical knowledge is seen to be constructed, evolving, complex and integrated 

(Buehl & Fives, 2009; Ernest, 1991). Teachers who hold a fallibilist view of the nature of 

mathematics often follow a constructivist instructional model (Chan, 2011; Chan & Elliott, 2004; 

Crissan, Lerman & Winbourne, 2007; Yadav & Koehler, 2007). In the constructivist 

instructional model, knowledge is created by the learner based on external experiences as well as 

through reasoning and justification. Teaching is seen as the facilitation of this knowledge 

construction (Ball & Bass, 2000; Phillips, 2000).  

 Mathematics education reform often calls for the increased use of ICT (Ross, McDougall 

& Hogaboam-Gray, 2002). However, it has been noted that ICT can take on one of two roles; it 

can be a predictable part of classroom life by making the teacher’s job easier, or it can force a 

teacher to ask questions about what they teach and how they teach it (McCormick & Scrimshaw, 

2001; Olsen, 1992).  

 The interactive whiteboard (IWB) is a form of ICT that is appearing with increasing 

frequency in the elementary school classroom (Bruce, 2010). The IWB can be described as a 

touch-sensitive screen attached to a computer onto which the computer image is projected. The 

IWB is an input device allowing the user to control the computer by touching the screen 

(Kennewell & Morgan, 2003). Bruce and her colleagues (2008) defined five ways in which 

teachers commonly use IWBs: (1) non-dynamic demonstration; (2) dynamic demonstration; (3) 

student practice; (4) investigation; and (5) math talk (p.1).  
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 With non-dynamic demonstration, a teacher would present information to students 

without actually using the touch-capabilities of the IWB in the presentation. In dynamic 

demonstration, the teacher would still be presenting information to the students, but user-

manipulated objects or images related to content could be incorporated (Bruce et al., 2008). With 

the third type, student practice, students would be able to use the IWB. However, this use would 

be strictly monitored by the teacher to ensure that only what the teacher had presented was being 

demonstrated by the student. In the fourth type, investigation, students are able to explore and 

problem solve using the IWB and the tools that it provides. Finally, with math talk, the IWB is 

used to provide students with opportunities to discuss and explain their ideas with their peers. 

  This study investigates the beliefs that preservice teachers hold around the nature of 

mathematics, how they think ICT, as represented by the IWB, should be used in the mathematics 

classroom, and whether their beliefs about the nature of mathematics and their suggested uses of 

IWBs relate to each other. The IWB was chosen to act as a proxy for ICT because IWBs are 

widely found in schools across the province. It was likely that participants would have an idea of 

what an IWB was, what it could do, and how it could be used. Additionally, the IWB is a useful 

representation of ICT because many software programs and tools are able to be used in 

conjunction with the IWB. This study draws together the themes of beliefs about the nature of 

mathematics, mathematics education reform, and ICT. 

Autobiographical Signature 

 I have always been fond of mathematics. Through elementary, secondary and even post-

secondary education, I was drawn towards mathematics classes, eventually deciding that I 

wanted to be mathematics teacher. Upon entering a teacher education program, I was surprised 

by the attitude of my fellow teacher candidates towards mathematics. Many of my peers disliked 
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mathematics, and even more were not confident in their mathematical ability, let alone their 

ability to teach mathematics to others. Throughout my teacher education program, we were 

constantly taught methods and techniques aligned with a constructivist instructional model. We 

were also shown many forms of ICT, and encouraged to use them in methods aligned with 

constructivist instructional models. These methods, and the philosophy that underlies them, 

struck a chord with me. Upon reflection, I realized that I was taught mathematics by teachers 

who used constructivist instructional models, and that, very likely, these teachers were the reason 

that I liked mathematics so much. These beliefs are still with me today. I hold fallibilist beliefs 

about the nature of mathematics, and, in my teaching, I do my best to embody a constructivist 

instructional model. My constructivist beliefs led me to pursue a Master of Education degree and 

as an accredited elementary school teacher, I entered this research as an insider. Through the 

research, my beliefs became more clear. I learned the about the intricacies of ICT, the challenges 

found within mathematics education, and the incredible learning experiences that become 

possible when the two are combined. My experiences as a student, a preservice teacher, and a 

researcher have helped to shape my approach to this study.  

Thesis Structure 

 Chapter two contains a review of literature regarding beliefs about mathematics, 

constructivism, mathematical reform and ICT. Chapter three explains the methods used in this 

study to ensure that the research questions are answered and that the purpose is met. In chapter 

four, I describe the results of the study, derived from a questionnaire and participant interviews. 

In chapter five, I lay out discussion points derived from the data that I collected. In chapter six I 

discuss potential implications of the study, ideas for further research, and the limitations of the 

study. 
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Chapter Two: Literature Review 

 This chapter begins with a review of literature that exists around beliefs, beliefs about 

mathematics education, beliefs and practice, and beliefs and preservice teachers. Next, I will 

examine literature regarding constructivism, constructivist instructional models, reform in 

mathematics education, and constructivism as it relates to preservice teachers. Finally, I will 

review literature on ICT, ICT use in the classroom, and interactive whiteboards (IWBs).  

Beliefs 

 The word “beliefs” is one which has caused much confusion throughout the literature 

(Ertmer, 2005). In fact, while conducting a review of research, Pajares (1992) identified at least 

23 different synonyms for the word beliefs in various academic papers. In his review on teacher 

beliefs, Pajares (1992) came to the conclusion that beliefs are generally formed early, are 

acquired through personal experience and culture, and are self-perpetuated (that is, there may not 

be proof to back up the belief). Beliefs are difficult to change, especially as one grows older, and 

beliefs strongly influence ones perceptions and understanding of the world.  

 Although beliefs are often associated with knowledge, it is important to make a definite 

distinction between the two. As Roulet (1998) states: 

Knowledge is taken to be built up through intellectual activity: experimentation, 

debate and reasoning. It is stored in the form of propositions that are open to 

further evaluation and change. Beliefs, on the other hand, are not developed 

through rational thought, but are rather mental summaries of significant past 

episodes. (p. 3)  

If one knows something, he or she must also believe it. However, one can believe something, but 

not necessarily know it.  
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 Green (1971) explained that beliefs are not isolated entities, but rather exist as parts of 

belief systems. Within belief systems, beliefs are interconnected; stronger-held beliefs have more 

connections to other beliefs and can be labelled as central beliefs. Central beliefs have a greater 

influence on actions. However, Beswick (2007) states that the strength of a belief can be fluid 

based on context. Given that there is a potential link between beliefs and actions (Brown & 

Cooney, 1982; Pajares, 1992; Richardson, 1997), this may help to explain why one might act a 

certain way in one situation and a different way in another situation.  

 Beliefs and mathematics. Beliefs about the nature of a body of knowledge, such as 

mathematics, are called epistemic beliefs (Buehl & Fives, 2009). Within epistemic beliefs, 

beliefs about the source (i.e. where the knowledge comes from), the stability (i.e. does the 

knowledge change or evolve), and the structure (i.e. is it simple or complex) may exist. There are 

two generally accepted schools of thought when it comes to the nature of mathematics. Firstly, 

humans could have discovered mathematics. This is known as an absolutist view (Ernest, 1992). 

Those who subscribe to an absolutist view of the nature of mathematics would believe there to be 

an eternal and unchanging set of rules which govern mathematics that have been discovered over 

the course of human history and are continuing to be discovered. In light of this, mathematics is 

seen as a static body of knowledge, involving sets of rules and procedures that, if followed, will 

lead to the one correct answer. Absolutists believe that for any mathematical statement to be 

proven true, it must stand on the shoulders of an already-proven theory (Buehl & Fives, 2009; 

Ernest, 1992).  

 Pedagogically, a teacher who holds an absolutist belief about the nature of mathematics 

would typically follow a traditional instructional model (Stripek et al., 2001). The teacher would 

typically plan their mathematics lessons with the following structure: introduce a new procedure, 
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provide a set of step-by-step instructions which, if followed, would allow students to complete 

that procedure, and finally assign many problems on which to practice the procedure (Cobb, 

1988). This traditional approach is the one to which a majority of mathematics teachers subscribe 

(Stipek et al, 2001). 

 On the other hand, there is the social-constructivism view of mathematics (Phillips, 

2000). This view, labelled as fallibilist by Ernest (1991), professes that mathematics was created 

by humans based upon their observations of the world. Mathematics is seen as a language used 

to describe experiences and observations within our world. Someone who holds fallibilist beliefs 

about the nature of mathematics would assume that “concepts, structures, methods, results and 

rules” (Ernest, 1992, p. 93) are an invention of human kind. Those with fallibilist beliefs about 

mathematics would see mathematics as always changing, never static (Prawat, 1992).  

 Pedagogically, teachers who hold fallibilist beliefs about the nature of mathematics have 

been found to follow a constructivist instructional model (Chan, 2011; Crissan et al., 2007). 

These teachers would view their role as that of a facilitator, helping to guide students in various 

directions of knowledge construction (rather than directly transmitting knowledge) (Ball & Bass, 

2001). There would be an understanding that students’ actions and answers should be seen as 

reflective of their current understandings. The teacher would implement classroom activities 

designed to put students in situations that would help the students to construct mathematical 

concepts that may be new to the students, as well as to encourage reasoning, creativity and 

information gathering. Furthermore, the teacher would understand that learning opportunities 

occur when there is social interaction involving collaborative dialogue with other students as 

well as the teacher (Wood, Cobb & Yackel, 1991). 
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 At this point, it may be prudent to ask why mathematics is being examined over any other 

subject. As Phillips (2000) suggests, in a subject such as literature, it is fairly easy to see how 

teachers can adopt a social-constructivist (Phillips, 2000) viewpoint. The literary canon is a 

human construct. For a piece of literature to be removed from the literary canon, something must 

have changed; something that was once valued must have lost its value. Humans can interpret 

what they read for themselves; words can have different meanings from one person to the next, 

even though the differences may be subtle.  

 However, mathematics and science are often viewed from a different perspective. Physics 

for instance, is “often seen as governed by the nature of the physical universe [as opposed to] the 

nature of the physicist; math governed by the objective properties of a number system” (Phillips, 

2000, p. 16). Though the majority of disciplines easily take input from the human perspective, 

math and science can be seen as an exception to the rule.  

 Beliefs and practice. There is little doubt that the beliefs that teachers hold influence the 

decisions they make in the classroom (Bandura, 1986; Clark & Peterson, 1986; Raymond, Santos 

& Masingila, 1991). In their quantitative study, Stripek, et al. (2001) attempted to assess the 

relationships between beliefs around the nature of mathematics and how teachers saw their role 

in the classroom, how they motivated their students, and how they assessed mathematical ability. 

The authors used a variety of quantitative measures for data collection, including pre- and post-

surveys, videotaped lesson observations with specific, pre-determined scaled coding and student 

questionnaires. The participants in this year-long study consisted of 21 fourth- through sixth-

grade mathematics teachers, as well as 437 of their students (all classes were intact). Participants 

came from urban areas, and students were predominantly from low-income families.  
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 Stripek et al. (2001) found that there was a correlation of 0.75 (p<0.001) between those 

who held absolutist beliefs and those who put an emphasis on performance (as opposed to 

understanding) in their classrooms. It was also shown that when assessing student achievement, 

those who held absolutist beliefs put little value on effort (-0.53 p<0.05) or creativity (-0.49 

p<0.05).  

 These results fall in line with other studies that have been completed (Clark & Peterson, 

1986) supporting the theory that teachers with absolutist beliefs often follow a traditional 

instructional model in their classroom. Teachers with absolutist beliefs tend to give students less 

independence and created a classroom climate where mistakes are to be avoided. Teachers with 

fallibilist beliefs are more likely to follow a constructivist instructional model; they may allow 

students to be autonomous and may treat mistakes as learning opportunities for individual 

students and the whole class (Stripek et al., 2001).  

 Beliefs and preservice teachers. In his review of literature, Pajares (1992) determined 

that preservice teachers often enter the field of education because of positive past school 

experiences. This means that they may not look at how the field of education could be changed 

or improved, but rather why it should stay the same. Pajares stated that “most preservice teachers 

have an unrealistic optimism and a self-serving bias that account for their believing that the 

attributes most important for successful teaching are the ones they perceive as their own” (p. 

323). Often times preservice teachers fall victim to what Lortie (1975) called the apprenticeship 

of observation; preservice teachers believe that they should teach as they were taught. Those who 

were taught through a constructivist instructional model will believe that using a constructivist 

instructional model is the best way to teach, while those who were taught with a traditional 

instructional model will prefer to teach with a traditional instructional model. One of the major 
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challenges of teacher education programs is encouraging preservice teachers to teach in ways 

which are new to them (Harkness, 2009; Richardson, 2003).  

 Preservice teachers whose past experiences in the classroom were based on a traditional 

instructional model may have difficulty learning to implement a constructivist instructional 

model (Harkness, 2009). Although well-applied constructivism can have great benefits in terms 

of student learning (Ball & Bass, 2000), there are very real risks when it is not practiced 

effectively, such as confusing students and creating misconceptions (Sert, 2008). Constructivist 

teachers not only have to be experts in the content knowledge themselves, but also have a good 

idea of how much their students know about the content. In addition, they have to be willing to 

learn from their students; that is, they have to be able to take the answers of their students 

seriously and be willing to fully explore where the ideas behind the answers came from. The 

professional practice of taking the time to listen to and learn from students can be difficult to 

perform, especially for preservice and new inservice teachers (Harkness, 2009; Richardson, 

2003).  

 This difficulty was further demonstrated in a year-long multi-case study looking into the 

beliefs and practices of six preservice teachers. Ogan-Bekiroglu and Akkok (2009) attempted to 

judge whether the preservice teachers who held constructivist teaching beliefs were putting these 

beliefs into practice in the classroom. Six participants were interviewed regarding their beliefs 

within the following categories: classroom environment; teaching activities and assessment; the 

teacher’s role in the classroom; and instructional goals. Following the interviews, participants 

were observed in teaching situations to assess whether their actions lined up with their interview 

responses within the aforementioned categories.  

12 
 



 
 

 Of the preservice teachers involved in the study, all had difficulty turning their intentions 

of using a constructivist instructional model into practice. While some acknowledged that they 

did not know the content well enough to teach in a constructivist manner, others felt that they did 

not have enough time to apply a constructivist instructional model (Ogan-Bekiroglu & Akkoc, 

2009). The preservice teachers perceived that these issues led them to revert to a traditional 

instructional model. This finding demonstrates that, despite their willingness to use a 

constructivist instructional model, the preservice teachers were more comfortable using a 

traditional instructional model when in the classroom.  

 Attribution error. Though there is ample evidence that beliefs are an important indicator 

of what will occur in the classroom (e.g. Clark & Peterson, 1986; Pajares, 1992; Wilkins, 2008), 

it is important to look at other factors which may affect the decisions that teachers make. 

Kennedy (2010) brought attention to the idea that although personal differences between teachers 

might be one factor affecting teacher behaviour in the classroom, a second and oft-forgotten 

factor is classroom context. In the case of this study, the lack of taking classroom context into 

account could be seen as what is known in the literature as attribution error (Gilbert & Malone, 

1995). Kennedy (2010) suggests that aspects such as planning time, school materials, school 

climate, and even individual students can play major roles in what occurs in a classroom on a 

day-to-day basis. Attribution error is meaningful as it presents an alternate explanation; it may be 

factors outside of teacher beliefs that can be attributed to the perceptions of classroom practice 

held by the preservice teachers.  

Constructivism 

 Since its inception into education, constructivism has taken on many meanings and 

connotations for various theorists. According to Phillips (2000), constructivism can be broken 
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into two separate but related categories, social constructivism and psychological constructivism. 

Generally, social constructivism refers to a body of knowledge, such as science or mathematics, 

being created by human kind. According to Phillips, these bodies of knowledge are “human 

constructs, and… the form that knowledge has taken in these fields has been determined by such 

things as politics, ideologies, values, the exertion of power and the preservation of status, 

religious beliefs, and economic self-interest” (Phillips, 2000, p. 6).  

 Psychological constructivism refers to how an individual gains knowledge. A 

psychological constructivist would believe that knowledge is constructed by the individual; 

knowledge is formed based on relationships made to past experiences (Phillips, 2000).  

 It follows, then, that a teacher who is a social constructivist or who has a constructivist 

epistemology would do their best to employ a constructivist instructional model in their 

classroom (Howe & Berv, 2000). Howe and Berv (2000) describe two defining characteristics 

found in a constructivist instructional model. First, they note that instruction must take as its 

starting point the knowledge, attitudes, and interests that students bring to the learning situation. 

The teacher must understand that students have their own experiences and that the knowledge 

that students have acquired up to this point is based, solely, on these experiences. For Howe and 

Berv (2000), the second characteristic explains that instruction must be designed to provide 

experiences that effectively interact with the knowledge, attitudes and interests of students so 

that, based on these factors, students may construct their own understanding. 

 Phillips (2002) described two related branches of constructivist: social constructivism and 

psychological constructivism. Teachers believing in either of these types of constructivism are 

likely to adopt a constructivist instructional model (Howe & Berve, 2000). While Howe and 

Berv (2000) discussed defining characteristics of constructivist instructional models, Ball and 
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Bass (2000) suggested ideas for what form a constructivist instructional model may take in 

mathematics instruction.  

Constructivist instructional models in mathematics education. Based on Howe and Berv’s 

(2000) two defining characteristics of constructivist instructional models, one might wonder 

what constructivism in mathematics education would look like. One study, undertaken from the 

social constructivist point of view, attempted to identify guidelines for utilizing a constructivist 

instructional model in teaching mathematics. The qualitative exploratory study was undertaken 

in a class of third-graders in an urban elementary school. Using techniques such as observations, 

interviews and field notes, Ball and Bass (2000) examined constructivism in mathematics 

teaching and learning. The authors noticed students working empirically and generating 

“conjectures”, or statements that are believed to be true yet not proved, from their work. Students 

constructed arguments to make their classmates believe that what they had noticed was true, and 

even confronted the very nature and challenge of mathematical proof (for example, asking 

questions such as “how do you “know” it’s true, you haven’t tried it on every number?”).  

 Ball and Bass (2000) noted that “as students explore problems, make and inspect claims, 

and seek to prove their validity, we see that even young children engage in forms of 

mathematical reasoning and make use of mathematical resources” (p. 195). They found that 

children were constructing their own understandings of mathematics and applying these 

understandings to new concepts to help prove or disprove mathematical theories.  

 In their study, Ball and Bass (2000) laid out three commitments that teachers who use 

constructivist instructional models to teach mathematics often make. First, there is a commitment 

to treat the discipline of mathematics with integrity; second, the teacher gives serious respect to 

children’s mathematical ideas; and third, the teacher sees mathematics as a collective intellectual 
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endeavour situated within a community. Furthermore, the authors state that following these 

commitments will lead to pedagogical implications for teachers. The first implication is 

comprised of promoting a deep understanding of the subject. This means that, according to Ball 

and Bass (2000), if students understand a concept to be true, they will be able to reason about it 

with others. They will not simply believe a concept to be true because the teacher or textbook 

says so. The second implication is that there will be a bank of commonly shared knowledge, or 

ideas that everyone in the classroom takes to be true and that can be built upon. The third 

implication is regarding the importance of mathematical language. Children will make up terms; 

teachers must know when to allow these made-up terms to permeate classroom discussion, and 

when to replace the made-up term with the commonly used term (for instance, a student might 

use the term ‘get rid of’ rather than ‘subtract’). A teacher should strive for language which is 

mathematically appropriate, upon which the knowledge base in the second implication can rest 

(Ball & Bass, 2000).  

