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Abstract 

The Ontario Ministry of Education has implemented numerous changes to elementary 

mathematics programs over the last four years. These modifications called for mathematics lead teachers 

in every elementary school, curricular changes, and an hour of mathematics learning time every day for 

every student in Grades 1 to 8. At one point, the proposed changes to the curriculum included a focus on 

skills that would better prepare students for the professional world, such as problem solving and 

communication. The Ministry of Education has long supported both problem solving and communication 

as integral processes in the teaching and learning of mathematics, however, not much is known about 

Ontario elementary pre-service teachers’ perceptions of problem solving and communication. Elementary 

pre-service teachers are an important group as they are developing their educational beliefs and practices 

through their teacher education programs. Therefore, the purpose of this study was to explore elementary 

pre-service teachers’ perceptions of the relationship between communication and mathematical problem-

solving learning contexts in the ongoing improvement efforts in mathematics education in Ontario.  

Using a social constructivist conceptual framework, this qualitative case study utilized focus 

groups and one-on-one interviews with 15 elementary pre-service teachers in order to explore their 

perceptions of problem solving and use of communication in mathematics education. The data were 

collected in December of 2018 and were subsequently analyzed using a constant comparison method, 

which consists of creating open codes, building these codes into categories, and then finding emerging 

themes.  

The analysis of the focus groups and interviews portrayed the elementary pre-service teachers’ 

perceptions and use of communication in mathematics education as well as their perceptions of 

mathematical problem solving in learning contexts. Furthermore, analysis of the focus group and 

interview data described how participants were thinking about mathematical problem solving and the 

nature of their communication in mathematical problem-solving learning contexts. An implication of this 

research is the improvement of our understanding of elementary pre-service teachers’ perceptions in 
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teacher preparation programs. A recommendation for future research is to conduct a similar study with 

intermediate-senior mathematics pre-service teachers or elementary pre-service teachers in other teacher 

education programs in Ontario.  
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Chapter 1 

Introduction 

 “…mathematical skills and knowledge are increasingly becoming critical components of 

success” 

(Ontario Ministry of Education [MOE], 2016, p. 2) 

Over the last four years, mathematics education in Ontario has received a considerable amount of 

attention. When the Organization for Economic Cooperation and Development released the results of the 

2015 Program for International Student Assessment, it showed that students in Ontario performed below 

the Canadian national average in mathematics (Council of Ministers of Education, Canada [CMEC], 

2015). Later, in September 2016, the Ontario Ministry of Education (MOE) initiated a $60-million 

Renewed Mathematics Strategy that included 60 minutes a day of mathematics learning time for students 

in Grades 1 to 8, supplemental support for students in Grades 6 to 9, and mathematics lead teachers in 

every elementary school across the province (MOE, 2016). After standardized test scores in mathematics 

failed to improve in Ontario in 2016, the MOE unveiled plans for further changes that included a 

“curriculum refresh” for grades 1 through 12 (MOE, 2017, p. 2). These curricular changes were intended 

to focus on the development of skills that will better prepare students for the professional world, including 

“problem-solving, collaboration, [and] communication” (MOE, 2017, p. 2).  

Following a change in the provincial administration in 2018, the MOE acknowledged that 

standardized test scores were still not meeting provincial standards and announced further modifications 

to the elementary mathematics curriculum that sought to focus on the fundamentals of math (MOE, 

2018). Through these changes, the MOE (2018) argued that arithmetic, number sense, memorization of 

basic facts, and mental math skills should be the crux of the elementary mathematics curriculum in order 

to develop students’ mathematical automaticity. Taking all of this into consideration, it is clear that 
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improving mathematics education in Ontario is undoubtedly a primary concern for the MOE, and a large 

part of that effort is focusing on the elementary level.  

 Accordingly, this study investigated an important aspect in the ongoing improvement efforts in 

mathematics education in Ontario. Specifically, this worked focused on the relationship between problem 

solving and communication in elementary mathematics by exploring elementary pre-service teachers’ 

perceptions of mathematical problem solving and the nature of their communication in mathematical 

problem-solving learning contexts. This research was significant for three primary reasons. For one, 

problem solving is considered to be at the heart of mathematics education (O’Connell, 2000; Schoenfeld, 

1992) and is a cornerstone of Ontario mathematics curricula (MOE, 2005a, 2005b, 2007). Both the MOE 

and National Council of Teachers of Mathematics (NCTM) consider problem solving to be an essential 

process in the acquisition and application of mathematical knowledge and skills, and acknowledge the 

importance of its presence in elementary classrooms (MOE, 2005a; NCTM, 2000). Teaching mathematics 

through problem solving should be a focus of elementary teachers, as it can positively benefit their 

students’ mathematical understanding (NCTM, 2010; O’Connell, 2000).  

In addition to problem solving, communication is also considered to be a fundamental process in 

the teaching and learning of mathematics at all grade levels (MOE, 2005a, 2005b, 2007; NCTM, 2000). 

The use of verbal communication for generating rich classroom discourse is widely accepted as being 

critical to mathematical knowledge construction, and is an expectation for all mathematics teachers 

(Bauersfeld, 1995; Cobb, Boufi, McClain, and Whiteneck, 1997; NCTM, 1991). Furthermore, the 

fundamental role played by communication and language in mathematics education is receiving 

considerable attention from researchers (Morgan, Craig, Schuette, & Wagner, 2014) and has been shown 

to have positive effects on student learning, such as improved conceptual understanding and the 

development of thinking skills (Dixon, Egendoerfer, & Clements, 2009).  

Finally, research examining pre-service teachers’ perceptions and understandings is a valuable 

aspect in improvement efforts in education (Land, Tyminski, & Drake, 2015). If mathematics teachers are 
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expected to successfully utilize communication in problem-solving learning contexts, they must have a 

thorough understanding of the relationship between these two components. As such, pre-service teachers 

are of considerable importance within this focus as their perceptions can be positively influenced during 

their teacher education (Luft & Roehrig, 2007). Furthermore, the Ontario elementary mathematics 

curriculum (MOE, 2005a) dictates that teachers should be teaching through problem solving in a 

communication-based environment, however research has shown that pre-service teachers may lack the 

familiarity and critical eye used to effectively read and evaluate mathematics curricula (Lloyd & Behm, 

2005; Nicol & Crespo, 2006). Therefore, investigating Ontario elementary pre-service teachers’ 

perceptions of mathematical problem solving, and the nature of their communication in mathematical 

problem-solving learning contexts, is of critical importance.  

Rationale 

 During my own teacher education program, I often thought about the oral communication that 

occurs in a mathematics classroom. I thought about the way students talk to one another as they 

collaborate and the types of questions they ask their teacher. I thought about how my associate teacher 

and I spoke to our students; the words we used and the purpose of those words. Further, it was not until I 

began teaching secondary mathematics professionally that I truly started to consider the importance and 

fundamentality of problem solving in mathematics. This appreciation was developed through my own 

implementation of rich tasks that got students thinking, talking, and problem solving. It is at that point I 

began to wonder about the lack of emphasis on problem solving during my teacher education program. It 

is also at that point that I began to realize and understand the interconnectedness of problem solving and 

communication in mathematics education. This realization opened my eyes to the incredible importance 

of mathematics educators thinking about problem solving and communication and also drove me to want 

to better understand problem-solving learning contexts, and the communication that occurs within them, 

at the elementary level. I believed developing an understanding of students’ experiences in elementary 
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mathematics would give a better appreciation of who my students were as learners. This quest led me to a 

vast body of literature on problem solving, communication, and pre-service teachers.  

 Much of the research on problem solving focuses on analyzing its characteristics, describing its 

processes, and classifying types of problems (Hollingworth & McLoughlin, 2005; Jonassen, 2000; Mayer 

& Wittrock, 2006; Metallidou, 2009; Pólya, 1945). Pólya’s (1945) work introduced a problem-solving 

heuristic and soon became a seminal piece of literature that was incorporated into numerous mathematics 

textbooks (Griffin & Jitendra, 2009) as well as the Ontario elementary mathematics curriculum (MOE, 

2005a). Many studies (Griffin & Jitendra, 2009; Kingsdorf & Krawec, 2016; Murata & Kattubadi, 2012) 

investigated the effectiveness of using problem-solving heuristics like Pólya’s in elementary mathematics 

education, while others (Hohn & Frey, 2002) sought the optimal time to begin teaching problem solving. 

Furthermore, additional research (O’Connell, 2000; Murata & Kattubadi, 2012) explored the teacher’s 

role in an elementary mathematics problem-solving learning context. Overall, problem solving has 

received a considerable amount of attention in contemporary research. A portion of this work focused on 

the role of problem solving in elementary mathematics education, however the emphasis has been on in-

service teachers’ instructional methods for teaching through problem solving and their effects on 

students’ mathematical understanding.  