 In summary, Ball and Bass (2000) suggest three commitments that are often made when 

using a constructivist instructional model to teach mathematics: a commitment to treat the 

discipline of mathematics with integrity; serious respect given to children’s mathematical ideas; 

and mathematics seen as a collective intellectual endeavour situated within a community. Ball 

and Bass (2000) also list three implication that come from following their commitments.  

Reform in mathematics education. Reform in mathematics education is a subject that has been 

debated by various stakeholders including politicians and curriculum developers over the past 

three decades (Ross et al., 2002). Some would argue that reform is not needed and that a 

traditional pedagogy is what is best for students; as Hirsch advised, “only through intelligently 

directed and repeated practice, leading to fast, automatic recall of math facts, and facility in 
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algebraic manipulation can one do well at real-world problem solving” (Becker & Jacob, 2000, 

p. 535). Others have taken a different standpoint; as Romberg stated, "the single most compelling 

issue in improving school mathematics is to change the epistemology of mathematics in schools, 

the sense on the part of teachers and students of what the mathematical enterprise is all about" 

(Romberg, 1992, p. 433).  

 Before one can understand reform in mathematics, one must know what the reform 

movement is trying to change. Cobb (1988) summarized six indicators of traditional instructional 

models in mathematics. These include: 

• Believing that elementary school mathematics is basically arithmetic, consisting of 

learning facts and standard procedures. 

• Understanding facts and skills as isolated instructional goals. 

• Inflexible reliance on the textbook. 

• Teaching through direct explanation or demonstration, followed by individual ‘practice’ 

activities. 

• Dealing with failure through repeating the demonstration – practice cycle. 

• Regarding students’ alternative methods as undesirable behaviours to be eliminated. 

As Cobb (1988) notes, these indicators are often in opposition to what is being proposed by the 

reform movement.  

 The push for mathematical reform has been helped by three factors (Ross et al., 2002). It 

is recognizes that traditional teaching has failed to produce positive results on basic tests 

(Romberg, 1997); that the world in which students live requires a high level of mathematical 

ability and numeracy skills (Bosse, 1995; Heid, 1997); and that pedagogy that puts a focus on 

prior knowledge and collaboration will help our students (Ball & Bass, 2000). Although 
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mathematical reform is hard to define, various researchers (e.g. Ross, Hogaboam-Gray, 

McDougall & Bruce, 2002; Ross, McDougall & Hogaboam-Gray, 2002) and policy documents 

(e.g. NCTM, 1989; NCTM, 2000; OAME 1993; OAME 2004) have discussed characteristics 

common to reform. The main characteristics of mathematics education reform from the National 

Council of Teachers of Mathematics policy statements (1989, 1991, 2000) have been 

summarized by Ross et al. (2002):  

• Mathematics should be taught with a broader scope. 

• All students should have access to all forms of math. 

• Tasks should be complex, open-ended problems situated in real-life and meaningful 

contexts. 

• Instruction should focus on the construction of mathematical ideas through students’ talk. 

• The teacher is a co-learner and facilitator of a mathematical community. 

• Manipulatives and mathematical tools are used regularly. 

• Student-student interaction should be encouraged; the classroom should be set-up to 

reflect this. 

• Assessment should be authentic, integrated and ongoing. 

• The teacher should view the nature of mathematics as dynamic and changing, not a fixed 

body of knowledge. 

• The teacher should make the growth of student self-confidence in mathematics as much 

of a priority as achievement. 

 Many parallels can be drawn between mathematical reform and constructivist pedagogy 

(Romberg, 1992). When discussing the creation of the National Council of Teachers of 

Mathematics standards, Romberg stated "The term that we did not use in writing up the 
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Standards (but we certainly talked about) is what might be called the social constructivist's 

notion of learning" (as cited in McLeod, Stake, Schappelle, Mellissinos & Griels, 1996, p. 38). 

The National Council of Teachers of Mathematics policy statements relate to various facets of a 

constructivist pedagogy, including an emphasis on individual student’s prior knowledge, 

mathematics knowledge being constructed within a community of learners, and the use of 

manipulatives to broaden and deepen understanding (Ball & Bass, 2000). 

 In Ontario, there is no shortage of mathematical reforms that have been written into 

policy documents. As stated in the Ontario Curriculum: Grades 1-8: Mathematics (revised), 

there is a:  

Recognition of different learning styles and [the curriculum therefore] sets expectations 

that call for the use of a variety of instructional and assessment tools and strategies. It 

aims to challenge all students by including expectations that require them to use higher-

order thinking skills and to make connections between related mathematical concepts and 

between mathematics, other disciplines, and the real world... 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. 3) 

Similarly, the Expert Panel on Early Math in Ontario (2003) places an emphasis on the 

importance of recognizing and building on prior knowledge, and the Expert Panel on 

Mathematics in Grades 4 to 6 in Ontario (2003) acknowledges the importance of peer 

collaboration, prior knowledge and confidence in mathematics.  
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 Teacher education and constructivism. Concerns have been raised as to how to 

incorporate constructivism into teacher education (Cobb 1988; Richardson, 1997; 2003). In order 

to teach using a constructivist model, a teacher should have a deep understanding of subject 

matter. This can be an issue for preservice teachers as well as elementary teachers in general, 

who are often asked to cover multiple subjects in a school day rather than specializing in one 

(Richardson, 2003). In addition, a teacher must be able to recognize when a student has 

constructed an understanding, even when that understanding was not the one that was hoped for 

by the teacher (Cobb, 1988).  

 One suggestion made by Richardson (2003) is that in order to learn to teach using a 

constructivist teaching model, teacher education programs should be taught in a constructivist 

manner, allowing the professor to model the desired pedagogy to students. Harkness (2009) 

completed a qualitative case study examining the teaching practices of one university professor 

who facilitated her mathematics methods courses using a constructivist instructional model. The 

professor’s practices were intended to encourage preservice teachers to believe their students’ 

answers rather than doubt them, regardless of whether or not the answers were correct. This is 

one facet of constructivism; as students have their own experiences, they will create their own 

meanings. In her study, Harkness (2009) argued that when teaching mathematics, a teacher 

should try to suspend his own logic and attempt to understand the logic that his students are 

using; it is likely that the students have constructed their own, individual understandings (Cobb, 

1988). Harkness states: 

In mathematics classrooms, students co-construct their knowledge through 

collaboration on meaningful tasks. When they do so, they make connections to 
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previous mathematical understanding and refine their thinking; they are not empty 

vessels waiting for information deposits and accumulation. (2009, p. 248) 

When a student responds to a question, the logic that she used to formulate this answer 

must have come from somewhere. It is beneficial for a teacher to explore, with the student 

and class, where that logic came from and help everyone to better understand the concept 

(Harkness, 2009).  

Information and Communications Technology (ICT) 

 Mishra and Koehler (2006) define information and communications technology (ICT) as 

“digital computers and computer software, artefacts and mechanisms that are new and not yet 

part of the mainstream... [this includes] hardware and software such as computers, educational 

games, and the internet and the myriad applications supported by it” (p. 1023). 

 Some of the first calls for ICT (though it was not called this at the time) in policy 

documents came from Ontario Schools: Intermediate and Senior (Ontario Ministry of Education, 

1985) the National Council for Teachers of Mathematics policy standards of 1989. In the 

National Council for Teachers of Mathematics policy standards (1989), it is stated that “the K-4 

curriculum should make appropriate and ongoing use of calculators and computers ... Computer 

simulations of mathematical ideas, such as modeling the renaming of numbers, are an important 

air in helping children identify the key features of mathematics” (p. 19). The guiding principles 

of the Ontaio Association of Mathematics Education (1993) noted something similar. “Teachers 

and students should use computers as tools to assist with the exploration and discovery of 

concepts, with the transition from concrete experiences to abstract mathematical ideas, with the 

practice of skills, and with the process of problem solving” (p. 5). More recently, the importance 

of ICT in mathematics education has been suggested in the guiding principles of Ontario 

21 
 



 
 

Association for Mathematics Education (2004). ICT is prominent in the Ontario mathematics 

curriculum; the document emphasizes that students live in “an information- and technology-

based society” (Ontario Ministry of Education, 2005, p. 3), and continues to say that “[ICT can] 

provide a range of tools that can significantly extend and enrich teachers’ instructional strategies 

and support students’ learning in mathematics” (Ontario Ministry of Education, p. 29). ICT is 

also key in the National Council of Teachers of Mathematics Standards (2000), where it is 

written “Students are flexible and resourceful problem solvers. Alone or in groups and with 

access to technology, they work productively and reflectively, with the skilled guidance of their 

teachers” (NCTM, 2000). 

 One technology that is currently being introduced into classrooms across the country is 

the interactive whiteboard (IWB) (Bruce, 2010). The IWB is considered to be “any board 

connected to a PC, capable of displaying a projected image which allows the user to control the 

PC by touching the board or with the computer mouse” (Beauchamp, 2004, p. 328). It includes a 

“large, touch sensitive display panel that can function as a whiteboard, projector screen ... or 

computer projector screen on which the computer image can be controlled by touching the 

surface of the panel” (Kennewell & Morgan, 2003, p. 1). Glover and Miller (2001) suggest that 

although an IWB may appear as simply a PC, projector and screen, when put together, the 

potential exists to significantly enhance student learning. 

 The ICT dilemma. There are many current educational reforms that suggest that 

teachers should adopt constructivist instructional models. There are two assumptions that are 

commonly made when it comes to ICT and educational reform.  

 The first assumption, outlined by Olson (1992) as a possible outcome of ICT use, is that 

an increase in access to ICT will lead teachers to adopt constructivist instructional models. A 

22 
 



 
 

qualitative study by Ross, Hogaboam-Gray, McDougall and Bruce (2002) was conducted with 

the aim of identifying the contribution of ICT implementation to mathematics education reform. 

This comparative case study, consisting of three Ontario teachers with varying levels of 

classroom experience, displayed some interesting findings. It was discovered that the teachers in 

the study “adjusted the technology to fit their conceptions of how mathematics should be taught” 

(Ross et al, 2002, p. 98). In other words, the ICT itself was not causing the teachers to adopt the 

reform suggested in the curriculum; teachers were using the technology as a tool to accomplish 

pre-existing goals, and those goals did not change because of the technology. One teacher in the 

study, who had already adopted the mathematical reforms as required by the curriculum, used the 

ICT in a manner in-line with a constructivist teaching model. A second teacher, who was 

progressing toward adopting the reforms suggested in the curriculum, used ICT in varying ways, 

both constructivist and traditional. The final teacher, who had not yet adopted the mathematics 

reforms suggested in the curriculum, used ICT in a traditional manner (Ross et al, 2002).  

 A second assumption is that teachers who have adopted constructivist instructional 

models will use ICT both more frequently and in a more advanced capacity than teachers who 

have not (Judson, 2006). This assumption was supported by a study completed by Becker (2001), 

who surveyed over 4000 grade 4-12 teachers across the United States. Both random and 

purposeful sampling strategies were used, and some interesting results were uncovered. Becker 

found there to be a strong correlation between the reported use of ICT in the classroom and 

teachers who reported that they held constructivist views of learning. Teachers who preferred 

constructivist instructional models also reported using ICT both more commonly and in ways 

considered more advanced (Becker, 2001). Despite the extensive nature of this study, there were 

some methodological issues. Although there were a large number of participants, all data were 
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based on the results of mailed-out surveys. Survey data of this nature have been shown to be 

unreliable when verified by classroom observations, as participants will often report what they 

think the researcher wants to hear (Judson, 2006; Simmons, Emory, Carter, Coker, Finnegan & 

Crockett, 1999).  

 Intrigued by Becker’s (2001) results, Judson (2006) conducted a study attempting to find 

a correlation between teachers’ beliefs about teaching and learning and their actual use of 

technology in the classroom. The 32 participants, who were from both primary and secondary 

schools with access to various forms of ICT, were first surveyed to discover whether they 

subscribed to a traditional or constructivist instructional model. The teachers were then observed 

teaching a lesson that they identified as a standard lesson that they would teach using ICT. Based 

on the results of Becker’s 2001 study, the researchers held the assumption that teachers who held 

a constructivist epistemology would use ICT in ways that were aligned with a constructivist 

instructional model, while those who held more traditional views would use the technology in 

ways that were aligned with a traditional instructional model. A correlation analysis was 

performed to attempt to identify a relationship between preferred teaching model and observed 

ICT use. However, “the researchers ... found that there was no significant correlation between 

teachers’ reported belief about instruction and their actual practice of integrating technology” 

(Judson, 2006, p. 590). In other words, Judson’s results called into question what was found by 

Becker in 2001 (Judson, 2006). 

 One suggested explanation for this apparent misalignment between beliefs and actions 

relates to the nature of the training that teachers receive about ICT (Ertmer, 2005; Judson, 2006). 

There is no doubt that technology is widely accessible, as is the technical training required for its 

use. However, a sophisticated use of ICT has yet to appear in our schools (Ertmer, 2005; Sang, 
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Valcke, van Braak & Tondeur, 2010). It has been suggested that this could be due to a gap in 

professional development around the pedagogy required to use ICT effectively (Etmer, 2005; 

Mishra & Koehler, 2006) 

 Sophistication of ICT use. In his seminal work, Becker (1994) defined a high-level ICT 

user as a teacher who created a “classroom environment in which computers were both 

prominent in the experience of students and employed in order that students grow intellectually 

and not merely develop isolated skills” (p. 276). Higher-level uses of ICT would allow for 

student-centred activities including collaboration and tasks in which students are given freedom 

to make decisions and asked to explain their thinking. On the other hand, low-level use of ICT 

would include activities such as using basic functions in word processors and spread sheets, 

simple PowerPoint presentations and “drill and practice” math activities. Generally, low-level 

ICT use has been attached to traditional instructional models, while high-level ICT use is most 

often associated with constructivist teaching models (Ertmer, 2005) 

 Many frameworks for describing high-level ICT use in the classroom have been 

suggested (e.g. Crisan, Lerman & Winbourne, 2007; McCormick & Scrimshaw, 2001; Mishra & 

Koehler, 2006). Perhaps the best known is Mishra and Koehler’s (2006) Technological 

Pedagogical Content Knowledge framework (see Figure 1). By looking at various studies, 

Mishra and Koehler designed a framework intended to conceptualize the incorporation of ICT 

into teaching and learning. Building on Shulman’s (1986) conception of the Pedagogical Content 

Knowledge framework that includes pedagogical knowledge and content knowledge, Mishra and 

Koehler (2006) added a third category of knowledge: technological. It is important to note that 

within the content knowledge category, the authors, following Shulman (1986), have included 

such things as beliefs and epistemology (Mishra & Koehler, 2006).  
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 Mishra and Koehler describe technological knowledge, pedagogical knowledge and 

content knowledge merging to create technological pedagogical content knowledge (TPCK, see 

Figure 1). TPCK is intended to represent a teacher’s synthesis of pedagogy, technology use, and 

content knowledge (Mishra & Koehler, 2006). 

 Mishra and Koehler (2006) suggest that the framework is useful because it “helps us 

identify important components of teacher knowledge that are relevant to the thoughtful 

integration of technology in education” (p. 1044). The framework can be of assistance to 

researchers by helping them to conceptualize the use of ICT, and its relationship with content 

knowledge and pedagogical knowledge. 

 
 

Figure 1. Technological Pedagogical Content Knowledge framework with 

contexts influencing all teacher knowledge (Mishra & Koehler, 2006). 
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 Levels of use and Interactive Whiteboards (IWBs). As Becker (2000) noted, ICT can 

serve as a “valuable and well-functioning instructional tool in schools and classrooms” (p. 29). 

While often seen as valuable, ICT in the classroom can provide two very different applications. 

ICT could be seen by the teacher as a predictable part of classroom life that does as the teacher 

asks and makes the teacher’s job easier. In contrast, ICT could be seen by the teacher as an agent 

of change. ICT could force a teacher to ask questions about what they teach and how they teach 

it (Olson, 1992). d 

 From these two views of ICT, comparisons to Becker’s (1994) levels of use can be 

drawn. Becker distinguished between low- and high-levels of ICT use by suggesting that high-

level use included ICT being incorporated often and in ways that helped students grow 

intellectually, as opposed to low-level use, which would allow students to develop isolated skills. 

From Becker’s definitions, numerous researchers have attempted to define levels of use specific 

to IWBs in the classroom (e.g. Beauchamp, 2004; Bruce, Flynn, Ladky, Mackenzie & Ross, 

2008; Glover & Miller, 2001; Miller, Glover & Averis, 2004). 

 In 2004, a study was conducted attempting to describe the levels of use that are 

commonly seen with IWBs in the classroom. Through qualitative measures such as observations, 

field notes and unstructured interviews, Beauchamp (2004) examined generic ICT skills that 

seven teachers in England possessed as well as the pedagogical practices that they employed. 

Based on the data, Beauchamp (2004) developed what he calls the “transition framework of 

IWBs” (Beauchamp, 2004, p. 331). Beauchamp identified five levels of use common to IWB 

users: (1) Black/Whiteboard Substitute; (2) Apprentice User; (3) Initiate User; (4) Advanced 

User; and (5) Synergistic User.  
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 At the Black/Whiteboard Substitute level, teachers were simply using the IWB as if it 

was a standard projector screen or blackboard. The teacher, who would be the only one to use the 

IWB, would use it to give presentations to the class or as a blackboard on which to write notes 

based on his or her own ideas. Teachers who used the IWB in this way appreciated it because it 

quickened the pace of the lesson (Beauchamp, 2004). 

 As an Apprentice User of IWBs, the teacher may allow for student use of the tool. 

However, student use would be planned by the teacher and often involve closed-ended activities. 

In teacher-led presentations, clipart or interactive graphics would be used to help keep student 

attention (Beauchamp, 2004).  

 At the Initiate User level, students are given more freedom to select the software and 

tools that they wish to use with the IWB (though often selected from a list provided by the 

teacher). External resources begin to appear at this level; links to internet sites, videos and audio 

files. Also, work created by the teacher and students using the IWB is sometimes saved for later 

use (Beauchamp, 2004). 

 At the Advanced User level, student work is prominently featured when the IWB is being 

used. Files previously worked on by the students are displayed on the IWB for further thinking 

and explanations. Students use the IWB frequently, at times spontaneously (Beauchamp, 2004).  

 Finally, a Synergistic User of IWBs would be able to interact with the IWB and the class 

to facilitate an engaging and student-centered lesson. The “teacher and students would construct 

meaning and dictate direction, momentum and scale of the next step in the lesson” (Beauchamp, 

2004, p. 344). 
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 Similar to Beauchamp, Bruce et al.(2008) identified five levels of use for IWBs. These 

include: (1) Non-Dynamic Demonstration; (2) Dynamic Demonstration; (3) Student Practice; (4) 

Investigation; and (5) Math Talk.  

 In a Non-Dynamic Demonstration, a teacher would transmit information to the class 

using “static screens or a series of static screens” (Bruce et al., 2008, para. 4). A Dynamic 

Demonstration would still involve the teacher presenting information to the class, but user-

manipulated objects or images would be incorporated into the presentation. With Student 

Practice, students would have the opportunity to use the IWB; however, this use would strictly 

involve replication of what the teacher had demonstrated. When Investigation takes place, 

students would use the IWB for problem solving and exploration. They would be given more 

freedom to explore and explain their ideas using the IWB. Math Talk, the final level or use 

described by of Bruce et al. (2008), occurs when students have the opportunity to facilitate the 

class. In Math Talk, the IWB would be used as a tool to help build student ideas, illustrate 

students’ ideas others, and drive discussion around those ideas. 

 Though the levels of IWB use laid out by Beauchamp (2004) and Bruce et. al. (2008) 

share some similarities, one key difference lies in how a teacher moves through the various 

levels. Beauchamp (2004) saw his transition framework as a continuum; teachers would range 

from low- to high-level user of IWBs. It was understood that while a Black/Whiteboard 

Substitute User would only use the IWB in the described fashion, an Initiate User may use the 

IWB in ways that encompassed the first three levels, while the Synergistic User may use it in 

ways that can be linked to all five levels.  

 In contrast, Bruce et al.(2008) believed that teachers could switch between levels of use 

based on the context and content of the lesson. She suggested that, “teachers were not static in 
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their IWB use but moved through the types of use within a single lesson. Immediate context 

became a determining factor; the IWB was used in multiple ways based on the needs and 

purposes of the teaching and learning moment” (Bruce et al., 2008, para. 5). 

 IWBs and preservice teachers. Although extensive research has been completed 

involving inservice teachers and IWB use, much less has been undertaken concerning preservice 

teachers and IWB use. One mixed-methods study attempted to explore the attitudes that 

preservice teachers carry regarding IWBs in the classroom. Kennewell and Morgan (2003) 

conducted pre- and post-placement surveys with 93 preservice teachers at a university in Wales. 

An unreported number of preservice teachers were also selected for follow-up interviews. All 93 

participants were placed in schools that had at least one IWB, though only 53% of respondents 

observed IWB use during their placement. It was discovered that, after their placement, 97% of 

preservice teachers surveyed would choose to have an IWB in their classroom. 90% of those who 

observed the IWB in use believed that it added value to the lesson being taught, while 95% of 

those who had taught with the IWB believed that value was added to their lesson. Nearly all 

preservice teachers believed that they would need to spend a lot of time on resource preparation, 

but many believed that these resources would be reusable and adaptable (Kennewell & Morgan, 

2003).  

 One interesting implication of these findings is that, although experienced teachers are 

often slow to see the possibilities provided by IWBs (Glover & Miller, 2001), preservice teachers 

tend to see the IWB as a valuable tool in their future teaching (Kennewell & Morgan, 2003). As 

preservice teachers plan on using IWBs in their classrooms, ensuring that they have the 

knowledge and tools necessary to use IWBs in manners that will have positive impact on their 

future students becomes evident. 
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Summary 

 It has been repeatedly demonstrated that there is a connection between a teacher’s beliefs 

and his/her actions in the classroom (Bandura, 1986; Clark & Peterson, 1986; Raymond, Santos 

& Masingila, 1991). It has also been shown that teachers who hold absolutist beliefs about the 

nature of mathematics tend to use traditional teaching models, while teachers who hold fallibilist 

beliefs about the nature of mathematics tend to use constructivist teaching models (Ernest, 1991; 

Stripek et al., 2001). Although many preservice teachers experienced traditional instructional 

models in their former classrooms (Harkness, 2009), modern reforms to mathematics education 

increasingly call for practices linked to constructivist instructional models (Ross et.al., 2002). 

ICT use is often assumed to be both an indicator of and a motivator for constructivist 

instructional models. However, various studies (i.e. Ross et. al., 2002; Judson, 2006) have shown 

that neither of these assumptions may be accurate. IWBs, which are increasingly found in 

mathematics classrooms, can be used at various levels of interaction (Beauchamp, 2004; Bruce 

et. al., 2008).  

 The purpose of my mixed methods study was to document and examine the beliefs 

concerning the nature of mathematics and perceived effective use of ICT for mathematics 

instruction held by preservice elementary teachers at the point at which they begin a teacher 

education program. This study was guided by the following questions: (1) What beliefs do 

preservice elementary mathematics teachers hold upon entering teacher education programs 

regarding the nature of mathematics? (2) What beliefs do preservice elementary mathematics 

teachers hold upon entering teacher education programs about how ICT should be used in the 

classroom? (3) How do preservice elementary mathematics teachers’ beliefs about the nature of 

mathematics relate to their views of the use of ICT in teaching mathematics?  
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Chapter Three: Methods 

The purpose of this study was to document and examine the beliefs concerning the nature 

of mathematics and perceived effective use of ICT for mathematics instruction held by 

preservice elementary teachers at the beginning of a teacher education program. In order to fulfil 

this purpose, both quantitative and qualitative data were collected from preservice elementary 

teachers. The data that were collected included the results of a questionnaire used to identify the 

beliefs about the nature of mathematics held by preservice teachers, as well as interviews with 

preservice teachers intended to explore the perceived effective use of ICT for mathematical 

instruction.  

  Mixed methods inquiry involves combining both quantitative and qualitative forms of 

research, making the strength of the study greater than if only qualitative or quantitative inquiry 

were used. The quantitative phase helped to answer the first research question regarding the 

range of beliefs about the nature of mathematics that existed prior to the start of a teacher 

education program. The quantitative phase was also used to select participants for the qualitative 

phase. The qualitative phase was then used to answer the second and third research questions 

regarding beliefs about the use of ICT in the classroom and the relationship of these beliefs to 

those about the nature of mathematics. In the case of this study, the design choice was an 

“explanatory design model” (Creswell & Plano Clark, 2007, p. 86). In this model, a quantitative 

phase is followed by a qualitative phase. The quantitative data are used to gain initial information 

from the target population and to purposefully select participants for the qualitative phase. 

Creswell and Plano Clark (2007) explain that in an explanatory design study, the qualititative 

phase is weighted more heavily than the quantitative phase, and its results are closely related to 

the results gathered from the quantitative phase.   
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Method 

 This mixed-methods study consisted of two phases, a questionnaire and a set of follow-up 

interviews. The questionnaire was used to identify the range of beliefs around the nature of 

mathematics that existed in the students cohort prior to entering the Bachelor of Education        

(B. Ed.) program at an Ontario University. The interviews then explored how preservice teacher 

beliefs about the nature of mathematics manifested themselves in those who identified 

themselves as fallibilist or absolutist on the questionnaire, and how those beliefs related to the 

instructional models that the preservice teachers would use to teach with ICT.  

 The quantitative phase of this research consisted of a questionnaire filled out by incoming 

teacher candidates. The purpose of the questionnaire was to identify the beliefs about the nature 

of mathematics that existed within the incoming cohort of teacher candidates, and to identify 

potential interview participants. 

 The qualitative phase included data collection through semi-structured interviews. The 

qualitative phase of the study was used to help gain a deeper understanding of the beliefs about 

the nature of mathematics and, through video-elicitation, the intended uses of ICT that existed 

within a sample of the incoming cohort of teacher candidates.  

Participants and Selection Procedure 

According to Yin (1989), the most crucial aspect in understanding a desired phenomenon 

revolves around accurately choosing the desired participants. The participants in this study were 

preservice teachers in the primary-junior (PJ) stream. All PJ preservice teachers enrolled at an 

Ontario university for the school year of 2011-12 (approximately 350) received a link to an 

online questionnaire via email. The questionnaire was hosted by StudentVoice, an online survey 
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service licensed by the university. This distribution method was selected as it allowed the 

questionnaire to be completed prior to students’ arrival at the university. 

The Registrar’s office emailed a link to the questionnaire to all potential participants 

beginning the B. Ed. program on August 19, 2011. A follow-up email was sent two weeks after 

the original link was distributed. The emails indicated that the questionnaire was voluntary in 

order to help avoid having participants experience a feeling of coercion. It was stated that the 

questionnaire was optional, that no instructors were aware of whether the preservice teachers 

completed or did not complete the questionnaire, and that completion or incompletion of the 

questionnaire had no effect whatsoever on their future in the B.Ed. program.  

Before beginning the questionnaire, participants were required to review the Letter of 

Information (LOI). Agreeing to participate in the questionnaire was considered confirmation that 

they had read the information. Upon completion of the questionnaire, the preservice teachers 

were given the opportunity to input their name and contact information should they be interested 

in participation in the interview phase of the study. 

The questionnaire placed the participants’ beliefs about the nature of mathematics along a 

scale from absolutist to fallibilist. The participants for the interview phase of the study were then 

selected using maximum variation sampling based on the results of the questionnaire (McMillan 

& Schumacher, 2010). McMillan and Schumacher (2010) describe maximum variation sampling 

as selecting participants who show “maximum differences of perceptions about a topic among 

information-rich informants or group members” (p. 326). According to Patton (2002), maximum 

variation sampling firstly involves identifying the characteristic(s) used to construct the sample. 

In the case of this study, the characteristic was beliefs about the nature of mathematics. 
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Secondly, Patton (2002) notes that one must select participants who are as heterogeneous as 

possible based on the chosen characteristic(s).  

Patton (2002) noted that when complete, analysis using maximum variation sampling 

should provide high-quality, detailed descriptions of each group (in this study, absolutist and 

fallibilist). Analysis should also provide a thick description of the similarities across both groups 

as well as the differences between the two groups. 

Participant selection began at the poles of the scale based on the results of the 

questionnaire. Eight interview participants were selected, four who appeared to hold a fallibilist 

view of the nature of mathematics and four who seemed to hold an absolutist view of the nature 

of mathematics.  

Data Collection  

 Data collection began one month prior to the commencement of classes in the 2011-12 

school year and extended into the first three weeks of the term. This timing was chosen to ensure 

that the beliefs of preservice teachers were examined as close to the beginning of the teacher 

education program as possible.  

 Questionnaire. A questionnaire developed by Golafshani (2005) and based on the work 

of Edwards (1994), Ross, McDougal and Hogaboam (2001) and Stripek, Givven, Salmon and 

MacGyvers (2001) was modified for the purposes of this study. The questionnaire had two 

separate sections: teachers’ beliefs about the nature of mathematics and teachers’ beliefs about 

the teaching of mathematics; however, only data from the first section were used for this study. 

A list of the questionnaire items has been attached (See Appendix A).  

Singleton and Straits (2001) noted survey instruments often undergo several pilot tests 

and revisions to help ensure that the questions are drawing out the desired information. In this 
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study, a pilot test of the questionnaire was conducted with a group of five graduate students 

within the Faculty of Education. These testers were selected because they were from a similar 

demographic as those who would be participating in the study; they had recently completed their 

Bachelor of Education degrees with a P/J focus. Based on the comments from those who took the 

pilot test, minor revisions to wording were made to some items. It was estimated that the 

questionnaire would take approximately 20 minutes to complete. Of the approximately 350 

people who received the link for the questionnaire, 138 participants completed it. This translated 

into a return rate of approximately 40%.  

 In-depth interviews. Once interview participants were selected, they were contacted by 

myself and given further information about the study (including a second LOI). Participants were 

asked to sign a consent form to confirm their agreement to participate in the interview. 

Interviews took place within the first three weeks of the 2011-12 school year. This timeline was 

selected because it was hoped that the students’ beliefs would not yet have been greatly 

influenced based on what they were learning in the Bachelor of Education program. It was 

thought that the perceptions of mathematics that the preservice teachers held would be based on 

prior mathematics experiences. Each interview took place at a time and location convenient to 

the interviewee.  

Interviews were scheduled for 60 minutes, though most lasted for between 30 and 40 

minutes. In the interviews, participants were provided with an explanation of the study, an 

outline of the agenda for the interview, and informed that the interview would be recorded using 

an audio recording device and that notes would be taken by the interviewer. Participants were 

then asked a series of semi-structured interview questions. For the interview protocol, see 

Appendix C.  
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Beyond providing an additional exploration of the results of the questionnaire, the 

interview was intended to help me gain insight around the beliefs and perceptions of potential 

classroom practice of the participants. The interviews questions involved three themes: 

(1) participants’ past experience with instruction and ICT use in the mathematics classroom; 

(2) participants’ beliefs about the source, stability and structure of mathematical knowledge 

(Buehl & Fives, 2009); and (3) participants’ beliefs about the use of interactive whiteboards 

(IWB) in the classroom. The first two themes consisted of an exploration of personal histories 

and responses to questionnaire statements regarding beliefs about the nature of mathematics. 

These themes were intended to explore the results that participants generated on the 

questionnaire, as well as to verify their beliefs about the nature of mathematics as being either 

absolutist or fallibilist. The third theme explored various examples of IWB use in the 

mathematics classroom, and was supported by the use of video-elicitation. 

 The use of video-elicitation. The use of video elicitation strategies is increasing amongst 

educational researchers (Chavez, 2007). Video elicitation can be defined as the use of videos in 

an interview to assist the participant in expressing a belief or understanding (Taylor & Caldarelli, 

2004). Pink (2004) points out that “when we do visual research, be it video or photographic 

interview...we are actually mixing the visual with other perhaps more established qualitative 

methods” (p. 395). Video elicitation can be particularly useful when attempting to explore 

teaching beliefs. As beliefs are often located on a subconscious level, they can sometimes be 

difficult to articulate (Taylor & Caldarelli, 2004). The use of video can help participants to 

articulate around those beliefs (Taylor, 2002).  

 Although photo-elicitation has long been drawn on as an interview tool (Harper, 2002), 

video-elicitation has been a fairly recent development. The development of video-elicitation has 
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come with some challenges. As Chavez (2007) suggests, videos can never fully replace the 

complexities of working in a real classroom. As well, video-elicitation activities often need to be 

focused to “ensure that observers become critical, reflective and analytical” (p. 269). If this is 

achieved, preservice teachers can gain an increased consciousness of their own knowledge, 

beliefs, values and feelings. To help focus the video-elicitation activities, participants were 

shown a handout explaining the context and goal of the lesson being portrayed in the videos.  

 The second section of the interviews involved participants watching three short (one-

minute) videos. The videos were developed by a team at Trent University led by Dr. Cathy Bruce 

and are publically available at http://www.tmerc.ca/classroom.php. The videos were constructed 

to demonstrate the range of use of IWBs in mathematics classrooms (Bruce et al., 2008). 

 One issue common to visual-elicitation methods involves researcher bias in selection of 

what will be shown to participants (Taylor, 2002). The videos that were shown were intended to 

present IWBs being used in three distinct ways. However, what represents these uses to the 

researcher might be very different to how the participant views these uses. To help account for 

researcher bias, twelve videos were selected, each showing different levels of IWB use. The 

videos had been previously divided by level of use (Bruce et al., 2008). These videos were 

shown to two graduate students in the Faculty of Education. The graduate students were asked to 

watch each video and score it from one to twelve (one being the most traditional, twelve being 

the most constructivist). The coders were then asked to discuss their scores and agree on the 

videos best exemplifying traditional and constructivist instructional models. This process helped 

to reduce researcher bias (Yadav & Koehler, 2007). 
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 Video 1: Investigation. Video 1 showed students working in a small group at the IWB. 

Students were using virtual manipulatives to investigate the properties of a triangle. The students 

were closest to the IWB, and the teacher was behind them providing support when needed.  

 Video 2: Math Talk. In a follow-up to Video 1, Video 2 showed groups of students using 

various virtual manipulatives to explain to the class, in their own words, why certain shapes may 

or may not fit the definition of a triangle. The students had free use of the IWB and the teacher 

was not pictured in the video.  

 Video 3: Non-Dynamic Demonstration. Video 3 showed an introduction to a lesson in 

which the teacher used the IWB to display a photograph of a trapezoidal table with five chairs. 

The photograph was taken in the school library. In this video, the teacher is at the front of the 

class and is attempting to impart her knowledge to the students. A series of closed-answer 

questions were asked, and one student was assigned to circle a specific spot on the IWB to 

confirm an answer.  

 Prior to viewing the videos, participants were asked to review brief lesson plans to help 

demonstrate the context of the classroom in the video. This was intended to help focus the 

interviewee’s attention on how the IWB was being used by the teacher and/or students. However, 

the participants were not told about the various levels of use prior to viewing the videos. 

Following each video, participants were asked questions about what aspects they appreciated 

within the video. Specifically, they were asked about the teacher’s use of the IWB, the teacher’s 

apparent instructional model, the student(s)’ use of the IWB, and the role that the students were 

playing in the classroom (See Appendix C). 
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Data Analysis 

 Quantitative analysis. Responses from the questionnaire were analyzed using the 

attached scoring chart (See Appendix B). The questionnaire consisted of 42 Likert-style 

statements that could be broken down into two sections. The first section contained 15 items and 

revolved around beliefs about the nature of mathematics and the use of ICT in the classroom. 

The second section concerned beliefs about the teaching of mathematics and consisted of 26 

items. Each Likert-style statement had five response options: strongly agree, agree, disagree, 

strongly disagree, and prefer not to answer.  

As the Likert-style statements were worded either positively or negatively, the scores on 

some items had to be reversed. After reversing the scale for appropriate statements, total scores 

from the two sections were calculated for each participant. For this study, only scores from the 

first section were examined. The scores from this section were then used to determine the 

number of candidates holding distinctly absolutist or fallibilist beliefs about the nature of 

mathematics. The scale ranged from 1.0 and 4.0. Those who received scores of 2.6 or higher 

were considered to hold absolutist beliefs, while those who received scores of 2.4 or lower were 

considered to hold fallibilist beliefs.  

Based on this analysis, eight respondents were contacted to participate in interviews. The 

participants who were chosen were those whose questionnaire results indicated the most distinct 

fallibilist or absolutist beliefs about the nature of mathematics.  

 Qualitative analysis. Interview data were transcribed verbatim and member checking 

was used to ensure accuracy (McMillan & Schumacher, 2010). Each respondent was provided 

with the full transcript of their interview. The transcripts were then analysed qualitatively using 

an inductive data analysis procedure. 
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Data were coded using the coding software ATLAS.ti, and the procedure followed three 

steps that were laid out by Strauss and Corbin (1990): open coding, axial coding and selective 

coding. The coding process began with open coding, defined as “the process of breaking down, 

examining, comparing, conceptualizing, and categorizing data” (Strauss & Corbin, 1990, p. 61). 

This phase of coding began during the interviews, and continued through transcribing and 

transcription review. Open coding allowed for the majority of codes to emerge from the data. In 

all, 405 codes were developed.  

Next, axial coding was employed to help bring the data back together in a meaningful 

way. Axial coding involved finding similarities in the codes developed in the open coding stage 

and grouping them together to form various categories and connections between categories 

(Strauss & Corbin, 1990). Axial coding allowed me to create a profile for each interview 

participant by grouping codes relating to categories such as personal history, beliefs about the 

nature of mathematics, and beliefs about teaching, learning and IWB use. From these categories, 

it became apparent that participants could be grouped together based on similarities of their 

beliefs about the nature of mathematics and their perceptions of IWB use. Thus began the third 

step, selective coding.  

Strauss and Corbin (1990) note that selective coding is a process that relates the 

categories to a major theme. In the case of this study, various categories were pulled together 

around the theme of the relationship between beliefs about the nature of mathematics and 

appreciation of perceived IWB use in the classroom. Selective coding helped me to see the 

similarities and differences between the participants, and compare and contrast various 

categories in order to explain various themes. Examples of open, axial and selective coding can 

be seen in tables 2, 3 and 4 in the next chapter. 
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Enhancing the Quality of Data and Results of the Study 

  According to McMillan and Schumacher (2010), the validity of a qualitative study is 

increased when there is “congruence between the explanations of the phenomena and the 

realities of the real world” (p. 330). Several strategies were implemented in order to enhance the 

validity of my study, including: a multi-method strategy, mechanically recorded data, and 

member checking (Bashir, Afzal & Azeem, 2008).  