 During the late 20th- and early 21st-century, the focus of research on communication in the field of 

education shifted from written communication to spoken word (Morga et al., 2014). Since then, a 

considerable number of studies have been conducted that investigated the nature of oral communication in 

mathematics education. For example, several studies have identified mathematical discourse as an integral 

teaching approach in mathematics education that can result in a number of student benefits (Firmender, 

Gavin, & McCoach, 2014; Gresham & Shannon, 2017; Khisty & Chval, 2002; Moschkovich, 2007).  

Other research (Dixon et al., 2009; Firmender et al., 2014; Goos, 2004; Sherin, 2002; White, 2003) has 

highlighted the importance of establishing a classroom environment that is conducive to orchestrating 

effective mathematical discourse. Although some studies were situated in an elementary context (i.e., 
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Firmender et al., 2014; White, 2003), the majority of this research focused on the oral communication that 

takes place in secondary mathematics classrooms, possibly due to the more experience secondary students 

have with learning and discourse in a classroom setting when compared to elementary students. 

Furthermore, these researchers concentrated primarily on in-service teachers’ practices when utilizing 

mathematical discourse.  

 The final body of research that was examined regarded elementary pre-service teachers. The 

primary focus of this literature was on elementary pre-service teachers’ understanding and use of 

mathematics curricula. Specifically, a number of studies (Land, Tyminski, & Drake, 20115 Lloyd & 

Behm, 2005; Nicol & Crespo, 2006) explored how elementary pre-service teachers analyze and 

understand mathematics curriculum documents, textbooks, and other instructional materials. Nicol and 

Crespo (2006) also investigated how their participants’ mathematics teaching during their practicum 

experience was influenced by their analysis of instructional materials. On the other hand, Kajander (2010) 

focused on studying how elementary pre-service teachers’ knowledge and understanding of mathematics 

developed during their teacher education program as well as how important they felt that development 

was for their own teaching. Finally, two of these studies were conducted in Canada. In particular, Nicol 

and Crespo (2006) observed and interviewed pre-service teachers at an unnamed Canadian university 

while Kajander (2010) surveyed, assessed, and interviewed elementary pre-service teachers at Lakehead 

University in Ontario.  

 After examining research on problem solving, communication, and elementary pre-service 

teachers, it became apparent that there is little literature that focuses on elementary pre-service teachers’ 

perceptions of mathematical problem solving and the nature of their communication in mathematical 

problem-solving learning contexts. The existing research on problem solving has primarily investigated 

in-service teachers’ use of problem solving and its affect on students, while the literature on 

communication in mathematics education mostly examined oral communication in secondary classrooms. 

Additionally, research on elementary pre-service teachers has focused on their understanding and use of 
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curriculum materials, not their communication. With that being said, there are a few studies that have 

come close to integrating all of the components explored in this research. For example, Kajander’s (2010) 

study of Ontario elementary pre-service teachers’ mathematical knowledge was useful, however there 

was no description of their oral communication in mathematical problem-solving learning contexts. 

Similarly, Kieran (2002) investigated the communication that occurs between students during 

mathematical problem solving, but made no mention of the teacher’s communication in that context. 

Finally, MacGregor (2017) studied Ontario intermediate-secondary pre-service teachers’ beliefs about 

problem solving, but did not inquire about their communication in problem-solving learning contexts.  

 Altogether, these examples show that there is a dearth of research on elementary pre-service 

teachers’ perceptions of mathematical problem solving and the nature of their communication in 

mathematical problem-solving learning contexts. Therefore, this study aimed to address that gap.  

Research Questions 

 The purpose of this study was to understand the relationship between communication and 

problem solving within the context of the ongoing improvement efforts in mathematics education in 

Ontario. More specifically, this research aimed to explore the relationship between problem solving and 

communication through pre-service teachers’ perceptions of problem solving as well as their 

communication in mathematical problem-solving learning contexts. This particular focus guided the 

development of an overarching research question and two sub-questions, wherein the sub-questions were 

used to effectively answer the overarching research question. These questions are as follows:  

1. How are elementary pre-service teachers thinking about mathematical problem solving and 

what is the nature of their communication in mathematical problem-solving learning contexts? 

a) What are Ontario elementary pre-service teachers’ perceptions and use of 

communication in mathematics education? 

b) What are Ontario elementary pre-service teachers’ perceptions of mathematical 

problem solving in learning contexts? 
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Conceptual Framework 

 The focus of this research was elementary pre-service teachers’ verbal communication in 

mathematical problem-solving learning contexts. Therefore, this study utilized social constructivism as a 

conceptual framework throughout its design, implementation, analysis, and reporting. Social 

constructivism owes most of its foundation to the work of Vygotsky. Within a discussion on 

consciousness, Vygotsky (1979) argued that development—whether it is cultural development or 

knowledge development, for example—occurs first at the social level and then at the individual level. In 

particular, he contended that social experience plays a key role in human behavior and that social 

behavior and consciousness are inseparable, with verbal communication being the driving force behind 

these mechanisms (Vygotsky, 1979). These two primary ideas, that development occurs at the social level 

prior to the individual level and that discourse is a principal factor in this development, are what 

influenced the development of social constructivism as an epistemological framework.  

From a broad perspective, social constructivism is an epistemological framework explaining that 

knowledge is constructed, or created, within an individual through social interactions. It is predicated on 

the idea that these social interactions are the foundation of knowledge construction, rather than merely a 

stimulant for individual knowledge construction (Lerman, 1998). Further, the individual constructs that 

take place reflect the larger communities in which they occur (Cobb, 1996). In other words, individual 

development is undeniably influenced by the social context or environment in which the individual is 

situated. Vygotsky’s (1978) zone of proximal development (ZPD) is something that reflects this notion. 

He defined the ZPD as “the distance between the actual development level as determined by independent 

problem solving and the level of potential development as determined through problem solving under 

adult guidance or in collaboration with more capable peers” (Vygotsky, 1978, p. 86). In doing so, he not 

only took into account a learner’s fully developed knowledge, skills, and understanding, but also what is 

still developing. Vygotsky’s ZPD had important implications for teaching and learning. Specifically, 

Vygotsky (1978) argued that the learning process should incorporate the ZPD by offering opportunities 
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for students to engage in cooperative, social activities with others who are just behind or just beyond their 

level of understanding (i.e., classmates or the teacher). In this sense, he contended that learning happens 

in the ZPD through the learner’s interactions and communication with someone at a different level of 

understanding. For example, providing a learner with an opportunity to communicate verbally with a 

resident expert (i.e., someone with a higher level of understanding) through a learning activity can help 

develop the learner’s use of mathematical language (Schleppegrell, 2007). Overall, Vygotsky’s ZPD is an 

important part of the social constructivist framework.  

After considering the principles of social constructivism, many scholars (e.g., Cobb, 1994, 1996; 

Ernest, 1998, 1999) applied them to mathematics teaching and learning. Ernest (1998) presented social 

constructivism as a philosophy of mathematics and argued that mathematical knowledge is created 

through the use of language between the teacher and learners. In general, he argued that “any explicit 

human formulations of doubt, belief, or knowledge…presuppose the social institution of language” 

(Ernest, 1998, p 131). Further, Ernest (1998) claimed that mathematical knowledge is internalized, or 

cemented, within an individual only after that knowledge has been publicized via examination and 

explication in a social setting. In other words, rhetoric cannot be considered separate from mathematical 

content (Ernest, 1999).  

Consequently, the social interactions and context of a mathematical learning environment are of 

monumental importance (Ernest, 1998). Cobb (1994) also emphasized the critical role that language plays 

in the social construction of mathematical knowledge and highlighted the importance of larger social 

processes. He claimed, “the critical issue is not whether students are constructing, but the nature or 

quality of those socially and culturally situated constructions” (Cobb, 1994, p. 4). Smith (1999) reinforced 

many of the key ideas of social constructivism as a philosophy of mathematics. Specifically, he argued 

that language and sociocultural context are of the utmost importance in the teaching and learning of 

mathematics.  
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 Evidently, social constructivism is a well-known theoretical framework that has been successfully 

applied to mathematics teaching and learning. It presents a clear argument for knowledge acquisition and 

has been used to support the use of communication in mathematics classrooms (see Cobb et al., 1997). 

Further, Creswell (2007) maintained that qualitative research within a social constructivist framework 

relies on the views of the participants and that “constructivist researchers often address the ‘processes’ of 

interaction among individuals” (p. 21). It followed that social constructivism was a fitting conceptual 

framework for this research as it focused in part on a social interaction (communication) between 

elementary pre-service teachers and their students as well as the perspectives of the pre-service teacher 

participants.  