  Interview data, once collected, were used to help confirm data that were acquired through 

the questionnaire. This process is known as triangulation (McMillan & Schumacher, 2010). All 

interviews were recorded using an audio recording device. Interview recordings were transcribed 

using participant language and verbatim accounts. Member-checking and participant review was 

used to ensure the accuracy of transcriptions of interviews. (Bashir, Afzal & Azeem, 2008; 

McMillan & Schumacher, 2010). Though all eight respondents reviewed their interview 

transcripts, no changes were required.  

  Reliability of content analysis was improved by the use of a second coder. According to 

Scott (1955), the use of a second coder to determine inter-rater reliability can improve the 

accuracy of content analysis. Using 10 codes, Ms. Penn, a graduate student in the Faculty of 

Education whose research interests also lie in the area of preservice teachers’ beliefs about the 

nature of mathematics (Penn, 2012), independently coded 20% of the interview data. The codes 

were selected because they were known to be familiar to Ms. Penn. The codes that were selected 

came from second-level (axial) coding, and included: source, stability, structure, traditional 

instructional model, constructivist instructional model, advanced IWB use, basic IWB use, 

appreciation of student IWB use, appreciation of teacher IWB use, dislike of IWB use. 
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Once the data were coded, results between myself and the second coder were compared, and 

discrepancies were either resolved or recorded. Inter-rater reliability was then determined using 

the Pi calculation and Cohen’s Kappa calculation (Gwet, 2002). Both calculations produced 

values of 0.81, which indicates adequate agreement (Landis & Koch, 1977).  

  Reflexivity refers to self-scrutiny by the researcher. As it is impossible to eliminate 

researcher bias, reflexivity helps to ensure the credibility of inferences made by the researcher by 

identifying and accounting for those biases held by the researcher (Stake, 2010). To enhance 

reflexivity, I used peer-debriefing. As Lincoln and Guba (1985) explain, peer-debriefing can help 

to uncover biases, perspectives and assumptions made by the researcher, helping to expose ideas 

that may otherwise remain unstated. I also used a reflex journal, which allowed me to record 

decisions and rationale for those decisions, as well as personal thoughts and reactions throughout 

the research (McMillan & Schumacher, 2010). As Miles and Huberman (1994) note, this is 

important so that others can understand and scrutinize my decisions.  

   The following chapter will describe the results that were discovered using the data that 

were gathered through a two-phase process. The two-phase process consisted of a quantitative 

phase in the form of a questionnaire, followed by a qualitative phase in the form of in-depth 

interviews.  
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Chapter Four: Results 

 The results for this study were acquired through two phases of data collection; a 

questionnaire and follow-up interviews. The questionnaire had two purposes: to provide an 

overview of preservice teacher beliefs, and to act as an opportunity to select interviewees. The 

follow-up interviews were intended to provide a deeper exploration of participants’ beliefs about 

the nature of mathematics, clarify the absolutist or fallibilist label as determined by the 

questionnaire, and explore participants’ beliefs concerning the use of IWBs.  

 In this chapter I begin by discussing the overall picture of beliefs about the nature of 

mathematics as determined using the questionnaire. I will then provide individual profiles of 

interview participants, focussing on their histories with mathematics, their beliefs about the 

nature of mathematics, and their ideas regarding the use of IWBs. Finally, I will examine various 

themes that were common within each belief group, absolutist and fallibilist.  

Primary/Junior Teacher Candidates’ Beliefs about the Nature of Mathematics 

 The questionnaire was administered between August 1st and September 4th, 2011. Of a 

possible 350 participants, 138 preservice teachers in the Primary/Junior stream completed the 

questionnaire. The mean score for each participant was calculated and is displayed in Figure 2. 

The data approaches a normal distribution with a mean of 2.53 and a mode of 2.5. To explore the 

variation in responses from individuals, the standard deviation of the responses on the 15 

questionnaire items was calculated for each respondent. The mean of these standard deviations is 

0.91. On the questionnaire, 124 of the respondents generated mean scores between 2.0 and 3.0. 

This suggests that many participants responded to questionnaire items with a mix of absolutist 

and fallibilist positions. The mean of the individual standard deviations (0.91) indicates that, in 

general, the mix of absolutist and fallibilist responses was made up of agreement or disagreement 
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responses to items, as opposed to strongly agree or disagree responses. These results suggest that 

the majority of teacher candidates who responded to the questionnaire did not have an image of 

mathematics that fell neatly onto the absolutist or fallibilist side of the scale.  

 It should also be noted that only 14 participants scored below 1.9 or above 3.1, implying 

that few responded consistently with strong agreement for either absolutist or fallibilist positions. 

However, there were 23 participants who scored between 3.0 and 4.0, and nine participants who 

scored between 1.0 and 2.0. As 17% of participants scored 3.0 or higher and only 7% scored 2.0 

or lower, it can be said that more teacher candidates held strong absolutist beliefs than strong 

fallibilist beliefs.  
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Figure 2. Mean scores of individual preservice teachers beliefs concerning the 

nature of mathematics (N=138). The black line indicates the score at which 

participants hold neither fallibilist or absolutist beliefs. 
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 Of the 138 participants who completed the questionnaire, 35 indicated that they would be 

willing to participate in follow-up interviews. From these 35 possible interview participants, 

maximum variation sampling was used to select eight interview participants whose beliefs about 

the nature of mathematics differed as much as possible (four who indicated that they held 

primarily fallibilist beliefs about the nature of mathematics and four who indicated that they held 

primarily absolutist beliefs about the nature of mathematics). Four interview participants were 

classified as having fallibilist beliefs: Gary, Colleen, Frank and Albert. Four interview 

participants were classified as having absolutist beliefs: Harriet, David, Emma and Betty. Table 1 

displays each participant’s name, mean score on the questionnaire, and the order in which they 

were shown the videos.  
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Table 1 

Participant name, mean score on questionnaire and video order 

Participant Name Mean Score on Questionnaire Video Order 

Gary 2.07 3, 1, 2 

Colleen 2.14 3, 1, 2 

Frank 2.29 1, 2, 3 

Albert 2.36 1, 2, 3 

Betty 2.61 3, 1, 2 

David 3.00 1, 2, 3 

Emma 3.00 1, 2, 3 

Harriet 3.14 3, 1, 2 

  

 After completing the questionnaire, the eight interview participants answered questions 

about their personal histories with mathematics, their beliefs about the nature of mathematics, 

and their perceptions of the teaching and IWB use as seen in three videos. These data, along with 

data acquired from the questionnaire, were then used to make descriptive narrative profiles for 

each interview participant. 

The Nature of Mathematics and Effective use of IWBs: Beliefs of Individual 

Primary/Junior Teacher Candidates 

Based on the data acquired from the interviews, descriptive narrative profiles were 

created for each participant. The profiles were created to highlight the histories, beliefs about the 

nature of mathematics, and the responses to the videos of each participant. The profiles are 
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organized based on the score each participant generated on the questionnaire, beginning with the 

lowest.  

 Gary. Gary’s questionnaire responses generated a mean score of 2.07, which fell well 

within the fallibilist range on the scale. The standard deviation of 0.6 indicated that Gary did 

agree or strongly agreed with the fallibilist position on most items. For no item did he indicate 

strong absolutist beliefs.  

 History. When asked if he liked math as a child, the first thing that Gary said was “no, I 

didn’t like it at all” (G-19). Gary disliked mathematics so much that he said “spelling and math, I 

think, pretty much exclusively are one of the strongest reasons I lack confidence in the world...I 

felt very stupid and still feel very stupid about my performance in school” (G-21).  

 Gary did note that in grade nine, things changed; “my grade nine teacher was a stronger 

teacher. And I felt like I got a lot of the core understanding back” (G-31). However, Gary was 

unable to remember any specifics about teachers prior to that time.  

 Gary graduated high school in the early 1990’s. Regarding technology use in his 

classrooms, Gary claimed that it was virtually non-existent. “I really only remember using 

calculators, and even then it was pretty limited, pretty rare” (G-33).  

 Beliefs about the nature of mathematics. Gary held strong beliefs about the source of 

mathematical knowledge. 

I think that mathematics is a perceptual tool to be able to investigate the world 

around us, and there are probably patterns that are recognizable and interpretable. 

But whether there’s a, I mean, is the golden mean a creation of man and mind? 

Yea and it’s also a beautiful ratio. So yea, I’m going to have to say that it’s a 

combination of both, recognizing tools, and recognizing patterns. (G-73) 
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This statement demonstrates that Gary understood mathematics to be a tool created by humans 

through recognizable patterns.  

 Gary’s fallibilist beliefs continued to become apparent in his discussion around the 

stability and structure of mathematical knowledge. Regarding stability, Gary noted “I think it’s 

very fluid...I think it’s something that is changing,” (G-9) later explaining that “our base of 

understanding of what information is and what is solid changes as well” (G-11). From these 

statements, it seems that Gary believed that mathematical knowledge changes as human 

understanding evolves.  

 Concerning the structure of mathematical knowledge, Gary described something that was 

integrated and flexible. Gary explained this integration by saying “I see that there are math 

opportunities in music and in cooking and that math isn’t about stable, hard things, it’s more just 

about sort of assumptions in a general region” (G-13). Further, Gary noted that “it doesn’t have 

to be to 2+2=4, it doesn’t have to be that syllogistic logical truth” (G-13).  

 On the questionnaire, Gary produced a mean score of 2.07, which fell on the fallibilist 

side of the scale. Gary’s responses to interview questions regarding the source, stability and 

structure of mathematical knowledge confirmed his fallibilist beliefs.  

 Video responses. Though Gary was critical of how the teacher only focused on a small 

group in Video 1, he did appreciate the student discussion that was happening. “I’ve started to 

realize that a noisy classroom is probably a good thing,” (G-96) Gary said, “It probably drives 

the teacher a little crazy, but in terms of personal learning, it’s probably better for the kids”     

(G-96).  

 Regarding the use of the IWB, Gary was unimpressed with what he saw in Video 3.  
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I was kind of surprised why she actually needed [the IWB] for that. It just seemed 

like she just as easily could have had those tables and moved them around. And I 

think it would have been more effective, more interesting. (G-65) 

In contrast, Gary appreciated the use of the IWB in Video 1 much more.  

They are clicking between different pages, and they are manipulating the thing. 

And the other one [Video 3] was just a, I mean it could be a slide, big deal, who 

cares. But this one, well it’s interactive, there’s some back and forth with it.      

(G-92) 

Gary felt that, although there were some positive uses of the IWBs in the videos, the technology 

needs to be pushed further to help student learning. “I think the technology demands that we start 

thinking about it in a more creative way,” (G-130) Gary said, “I don’t know, I just think we’re 

very limited in our view, our use and perception of this machine right now” (G-130). The uses of 

the IWB that Gary valued relate to Beauchamp’s (2004) advanced and synergistic levels. 

 Colleen. Colleen’s questionnaire responses generated a mean score of 2.14, which fell 

toward the fallibilist end of the scale. However, the standard deviation of 0.9 indicated that 

Colleen disagreed with the fallibilist position on some items. In fact, Colleen strongly agreed 

with the absolutist position on the statement: mathematics is out there to be discovered.  

 History. In her interview, one of the first things that Colleen noted was “I don’t 

remember math ever being fun” (C-5). Colleen stated that she could “learn from a teacher who 

stands at an overhead projector and writes on the sheet...by copying notes and studying them” 

(C23). This suggests that although Colleen’s teachers subscribed to a traditional instructional 

model, she was receptive to it. She later clarified her thoughts on the instructional model she 
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experienced, noting “I’m sure some people suffered because of a lack of fun, I suppose, of, um, 

lack of interactivity” (C-23).  

 Concerning technology, Colleen explained that she “can’t remember anything ‘mathy’ 

that was visually exciting” (C-23). It is interesting to note that when asked about technology, 

Colleen immediately mentioned the potential visual aspect. Colleen graduated from high school 

in the late 1990’s, so it was expected that she would have used some sort of technology at some 

point.  

 Beliefs about the nature of mathematics. When discussing the source of mathematical 

knowledge, Colleen focused on how it is learned. She stated that even though she personally 

visualized math as structured and rules-based, she knew that there were “many ways in which 

kids can learn it without it being so structured and rules-driven and having to memorize 

everything” (C-3). Further, she noted that “there are people whose minds work like that, work at 

challenging rules and trying to break them and trying to make it different and coming up with 

whole new theories and it happens every day” (C-11). These quotes suggest that although 

Colleen found it easier to think of mathematics as a set of rules, she believed that these rules 

were not only created by humans but could also be changed by humans. 

 Colleen’s beliefs about the stability of mathematical knowledge were reinforced when 

she stated: 

I would say that it is easier for me to deal with it as an entity that is stagnant, that 

stays the same, that I can teach, that is something that, there’s almost something 

tangible about it, because it’s rather intangible. However, I know that someone’s 

job somewhere is to consistently change things and work with changing 

information. (C-13) 
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Again, Colleen was describing her feelings that although it was easier for her to think of 

mathematics as an unchanging entity, and perhaps even teach mathematics that way, she 

believed that change or evolution within the discipline of mathematics may in fact occur. 

 Finally, Colleen explained how she thinks mathematical knowledge is structured. “I 

know that I built my math knowledge up from a base and it grew just as language grows, right, 

you build on the knowledge that you have” (C-15). This statement would suggest that Colleen 

believed that mathematical knowledge takes the form of a hierarchy, in which new knowledge 

being built onto already existing knowledge. She also commented on her understanding, now, of 

mathematics being integrated with other subjects by saying: 

 I got a math award in grade 8, but after that I turned to art because in art we 

didn’t talk about math and numbers and, even though actually there are quite a 

few things about design that are related to math, it didn’t come up in my mind as 

math. (C-5) 

And later: 

I happen to know that the mathematical part of the brain, the processing part, is 

near the music area, and I’m in arts-based education so I’m actually working with 

how to teach subjects so that I enjoy them and kids can read my passion for the 

subjects. So that kind of thing is interesting to me in that we must register music 

in a particular way and if that’s nearby the math function then perhaps it’s a 

similar way of registering mathematics. (C-15) 

 On the questionnaire, Colleen produced a mean score of 2.14, indicating that she held 

fallibilist beliefs toward the nature of mathematics. Though Colleen indicated that for her 

52 
 



 
 

personally learning mathematics would be simpler if it was absolute, she did express that she 

believed in the potential for a fallibilist nature of mathematics.  

 Video responses. In the interview, Colleen described an admiration for the role that the 

teacher took in Video 1: 

I liked the respect between teacher-student in that one ... their talking, their having 

conversations, she’s obviously got quite a level of respect for and from her 

students ... to be able to stand and be able to listen to their discussion, and for 

them not to be worried about not knowing the answer and just being, just 

discussing what the options are and what could possibly be the solution to that 

problem. (C-43) 

Colleen appreciated the teacher’s ability to act as a facilitator, to trust her students enough to step 

back and let them work at the problem. This appreciation came across again was Colleen said “I 

also saw good conversation between the teacher and the students, where they were kind of 

questioning things and the teacher wasn’t giving them any concrete answers, she was just 

allowing them to come up with ideas” (C-47). 

 Regarding IWBs, Colleen contrasted the differences in Videos 1 and 3 by saying: 

 I suppose in [Video 1] they were using the technology to a higher potential, right? 

... [they could] pull up whatever tools they thought they might need, move things 

around, touch shapes, measure them, to try to figure out what they needed to do to 

solve the problem. (C-45) 

 These notions of the IWB being used to a higher potential echo what was described by Bruce et. 

al. (2008), who note that the students in Video 1 were able to record their thinking and illustrate 

their ideas using the tools provided by the IWB. Bruce et al. also explain that the students in the 
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video were able to use various screens within the IWB and that when finished, the students were 

able to save their work for future use. Colleen’s statement also relates to Beauchamp’s (2004) 

advanced user level, in which students are given the freedom to select the tools on the IWB that 

they think will be most appropriate to solve a problem.  

 Colleen repeated these ideas, saying “The whole point of using an [IWB] is that it can do 

so many things at once or it can hold so much information and you don’t need to have four 

whiteboards, you can have one [IWB]” (C-45). Colleen’s statement suggests that she believed 

that the IWB was being used at a higher level because the teacher, and through her the students, 

were using the tools that the IWB offered to help achieve deeper thinking and greater learning.  

 Frank. Frank’s questionnaire responses generated a mean score of 2.28, which fell on the 

fallibilist side of the scale. The standard deviation of 0.9 indicated that Frank disagreed with the 

fallibilist position on some items. On one occasion Frank indicated strong agreement for an 

absolutist position.  

 History. Frank was another of the few participants who enjoyed math as a child and was 

successful in the subject. “I loved it, I did fabulous in math ... I was always really good at math ... 

I was a gifted learner in all areas, I was, you know, the head of the class on, there was, like, 

scholarship tests where I was going to school, so I did well in every section” (F-21).  

 This enjoyment of math continued through most of Frank’s schooling. “You know, a lot 

of my teachers were really pretty good,” (F-35) Frank explained, at “just being really animated 

and really excited about math, and I think that really helped a lot” (F-35). However, in Frank’s 

final year of high school; “I started OAC calculus and I did absolutely horribly” (F-21). He later 

explained that “it was calculus, and I’m sure it was in the way it was taught. I’m pretty 

convinced that somebody who was really good at it could find a way to make me understand 
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what was happening there” (F-21). When encouraged to expand on why he thought it was the 

teacher, Frank said: 

He was like, with the same overheads he used in 1965, for sure, you know, and he 

was a couple years away from retirement so he had just had enough, and he 

wasn’t interested and his teaching style wasn’t really working for, like, really 

connecting with the students. (F-25)  

These quotes demonstrate that as a mathematics student, Frank responded well to teacher-

enthusiasm about the subject, but less well to an overtly traditional instructional model. 

 Frank finished high school in the mid-1990’s. When asked about technology use in his 

classrooms, Frank had a specific memory: 

You know, one thing that really grabbed me in elementary school was there was 

this computer game about and/or/not gates. And it was like taking these little 

symbols of and/or/not gates and building little flow charts to do basic sort of 

programming tasks. It was amazing. (F-39) 

In this quote, Frank may be referring to a piece of software called Rocky’s Boots. Frank was one 

of only two interview participants to recollect experiences using the type of technology through 

which the student has the opportunity to make decisions based on open-ended problems in his 

mathematics education. 

 Beliefs about the nature of mathematics. When asked about the source of mathematical 

knowledge, the first thing that Frank mentioned was language. He stated, “certain things happen 

that people can’t understand and then they realize that it happens with a certain amount of 

regularity or with certain other factors becoming involved, and so they figure out a language to 

express that,” (F-3) and then, “it becomes basically sort of a wanting to find a language to 
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explain the world around us” (F-3). Here, Frank was in agreement with the fallibilist image of 

humans constructing language to describe the patterns seen in the world around them. He later 

clarified this idea by explaining:  

it is a language that we’ve invented to explain certain phenomena, so people have 

collectively agreed on certain rules, and, you know, the PEDMAS order of operations or 

whatever is a simple example, right? Like we’ve agreed that we should solve formulas 

this way and if you write a formula with parenthesises, this is how your formula will be 

interpreted, right? It’s rules that we’re making up. (F-11) 

In this quote Frank was describing a belief that is in line with the fallibilist point of view; 

humans have noticed a pattern, and developed a mathematical way of talking about it. When 

encouraged to expand on his beliefs about the these observed patterns, Frank said: 

I mean, the things in and of themselves, you know, the Kantian thing in itself, that 

exists outside of our experience of it? Sure, I mean, I’ve come around to thinking 

that there are things in the universe that actually happen that we don’t even notice 

or have a language for. (F-5) 

This quote further demonstrated Frank’s commitment toward fallibilist beliefs, as he explained 

that although there may be a perfect world out there, all that humans are able to base their 

knowledge from is their perceptions of that world. 

 Concerning the stability of mathematical knowledge, Frank said “the way that we 

understand the world around us and the way that we interpret it changes as we go” (F-7). Frank 

then expanded on that thought, saying “when it comes to mathematics, I think that should tend to 

stay sort of constant probably. There will probably be the odd change as new things come up and 

old things go out” (F-7). It seems that Frank was suggesting that although mathematics 
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knowledge will remain generally unchanging, there is the potential for change as new 

interpretations of the world occur.  

 On the questionnaire, Frank produced a mean score of 2.29, indicating that he held 

fallibilist beliefs toward the nature of mathematics. Frank’s interview responses reported above 

confirmed this.  

 Video responses. When discussing Video 2, Frank emphasized that he appreciated what 

the teacher was doing by saying “I do like the idea of ... [students] solving problems together, 

and then presenting that idea to the class and then having a discussion about it and we can all talk 

about whether they are right or not” (F-72). He later expanded on this, saying “I like the idea of 

making kids go through problem solving on their own and hit their heads against the wall and 

have problems, and figure them out. I think that’s really great.” (F-74).These statements 

displayed Franks appreciation of a teacher acting as a facilitator, being available to help students 

but not simply telling them how to arrive at an answer.  

 Concerning the IWB, Frank showed an appreciation for how it was used in Videos 1 and 

2. Frank said “It was cool, how they were all interacting with the board. I can see that as being 

kind of cool, actually, totally working” (F-65). This use of the IWB is similar to what 

Beauchamp classified as advanced, because students were interacting with the board with the 

freedom to use the tools that they thought would be most useful.  

  Frank also liked how the IWB could be used as a manipulative, saying “That could be 

pretty cool, like moving lines and various things to discuss visually the qualities of a triangle” 

(F-70). However, Frank was very confident about his dislike of how the IWB was used in Video 

3. When explaining why the IWB was used, Frank said “It’s just like Ok, come up and circle the 

thing on the board, because it’s cool, because it’s technology and we can write on this thing with 
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a pen, we’d better do it. Not useful.” (F-77). Frank recognized that the IWB was being used as a 

black/whiteboard substitute (Beauchamp, 2004), and did not see the value in this use. 

 Albert. Albert’s questionnaire responses generated a mean score of 2.36, which fell on 

the fallibilist side of the scale. However, the standard deviation of 1.2 for Albert’s score on all 

questionnaire items indicated that Albert did agree with the absolutist position on some items. 

On three occasions, Albert indicated strong agreement for an absolutist position.  

 History. In the interview, Albert expressed that he liked math through elementary school. 

Generally, he remembered being taught with a traditional teaching model, and on two occasions 

mentioned remembering tests, some of which went well and others less so. “I didn’t mind,” 

Albert said, “I like the tactile use of paper and stuff like that” (A-23). One particular experience 

was remembered from grade nine; “I do remember getting to work with gears and do some 

hands-on math, which I thought was really valuable” (A-17). As a student, Albert remembered 

completing mainly individual work, as opposed to group work, in math classes. Albert did notice 

when other students finished their assigned work before him: 

I remember [the work] was a lot more individual when I was in school, like math, 

and that the kids that stood out were probably the ones who were, um, asked to 

work pretty hard on it at home, or maybe just had a knack for it, and they were 

always the ones you would see finish first and stuff like that. (A-64) 

However, Albert noted that his feelings for math changed as he got older. He stated that he “then 

got really spooked by math later in high school” (A-19). Specifically, Albert remembered “my 

teachers in grade ten and, like, calculus or something later on, not being nearly as fun and 

interactive” (A-17). He remembered achieving poor results in these later classes and those results 

being discouraging to him. “I think I got 50% in calculus and it was like, well, I guess I’m not 
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suited to be an engineer anymore” (A-19). Albert remembered the calculus teacher who taught 

this class “only teaching to the bright ones” (A-19). He also mentioned that “a handful of 

students didn’t click with certain math teachers,” (A-21) and remembered “being jealous that he 

wasn’t in another teacher’s math class because it looked fun” (A-21).  

 Albert graduated from a high school in Ontario around 2003. The mathematics 

curriculum in place at that time made multiple references to the use of ICT. Also, the Ontario 

Ministry of Education, as well as many school boards in Ontario, had invested heavily in 

hardware and mathematics related software by this time. Thus, there was an expectation that 

Albert should have experienced ICT within his school program.  

 When asked about technology in Albert’s past math classes, Albert did have a specific 

memory: 

I do remember, like, one of the first computer programs I played in school, I was 

probably pretty young, like grade five or six or something, and it was like, Log? 

Or what was it called. it was basically this little triangle and you just sent it places 

and you told it what degree it would turn, and then you would send it a distance 

and make a shape. (A-23) 

It appears that Albert was referencing the LOGO computer language. However, Albert was quick 

to note that “it’s kind of a shame that, you know, for ten years after that I didn’t really use any 

technology that I can think of in math” (A-23). Albert was one of only two interview participants 

to remember using the type of technology through which the student has the opportunity to make 

decisions based on open-ended problems in his schooling.  

 Beliefs about the Nature of Mathematics. Albert began his interview by describing his 

beliefs about the source of mathematical knowledge. He explained his belief that mathematics 
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has been created over the course of human history. “It sort of reminds me of, you know, ancient 

civilization or something. People needed to start assigning values to something at some point, 

and so they devised methods and then it just grew from there” (A-5). When pressed on the issue 

of whether mathematical knowledge was created or discovered, Albert was quick to answer “it’s 

a creation, yea” (A-7).  

 The next set of questions involved the stability of mathematical knowledge.  

I definitely think that there are advancements happening always in math, probably 

beyond the basic level that might be classified as a law of math at this point. I’m 

sure there are some basics that won’t be reversed, but there is definitely a lot of 

room for growing and imagining. (A-9) 

This statement is important on two levels; it shows that Albert believed that mathematical 

knowledge is changing and evolving; at least at the periphery. Also, by including the word 

imagining, this statement further reinforces Albert’s stated belief that mathematical knowledge 

had been created by humans.  

 Finally, Albert was asked about the structure of mathematical knowledge. “It definitely 

has branches that are all interconnected,” (A-13) and then “They can definitely be linked 

together, and maybe not all at the same time; if you’re talking about, um, geometry, like angles, 

things like that, you might need to know algebra and substituting letters and things like that”   

(A-13). However, Albert suggested that he did not believe that mathematical knowledge had a 

hierarchical structure. “I don’t know if I would say hierarchy; it’s not really like there is the most 

important form of math and it branches down” (A-13). Based on these statements, it seems that 

Albert believed that mathematical concepts are integrated and connected in complex ways; 

however he did not believe that a hierarchy exists. He may have understood some ideas to be 
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more important than others, but he did not think that there is a primary concept from which all 

others flow.  

 On the questionnaire, Albert generated a mean score of 2.36, which suggested that he 

held fallibilist beliefs toward the nature of mathematics. This assumption was confirmed through 

the interview.  

 Video responses. In the interview, Albert provided indications that he appreciated the 

teacher taking on the role of facilitator. When discussing Video 1, Albert said “It wasn’t like she 

was showing them exactly, she let them play around for awhile, and then she came in and made 

them think about something else” (A-36). Then, after viewing video 2, Albert noted “[The 

teacher] is sitting in the back of the class probably, just letting them all discuss it themselves, 

which is really good” (A-45).  

 When discussing the use of IWBs, Albert was impressed by the students’ ability to 

“switch between slides and then, uh, add touches with the markers to show what points they were 

talking about” (A-47). He also added that “It was clear that they were questioning whether they 

could measure the [triangle] that was hand drawn or not. I’m sure that they could probably make 

a guess or something, but yea, it [the protractor] seemed like a helpful tool” (A-34). These 

comments suggest that Albert recognized advanced uses of IWBs as described by Beauchamp 

(2004), as well as what Bruce et. al. (2008) label ‘student investigation’.  

 Betty. Betty’s questionnaire responses generated a mean score of 2.61, which fell slightly 

on the absolutist side of the scale. The standard deviation of 0.5 indicated that Betty held a fairly 

neutral position on most questions, answering either agree or disagree, and slightly favouring 

absolutist responses.  
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 History. In her interview, Betty expressed vivid memories of being taught with a 

traditional teaching model in elementary school. “Back in the day when I was in a math 

classroom, like in elementary school, we would be taught first and then we would apply the 

knowledge” (B-13). She later went on to add, saying “I remember having to do multiplication 

tables and having to do long division on the blackboard” (B-21). Betty did remember a teacher in 

high school who she appreciated due to his ability to relate topics to real-life situations. “He 

taught data management and he made it really interesting. He kind of applied it to real life 

situations, like the lottery” (B-25). 

 When asked if she remembered educational technology being used in her classrooms, 

Betty replied “not really, no. We usually just did the blackboard stuff, worksheets, that’s about 

it” (B-29). This is of interest because Betty graduated from high school in the early 2000’s; the 

use of ICT was written into the Ontario mathematics curriculum by this point. It was therefore 

expected that Betty would have used ICT in her mathematics classroom.  

 Beliefs about the nature of mathematics. Betty began her interview by describing her 

beliefs about the source of mathematical knowledge. She described mathematics as a language, 

stating “it’s only with our perception that we kind of created names for them” (B-7). When 

encouraged to expand on what “them” were, Betty said “I think that we created the concepts of 

math” (B-7). Betty believed that humans had created concepts of mathematics based on 

perceptions, and then created a language to represent those concepts. This idea was strengthened 

by Betty when she noted that the source of mathematical knowledge is everyday experiences. “I 

think from everyday experiences, even if you’re not in a classroom, like you can learn math in 

the classroom obviously, but a lot of things like money, time, length, measuring, all that stuff is 

seen everywhere” (B-3).  
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 Concerning the stability of mathematical knowledge, Betty admitted that although some 

agreed-upon concepts were unlikely to change, others may. “I think that it will change, not in the 

sense that, like, the numbers or rules will change, right, but our perceptions, when they change, 

we’ll have a totally different take and response to the stuff around us” (B-11). She later expanded 

on this statement: 

There are some things that have kind of been proven, I believe. So like numbers, 

one, two, like the increments. Some things you can’t prove like zero, or the 

fraction three over zero or something like that. That would be uncertain. But 

something that is certain is something that is already proven or fixed. (B-17) 

This statement emphasized Betty’s belief that although the main concepts in mathematics are 

unlikely to change, there is room for change on the periphery of mathematics.  

 Finally, Betty was asked about the structure of mathematical knowledge. In stating “it’s 

only with our perception that we created names for them, and then kind of grouped them 

together, categorized them and then decided that, oh, this is geometry,” (B-7) Betty suggested 

that she believed mathematical knowledge to be connected. However, Betty noted that she did 

not believe that mathematical knowledge is hierarchical. “I don’t think it’s a hierarchy ... I think 

there are all different types of concepts in math, so although they may be interconnected you 

might not necessarily be like, oh, this is more sophisticated or this is more important” (B-15).  

 On the questionnaire, Betty generated a mean score of 2.62, which would place her 

slightly on the absolutist side of the scale. However, after further discussion regarding her beliefs 

about the nature of mathematics in the interview, Betty appeared to hold beliefs that were more 

in line with the fallibilist way of thinking.  
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 Video responses. In the interview, Betty indicated that she appreciated teachers giving 

students the opportunity to discuss problems. Betty said “I mean, people learn different ways. 

You can learn individually and stuff like that. But I think she got the class, I mean got the group 

members in the second [video] to engage more into conversation” (B-62). Then, when 

comparing Video 1 to Video 3, Betty said “I think I preferred [Video 1] because of the learning 

style, I mean cooperative learning really helps people learn” (B-62).  

 Betty saw the IWB as a tool that could be used to advance student learning. When 

commenting on Video 1, Betty noted “I think it was used pretty well in this one, because first of 

all students could move stuff around” (B-56), then “[the teacher] is ... engaging the students [to] 

actually figure out things on the board itself” (B-58). These uses are similar to what Beauchamp 

refers to as advanced or even synergistic (2004).  

 Betty also identified the use in Video 3 as a blackboard replacement. When asked if she 

thought the IWB was used well, she responded “I don’t think so. Because you can easily draw 

two desks. It’s the same thing as drawing on the blackboard, right?” (B-48).   

 David. David’s questionnaire responses generated a mean score of 3.00, which fell well 

within the absolutist range of the scale. However, the standard deviation of 0.9 shows that on 

some items David agreed with fallibilist views. On two occasions David indicated strong 

agreement for a fallibilist position.  

 History. When asked about his history in mathematics class, the first thing that David 

remembered was worksheets. “All I really remember is worksheets, you know, like, kind of just 

basic stuff” (D-22). Even though David went to school in various locations across the country 

(D-24), he always found math boring. “I was bored stupid,” David said, “I was really just bored 

and pretty much all the way through elementary school I was waiting for more interesting stuff to 
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come along” (D-24). David remembered his mathematics classes as being “aimed at the lowest 

common variable” (D-22). This statement suggests that David believed that the only people in 

his mathematics classes who were challenged were those at the lower end of the spectrum in 

terms of achievement. It seems that these experiences negatively affected David’s attitude 

toward mathematics for the remainder of his schooling; “by the time I started to get challenged 

by it, I didn’t want anything to do with it” (D-26).  

 David finished high school in the mid-2000’s, so he should have had some exposure to 

ICT. However, when asked about technology use, David responded “Oh God, no. Not in 

elementary school” (D-28). He mentions that the first time he saw a computer in a classroom was 

in grade five or six, but it was used to play non-educational games. David did remember using 

common non-technological mathematical tools: 

Just looking back, I remember using the protractors, dividers and compass and all 

that, it was, I guess it would have been neat if I had been allowed to play around 

with them a bit more. It got old really quick, just bringing out this little piece of 

plastic and putting it on [paper]. (D-47) 

While this quote lists some of tools that David did use in mathematics class, it also suggests that 

he would have perhaps enjoyed more student exploration in his classroom.  

 Beliefs about the Nature of Mathematics. When asked about the source of mathematical 

knowledge, David replied “Those smart mathematicians who have kind of, you know, 

discovered geometry” (D-6). When prompted on why he used the word ‘discovered’, David 

answered “I think it’s just been discovered; it’s a means of explaining the world, which is I guess 

what we do all the time” (D-8). David further explained his belief by stating: 
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It’s like, you know, like any kind of science or, you know, theories that we use to 

explain things, it’s, it has to be universal. I think it, well, it just exists outside of 

people, even if we didn’t look at it, you know, two apples plus two apples is still 

going to be four apples. It doesn’t matter if someone is looking at those four 

apples or not, right? (D-16) 

Not only did this quote demonstrate David’s belief that the source of mathematics is outside of 

humans, it also touched on mathematics being universal and therefore unchanging.  

 Asked about the stability of mathematical knowledge, David reiterated his statement that 

mathematics is universal; “I think it’s pretty static, um, there’s not much that can change it, 

right?... it has to be universal” (D-10). 

 Finally, when asked about the structure of mathematical knowledge, David described 

mathematics as: 

It’s probably something like a, like a tree branching out, right? Some are going to 

be a lot more related, like on one branch all these little twigs will be related but, 

you know, they might be almost totally unrelated other than looking back to their 

ancestor on the tree, right? (D-18) 

Based on this statement, it is safe to say that David sees strong connections between some 

concepts in mathematics, and loose or no connections between other concepts.  

 On the questionnaire, David generated a mean score of 3.00, which classified him as 

having absolutist beliefs. Based on the discussion around David’s beliefs about the nature of 

mathematics in the interview, his placement on the absolutist side of the scale was confirmed.  

 Video responses. When asked about what he thought of the teacher’s role in Video 1, 

David replied “I think the teacher did a great job just guiding them without spelling it all out for 
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them exactly what to do, you know, just the guide of look at this point, look at that point”         

(D-39). Later, when discussing Video 2, David said: 

 I think it was great, handing it over to the kids to explain in their own words and, 

uh, I guess, take the role of actual, they are little mathematicians out there, giving 

the explanation, you know, the whole presentation thing, right? (D-50) 

 Although these statements seem to show that David appreciated the teacher stepping back, one 

might wonder whether he believed that the students who were presenting were supposed to be 

acting as experts, passing information on to their peers.  

 Regarding IWB use, David saw it as a good way to get student attention. He said “I’m 

sure the kids have used a protractor before, and they’ve done the exact same thing ... on paper, 

but, you know, using new, throwing anything new into a classroom is going to keep their interest 

more than anything” (D-47). He later reiterated this point, stating “Using an [IWB], it’s more 

engaging I guess” (D-47).  

 David also noted his belief that one of the main benefits of IWBs was their use as a 

presentation tool. “It was great”, David said, “getting them presenting using something like that, 

I mean that’s what they are going to be doing ten years from then, right?” (D-54).    

 Though David had mixed views on the teacher’s technique in Video 3, he was impressed 

by the real-life example displayed on the IWB by the teacher.  

It was the picture that got them, they got to see a more of like a real world 

application to it, right? Why math’s important ... If [the situation in the video] 

actually came up, they would know ... we can move the tables this way. They got 

to see more of a real world application to [the problem], right? (D-59).  
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David seemed to believe that rather than it being the relevance or application of mathematics that 

engaged students, it was the picture where math might exist that got their attention. The IWB 

uses described by David are consistent with what Beauchamp (2004) labels Black/Whiteboard 

Substitute. 

 Emma. Emma’s questionnaire responses generated a mean score of 3.00, which fell well 

toward the absolutist side of the scale. The standard deviation of 0.8 suggested that Emma agreed 

or strongly agreed with the absolutist position on most items, but did disagree with the absolutist 

position on a few. On no items did Emma indicate strong fallibilist beliefs.  

 History. It became apparent in Emma’s interview that she was one of the few participants 

who enjoyed mathematics in her youth. Emma was quick to point out that her parents were her 

best teachers. “My dad was the one who has, who took the time to think through questions that I 

had” (E-25). Though she didn’t remember any of her classroom teachers “being particularly 

inspiring,” (E-23) Emma said “I didn’t have any that made me not like math” (E-25). She 

remembered one teacher who “taught to people who were independent learners and were 

motivated” (E-25).  

 When asked for specific memories of her math class, Emma recalled an instance of a 

traditional activity; “I had the Minute Math where we had those multiplication questions where 

we had to do as many as we could, and I wanted to do so well on them [that] I cheated a couple 

of times” (E-27). This statement suggests that Emma was motivated, even to the point of 

cheating, by the individual work that was assigned in her classrooms. When encouraged to 

expand on this, Emma stated “it was always inspiring, I liked the way it felt in my head” (E-27).  

 Emma also remembers mainly individual work in her classrooms; “There was very little 

collaborative work in my math classes, which I didn’t mind” (E-35). Emma later expanded on 
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this, explaining that there wasn’t any collaborative work “other than, like, measuring the school 

perimeter or distance of the school hallway together. But math, I think out of anything, we didn’t 

do projects” (E-37).   