Outline of Thesis 

 This thesis is presented in five chapters. Chapter 1 aims to outline the current social and political 

state of mathematics education in Ontario in order to set the scene for this research. It also provides the 

rationale, purpose, research questions, and conceptual framework that guided the design, implementation, 

and analysis of this study. Chapter 2 explores a vast body of pertinent literature that helps lay the 

foundation for this work. Literature on problem solving, mathematics curriculum, and communication 

was gathered, reviewed, and thematically analyzed in order support a discussion on the fundamental 

components of this research. Chapter 3 then details the development and implementation of this research 

study with regards to methodology, participants, data collection, and data analysis. Chapter 4 reports on 

the findings of this research, including the emergent themes and how they were developed from the data. 

Finally this thesis concludes with Chapter 5, which discusses how the findings answered the research 

questions and identifies the limitations of this research as well as the implications this work has for 

further research. 
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Chapter 2 

Literature Review 

This chapter is comprised of a review of literature on problem solving, mathematics curriculum, 

and communication. Literature on these topics was analyzed and is presented here thematically in order to 

provide the foundation for the research questions that guided this study. This literature review begins with 

a discussion on problem solving, including its characteristics and presence in elementary mathematics 

education and Ontario mathematics curricula. The discussion then shifts to elementary mathematics 

curriculum with a focus on the Ontario elementary mathematics curriculum as well as teachers’ use of 

mathematics curricula. Then, a discussion on communication and its role in mathematics teaching and 

learning follows. The chapter concludes with a summary of the main ideas presented within.  

Problem Solving 

 Problem solving is of fundamental importance in the teaching and learning of mathematics 

(NCTM, 2010; O’Connell, 2000; MOE, 2005a, 2005b, 2007; Schoenfeld, 1992). It is the cognitive 

process (Jonassen, 2000; Mayer & Wittrock, 2006; Metallidou, 2009) “by which students explore 

mathematics and the goal of learning mathematics” (O’Connell, 2000, p. 2).  Despite the immense 

importance of problem solving in mathematics education, researchers and educators have failed to 

develop a common understanding or definition of problem solving. Consequently, there exist numerous 

definitions of problem solving found in the literature, ranging from those describing it simply as rote 

practice solving problems to those describing it as doing mathematics professionally (Schoenfeld, 1992).   

 Metallidou (2009) offered an eminent definition of problem solving: “Problem solving as a goal-

directed behavior requires an appropriate mental representation of the problem and the subsequent 

application of certain methods or strategies in order to move from an initial, current state to a desired goal 

state” (p. 76). In this way, problem solving is defined as a process fueled by cognitive procedures 

including representing the problem, making a plan, and implementing that plan (Metallidou, 2009). 
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Jonassen (2000) provided a similar definition but with the added component that “finding or solving for 

the unknown must have some social, cultural, or intellectual value” (p. 65). This addendum places 

significant importance on the problem itself and not just the process of solving it. For the purpose of this 

thesis, Metallidou’s definition with Jonassen’s addition will serve as the working definition of problem 

solving. In other words, problem solving will be defined as a goal-directed behavior that involves 

cognitive procedures in order to move from a given state to a goal state, where the process itself has some 

sort of value to the solver or the overarching context.  

In this section, literature on problem solving is thoroughly examined in an attempt to establish an 

understanding of such a fundamental yet multifaceted process in mathematics education. This analysis 

focused on the characteristics of problem solving and its presence in elementary mathematics education 

and the Ontario mathematics curricula. 

Characteristics of problem solving. The importance of problem solving is not a novel idea; 

however, the problem solving we are familiar with today was introduced by George Pólya in 1945 

(Schoenfeld, 1987). Pólya’s (1945) book How to Solve It is a seminal work that presented a four-step 

problem-solving heuristic. This process begins with the learner understanding the problem, wherein he or 

she focuses on the unknown, as well as the given information, and makes a diagram or other 

representation of the problem. Secondly, the learner devises a plan by linking the problem to prior, similar 

problems or by working backward. The third step, carry out the plan, involves executing whatever 

solution method was devised in the second step. Finally, the learner must look back and determine 

whether or not their solution is appropriate and reflect on what strategies worked and did not work. 

 Pólya’s problem-solving framework has been adopted by numerous mathematics textbooks 

(Griffin & Jitendra, 2009) and curricula (MOE, 2005a), and has influenced a number of definitions of 

problem solving found in educational research. For example, Mayer and Wittrock (2006) argued that 

“problem solving is cognitive processing directed at transforming a given situation into a goal situation” 

(p. 287) that involves representing, planning/monitoring, executing, and self-regulating. This four-step 
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process is nearly identical to the one outlined by Pólya (1945). Mayer and Wittrock’s definition of 

problem solving also resembles Metallidou’s (2009) in that it emphasizes the cognitive processes 

necessary to move from the initial stage of the problem to a solution.  

This cognitive component is one of the four main characteristics of problem solving identified by 

Mayer and Wittrock (2006). They also classified problem solving as being a process, directed, and 

personal. First, problem solving as a process refers to the problem solver’s representation and 

manipulation of his or her knowledge. Second, classifying problem solving as directed means the process 

is guided by the goals of the problem solver. Third, problem solving is influenced by, and depends upon, 

the solver’s knowledge, skills, and beliefs. All of these personal qualities play an integral role in how the 

learner will think about the problem and approach the problem-solving process. While Mayer and 

Wittrock (2006) identified four primary characteristics of problem solving, other researchers 

(Hollingworth & McLoughlin, 2005; Jonassen, 2000; Schoenfeld, 1987) acknowledged separate key 

components of problem solving. In a review of Pólya’s work on problem solving, Schoenfeld (1987) 

argued that Pólya’s four-step heuristic on its own is not enough to make students effective problem 

solvers. Schoenfeld claimed that the presence of a metacognitive component is key for developing 

students’ problem-solving skills and that learners must actively think about the cognitive processes 

necessary for problem solving. They must consider why they are generating a specific representation or 

why they will try a certain solution method. If they come to an answer they deem incorrect, they must 

reflect and think about why that solution misses the mark and how they can develop a new strategy to 

reach their goal. Overall, Schoenfeld’s (1987) emphasis on metacognition was another key element within 

the literature on problem solving.  

Jonassen (2000) identified three main characteristics of problem solving: the problem, the 

representation(s), and individual differences. First, he claimed that problems can vary in terms of their ill-

structuredness, complexity, and domain specificity and that these three categories can overlap. Second, 

the representation(s) of the problem can vary depending on how the problem is presented and how the 
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learner perceives it. Jonassen argued that one must also consider the social, historical, and cultural context 

of the problem-solving situation. Individual differences such as the learner’s knowledge, cognitive styles, 

self-confidence, and motivation were considered a critical component of problem solving (Jonassen, 

2000). Within his discussion of the problem solver’s cognitive styles, Jonassen emphasized the 

importance of the use of metacognitive strategies in problem solving, similar to Schoenfeld (1987). 

Additionally, Jonassen’s problem-solving framework differs slightly from that of Mayer and Wittrock 

(2006) as Jonassen concentrated on the representation(s) of the problem. Jonassen (2000) claimed that the 

key to learning problem solving lies in the representation(s) created in order to solve the problem; what he 

called the “problem space construction” (p. 82).  

Hollingworth and McLoughlin (2005) presented their own interpretation of problem solving that 

resembled Jonassen’s (2000). They claimed that effective problem solving is dependent on the 

environment in which the teaching and learning of problem solving takes place as well as the types of 

problems that students encounter within these environments (Hollingworth & McLoughlin, 2005). These 

characteristics are similar to Jonassen’s (2000) consideration of the problem-solving context as well as his 

problem component. Hollingworth and McLoughlin (2005) maintained that providing opportunities for 

metacognitive thinking is important for the development of problem-solving skills.  

 All of these different frameworks accentuate the lack of a common understanding of problem 

solving amongst researchers and educators, however a common theme is that problem solving is a 

cognitive process with many important components including the qualities of the problem solver, the role 

of metacognition, and the characteristics of problems. This final component, the characteristics of 

problems, is discussed in the following section.  

Characteristics of problems. Of course, problem solving would not exist without the presence 

of problems. Many researchers allude to the importance of the characteristics of problems within problem 

solving (e.g., Hollingworth & McLoughlin, 2005; Mayer & Wittrock, 2006), and Jonassen (2000) 

provided a list and extensive discussion of 11 different types of problems. The present discussion, 
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however, will focus on the classifications offered by Mayer and Wittrock (2006) and Hollingworth and 

McLoughlin (2005) as these are clear and have direct applications to education.  