 Emma graduated high school in the mid-2000’s. In her math classes, Emma remembered 

using only technology in which the user did not get to make decisions but rather solved close-

ended problems. “We did,” Emma said, “we went on and did the graphs in an ancient program, I 

don’t know if they still use it. But they used to call it data management, we had some kind of 

graph manipulation system” (E-31).  

 Beliefs about the nature of mathematics. Emma expressed strong beliefs about the 

nature of mathematics. When asked about the source of mathematical knowledge, Emma 

responded that mathematics was “evidence of a universe that is planned meticulously” (E-3), that 

mathematics is “put in place by someone far more intelligent than us,” (E-3) and that 

“[mathematics] are part of what holds this whole thing together” (E-13). These quotes 

demonstrate that Emma believed that mathematical knowledge exists in spite of humans and is 

therefore there for humans to discover. 

 Although Emma noted that “there is that element to be discovered” (E-3), she also stated 

that “there is a creative side of it, that kind of goes, is more evidence of the way we were created, 

to take what is there and to think about it and do something with it” (E-3). In this case Emma 

was referring to the language of mathematics, which she admitted is a human creation; “The 

principles themselves? Well, in a sense you could say that yes, we have created those principles 

to explain something even more objective” (E-9). However, “those even more objective things, I 

would say, are not a creation of the human mind” (E-9).  
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 When asked about the stability of mathematical knowledge, Emma was certain that 

mathematics was unchanging. “I would say that they are, in my knowledge, constants. As much 

as our universe is a constant” (E-13). “There’s more out there that could decide to change the 

rule,” (E-13) she noted, “but as far as we’re, as long as we will ever function on this earth, those 

things are constant” (E-13).  

 Finally, Emma saw the structure of mathematical knowledge as interconnected. She 

described mathematics as “something that dovetails with physics, something with music, it’s 

there, that is definitely the foundation of mathematics” (E-3). She also described mathematical 

knowledge as a hierarchy; it’s “done orderly, logically, it’s done, like, an info-structure that we 

can build other things on” (E-17).  

 On the questionnaire, Emma produced a mean score of 3.00, which placed her on the 

absolutist side of the scale. Based on Emma’s beliefs about the nature of mathematics as 

discussed in the interview, this placement was found to align with Emma’s beliefs.  

 Video responses. When asked about the goal of the teacher in Video 1, Emma said “I 

think her goal was to get them to explain something and have proof, and that’s what they did” 

(E-46). Later, when discussing Video 2, Emma noted “if you think something, that’s one thing. 

But the moment you have to verbalize it, that forces you to, to make a more concrete 

understanding of it” (E-55). In these videos, Emma perceived the teacher stepping back. Emma 

believed that the purpose of this was to force the presenting students to become the experts and 

teach the other students what they had learned. In Video 3, Emma again saw an expert at the 

front of the class, which she appreciated. “Well, there is certainly time for [teacher] talking and 

the students listening, as long as it doesn’t monopolize and the students zone out” (E-60). 
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 When discussing the use of IWBs in the videos, Emma repeatedly brought up the notion 

of size. “The [IWB] was a good tool because it was large and the whole class could see it”       

(E-51). After Video 3, Emma commented “Now this was an arrangement where they were all 

focused, everybody in the classroom was focused on the [IWB], so that’s another use” (E-58). 

These quotes suggest that Emma envisioned a major use of the IWB as being a presentation tool. 

as well as a classroom management tool. Emma’s perceptions of the benefits of the IWB are 

consistent with Beauchamp’s (2004) classification of a Black/Whiteboard Substitute.  

 Harriet. Harriet’s questionnaire responses generated a mean score of 3.14, which fell 

well within the absolutist side of the scale. The standard deviation of 0.6 suggested that Harriet 

agreed or strongly agreed with the absolutist position on most items. Harriet did not strongly 

agree with the fallibilist position on any item.  

 History. Harriet was another participant who hated math. When asked about her favourite 

mathematics teacher, Harriet responded “favourite math teacher? I hated math!” (H-16). Harriet 

then went on to describe her least unfavourable teacher: 

My grade nine teacher was pretty good. She was pretty good about explaining all of 

the steps involved in how to solve a problem and taking it slowly enough that we 

could follow along and actually learn how to solve it. (H-20) 

This quote suggests that Harriet preferred step-by-step instruction, a technique very much 

aligned with a traditional instructional model. However, Harriet acknowledged that she did not 

appreciate all aspects of traditional instructional models; “if [my future class] ended up being 

like the school I went to, then everyone would be in rows sitting there working on a work sheet. 

It’s not all that exciting” (H-80).  
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 Harriet finished high school in the early 2000’s. However, Harriet’s experience with ICT 

at school was limited. “The only technology we ever used in math class was a calculator, and we 

weren’t really allowed to use it very frequently” (H-34). Harriet did have an experience with 

technology at home: 

We had a computer program that had science activities and math activities and it 

was in the form of a game, so then you had to find your way through this maze or 

something and solve math problems and science problems in order to get to the 

other side of the maze...it was, you know, simple multiplication, addition, 

division. (H-28) 

Harriet noted that she enjoyed using the technology to practice mathematics; “it made it a lot 

more fun than sitting with a worksheet” (H-32).  

 Beliefs about the nature of mathematics. Harriet expressed her belief that the source of 

mathematics was an authority. “Someone taught it to you,” (H-6) Harriet said, and then clarified 

“generally your parents or your teachers” (H-8).  

 Harriet described mathematical knowledge as unchanging; “I don’t think the basic 

principles of math change. I guess they develop new ways of figuring stuff out, but if they do I 

don’t know about them” (H-14). Although Harriet admitted that the processes used with 

mathematical concepts may change, she believed that those concepts themselves are stable.  

 Concerning the structure of mathematical knowledge, Harriet described it as 

interconnected and hierarchical. Harriet explained that mathematical concepts are “a bunch of 

processes” (H-22) and that they “build on each other” (H-24). Extending this idea further, 

Harriet detailed that mathematical concepts: 

72 
 



 
 

are related I guess, like geometry, once you’re figuring out all the angles and what 

not, it relates to algebra and trigonometry. But you have to have basic arithmetic 

to figure out any of those. So I guess they build on each other. (H-24) 

This quote demonstrated Harriet’s belief that mathematics is structured in the form of a 

hierarchy, with base knowledge being required to do more advanced processes.  

 On the questionnaire, Harriet generated a mean score of 3.14, which fell on the absolutist 

side of the scale. This placement was confirmed through her interview responses. 

 Video responses. Harriet believed that a teacher’s role was to teach the students a 

concept, and then let them practice what they’ve learned:  

If you are first introducing a concept, you probably want to give the kids some 

more direction as to what you are talking about. If you are trying to get them to 

practice, then letting them work with it is probably the better option. (H-63) 

 After watching Video 2, Harriet suggested that having students present the information 

that they learned to other students forces the presenters to become experts. She stated “So I mean 

it makes them be a little more, I guess it gives them the responsibility of learning so they can 

then teach someone else” (H-76).  

 When discussing the IWB use in the videos, Harriet focused on its use as a presentation 

tool. She began by describing the size, noting “it definitely gave the rest of the class a better 

visual of what’s going on,” (H-78) and then “it’s big, so they all could see it” (H-65). She then 

described the use of the IWB in Video 2 as “something different, they could manipulate it and 

demonstrate as opposed to just having a static picture and saying, Ok, look, it looks like this”   

(H-78). This theme continued in after Video 3, when Harriet explained “I think [the IWB] is to 
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help them learn, I guess. It’s being used to illustrate, like she used it more to show pictures and 

kind of illustrate geometry in a sort of everyday situation” (H-48).  

 Harriet’s comments in these instances relate to two of Beauchamp’s (2004) levels: 

Black/whiteboard substitute, and apprentice user. Though Harriet did discuss students being able 

to manipulate the image in Video 2, this manipulation was meant to help the students to better 

demonstrate the answer to other students. 

Fallibilists and Absolutists: Beliefs Concerning the Nature of Mathematics, Teaching and 

Effective use of IWBs  

 Two distinct groups emerged from the interview data. These groups were divided based 

both on beliefs about the nature of mathematics, and perceptions of teaching and IWB use in the 

videos. The first group, which has been labelled the fallibilist group, consists of Albert, Betty, 

Colleen, Frank and Gary. The second group, labelled the absolutist group, includes David, 

Emma and Harriet. Tables 2, 3 and 4 provide examples of the open, axial and selective coding 

used throughout the results and discussion chapter. This type of coding was used to help identify 

the groups themselves, and differences between the groups.  
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Table 2 

Example of three level coding used regarding IWB use  

Open Coding (Participant)  Axial Coding Selective Coding 

Appreciates advanced uses of IWBs IWB provides for 

advanced uses 

Differences in 

perceived 

benefits provided 

by IWBs 

Technology encouraged learning 

IWB needs to be pushed in new directions 

IWB provides venue for collaboration 

Size of IWB is benefit IWB used for teacher 

direction IWB helps the teacher to direct learning 

IWB gives whole class idea of what is going on 

IWB holds student attention 
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Table 3 

Example of three-level coding used regarding teaching and learning 

Open Coding (Participant) Axial Coding Selective Coding 

Teacher as facilitator Links constructivist 

instructional model 

Differences in 

beliefs about 

teaching and 

learning 

mathematics 

Teacher creates open work environment 

Students learn in spite of teacher 

Make math accessible 

Teacher should help students to explore their ideas 

Size of IWB is benefit  Links to traditional 

instructional model Guided learning 

Practice helps understanding 
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Table 4 

Example of three-level coding used regarding Video 2 

Open Coding (participant) Axial Coding Selective Coding 

Allowing students to discuss and explain is 

memorable 

Teacher is creating a 

community of 

learners 

Existence of a 

hidden 

curriculum Student Discussion is positive 

Appreciates discussion of possible solutions 

Student discussion helps learning 

Students share ideas and explanations 

Learning to teach Teacher is creating 

replication of self Students should explain their work 

Students as mathematicians 

Students have responsibility to teach 

 

 Fallibilist group. The respondents in the fallibilist group included Albert, Betty, Colleen, 

Frank and George. In the following section I will outline the similarities and differences held by 

respondents in the fallibilist group concerning beliefs about the nature of mathematics. I will 

then discuss the similarities and differences held by respondents in the fallibilist group regarding 

the reactions to the IWB videos.  

 Beliefs about the nature of mathematics. All respondents in the fallibilist group except 

for Betty generated mean scores of less than 2.5 on the questionnaire, suggesting fallibilist 

beliefs about the nature of mathematics. After the interviews, it became even more apparent that 

the five respondents in the fallibilist group shared various characteristics regarding their images 
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of the source, stability, and structure of mathematical knowledge. Concerning the source of 

mathematical knowledge, the overriding belief of the group was that mathematics is a creation of 

the human mind. Many of the respondents in the fallibilist group believed that humans had 

observed patterns in the world; though these patterns may have been pre-existing, it is the 

interpretations of these patterns which have been agreed upon by humans and gives us 

mathematics.  

 Respondents in the fallibilist group agreed that mathematical knowledge is changing and 

evolving. All members of this group believed that mathematical knowledge can and will evolve 

with human perceptions. Though some respondents did make the point that change was unlikely 

concerning what has long been accepted as true, there was a consensus that mathematics could 

change as humans’ perceptions change.  

 Finally, concerning the structure of mathematics, all of the respondents in the fallibilist 

group concurred that mathematics is integrated, or relates to other subjects such as art or music. 

They also described mathematics as interconnected, meaning that concepts within mathematics 

relate to each other. There was some disagreement within the group about whether mathematics 

was structured in the form of a hierarchy, with one respondent believing that it was structured as 

a hierarchy and two others explicitly stating that it was not. In their descriptions, however, 

participants agreed that the structure of mathematics was complex and that there was no intrinsic 

order.  

 Reactions to IWB Videos. Video 1. Comments regarding the role of the teacher in Video 

1 by respondents in the fallibilist group demonstrated their preference that the teacher act as a 

facilitator. Betty and Albert expressed this preference through statements such as “I preferred 

[Video 1] because of the learning style, I mean cooperative learning really helps people learn” 
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(B-62) and “it wasn’t like she was showing them exactly [what to do]; she let them play around 

for awhile, and then she came in and made them think about something else” (A-36). This 

quality shown by the teacher was later reiterated, when Colleen mentioned that there was an 

appreciation for the teacher’s “ability to just walk away and let [the students] talk about the 

problem themselves and to sort of just be there as a bouncing board” (C-45).  

 The fallibilist group also demonstrated a valuing of student discussion. Betty said “I 

mean, people learn different ways. You can learn individually and stuff like that. But I think the 

teacher got the group members in [Video 1] to engage more into conversation” (B-62). Frank 

followed this up with “I do like the idea of ... having a discussion about [the problem] and we 

can all talk about whether they were right or not. Um, you know, this whole idea of peer-

centered learning ... you know, group learning” (F-72). These quotes indicate that although it 

was understood that there are multiple ways that one can learn, it was believed that student 

discussion should at least play a role in that learning. The idea of a teacher taking on the role of a 

facilitator and encouraging class discussion is in line with a constructivist instructional model 

(Howe & Berv, 2000).  

 After watching Video 1, respondents from the fallibilist group made some observations 

regarding the IWB use. The first observation that arose was the usefulness of the various tools 

provided by the IWB. Betty explained “I think [the IWB] was used pretty well in this one, 

because first of all you can move stuff around” (B-56). In this quote, Betty was demonstrating an 

appreciation for the use of the IWB as a manipulative. After seeing the students in the video 

using the protractor application on the IWB, Albert commented “it was clear that they were 

questioning whether they could measure the [triangle] that was hand drawn or not. I’m sure that 

they could probably make a guess or something, but [the protractor] seemed like a helpful tool” 
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(A-34). Another comment about the protractor arose when Betty said “The protractor, for 

example, I think it would be more useful [to do it on the IWB] than to do it on the blackboard, 

because then everyone can go up and change it” (B-56).  

 Colleen recognized some potential advanced uses of the IWB, stating “I suppose they 

were using the technology to a higher potential [than in Video 3],” (C-45) and then “the whole 

point of using an [IWB] is that it can do so many things at once or it can hold so much 

information and you don’t need to have four whiteboards, you can have one [IWB]” (C-45). 

Gary was more specific, noting “They could punch between different screens and what the 

questions were” (G-76).  

 Betty also commented on the size of the IWB; “it’s big enough for all of them to see, like 

the group members” (B-56). Gary appreciated that the students could work at the IWB in groups; 

“[The students] are clicking between different pages, and they are manipulating the thing, it’s 

interactive, there’s something back and forth with it” (G-92). Frank appreciated how the students 

“were all interacting with the [IWB]” (F-65) and that he could “see that as being kind of cool, 

actually, totally working, in the right context and material” (F-65). Betty went on to explain that 

in Video 1, the teacher was “actually engaging the students and [the students] are actually trying 

to figure out things on the [IWB] itself” (B-58). These statements indicate that members of the 

fallibilist group viewed the IWB as a tool which could help the teacher facilitate student learning 

and investigation. The uses described by the fallibilist group are similar to what Beauchamp 

(2004) has coined Advanced Uses and Synergistic Uses (p. 344). These include: files previously 

worked on being displayed on the IWB; students selecting various tools that they would like to 

use; and the teacher interacting with the IWB to facilitate an engaging and student-centered 

lesson.  
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 Video 2. When asked about the role that the teacher played in Video 2, the first thing that 

Albert noticed was that the teacher was not actually in the video; “I don’t think the teacher was 

there at all. She’s sitting in the back of the class probably, just letting them all discuss it 

themselves, which is really good” (A-45). Gary explained what he believed the benefits of this to 

be, stating “the kids seem to be happy, they seem to be listening to each other, so that’s valuable” 

(G-115). Colleen took this further; “I think it developed a sense of community, I felt that I didn’t 

hear her say anything, I don’t think, and she allowed them to speak” (C-62). Again, these quotes 

suggest that members of the fallibilist group believed that the teacher’s role should be to help 

facilitate learning through student to student interaction. 

 Colleen then shifted her focus by discussing the effects of a constructivist instructional 

model on student learning: 

Everybody had their own experience with [the problem] and they just wanted to 

see what everyone else had come up with...there’s no right or wrong answer 

coming from it, I would assume, which in a way is a great thing; it means that the 

students can’t be wrong. (C-62) 

Frank had a similar line of thought, noting that he likes the idea of students “presenting [their] 

idea to the class and then having a discussion about it and we can talk about whether they are 

right or not” (F-72).  

 These ideas are aligned with the fallibilist view of mathematics. Despite the fact that 

Frank and Colleen disagreed about the students having ‘right or wrong’ answers, there was an 

understanding that each student had their own individual experience with the problem, that each 

experience could lead to a different understanding, and that learning can happen when those 

experiences and understandings are shared (Wood, Cobb & Yackel, 1991).  
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 Finally, Colleen brought up a point regarding how students express themselves in 

mathematics: 

It’s interesting to make note that I will bet you that the language used in [those 

presentations] had nothing to do with the math course, you know what I mean? 

There’s a lot of poor communication from a structural point of view, however 

what it comes down to is math, are they thinking correctly. (C-58) 

Betty also noticed the language that the students were using. “I thought it was nice that the first 

presentation had a group where they [could] explain different things ... to communicate to the 

class [in their own words] (B-65).  

 These quotes relate to what Ball and Bass (2000) described regarding constructivist 

instructional models and mathematical language. It was noted that students will often use made-

up terms when discussing mathematical concepts, which can be an important part of the process 

of knowledge construction.  

 When discussing IWB use in Video 2, Albert’s point of focus was the ability of the IWB 

to act as a tool to further student understanding. He said “It really gave the students an 

opportunity to elaborate on what they were feeling about those awkward triangles. Yea, I thought 

it was really cool” (A-43). On a similar line, Frank said “That could be pretty cool [for students], 

moving lines and various things to discuss visually the qualities of a triangle” (F-70). Colleen 

linked this use back to the teacher, noting that “the teacher got to see how the groups were 

interacting with the materials” (C-64).  

 These observations by respondents of the fallibilist group link to Beauchamp’s 

descriptions of synergistic uses of the IWB, at which stage the “students would construct 

meaning and dictate direction, momentum and scale of the...lesson” (Beauchamp, 2004, p. 344).  
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 Video 3. Upon viewing Video 3, members of the fallibilist group were somewhat 

disenchanted with the traditional instructional model that was employed by the teacher. Albert 

said “I mean, she could just be introducing something and then they could get to work on it after, 

but it looked like it was more, um, answer the question,” (A-50) and later, “it didn’t really seem 

like [the students] were able to discuss things. It seemed really simple or something” (A-52). 

Frank noticed something similar, stating “[the teacher] was more directing everything about it. I 

think it would be more useful to get the kids in groups and say, here’s this, what do you think 

happened and we’ll have a discussion about it in five minutes” (F-79). 

 There was an admission, however, that sometimes a traditional instructional model must 

be used. Colleen commented that “it may not be amazing technique, it’s not the lesson they’re 

going to remember forever perhaps, but they were involved and they took part in the lesson”    

(C-36). Gary shared this viewpoint, saying “[the students] seemed good and attentive and it was 

good that she was involving them” (G-62). However, as Betty noted, the student participation in 

the lesson amounted to students answering closed questions or “choosing an answer” (B-58). 

Albert expanded on this idea; “It wasn’t really focused on, like, what the students, they didn’t 

have much discussion about it, it was just like answering yes or no” (A-56). Asking questions 

which only have one correct answer is common practice in traditional instructional models  

(Chan & Elliott, 2004).  

 Gary’s main point regarding the IWB use in video 3 was “I was kind of surprised she 

needed an [IWB] for that” (G-65). Similarly, Frank said “a certain amount of sitting and listening 

and, um, really carefully led class discussion like that is probably good at times, but I didn’t see 

the technology helping that element” (F-81).  
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 One possible reason for using the IWB was mentioned by Colleen, who said “I think 

that...the technology was used to pull the focus of the students off their paperwork and up on to 

the screen and in [the teacher’s] general direction” (C-38). Adding to this, Albert said “maybe 

[the students] were participating because they like the technology, but it wasn’t really driven 

through their thoughts or discussions” (A-52). Albert then noted that it was like the teacher was 

“using technology but not teaching through the technology; like [teaching] at them a little bit” 

(A-50).  

 These statements by the members of the fallibilist group seem to show that they believed 

that the technology can be used at a higher level than was being displayed in Video 3. This 

theme was built upon when Gary said: 

It seems like the way I’ve seen them so far, [IWB]’s are a movie screen and a 

black board and that’s really it ... I think the technology demands that we start 

thinking about in a more creative way... I don’t know, I just think we’re very 

limited in our view, our use and our perception of this machine right now. (G-130) 

 Absolutist group. The respondents in the fallibilist group included David, Emma and 

Harriet. In the following section I will outline the similarities and differences held by 

respondents in the absolutist group concerning beliefs about the nature of mathematics. I will 

then discuss the similarities and differences held by respondents in the absolutist group regarding 

the reactions to the IWB videos. 

 Beliefs about the nature of mathematics. The three respondents in the absolutist group 

all generated mean scores greater than 2.5 on the questionnaire, and shared several 

commonalities around their beliefs about the source, stability and structure of mathematical 

knowledge. Regarding the source of mathematical knowledge, all three respondents in this group 
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described it as being a series of universal truths; an entity that is there to be discovered and may 

come from an authority figure (i.e. the knowledge has been discovered and is being passed on).  

 Concerning the stability of mathematical knowledge, the respondents in the absolutist 

group were in agreement that mathematical knowledge is mostly unchanging. Some respondents 

mentioned their belief that mathematical knowledge is universal, while others described their 

belief that what has been discovered will not change, but there is more that could be discovered.  

 Lastly, regarding the structure of mathematical knowledge, there was a general 

agreement that mathematics is both an integrated and interconnected domain. Two of the 

respondents in the absolutist group described mathematics as a hierarchy in which more 

advanced knowledge is built on to less advanced knowledge. The third respondent believed that 

although mathematical concepts were connected, they did not necessarily build on each other. 

 Reactions to IWB videos. Video 1. Respondents in the absolutist groups’ first comments 

concerning Video 1 revolved around the teacher’s actions in the classroom. This was expressed 

by Emma, who noted “she challenged their thinking and got them actually thinking” (E-46). This 

idea was reiterated by David, who said “I think the teacher did a great job just guiding them 

without spelling it all out for them exactly what to do, you know, just the guide of look at that 

point, look at that point” (D-39). However, Harriet did caution that too much of a laissez-faire 

attitude by the teacher was a negative thing; “if you’re introducing a concept, you probably want 

to give the kids some more direction as to what you are talking about” (H-63). Although the 

group did demonstrate an appreciation of the approach that the teacher took in Video 1, Harriet 

expressed a hesitation to the teacher stepping too far back from the students. 

 When asked about the goal of the teacher, Emma explained “I think her goal was to have 

them explain something and have proof, and that’s what they did” (E-46). Later, Harriet noted 
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“if you are trying to get the students to practice, then letting them work with it is probably the 

better option” (H-63). These quotes demonstrate that respondents in the absolutist group 

appreciated that the students are working at the IWB, so long as they are practicing what they 

had learned. The notion of students practicing what they have learned is aligned to traditional 

instructional models. In order to practice, students must have learned the procedure that is being 

practiced (Cobb, 1988).  

 The biggest advantage of the IWB that members of the absolutist group noticed in Video 

1 was the size; Harriet commented “It’s so big, they could all see it,” (H-65) and Emma noted 

“The [IWB] is big enough so you can work at it with more than one student at a time” (E-44). 

Emma later expanded on this by stating: 

When you’re working with manipulatives in math, often they can be quite small. 

The protractors that students would normally have are just the size of your hand 

so you can’t really have a discussion with a large number or people because 

people get tired of peering in at one little spot. (E-44) 

 Another observation was made by Emma when she reasoned “I guess [the IWB] made it 

easier... for the teacher to direct the learning. But she didn’t tell them what they were 

discovering, they had to find that out themselves (E-44)”. David noticed something similar; “I 

think the teacher did a great job of guiding them without spelling it all out for them exactly what 

to do, you know, just the guide of look at that point, look at that point” (D-39).  

 These quotes demonstrate an appreciation for teacher-directed learning; although Emma 

and David noted that the children were the ones ‘discovering’, they seemed to be noticing that 

the teacher was the one guiding the discovery. In other words, David and Emma believed that the 

teacher was directing the students in order to ensure that they discovered the correct knowledge.  
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 Video 2. Overall, respondents in the absolutist group appreciated the roles that the teacher 

and students played in Video 2. David noted “I think it was great, handing it over to the kids to 

explain in their own words and take the role of an actual, they are little mathematicians out there, 

trying to give explanations” (D-50). Emma stated “if you think something, that’s one thing. But 

the moment you have to verbalize it, that forces you to make a more concrete understanding of 

it,” (E-55) while Harriet added “I guess it gives them the responsibility of learning so that they 

can teach someone else” (H-76).  

 Though David, Emma and Harriet valued the idea of students presenting their findings as 

was shown in Video 2, the reasons they gave for that appreciation carry absolutist undertones. 

For instance, the idea of a student having the responsibility of knowing the material in order to 

teach someone else mimics the expert-novice exchange of knowledge as is found in both 

absolutist beliefs about the nature of mathematics and the traditional instructional model      

(Chan & Elliott, 2004).  

 Again, the main focus for respondents in the absolutist group around the IWB use in 

Video 2 was the size; “the [IWB] was a good tool because it was large and the whole class could 

see it,” (E-51) Emma said, while Harriet commented “it definitely gave the rest of the class a 

better idea of what was going on” (H-78).  

 The group’s appreciation of the IWB in Video 2 was limited to it being a presentation 

tool. For instance, David stated “it was great, I guess, getting them presenting using something 

like that, I mean that’s, that’s what they are going to be doing ten years from then, right?”        

(D-54). The group did not comment on how the IWB may be used to help students learn; instead 

they focused on how it could be used to get the knowledge of the presenter across to others. 
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Once again, this relates to Chan & Elliott (2004)’s suggestions that the transfer of knowledge 

from expert to novice is unproblematic within a traditional instructional model.  

 Video 3. Upon watching Video 3, the comments from respondents in the absolutist group 

regarding the role of the teacher and students were largely focused on the context of the video. 

Harriet described the teacher as “just directing the class discussion, asking questions” (H-50). 

“There is certainly time for you talking and the students listening, as long as it doesn’t 

monopolize and the students zone out,” (E-60) stated Emma, while David noted “the teacher 

does have to get up there and explain stuff sometimes” (D-61). In some ways, it seemed as 

though they were defending the teacher who was using a traditional instructional model.  

 Context again came up when Harriet claimed:  

If you are first introducing a concept, you probably want to give the kids some 

more direction as to what you are talking about. If you are trying to get them to 

practice, then letting them work with it is probably the better option. (H-63) 

Again, there was an undertone in this quote that appreciates the instructional model that the 

teacher employed in Video 3. Harriet contrasted two contexts, one where a concept is being 

introduced and another where that concept is being worked with by students. Harriet described a 

sequence that, for her, represented best practices in each situation, both of which are in-line with 

a traditional teaching model; teacher direction to introduce a concept followed by students 

practicing that concept (Cobb, 1988).  

 The main theme that emerged for respondents in the absolutist group around IWB use in 

Video 3 was the ease of incorporating real-life examples. David noted “The fact that it was a 

picture got them, they got to see more of a real-world application to it, right? [To see] why math 

is important, right?” (D-57) while Emma stated “so this is something that linked the [IWB] to 
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another location in the school” (E-58). These statements show that respondents in the absolutist 

group appreciated the ability to create meaningful learning situations for the students. However, 

it should be noted that the ability to incorporate meaningful learning situations as described by 

Emma and David is not specific to the IWB, but rather to presentation tools being used with the 

IWB, such as PowerPoint. This type of use of the IWB is akin to what Beauchamp (2004) 

labelled Black/whiteboard substitute. 

 Some respondents in the absolutist group brought up the potential of the IWB to hold 

student attention. Emma stated that “this arrangement where they are all focused, everybody in 

the classroom was focused on the [IWB], so that’s another use,” (E-58) and David pointed out 

that “any kind of new, throwing anything new into a classroom is going to be, keep their interest 

more than anything” (D-47). These quotes suggest that although the respondents in the absolutist 

group believed that the IWB was useful for gaining and holding student attention on the person 

at the front of the class, it was not necessarily used in a way that was helpful to the concepts that 

were actually being taught.  

 The respondents identified the way that the IWB was being used in Video 3 as what 

Beauchamp (2004) would label black/whiteboard substitute. “I mean it would be no different 

that drawing a diagram, just drawing it on the chalkboard” (D-57).  

  

89 
 



 
 

Chapter Five: Discussion 

 In this chapter I begin by discussing the differences that exist between the absolutist 

group and fallibilist group concerning perceived benefits of IWB use. Next, I discuss the 

different approaches to teaching mathematics that were emphasized by the fallibilist and 

absolutist groups. Finally, I examine specific differences between the respondents’ perceptions 

of the roles that teachers and students played in Video 2, including the possible existence of a 

hidden curriculum. 

Differences in Perceived Benefits Provided by IWBs 

 Fallibilist group. Throughout the interviews with respondents who were classified in the 

fallibilist group, uses for the IWB that Beauchamp (2004) referred to as advanced or synergistic 

were repeatedly mentioned. These uses included saving work on the IWB and using it at a later 

date, students having the ability and freedom to select and use the tools that they thought would 

be appropriate to solve a problem, and students being in control of the direction, pace and scale 

of the lesson.  

 There were various points raised by members of the fallibilist group that created direct 

links between their beliefs about the nature of mathematics and uses of the IWB that were 

perceived as valuable. For example, Albert said “it really gave the students an opportunity to 

elaborate on those awkward triangles” (A-43). This observation relates to Crisan et al.(2007)’s 

notion of pedagogical and content conceptions of mathematics, in which it is suggested that 

teachers with fallibilist beliefs about the nature of mathematics would use ICT to help students 

create links between multiple mathematical concepts and multiple representations of the same 

concept.  

90 
 



 
 

 Another example of a participant discussing an advanced use of the IWB came when 

Betty described the use of the digital protractor. She noted that it was more useful to use the 

digital protractor on the IWB than it would be “to do it on the blackboard, because everyone 

[could] go up and change it” (B-56). In this instance of IWB use, Betty seemed to believe that 

the IWB was becoming what McCormick and Scrimshaw (2001) refer to as a ‘transformative 

device’. Students were able to use the IWB to compare their experiences with the experiences of 

others, helping the process of knowledge creation and creating a community of learners who are 

working together to explore a problem.  

 In contrast, it was evident that members of the fallibilist group did not value how the 

IWB was being used in the third video. Specifically, members of the fallibilist group did not 

place great value on the use of the IWB to help gain student attention or to quicken the pace of 

the lesson. Frank explained that he did not see the IWB helping the students learn by stating “I 

didn’t see the technology helping that element” (F-81) while Gary “was kind of surprised she 

[the teacher] needed an [IWB] at all” (G-65). Albert had a similar idea when he observed that the 

teacher was “using technology but not teaching through the technology” (A-52). Frank, Gary and 

Albert seemed to believe that if an IWB was going to be used, it should add to the lesson in a 

way that helps student learning through exploration. Rather, Frank, Gary and Albert perceived 

the function of the IWB in the third video as a tool to gain student attention or to help to quicken 

the pace of the lesson (Beauchamp, 2004; McCormick & Scrimshaw, 2001), uses that were 

valued less by the fallibilist group.  

 Absolutist Group. Throughout the interviews with participants who were categorized in 

the absolutist group, a repeated emphasis was placed on uses that Beauchamp (2004) classifies as 
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black/white board substitute and apprentice user. Specifically, participants categorized in the 

absolutist group appreciated the size of the IWB and the use of the IWB as a presentation tool. 

 The first example of members of the absolutist group appreciating blackboard/whiteboard 

uses of the IWB (Beauchamp, 2004) came regarding the size of the IWB. Members of the 

absolutist group appreciated that the IWB was big enough that everyone in the class could see it 

at once, and liked that the digital manipulatives that the IWB provided access to could be used to 

demonstrate ideas to large groups. The appreciation for the size of the IWB is akin to what both 

Beauchamp (2004) refers to as a black/whiteboard substitute, and McCormick and Scrimshaw 

(2001) refer to as improving efficiency with ICT. In this type of use, the teacher “aspires to 

provide a more effective means of doing what is already being done” (McCormick & 

Scrimshaw, 2001, p. 45). In other words, the IWB is being used to replace something that has 

traditionally been achieved through another format. This could mean that the teacher is using the 

IWB to accomplish what may in the past have been completed with a worksheet, or that virtual 

manipulatives are being used rather than traditional physical manipulatives.  

 Respondents in the absolutist group also believed the IWB was useful as a presentation 

tool. The IWB “made it easier ... for the teacher to direct learning” (E-44). David noted that the 

teacher could guide them without spelling out the answer to the problem, while Harriet 

commented that the IWB “gave the rest of the class a better idea of what was going on” (H-78). 

David also thought that “it was great ... getting them presenting using something like that”       

(D-54). The use of the IWB as a tool for presentations is consistent with the absolutist point of 

view that learning should take place through a transfer of knowledge from expert (presenter) to 

novice (student) (Chan & Elliott, 2004).  
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Differences in Beliefs about Teaching and Learning Mathematics  

 After reviewing the data, it became apparent that there were differences with regards to 

how members of the absolutist and fallibilist groups thought about the teaching and learning of 

mathematics. While members of the fallibilist group believed that the teacher should take on the 

role of a facilitator, members of the absolutist group were more focused on the teacher’s ability 

to lead students in their thinking.  

 Fallibilist group. Respondents in the fallibilist group repeatedly suggested that the ideal 

role for a teacher to take was that of a facilitator. The facilitator role was discussed numerous 

times, including when Colleen described the teacher’s ability to “walk away and let [the 

students] talk about the problem themselves and to just sort of be there as a bouncing board”   

(C-45), and when Albert said “it wasn’t like she was showing them exactly [what to do]; she let 

them play around for awhile, and then she came in and made them think about something else” 

(A-36).  

 One of the major aspects in constructivist instructional models is that the teacher acts as a 

facilitator (Howe & Berv, 2000). By doing this, the teacher is allowing the students to explore 

mathematical concepts and come up with conjectures, or statements about mathematics that are 

believed to be true but not yet proven. This idea is in-line with the definition of a constructivist 

math classroom as provided by Ball and Bass (2000), and directly relates to the fallibilist belief 

of the nature of mathematics that students should create their own understandings of 

mathematical concepts (Ernest, 1989; Wood, Cobb & Yackel, 1991).  

 Absolutist Group. Conversely, members of the absolutist group focused on the teacher’s 

ability to lead the students in their thinking. Emma noticed that “the [IWB] ... made it easier for 

the teacher to direct the learning” (E-44), while David commented on the teacher’s ability to 
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guide students into looking at different places for information. These descriptions can be seen as 

an understanding of teaching and learning as a transfer of knowledge from expert to novice, a 

common feature in traditional instructional models and absolutist beliefs (Chan & Elliott, 2004).  

 Another link to traditional instructional models came up when Harriet later said: 

If you are first introducing a concept, you probably want to give the kids some 

more direction as to what you are talking about. If you are trying to get them to 

practice, then letting them work with it is probably the better option. (H-63) 

This exemplifies an approach akin to traditional instructional models. Harriet is describing a 

process in which a rule is taught by the teacher that the students then practice. This quote also 

ties in to absolutist beliefs about the nature of mathematics; there is a rule, known by the expert 

and taught to the novice, which if followed, will lead to the correct answer.  

Existence of a Hidden Curriculum 

 The differences between the absolutist and fallibilist groups became even more apparent 

when examining the responses provided by each group regarding Video 2. Specifically, it 

seemed that there may be a hidden curriculum present in regard to how members of the two 

groups perceived the roles that the students and teacher played in Video 2.  

 Martin (1976) defined one aspect of hidden curriculum as how the teacher inadvertently 

affects “the social structure of the classroom, the teacher’s exercise of authority, the rules 

governing the relationship between teacher and student, [and] standard learning activities”        

(p. 140). Martin (1976) goes on to explain that teachers sometimes have hidden curricula, 

whether they realize it or not, and that these hidden curricula may affect how and what a student 

will learn. Hidden curricula are likely based on their belief systems, from which teachers will act 
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(Pajares, 1992). It is possible then that the hidden curriculums that teachers hold may influence 

their students in various ways (Martin, 1976).  

 The hidden curriculum that may be present for the participants in this study becomes 

apparent in how members of the two groups perceived the roles that the students and teacher 

played in Video 2. In the video, groups of students used various virtual manipulatives to explain 

to the class, in their own words, why certain shapes may or may not fit the definition of a 

triangle. The students had free use of the IWB and the teacher was not pictured in the video, 

though it was assumed that she was present. 

 Both groups of participants vocalized their appreciation for having students at the front of 

the class explaining their findings. However the motives behind the appreciation shown by each 

group seemed to be different. For example, Colleen, a respondent in the fallibilist group, said: 

Everybody had their own experience with [the problem] and they just wanted to 

see what everyone else had come up with...there’s no right or wrong answer 

coming from it, I would assume, which in a way is a great thing; it means that the 

students can’t be wrong. (C-62) 

With this quote, Colleen is describing what could be considered a community of learners. 

Learning communities, which are closely related to constructivist instructional methods, were 

discussed by Ball and Bass (2000) in their examination of a grade three classroom. Specifically, 

they note that for mathematics to be taught using a constructivist instructional model, one must 

see mathematics as a collective intellectual endeavour situated within a community.  

 In contrast, members of the absolutist group had a different view of what was happening 

in Video 2. Harriet explained:  
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The students that were presenting obviously had to have some time before hand to 

think through their answers and their thinking so that they could explain how this 

works to the rest of their class. So I mean it makes them be a little more, I guess it 

gives them the responsibility of learning so they can then teach someone else.   

(H-76) 

Along the same lines, Emma stated “I think her goal was to have them explain something and 

have proof,” (E-46) and later “if you think something, that’s one thing. But the moment you have 

to verbalize it, that forces you to make a more concrete understanding of it” (E-55). These quotes 

suggest that rather than viewing the teacher’s role in Video 2 as creating a community of 

learners, members of the absolutist group perceived the teacher creating a replication of herself. 

In other words, Harriet and Emma recognized the students at the front as the experts, who were 

passing on their knowledge to the novices, or the rest of the class. 