 Mayer and Wittrock (2006) offered a continuum for classifying problems that ranges from routine 

to nonroutine. On one end, routine problems can be solved algorithmically and are usually familiar to the 

learner. When faced with a routine problem, a student can typically generate a solution method without 

much critical thinking. Mayer and Wittrock (2006) argue that most of the problems used in education are 

routine problems. On the other end of the continuum are nonroutine problems. Nonroutine problems 

typically involve a solution method that the problem solver has not yet learned, therefore developing a 

solution method to a nonroutine problem may be a more cognitively challenging task for the learner than 

with routine problems. Furthermore, nonroutine problems are generally interdisciplinary in nature, 

incorporating aspects from other subjects such as science and history. Overall, classifying a problem as 

routine or nonroutine depends on the knowledge and experiences of the individual (Mayer & Wittrock, 

2006). 

 Another continuum for classifying problems was introduced by Hollingworth and McLoughlin 

(2005) and ranges from ill-defined to well-defined. Ill-defined problems are often open-middled, meaning 

they can be solved using multiple solution strategies or a method that is unfamiliar to the solver. 

Typically, all of the information needed to solve an ill-defined problem may not be provided and there 

may be multiple solutions to the problem, or none at all. Conversely, well-defined problems are often 

solved using a familiar, algorithmic method, all the necessary information is given, and there is a single 

correct solution. The problems used in education are more often than not well-defined while the problems 

encountered in the professional world are often ill-defined (Hollingworth & McLoughlin, 2005). 

Hollingworth and McLoughlin (2005) contended that practicing routine, well-defined problems can be 

benefit students’ problem solving skills as they aid in the development of a well-defined knowledge 

domain. 
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 Both the routine vs. nonroutine and ill-defined vs. well-defined continua offer a useful way to 

classify problems. They allow problems to be described in terms of the beginning state, goal state, and 

how the learner can successfully navigate from one to the other. While dichotomous descriptions of 

problems are useful, Jonassen (2000) argued that they do not offer much in terms of identifying required 

cognitive processes and helpful instructional practices for teaching problem solving. As problem solving 

plays an important role in the teaching and learning of mathematics, its presence in elementary 

mathematics education is discussed in the following section.  

Problem solving in elementary mathematics education. The importance of problem solving in 

mathematics education is well understood. The NCTM identified problem solving as one of the five 

Process Standards for learning and applying mathematical content knowledge (NCTM, 2000). Similarly, 

the Ontario MOE acknowledged problem solving as an instrumental process in the learning of 

mathematics at all grade levels (MOE, 2005a, 2005b, 2007). While the significance of problem solving in 

mathematics education is widely accepted, the effective incorporation of problem solving into 

mathematics teaching and learning is not as clear (NCTM, 2010).  

 With regard to the use of problem solving in teaching and learning, the NCTM (2010) claimed 

that the problems used in mathematics education should be challenging, yet intriguing for students. They 

argued that mathematics learners’ “actual opportunities to learn depend not only on the type of 

mathematical tasks that teachers pose but also on the kinds of classroom discourse that takes place during 

problem solving, both between the teacher and students and among students” (NCTM, 2010, p. 3). In 

other words, the NCTM considers the types of problems used, as well as characteristics of the learning 

context, to be important factors in learning through problem solving. This sentiment is nearly identical to 

that of Hollingworth and McLoughlin (2005) who identified the environments in which teaching and 

learning take place and the types of problems students encounter in these environments as central 

components of effective problem solving. Overall, the NCTM (2010) advocates for the use of teaching 

through problem solving; that is, making it a common component of instruction, embedded in many 
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tasks, rather than teaching it as a standalone concept. For example, a teacher might teach through problem 

solving by introducing students to using ratios to solve problems through the use of a word problem 

completed in small groups. On the other hand, teaching problem solving as a standalone concept might 

look like the teacher modeling how to guess and check and asking the students to try some problems 

using that methods. Teaching through problem solving can be a difficult yet beneficial practice (NCTM, 

2010), but may be even more difficult to do at the elementary level (O’Connell, 2000).  

 According to O’Connell (2000), problem solving requires a variety of cognitive skills, an 

understanding of how and when to use different strategies, and a component of reflexivity. The emphasis 

on cognitive and metacognitive processes in this characterization of problem solving not only reflects the 

ideas of other researchers (e.g., Hollingworth & McLoughlin, 2005; Metallidou, 2009; Schoenfeld, 1987) 

but also contributes to what makes teaching mathematics through problem solving a difficult task at the 

elementary level. O’Connell (2000) claimed that teaching through problem solving and helping students 

develop a positive attitude towards it are complex and challenging processes. This is because problem 

solving requires cognitive abilities, patience, persistence, risk taking, and cooperation—characteristics 

and skills that elementary students are still developing (O’Connell, 2000).  

While it may be arduous to teach through problem solving in elementary mathematics education, 

O’Connell (2000) offered numerous problem-solving strategies that teachers can include in their 

instruction. These strategies included choose an operation, find a pattern, make a table, make an 

organized list, draw a picture or diagram, guess, check, and revise, use logical reasoning, and work 

backward. Although O’Connell offered eight distinct strategies, they closely resemble aspects of Pólya’s 

(1945) four-step problem-solving heuristic. Pólya identified the importance of making a visual 

representation of the problem (e.g., a table, list, diagram, or picture) while working to understand the 

problem, and referenced working backward as a useful practice when devising a plan to solve the 

problem. It is unclear how pre-service teachers might interpret O’Connell’s (2000) strategies; that is, as a 

set of steps or a conceptualization of problem solving as Pólya (1945) intended. Nevertheless, 
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O’Connell’s (2000) suggested problem-solving strategies are only the beginning of the discussion on the 

use of problem solving in elementary mathematics education. 

 The question of when to introduce problem solving may arise when considering its use in 

elementary mathematics education. Hohn and Frey (2002) found that grade 3 might be an optimal time to 

begin teaching problem solving through heuristics. In their quantitative study on students in grades 3 

through 5, Hohn and Frey (2002) found that the use of their SOLVED heuristic can be successfully 

implemented in elementary classrooms and that this practice can help improve students’ problem-solving 

skills. The SOLVED heuristic, which stands for State the problem, Options to use, Links to the past, 

Visual aid, Execute your answer, and Do check back, is similar to Pólya’s (1945) problem-solving 

framework and was shown to be more beneficial for learning and long-term retention than the problem-

solving methods offered in the students’ mathematics textbooks (Hohn & Frey, 2002). This is an 

interesting finding as most elementary mathematics textbooks include a problem-solving heuristic related 

to Pólya’s (Griffin & Jitendra, 2009). This may be due to the fact that the heuristic title matches the 

process being learned, possibly making it more memorable for elementary students.  

 Nevertheless, further studies (Griffin & Jitendra, 2009; Kingsdorf & Krawec, 2016; Murata & 

Kattubadi, 2012) highlighted both the advantages and disadvantages of using problem-solving heuristics 

in elementary mathematics education. Through a broad literature review, Kingsdorf and Krawec (2016) 

found that using problem-solving methods in elementary mathematics that incorporate a visual 

representation of the problem help develop students’ conceptual understandings and problem-solving 

skills. They also found that metacognitive skills such as self-monitoring and self-correcting also aided in 

the development of effective problem solving. Using problem-solving heuristics in elementary 

mathematics education has also been shown to help improve students’ computation skills (Griffin & 

Jitendra, 2009). Because of these benefits, Kingsdorf & Krawec (2016) recommended that elementary 

teachers consistently make use of step-by-step problem-solving procedures as they try to teach through 

problem solving.  
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Important components to incorporate while teaching elementary mathematics through problem 

solving include ample amounts of modeling, guided practice, feedback, and independent practice 

(Kingsdorf & Krawec, 2016) as well as providing opportunities for students to share their solution 

methods in problem-solving contexts (Murata & Kattubadi, 2012). On the other hand, Murata and 

Kattubadi (2012) found that using problem-solving heuristics in elementary mathematics education could 

put too much emphasis on speed and obtaining the correct answers. They also found that when grade 3 

students faced problems where the methods they had been taught did not apply, the students often created 

their own solution methods, which were not always valid (Murata & Kattubadi, 2012).  

 Overall, problem solving certainly plays an important role in elementary mathematics education. 

On one hand, teaching through problem solving may be a difficult endeavor for elementary mathematics 

teachers due to the cognitive demands placed on students during problem solving (O’Connell, 2000). On 

the other hand, research has shown that teaching elementary mathematics through problem solving by 

using heuristics can be a beneficial practice as early as grade 3 (Griffin & Jitendra, 2009; Hohn & Frey, 

2002; Kingsdorf & Krawec, 2016). Because of the importance of problem solving in mathematics 

education, a discussion of the presence of problem solving in Ontario mathematics curricula is warranted.  