 Though both groups saw the same video, they interpreted the motivation for the teaching 

style in the video differently. Members of the fallibilist group perceived the teacher in Video 2 as 

creating a community of learners, an idea aligned with constructivist instructional models (Ball 

& Bass, 2000). However, members in the absolutist group envisioned the teacher in Video 2 as 

encouraging an extension of the expert-novice transmission of knowledge, as is common in more 

traditional instructional models (Chan & Elliott, 2004). This difference in perception is an 

expression of the differences in underlying beliefs regarding the nature of mathematics between 

the two groups. It is possible, then, that in adopting the teaching approach seen in Video 2, 

members from each group would employ subtle differences in such things as teaching strategy 

and questions asked to students, representing their beliefs about the nature of mathematics and 

therein their hidden curriculum (a traditional or constructivist instructional model). The finding 
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that there may exist a hidden curriculum that can influence how a teacher is perceived adds 

support to what was suggested by Ross et al. (2002): the fact that technology is present does not 

necessarily mean that it will be used in a manor akin to a constructivist instructional model. 
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Chapter Six: Conclusion  

 In this chapter I will begin by summarizing the findings of the study and discussing the 

connections of those findings to Mishra and Koehler’s TPCK framework (2006). Next, I will 

discuss the implications of this study for mathematics education reform. Finally, I will note 

various limitations of the study and recommended potential areas of future research. 

 Some interesting conclusions can be drawn regarding the beliefs that preservice teachers 

hold about the nature of mathematics and their intended use of ICT in the classroom. Two groups 

of interview participants holding opposing views of the nature of mathematics also held differing 

ideas on how the IWB could best be used in the classroom. The five members of the fallibilist 

group repeatedly discussed advanced and synergistic uses of the IWB (Beauchamp, 2004). The 

respondents in this group explained that IWBs should be used as tools to further student learning 

by helping to facilitate knowledge construction, and appreciated the notion of students using the 

IWB to explore their understandings of various mathematical concepts. The uses of the IWB that 

were appreciated by the fallibilist group can generally be associated with constructivist 

instructional models (Howe & Berv, 2000). If these perceived uses were expanded to include 

ICT in general, it stands to reason that members of the fallibilist group would have continued to 

see uses for technology that would align with constructivist instructional models.  

 Conversely, the three respondents in the absolutist group were more focused on uses for 

the IWB that can be associated with Beauchamp’s (2004) levels of black/whiteboard substitute 

and apprentice user. Respondents in the absolutist group were focused on practical and 

functional use such as the IWB as a presentation tool, an admiration for the size of the IWB, and 

the suggestion that the IWB was useful in gaining and holding student attention. They also 

discussed its potential benefits in helping the expert pass knowledge on to novices. The uses of 
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the IWB that were of value to the absolutist group have often been associated with traditional 

instructional models (Chan & Elliott, 2004). If these views were to be expanded to include all of 

ICT, it is possible that the members of the absolutist group would have embraced uses more 

closely related to traditional instructional models. 

The Interaction of Technological Pedagogical Knowledge and Content Knowledge and 

Their Effects on TPCK 

 Mishra and Koehler (2006) designed a framework intended to help conceptualize the use 

of ICT in the classroom. Mishra and Koehler demonstrate this conceptualization with a diagram 

consisting of three circles, the first representing pedagogical knowledge, the second representing 

technological knowledge, and the third representing content knowledge (see Figure 1). The area 

where the circles meet in the middle is referred to as technological pedagogical content 

knowledge (TPCK). TPCK is intended to represent an optimal synthesis of a particular teacher’s 

pedagogical, technological and content knowledge. The framework is based on the work of 

Shulman (1986) and is intended to help researchers conceptualize effective ICT use in the 

classroom.  

 Through my study, it became apparent that what would be considered optimal TPCK for 

participants categorized in the fallibilist and absolutist groups may be different. I offer two 

possible explanations for these differences.  

 Firstly, it is possible that the potential differences in TPCK may be caused by 

epistemological differences concerning the domain of mathematics (what is labelled as content 

knowledge in Mishra and Koehler’s framework). Schwab (1964) presented an understanding of 

the substantive and syntactic structures of a discipline as essential to core content knowledge. He 

described substantive structure as how concepts are organized, and syntactic structure as a set of 
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processes by which new information is warranted. Shulman (1986) states that knowledge of both 

substantive and syntactic structures is a required aspect of understanding content. Should 

knowledge of these structures be present, they are likely to affect one’s overall view of content 

knowledge of a discipline. However, Roulet (1998) noted that an understanding of substantive 

and syntactic structures is not always present in teachers’ views, and that the possibility exists 

that “a teacher’s vision of subject is an intuitive sense or belief built unconsciously through 

experience rather than a rationally constructed picture developed through the purposeful 

acquisition of knowledge in formal or informal study” (p. 17). The results of the current study 

suggest that it is possible that the participants’ beliefs about the nature of mathematics are taking 

the place of formal knowledge of substantive and syntactic structures within mathematics 

content knowledge. As those categorized in the absolutist group and those categorized in the 

fallibilist group held differing beliefs about the nature of mathematics, they also may have held 

different understandings of what constitutes mathematical content knowledge. Although it is 

likely that the members of each group had a similar understanding of the operations of 

mathematics (e.g., addition, multiplication), they may have had different ideas about the history 

and epistemology behind those operations. In this scenario, participants would have similar 

technological knowledge and pedagogical knowledge, but differing content knowledge, which 

would also affect what they would consider to be optimal TPCK.  

 A second explanation for the disparity in optimal TPCK is a possible difference in 

technological pedagogical knowledge. Should this difference exist between the absolutist and 

fallibilist groups, it could lead to differences in optimal TPCK. Though the members of the 

fallibilist and the absolutist groups were shown the same videos, they differed in their 

perceptions of the approaches being taken by the teacher and the benefits that were being 
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provided by the IWB. This was particularly evident in responses to Video 2. It is possible that 

these differences in interpretation may cause a disparity in optimal TPCK for teaching 

mathematics using IWBs. 

Mathematics Education Reform 

 If the findings regarding the views that the two groups hold about the usefulness of ICT 

can be similarly seen in others with strong absolutist or fallibilist beliefs, there are some 

implications in terms of mathematics education reform. The continuing push for reform in 

mathematics education has been largely driven by three factors (Ross et al., 2002). These are: 

that traditional instructional models have failed to produce positive results on basic tests; that the 

world in which students live requires a high-level of mathematical ability; and that pedagogy that 

focuses on prior knowledge and collaboration will help students learn mathematics. Ross et al. 

(2002) suggest that mathematics education reform leans heavily toward constructivist 

instructional models. This shift toward constructivist instructional models is evident in many of 

the curriculum documents used in Ontario.  

 One aspect of mathematics education reform in Ontario and internationally revolves 

around the incorporation of ICT into the classroom. The call for ICT (though it was not called 

ICT at the time) can be traced back first to Ontario Schools: Intermediate and Senior (Ontario 

Ministry of Education, 1985) and then to the National Council for Teachers of Mathematics 

Standards of 1989, in which it is stated that “the K-4 curriculum should make appropriate and 

ongoing use of calculators and computers ... Computer simulations of mathematical ideas, such 

as modeling the renaming of numbers, are an important in helping children identify the key 

features of mathematics” (p. 19). This idea was repeated in the guiding principles of the Ontario 

Association of Mathematics Education (1993), which notes that “teachers and students should 
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use computers as tools to assist with the exploration and discovery of concepts, with the 

transition from concrete experiences to abstract mathematical ideas, with the practice of skills, 

and with the process of problem solving” (p. 5). More recently, the importance of ICT in 

mathematics education reform has been laid out in the guiding principles of Ontario Association 

for Mathematics Education (2004). ICT is at the forefront of the Ontario mathematics 

curriculum; the document begins by noting that students live in “an information- and technology-

based society” (Ontario Ministry of Education, 2005, p. 3), and goes on to say that “[ICT can] 

provide a range of tools that can significantly extend and enrich teachers’ instructional strategies 

and support students’ learning in mathematics” (Ontario Ministry of Education, p. 29). ICT also 

plays a large role in the National Council of Teachers of Mathematics Standards (2000), as can 

be seen in the ‘Vision for School Mathematics’ section, where it is written “Students are flexible 

and resourceful problem solvers. Alone or in groups and with access to technology, they work 

productively and reflectively, with the skilled guidance of their teachers” (NCTM, 2000).  

 However, the results of this study, in which only two of the interview participants 

experienced the type of technology use in which the student has the opportunity to make 

decisions based on open-ended problems, suggest that the desired incorporation of technology 

into classrooms is taking longer than expected by the curriculum documents. Though calls for 

ICT in the mathematics classroom began as early as 1985, and with the importance that the 

aforementioned documents have placed on both constructivist instructional approaches and ICT, 

it is worthwhile to examine how the findings of this study may impact mathematics education 

reform. Specifically, there are two commonly-made assumptions often associated with calls for 

ICT in curriculum documents.  
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 Assumption 1: Teachers who use ICT in the classroom are likely to subscribe to a 

constructivist instructional model. In 2001, Becker conducted a large-scale study that seemed 

to show that teachers who use ICT in the classroom are likely to subscribe to a constructivist 

instructional model. Becker’s study, which was based on participants’ self-reporting, came to the 

conclusion that teachers who were using ICT in their classrooms were generally following 

constructivist-instructional models. However, another researcher took issue with Becker’s 

results. Through rigorous classroom observations, Judson (2006) was able to show that many 

teachers who self-reported as following constructivist instructional models were not doing so 

when they used ICT in their classrooms.  

 Both the absolutist group and the fallibilist group in this study perceived value in the use 

of ICT shown in the videos. However, the fallibilist group had a much greater appreciation than 

the absolutist group for the higher-level uses of IWBs (Beauchamp, 2004), uses that directly link 

to constructivist instructional models (McCormick & Scrimshaw, 2001). The absolutist group, on 

the other hand, appreciated lower-level uses of ICT (Beauchamp, 2004), which are often linked 

to traditional instructional models (McCormick & Scrimshaw, 2001) 

 The findings in the present study concur with what Judson (2006) explained when he 

showed that the use of ICT did not necessarily imply a constructivist approach in the classroom. 

In the present study, both the absolutist and fallibilist groups claimed, somewhat enthusiastically, 

that they would like to use ICT in their future mathematics classrooms. However, only the uses 

supported by the fallibilist group directly relate to current mathematical reforms as presented by 

the National Council of Teachers of Mathematics (see Chart 1) and the Ontario Association for 

Mathematics Education (2004). These include: 
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• Encouraging excellence for educators by promoting their role as facilitators and resource 

persons, by supporting a variety of teaching methods to meet the varied learning styles 

and needs of students, by encouraging their students to gain facility in learning both 

cooperation and independence, and by celebrating the mathematical excellence of both 

individuals and groups. (OAME, para. 4) 

• Understanding that learners require opportunities to interact with each other during the 

learning process, to teach others, and to explain and justify the processes of mathematics. 

Learning is enhanced when the learners are encouraged to communicate their 

understanding. (OAME, para. 4) 

• Understanding that the learning process is enhanced when new ideas are presented in a 

variety of ways and when all learners have access to "hands-on" and "minds-on" 

activities and opportunities. This includes the use of manipulatives, computers, 

calculators, and hand-held data-collection devices. (OAME, para. 4) 

Therefore, the results of this study contradict assumption 1. Respondents in the fallibilist and 

absolutist groups reported that they would use ICT, however only those in the fallibilist group 

intended to do so in ways that align with the current policy documents.  

 Assumption 2: An increase in access to ICT will lead teachers to adopt constructivist 

instructional models. The second assumption, described by Olson (1992) and questioned by 

Ross et al. (2002), is that an increased access to technology will encourage the adoption of 

constructivist instructional models. Ross et al. discovered that teachers who had access to 

technology would use it “to fit their conceptions of how mathematics should be taught” (p. 98).  

 In the present study, participants were shown videos that were explicitly chosen to 

demonstrate high levels of IWB use (Beauchamp, 2004). Despite this, members of the absolutist 
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group often perceived the use of IWBs in the videos to be what Beauchamp (2004) would label 

as black/whiteboard substitute or apprentice levels which can be linked to traditional 

instructional models. Members of the fallibilist group perceived uses related to Beauchamp’s 

advanced or synergistic levels, which can be related to constructivist instructional models.  

 Therefore, the perceived uses of technology described by both the absolutist and 

fallibilist groups may suggest that members of each group were fitting their perception of 

technology use to how they think mathematics should be taught. Should this be true, it would 

provide support to Ross et al. (2004)’s finding that teachers fit their use of ICT to their 

conceptions of how mathematics should be taught. 

Implications for Teacher Education Programs 

 Various mathematics curriculum documents have been suggesting both the use of 

constructivist instructional models and an increased use of ICT (Ross et al., 2004). After 

reviewing the findings of this study, there may be some suggestions for teacher education 

programs regarding mathematics instruction and ICT. Specifically, it may be prudent for teacher 

education programs to ascertain the beliefs about the nature of mathematics that preservice 

teachers hold early on, or even prior to beginning, a teacher education program.  

 Pajares (1992) suggests that preservice teachers enter teacher education programs with 

preformed beliefs and ideas about how they want to teach, often based on past experiences 

(Lortie, 1975). Pajares (1992) also noted that he found links between beliefs and practice. In 

some cases, it is possible that these pre-existing ideas may not be in agreement with currently 

accepted or expected practices (Fenstermacher, 1979).  

  Fenstermacher (1979) argued that a major goal of teacher education programs should be 

to account for a difference between beliefs that are desired by teacher-educators, which may lead 
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to desired teaching practices, and existing beliefs, which may lead to teaching practices that are 

less desired by teacher-educators. He explained that these differences in belief structures could 

be dealt with in two ways; either through ‘conversionism’ or ‘transformationism’ (p. 170). 

Fenstermacher defined conversionism as simply telling someone how to do something based on 

rules. For example, a preservice teacher could be told to teach in a certain way, because that is 

the way that works best. Better than this, Fenstermacher argued, was transformationism; helping 

to encourage metacognition and critical thinking to make information more meaningful. To 

engage in transformationism, it is important to have an idea both of what pre-existing beliefs 

might be present, and what the effects of those pre-existing beliefs are likely to be (1979).  

 In this study, the questionnaire indicated that there was a range of beliefs about the nature 

of mathematics that existed prior to the start of the school year. There were a few participants 

who held distinct fallibilist views and a slightly larger group that held absolutist beliefs, but most 

fell toward the centre of the scale. After interviewing participants who held distinct absolutist or 

fallibilist beliefs, it seemed that there were major differences in how those in each group planned 

to use ICT in their future classrooms. It is therefore suggested that teacher education programs 

work to decipher the pre-existing beliefs of preservice teachers. This may allow those who 

instruct in the teacher education programs an opportunity to better prepare programming that will 

encourage transformationism and thereby help preservice teachers to teach using models that are 

aligned with current mathematics education reforms (Fensermacher, 1979).  

Limitations 

 There were some limitations that affected this study. Given the small sample size used in 

the study, the findings may not be generalizable. The interview respondents who participated in 

this study are unique individuals, and consequently their beliefs about the nature of mathematics 
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may be different than beliefs held by other preservice teachers at other universities across 

Ontario.  

 Another limitation of this study revolves around the questionnaire that was used. Some 

survey participants selected responses to some statements that were contradictory to their 

responses to other statements, possibly because the language that was used in the survey can be 

interpreted in multiple ways. For instance, there was confusion around the word “discovered” in 

the statement “mathematics is out there to be discovered”. Although some participants 

understood that the statement was suggesting that the discipline of mathematics is out there to be 

uncovered (an absolutist idea), others took the statement to mean that a child who is learning 

mathematics has the ability to understand it (an acceptable idea for participants with absolutist or 

fallibilist beliefs about the nature of mathematics). Therefore, the validity of some of the 

questionnaire items can be called into question, as some participants likely generated mean 

scores toward the middle of the spectrum (2.5) when they perhaps had beliefs that would have 

otherwise carried them to a more obvious position of fallibilist or absolutist.  

 There were also limitations concerning data collection in this study. Although interviews 

were conducted at the earliest convenient time for participants, some interviewees had been in 

classes for up to three weeks prior to their interviews. This may mean that their responses could 

have been affected by what they had heard in class, thereby influencing the findings of this 

study.  

Recommendations for Future Research 

 Several recommendations for future research emerged as data collection and analysis 

were taking place. First, an interesting extension to this study would be to conduct similar 

research at another university in Ontario. Increasing and varying the population might help to 
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determine if the findings of this study are transferable and informative to teacher education 

programs. 

 Second, this study has shown that it may be valuable for faculties of education to have a 

sense of the beliefs concerning the nature of mathematics held by incoming teacher candidates. 

One way to accomplish this would be through a questionnaire. However, the interviews that were 

conducted demonstrated that some of the items on the questionnaire used in this study did not 

separate the two views of the nature of mathematics, absolutist and fallibilist, as well as was 

intended. It became evident through the interviews that questionnaire items were interpreted in 

multiple ways by various participants. Therefore, it may be useful to refine the questionnaire that 

was used in this study so that it can be used to accurately provide information regarding beliefs 

about the nature of mathematics. By conducting a study to improve the questionnaire that was 

used in this study, it would be possible to explore how the questionnaire items could be better 

worded.  

 Finally, it would be worthwhile to conduct another longitudinal study over the course of 

an academic year. Doing so would allow the researcher to find out if both beliefs about the 

nature of mathematics and intended uses of ICT change through instruction and experience. 
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Appendix A: Questionnaire Items 

Section One: Beliefs about the nature of mathematics 

1) In mathematics, answers are either right or wrong. 

2) Some rules and facts in mathematics can be challenged. 

3) Mathematics knowledge is certain. 

4) The results of mathematics problems are predictable. 

5) 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. 

Section Two: Beliefs about the teaching and learning of 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. 
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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 the 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. 

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' mathematical understanding should be a major consideration when 

teaching math. 

32) Teachers should be the ones doing the teaching in mathematics classrooms. 
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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 B: Questionnaire Scoring Chart 

Questions 1 – 14 

Strongly Agree – 4 

Moderately Agree – 3 

Moderately Disagree – 2 

Strongly Disagree – 1 

Prefer Not to Answer – 0 

Scoring was reversed for questions: 2, 6, 7, 10, 14 

Questions scored as 0 were removed from the calculation of the mean score (i.e. if one 0 

appeared, the mean was calculated from 13 questions rather than 14).  
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Appendix C: Interview Protocol 

Exploring the preservice teachers’ beliefs about the nature of mathematics 

1. Can you expand on how you answered (e.g. question 4) from the online questionnaire? 
Why did you respond (e.g. strongly agree)? 
 

2. When you think about the source of mathematical knowledge, what comes to mind? 
 

3. How would you describe the stability (changing vs. certain) of mathematical knowledge? 
 

4. How would you describe the organization or structure (simplistic or complex) of 
mathematical knowledge? 

 

Exploring the preservice teachers’ beliefs about teaching mathematics using ICT 

1. Could you please tell me about a favourite elementary teacher and how they taught 
mathematics? 
 

2. Could you please tell me about a time when you were taught math using some form of 
digital educational technology? 

 

3. What role do you see technology playing in the classroom?  
 

Present video 1 

 

4. What are your initial reactions from watching this film?  
 

5. In what ways do you think the technology was meant to help the students learn the 
material? 
 

6. What role did you see the teacher playing in the classroom? 
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7. What role did you see the students playing in the classroom? 
 

Present Video 2 

 

8. What are your initial reactions from watching this film?  

 

9. In what ways do you think the technology was meant to help the students learn the 

material? 

 

10. What role did you see the teacher playing in the classroom? 

 

11. What role did you see the students playing in the classroom? 

 

12. In what ways did the two video clips differ? In what ways were they similar? 
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