Problem solving in Ontario mathematics curricula. The Ontario MOE (2005a, 2005b, 2007) 

lists problem solving as one of seven instrumental processes for learning mathematics. Although none of 

the Ontario mathematics curricula give a definition of problem solving, they all maintain that problem 

solving should be the foundation of mathematics instruction, as it helps students make connections to the 

real world, is engaging, helps develop critical-thinking skills, and allows for collaboration, effective 

discourse, reasoning, and connections between mathematical content (MOE, 2005a, 2005b, 2007). The 

mathematics curricula also mention routine, nonroutine, and instructional problems. The work of Mayer 

and Wittrock (2006) is never referenced during the discussion of routine vs. nonroutine problems, and 

none of the curriculum documents provide an explicit definition for instructional problems (MOE, 2005a, 
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2005b, 2007), although they do identify useful problem solving strategies that are nearly identical to those 

offered by O’Connell (2000).  

 Within this review of problem solving in Ontario mathematics curricula, the elementary (i.e., 

grades 1 through 8) mathematics curriculum can be considered unique, as it is the only curriculum 

document of the three that references a particular problem-solving model (MOE, 2005a), as Pólya’s 

(1945) problem-solving framework is presented in detail for teachers to reference. The elementary 

curriculum document also advises teachers not to introduce Pólya’s four-step model until grade 3—a 

recommendation similar to that made by Hohn and Frey (2002). A further review of elementary 

mathematics curriculum occurs in the following section.  

Elementary Mathematics Curriculum 

 Curriculum is undoubtedly a critical component within the field of education, however the term 

“curriculum” can be interpreted in a number of ways (Remillard, 2005; Sherin & Drake, 2009). For the 

purposes of this report, the terms “curriculum” and “curriculum materials” will be used interchangeably 

and are defined as “printed, often published resources designed for use by teachers and students during 

instruction” (Remillard, 2005, p. 213). This definition includes guides, textbooks, MOE documents, and 

other instructional materials. When discussing curriculum, it is also important to clarify the difference 

between the “intended” and “enacted” curriculum. Again, to borrow from Remillard (2005), the “intended 

curriculum” is defined as what the teacher has planned or aims to accomplish with instruction, and the 

“enacted curriculum” is “what actually takes place in the classroom” (p. 213).  

Baker et al. (2010) considered textbooks as the “cornerstone of the mathematics curriculum” and, 

using an analysis of elementary mathematics textbooks, showed that these textbooks have undergone 

significant changes over the course of the 20th century. Since the 1960s, elementary mathematics 

textbooks have become more mathematically and cognitively demanding—changes that may reflect 

parallel societal and philosophical trends (Baker et al., 2010). Nonetheless, contemporary curriculum 

materials are often referred to as being “reform-based.” Reform-based curriculum materials are those that 
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are grounded in the NCTM’s Curriculum and Evaluation Standards for School Mathematics (1989) and 

Principles and Standards for School Mathematics (2000) (Land et al., 2015). Generally speaking, reform-

based curriculum materials “emphasize mathematical thinking and reasoning, conceptual understanding, 

and problem solving in realistic contexts” (Remillard, 2005, p. 211).  

 Throughout this section, literature on elementary mathematics curriculum is discussed in detail. 

Because the present study focuses on elementary pre-service teachers’ understandings of problem solving 

as well as the nature of their communication during mathematical problem-solving learning situations, the 

discussion includes a closer look at the Ontario mathematics curriculum for grades 1 through 8 as well as 

a thorough review of literature on elementary teachers’ use of mathematics curricula.  

Ontario elementary mathematics curriculum. The current Ontario mathematics curriculum for 

Grades 1 through 8 was published in 2005, replacing the previous curriculum introduced in 1997 (MOE, 

2005a). This reform-based curriculum document identifies seven interconnected mathematical processes 

that help students learn mathematical content and skills that they need for success both in school and later 

on in life. These processes include problem solving, reasoning and proving, reflecting, selecting tools and 

computational strategies, connecting, representing, and communicating (MOE, 2005a)—a list that 

includes all five of the Process Standards identified by the NCTM (2000). The curriculum also recognizes 

numerous important principles of mathematics education including diversity of students, importance of 

equity within the classroom, practicality of technology, and different learning styles with which students 

may associate (MOE, 2005a). The overall and specific expectations outlined in this curriculum document 

are organized into five strands with the anticipation that teachers will “integrate concepts from across the 

five strands and apply the mathematics to real-life situations” (MOE, 2005a, p. 8). These five strands 

include Number Sense and Numeration, Measurement, Geometry and Spatial Sense, Patterning and 

Algebra, and Data Management and Probability—a classification that is nearly identical to the NCTM’s 

(2000) Content Standards.   
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 In addition to being a reform-based curriculum document, the Ontario elementary mathematics 

curriculum outlines the critical role that teachers play in mathematics education. Primarily, the MOE 

(2005a) maintains that “[t]eachers are responsible for developing appropriate instructional strategies to 

help students achieve the curriculum expectations, and for developing appropriate methods for assessing 

and evaluating student learning” (p. 5). In order to help elementary teachers achieve these goals, the 

curriculum document offers a number of helpful components. First, throughout the curriculum, the MOE 

references different resources and tools that teachers can use in the classroom. These include Ministry-

published guides, appropriate manipulatives, and computer software. Second, throughout the presentation 

of the curriculum expectations, teachers are provided with sample problems and anticipated student 

discourse in order to guide teachers, illustrate content areas and skills, and clarify student expectations 

(MOE, 2005a). These “educative” features within the curriculum are “intended to support teacher 

learning in addition to student learning” (Land, et al., 2015, p. 17) and help teachers develop appropriate 

teaching strategies.  

 To further help elementary teachers in effectively moving from the intended curriculum to the 

enacted curriculum, the MOE offers a section on mathematics teaching approaches. Effective instruction 

is varied, and includes opportunities for students to learn “individually, cooperatively, independently, 

with teacher direction, through hands-on experience [and] through examples followed by practice” (MOE, 

2005a, p. 24). Teachers are advised to provide students with the opportunity to learn mathematics through 

problem solving in ways that utilize the students’ prior knowledge, “encourage meaningful practice both 

inside and outside the classroom,” and develop students’ communication skills (MOE, 2005a, p. 25). The 

MOE contends that, whenever possible, teachers should be linking mathematical content to the real world 

and students’ everyday lives.  

 In addition to providing teachers with educative features and recommendations for effective 

mathematics instructional approaches, the Ontario elementary mathematics curriculum also offers 

suggestions for the assessment and evaluation of student learning. The MOE (2005a) presents assessment 
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as a key component in improving students’ mathematical understanding as well as a guide to help 

teachers adjust their instructional strategies to best suit their students’ needs. To achieve these goals, 

teachers are urged to use assessment and evaluation strategies that are fair for all learners, varied in type, 

linked to curriculum expectations, clearly communicated, and able to be accommodated for students’ 

individual needs (MOE, 2005a). Ontario elementary teachers are expected to utilize the achievement chart 

that is outlined in the curriculum document for evaluating student work. When using this achievement 

chart, students are to be evaluated on their knowledge and understanding, thinking, communication, and 

application by using a four-point scale (MOE, 2005a). Lastly, the provided achievement chart is meant to 

be used province-wide in order to establish a standard of mathematics evaluation in Ontario (MOE, 

2005a).  

Although the Ontario elementary mathematics curriculum provides numerous useful components 

to aid teachers in developing effective instructional strategies and assessments, research has shown that 

elementary teachers read and interpret mathematics curricula in a variety of ways based on their 

individual characteristics (Polly, 2017; Remillard, 2005; Sherin & Drake, 2009; Tyminski, Land, & 

Drake, 2011). In order to investigate this matter further, elementary teachers’ use of mathematics 

curricula are discussed in the following section.  

Elementary teachers’ use of mathematics curricula. Throughout this section, reference will be 

made to both in-service and pre-service teachers’ use of mathematics curricula. For the purposes of this 

report, “curriculum use” will be defined as “how individual teachers interact with, draw on, refer to, and 

are influenced by material resources designed to guide instruction” (Remillard, 2005, p. 212). This 

discussion begins with a review of how in-service elementary teachers use mathematics curricula.  

Reform-based mathematics curricula have the potential to positively impact mathematics teaching 

and learning, however in-service elementary teachers interpret curriculum materials differently depending 

on their beliefs, knowledge, and experiences (Polly, 2017). Similarly, Remillard (2005) argued that the 

process of reading and interpreting curriculum materials is complex and multifaceted—different 
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elementary teachers will both read and implement the same curriculum in different ways depending on 

their “knowledge, capacities, beliefs, perceptions, and experiences” (p. 237). To better understand this 

phenomenon, Remillard (2005) created a framework for curriculum use that describes the 

interconnectedness of the teacher and curriculum and how this relationship affects both the intended and 

enacted curriculum (Figure 1).  

 

Figure 1. Remillard's (2005) framework of the teacher-curriculum relationship (p. 235). 

 

 As mentioned, the teacher and his/her/their individual characteristics are a major component of 

the teacher-curriculum relationship (Remillard, 2005). The other key component of this relationship, the 

curriculum, can be analyzed in two ways. The first is by the internal characteristics of the curriculum, 

including the representation of concepts and tasks and its look. The second is how the curriculum is 

perceived by the teacher and society as a whole—what Remillard (2005) calls the “subjective scheme.” 

Together, these components engage in a two-way, participatory relationship that would benefit from 
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further examination through research, however Remillard (2005) argued that the intended curriculum is a 

byproduct of this relationship. The intended curriculum is then implemented, leading to the enacted 

curriculum. Throughout this framework, Remillard (2005) recognized the influence of the context in 

which this teacher-curriculum relationship takes place. Overall, this framework provides educators and 

researchers with a conceptualization of the complex interactions between teachers and curriculum.  

 Sherin and Drake (2009) also analyzed elementary teachers’ use of mathematics curricula and 

offered a curriculum strategy framework. This framework outlines how teachers use curricula during 

three stages: before, during, and after instruction. Sherin and Drake (2009) argued that the teacher plays 

the role of interpreter between the curriculum and the classroom by reading, evaluating, and adapting the 

curriculum during each of the three stages. Reading the curriculum involves “a focus on the general 

outline” of the curriculum materials while evaluating emphasizes the usefulness of the curriculum for 

students and teachers and adapting involves “creating, replacing, or omitting activities or materials” 

(Sherin & Drake, 2009, p. 490).   

 While Sherin and Drake (2009) presented a useful framework for elementary teachers’ use of 

mathematics curricula, other research (Remillard, 2005; Sherin & Drake, 2009) has shown that in-service 

elementary teachers’ use of mathematics curricula is a complex and multifaceted process where different 

teachers can interact with the same curriculum materials in a number of ways. To add to the complexity 

of the situation, Polly (2017) showed that some elementary teachers found their provided curriculum 

materials to be inadequate and in turn went to other sources (i.e., other teachers or the Internet) for 

instructional materials. For the purposes of this report, and to help shed some light on the complexity of 

the teacher-curriculum relationship, a thorough discussion of pre-service elementary teachers’ use of 

mathematics curricula is appropriate. 

 Numerous studies (e.g., Land et al., 2015; Lloyd & Behm, 2005) have been conducted in order to 

investigate how pre-service elementary teachers use mathematics curricula. All of the studies reviewed 

here explored how pre-service teachers read and evaluated curriculum materials before instruction. This 
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process involved interpreting the overall content and structure of the curriculum and evaluating its 

usefulness for both teachers and students (Sherin & Drake, 2009). The following discussion presents 

findings on how pre-service elementary teachers read and evaluate mathematics curricula followed by 

several recommendations that come from these findings.  

 Generally speaking, pre-service elementary teachers lack a critical eye when reading and 

evaluating mathematics curricula (Lloyd & Behm, 2005; Nicol & Crespo, 2006). This can cause pre-

service teachers to misinterpret different aspects of the curriculum and to miss other components 

altogether. For example, Land, Tyminski, and Drake (2015) found that pre-service elementary teachers do 

not read the educative features of a curriculum in the way they are intended. In particular, pre-service 

teachers interpreted educative features as merely descriptive, rather than something meant to help both 

them and their students learn (Land et al., 2015). Land et al. (2015) also reported that pre-service teachers 

identified non-educative components as being the most important part of particular instructional 

materials. For example, some pre-service teachers considered student tasks outlined in a curriculum to be 

the most important educative feature of the document. Land et al. (2015) believed this may be due to the 

pre-service teachers’ inexperience. Similarly, Lloyd and Behm (2005) found that pre-service elementary 

teachers “gave little or no credit to more innovative [teaching] approaches” (p. 58) presented in 

mathematics curricula and paid little attention to student-centered aspects, such as recommendations for 

collaboration and communication. Several authors (Lloyd & Behm, 2005; Nicol & Crespo, 2006) showed 

that pre-service teachers were reluctant to suggest modifications to the instructional materials and 

accepted them as is. All of these findings suggest that pre-service teachers are not as critical as one might 

hope when reading and evaluating mathematics curriculum materials.  

 In addition to misinterpreting parts of reform-based mathematics curricula, pre-service 

elementary teachers also viewed the curricula in terms of their experiences as students (Lloyd & Behm, 

2005). Pre-service teachers analyzed and interpreted mathematics curricula from a student perspective, 

favoring curriculum materials that included interesting activities and fun lessons (Nicol & Crespo, 2006; 
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Tyminski et al., 2011). In other words, they were reading and evaluating mathematics curricula with a 

central question of “How will students engage with the lessons?” rather than “How will I teach the 

lessons?”. These findings could be due to pre-service elementary teachers’ inexperience as teachers paired 

with their more recent experiences as post-secondary students (Tyminski et al., 2011).  

 Overall, the research shows that pre-service elementary teachers may be heavily influenced by 

their experiences as students and may lack the familiarity and critical eye used to effectively read and 

evaluate mathematics curricula. Kajander (2010) argued that the conceptual understanding of elementary 

pre-service teachers may be “far from adequate” (p. 246), which can also influence their ability to 

properly read and evaluate reform-based mathematics curricula. To mitigate these factors, several authors 

made specific recommendations. For instance, Land et al. (2015) suggested providing strategies for 

reading curricula in productive and educative ways throughout teacher education programs and through 

in-service professional development. Similarly, several researchers (Lloyd & Behm, 2005; Nicol & 

Crespo, 2006) supported the implementation of activities requiring pre-service teachers to analyze and 

interpret curriculum materials during teacher education programs. These kinds of activities would ideally 

help develop a critical sense for reading and evaluating mathematics curricula amongst pre-service 

elementary teachers (Nicol & Crespo, 2006).  

 In general, research (e.g., Land et al., 2015; Polly, 2017; Remillard, 2005) indicates the 

importance of curriculum in elementary mathematics education and the fact that both in-service and pre-

service teachers read and evaluate reform-based curriculum materials in different ways and for a variety 

of reasons. Numerous authors (Remillard, 2005; Sherin & Drake, 2009) have offered frameworks to help 

understand the complex relationship that teachers have with both the intended and enacted curriculum. 

The key, however, in effectively moving from the intended to the enacted curriculum is the instructional 

strategies implemented in mathematics classrooms. Hence, elementary mathematics teaching strategies 

are discussed in the following section.  
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Communication 

 For the purposes of this research, my use of the word communication will refer primarily to the 

verbal communication used within learning contexts. A focus on verbal communication can take many 

forms, often defined by those who are doing the speaking and the purpose(s) of the speaking (Morgan et 

al., 2014). My focus will be mixed, with most of the attention placed on elementary pre-service teachers’ 

communication to students; however student-to-student communication as well as student-to-teacher 

communication will also play important roles. The purpose of communication will be left open-ended 

with the intention to explore the nature and use of the participants’ communication in problem-solving 

learning contexts. The word discourse will also be used to signify verbal communication as it is used 

throughout the literature on communication in mathematics education to represent the oral 

communication amongst the teacher and students in mathematics classrooms.  

 Throughout this section on communication, a broad analysis of communication in the learning of 

mathematics from a theoretical perspective will be presented followed by discussion of communication in 

the teaching of mathematics from a more practical perspective. This second focus will include 

considerations of the role of the environment, the role of the teacher, the mathematical register, and 

mathematical vocabulary.   

 Communication in the learning of mathematics. The importance of discourse in education has 

its foundation in the development of social constructivism. Vygotsky (1979) argued that verbal 

communication is the social mechanism and driving force behind the internal construction of knowledge. 

In discussing his notion of the zone of proximal development, Vygotsky (1978) called for social and 

cooperative activities in which learners have the opportunity to communicate with someone (i.e., student 

or teacher) who is at a different level of conceptual understanding. It is through these communication-

based activities that learning occurs (Vygotsky, 1978). Vygotsky’s work was later applied to mathematics 

education by numerous authors (Cobb et al., 1997; Ernest, 1998, 1999; Thompson, 2014). For example, 

Cobb, Boufi, McClain, and Whiteneck (1997) argued that mathematical learning is a social construction 
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and is developed through the use of discourse. These authors presented the idea of reflective discourse—

where classroom actions or tasks become discussion points—and showed that it may be beneficial for 

conceptual development amongst mathematical learners (Cobb et al., 1997). Similarly, Ernest (1998) and 

Thompson (2014) argued that mathematical knowledge is constructed through the use of language 

between the teacher and learners and that social interactions and behaviors within learning contexts are of 

the utmost importance. In other words, the individual construction of mathematical knowledge is 

complemented by a social component wherein the individual communicates with others for corrective and 

corroborative purposes (Ernest, 1999; Vygotsky, 1978).  

 Over time, the ideas of these researchers (i.e., Cobb et al., 1997; Ernest, 1998, 1999; Vygotsky, 

1979, 1978) began to influence trends in mathematics education as well as research in mathematics 

education. In particular, communication in mathematics education began to be viewed as a social event—

something that aids in the construction of knowledge—rather than just a means to relate an answer or 

discovery (Bauersfeld, 1995). In other words, Bauersfeld (1995) argued that communication became 

widely accepted as being influential on personal development and mathematical knowledge construction. 

Morgan, Craig, Schuette, and Wagner (2014) showed that there was a shift in research during the late 20th 

century and early 21st century wherein focus moved from written communication to spoken word. This 

shift included taking a closer look not only at classroom discourse, but the environments in which this 

discourse took place (Morgan et al., 2014).  

 The fundamental idea behind social constructivism—that knowledge is internalized through 

social interactions with a focus on verbal communication—permeated the world of mathematics 

education and influenced contemporary research in that field. This epistemological and theoretical shift 

also influenced the role of communication in the teaching of mathematics by adding a particular focus on 

both the nature of the learning environment and the role of the teacher.  

 Communication in the teaching of mathematics. Communication is undoubtedly a major 

component of contemporary mathematics education. The NCTM (2000) identified communication as one 
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of the primary process standards for the acquisition and application of mathematical content knowledge. 

They argued that verbal communication offers a way for students to reflect on ideas, share their 

perspectives, reason, challenge ideas, and make connections—all of which help develop their conceptual 

understanding in mathematics (NCTM, 2000). Communication is also described as a critical component 

of the problem-solving process, wherein students can engage in “rich conversations” generated by a 

problem-solving task that can involve reflection and clarifying misconceptions (NCTM, 2000, p. 60). In 

younger grades in particular, students are encouraged work to see things from other students’ perspectives 

during whole-class discussions and to think out loud in order to reflect on their reasoning (NCTM, 2000) 

While the NCTM includes written communication in their use of the word communication, all of the 

recommendations identified in the Principles and Standards for School Mathematics can be implemented 

using verbal communication.  

 In a separate document, the NCTM (1991) identified discourse as a professional standard for 

teaching mathematics. The NCTM (1991) acknowledged the complex role of the teacher as well as the 

students when orchestrating discourse within a mathematics classroom. For example, teachers are 

expected to pose questions, ask for clarification, monitor participation, and decide “when to provide 

information, when to clarify an issue, when to model, when to lead, and when to let a student struggle” 

(NCTM, 1991, p. 2). On the other hand, students are expected to listen, respond, make connections and 

conjectures, present solutions, and engage in mathematical argumentation (NCTM, 1991). Clearly, the 

NCTM values the function of communication in the teaching of mathematics and acknowledges the 

complicated role that teachers occupy when using it in the classroom.  

The Ontario MOE (2005a, 2005b, 2007) identified communicating as one of seven interconnected 

processes in the development of mathematical content knowledge. Along with problem solving, 

communicating is explicitly identified as having “strong links to all the other processes” (MOE, 2005a, p. 

11). Akin to the NCTM (1991, 2000), the MOE (2005a) outlined the complex role of the teacher when 

utilizing communication in the classroom and further contended that “effective classroom communication 
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requires a supportive and respectful environment that makes all members of the class feel comfortable 

when they speak and when they question, react to, and elaborate on the statements of their classmates and 

the teacher” (p. 17). Overall, both the NCTM and MOE acknowledge the importance of communication 

in mathematics classrooms as well as the significant role played by the teacher and the learning 

environment when utilizing communication.  The role of the classroom environment, mathematical 

discourse in that environment, and mathematical vocabulary are analyzed further in the following 

sections.  

 Role of the environment. The sentiment of the MOE (2005a), that effective communication 

depends on a specific classroom environment, has been upheld by numerous studies (Dixon et al., 2009; 

Firmender et al., 2014; Goos, 2004; Sherin, 2002). Sherin (2002) referred to this environment as a 

discourse community. A discourse community is a classroom environment where students “state and 

explain their ideas and respond to the ideas of classmates” while the teachers “facilitate these 

conversations and elicit students’ ideas” (p. 207). Moschkovich (2007) added that a discourse community 

includes the participants’ (teacher and students) representations of their perspectives, and the things they 

share can have multiple meanings for the people who interpret them. Sherin (2002) and Moschkovich’s 

(2007) descriptions provide a broad understanding, and highlight the complexity, of a classroom 

environment conducive to effective discourse. On the other hand, Dixon, Egendoerfer, and Clements 

(2009) highlighted the importance of the sociomathematical norms in discourse communities, which are 

defined as “the processes of engagement that are expected by the participating individuals” (p. 1068) 

within a mathematical learning environment. Teachers are also expected to cultivate a classroom 

environment based on mutual trust and risk-taking, where students feel welcome to express their thoughts 

and ideas (Groves & Doig, 2004; NCTM, 2000). When teachers emphasize the development of a 

discourse community founded on clear sociomathematical norms, they have the best opportunity to 

successfully use communication for their students’ benefit (Dixon et al., 2009; Firmender et al., 2014).  
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Mathematical discourse in the classroom. The use of discourse as an elementary mathematics 

teaching approach is comprised of student-to-teacher dialogue, student-to-student dialogue, and full class 

discussion as the primary means of learning. Moschkovich (2007) argued that mathematical discourse is a 

social, cognitive, and cultural experience wherein the teacher and students contribute multiple different 

perspectives of a given topic. Sharing these perspectives out loud in a discourse community is what helps 

learners develop their mathematical understanding (Moschkovich, 2007). In her research, Moschkovich 

(2007) identified four types of mathematical discourse practices. First, professional discourse practices 

refer to those used by mathematicians, scientists, engineers, architects, and other mathematical 

professions while school discourse practices refer to those used by students and teachers in school and 

academic discourse practices are those educators expect students to utilize in order to improve their 

mathematical literacy. The fourth type of mathematical discourse practice is titled everyday and refers to 

the mathematical discourse used by adults and children on an everyday basis. Interestingly, Moschkovich 

(2007) makes a distinction between academic and school discourse practices because “many classrooms 

do not reflect the practices that lead to mathematical literacy or literate mathematical discourse” (p. 27).  

Overall, teachers should be working to bridge the gap between school mathematical discourse 

practices and academic mathematical discourse practice (Moschkovich, 2007). In other words, academic 

discourse practices, which are characterized by generalizing, arguing, justifying, making claims, 

imagining, and reasoning (Groves & Doig, 2005; Moschkovich, 2007), should be a goal of mathematics 

education and students should be developing past school and everyday discourse practices. With that 

being said, academic and everyday discourse practices do not need to be separated. They can be used 

together successfully in order to support one another, as some everyday experiences can help describe 

mathematical concepts. For instance, the idea of rolling a ball up a hill can be used to explain the slope of 

a line (Moschkovich, 2007). From here on, this discussion of mathematical discourse in the classroom 

will refer to academic discourse, as this is the standard for mathematics students.   
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A lot of research (e.g., Firmender et al., 2014, Khisty & Chval, 2002) has shown that students can 

greatly benefit from engaging in classroom discourse. In addition to developing mathematical literacy 

(Moschkovich, 2007), some of these positive effects included increasing student achievement (Firmender 

et al., 2014) and understanding (Kieran, 2002), promoting collaboration, and increasing feelings of 

belongingness and self-confidence (Gresham & Shannon, 2017). The use of mathematical classroom 

discourse can also be beneficial with diverse students. For example, White (2003) found that ethnically 

and socioeconomically diverse learners developed mathematical fluency and ability through discourse 

while Khisty and Chval (2002) found that mathematical discourse can be beneficial for language and 

mathematics development in English language learners. Overall, research on discourse as an elementary 

mathematics teaching approach highlights the potential benefits for students. 

Implementing and maintaining effective mathematical discourse in the classroom is a difficult 

process that requires a combination of several instructional actions. For example, teachers must elicit 

responses from as many students as possible, support students in their understanding and communication, 

and extend students’ thinking (Cengiz, Kline, & Grant, 2011; Groves & Doig, 2004). The teacher is 

responsible for ensuring that students meet their learning goals, but to do so in a way that does not take 

away from it being a student-centered learning experience (Baxter & Williams, 2010). In other words, 

they need to know what to say and when to say it (or when not to say it). Supporting students’ thinking 

during classroom discourse requires the teacher to connect responses from multiple different students 

after an initial thought and generate terminology to represent mathematical concepts introduced by 

students (Chamberlin, 2005).  

Further studies (Firmender et al., 2014; Groves & Doig, 2004; White, 2003) identified the 

complex role of the teacher when using discourse as an elementary mathematics teaching approach. 

Through classroom observations, White (2003) found that elementary teachers used classroom discourse 

in mathematics to develop independent thinking and mathematical competency as well as to improve 

problem-solving and computational skills. In doing so, four instructional themes arose to describe what 
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teachers did while orchestrating classroom discourse. These included valuing students’ ideas, exploring 

students’ answers, incorporating students’ background knowledge, and encouraging student-student 

interactions (White, 2003). Firmender, Gavin, and McCoach (2014) suggested that teachers utilize a word 

wall in their classroom and model appropriate use of mathematics vocabulary when conducting classroom 

discourse in order to have the greatest benefit on student outcomes. Graves and Doig (2004) also argued 

that teachers must navigate the classroom in order to listen to individuals or groups, ask thought-

provoking questions, and create opportunities for students to share solutions and strategies. These 

researchers added that orchestrating effective classroom discourse in elementary classrooms can be 

challenging because the tasks that students are working on often vary from student to student (Groves & 

Doig, 2004).  

Chapin, O’Connor, and Anderson (2009) developed a collection of what they called talk moves 

that teachers use when facilitating classroom discourse. These talk moves were developed with the idea 

that mathematics teachers are not only responsible for teaching mathematical content, but must also teach 

students how to engage in discussions of mathematical ideas (Chapin, O’Connor, & Anderson, 2009). 

Utilizing these talk moves within mathematical discussions allows teachers to model appropriate 

behaviors within a discourse community as well as facilitate students’ participation in these discussions. 

Collectively, these talk moves are used to keep students engaged, participating, and thinking critically 

about the mathematical ideas present within the discussion. The five talk moves are as follows: First, 

repeat and check is used to ensure that all students are participating in the discussion as listeners and 

speakers as well as to emphasize a particular mathematical idea. Secondly, think time is used to allow 

students time to organize their thinking before speaking. Third, add on is used to engage multiple students 

in further developing mathematical ideas. Fourth, agree/disagree and why is used to engage students in 

critically analyzing the mathematical ideas being discussed. Finally, partner talk is a talk move that 

provides each student with an audience and opportunity to share mathematical ideas. It also provides 

teachers the opportunity to listen to multiple ideas and highlight the particular ideas during a larger 
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discussion (Chapin et al., 2009). I found that this collection nicely summarized the ideas present in the 

literature regarding the role of the teacher when implementing communication in mathematics 

classrooms. 

Within a mathematical problem-solving learning context, it is the teacher’s responsibility to 

promote a discourse-based environment (The Association of Mathematics Teacher Educators [AMTE], 

2017). A considerable amount of research (Bostic & Jacobbe, 2010; Gillies & Khan, 2008; Obara, 2010) 

has investigated mathematical discourse in problem-solving learning contexts. After observing Grade 5 

and 6 teachers in Australia during a problem-solving task, Gillies and Khan (2008) argued that the 

teachers’ use of communication influenced how students communicated. They concluded that students 

must be taught how to engage in effective discourse (e.g., justifying, sharing ideas, asking questions, 

challenging ideas, etc.) through modeling from the teacher, and that when students lack the ability to 

communicate effectively, it may be due to the teacher’s practices (Gillies & Khan, 2008). This study 

further exemplified the important role the teacher plays when facilitating classroom discourse. Other 

studies (Bostic & Jacobbe, 2010; Obara, 2010) offered specific recommendations, based on classroom 

observations, as to how teachers can effectively communicate in mathematical problem-solving learning 

contexts. For instance Bostic and Jacobbe (2010) taught mathematics to a fifth-grade summer school class 

for one week using a modified think-pair-share strategy that they developed and found that using this 

strategy for mathematical problem solving led to students valuing each other’s ideas and learning from 

one another. The authors contended that facilitating reflective discourse, scaffolding students who are 

stuck through prompts and guiding questions, and focusing on the sharing of ideas led to increased 

engagement and excitement amongst students as well as decreased behavioral issues (Bostic & Jacobbe, 

2010). Similarly, Obara (2010) concluded that in order to generate effective discourse during problem 

solving, teachers need to ask probing questions to gauge students’ understanding and provide 

opportunities for students to demonstrate their understanding out loud.  
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Although engaging in academic discourse can be beneficial for students’ mathematical 

understanding, literacy, and achievement (Firmender et al., 2014; Kieran, 2002; Obara, 2010), many 

teachers do not make it an emphasis in their classrooms (Moschkovich, 2007). This may be due to the 

notion that successfully orchestrating mathematical discourse is a complicated task to take on for a 

teacher (Chamberlin, 2005; Chapin et al., 2009; Firmender et al., 2014; Groves & Doig, 2004; White, 

2003), and many teachers might just prefer a simpler instructional approach. One of these straightforward 

approaches is teaching by telling. Teaching by telling is a phrase introduced by Smith (1996) that can be 

defined as a traditional mathematics teaching practice that involves lecturing, modeling a particular skill, 

and breaking down that skill into a step-by-step algorithm (Beyer, 2008). Smith (1996) argued that 

teaching by telling is a product of the teacher’s experiences and is prevalent because it provides a simple 

structure for lessons and classroom procedures. This teacher-centered approach has been found to produce 

feelings of boredom and isolation amongst learners and is not as effective as more interactive approaches 

(Fletcher, 2009). Despite these undesirable outcomes, teaching by telling is not absent from current, 

reform-oriented mathematics classrooms. More specifically, contemporary K-12 mathematics teaching 

practices are more closely related to teaching by telling than strategies aligned with the NCTM’s (2000) 

Principles and Standards for School Mathematics (Hiebert & Stigler, 2000; Jacobs et al., 2006). This can 

be problematic as teaching by telling is an ineffective approach for teaching mathematics through 

problem solving (Hollingworth & McLoughlin, 2005). 

The mathematical register. When teachers do attempt to orchestrate mathematical discourse, one 

critical component they must consider is the mathematical register. Halliday (1978), who argued that 

learning mathematics means learning to use mathematical language, defined the mathematical register as 

“the meanings that belong to the language of mathematics…and that a language must express if it is used 

for mathematical purposes” (p. 195). Through a review of research in mathematics education and 

linguistics, Schleppegrell (2007) characterized the mathematical register as multi-semiotic and having 

unique grammatical patterns. The mathematical register is multi-semiotic in the sense that it is comprised 
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of numerous systems that are all used in conjunction for sense making. These systems include oral and 

written language, symbolic notation, and visual representations. Students need to learn how to effectively 

utilize these systems in order to learn mathematics. Schleppegrell (2007) also argued that the 

mathematical register has unique grammatical patterns. Namely, it includes a multitude of noun phrases 

filled with technical vocabulary such as “the volume of a rectangular prism with sides 8, 10, and 12 cm” 

(Schleppegrell, 2007, p. 143). Overall, an understanding of the multi-semiotic nature and grammatical 

structures of the mathematical register are critical for mathematical learning (Schleppegrell, 2007).  

The notion of a mathematical register highlights the relationship between language and 

constructing mathematical knowledge (Schleppegrell, 2007); specifically that language is an aid to 

thinking (Smith, 1997). One learning goal for mathematics teachers should be students’ progression from 

everyday language to the technical language of the mathematical register (Schleppegrell, 2007). This 

progression is nearly identical to Moschkovich’s (2007) emphasis on moving from everyday discourse 

practices to academic discourse practices. Schleppegrell (2007) argued, “As with all school learning, a 

key challenge in mathematics teaching is to help students move from everyday, informal ways of 

construing knowledge into the technical and academic ways that are necessary for disciplinary learning in 

all subjects” (p. 140). Smith (1997) contended that using technical mathematical language can be 

especially challenging for elementary students because words can have both mathematical meanings and 

everyday English meanings.  

Nonetheless, students can only develop the mathematical register through practice, and teachers 

play an important role in that process (Schleppegrell, 2007). The teacher’s explanations and interactions 

with students play a bigger role in constructing knowledge in mathematics than in other academic 

disciplines (Schleppegrell, 2007). Students must aim to engage in mathematical discourse with 

“experienced interlocutors”, such as the teacher or classmates who are above their level, in order to be 

successful in developing the mathematical register (Schleppegrell, 2007, p. 148). This suggestion is 

similar to Vygosky’s (1978) suggestion for collaborating and communicating with a resident expert to aid 
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in knowledge construction. Temple and Doerr (2012) also highlighted the ways in which a teacher can 

help students develop their fluency in the mathematical register. They described two types of instructional 

strategies that teachers use when orchestrating mathematical classroom discourse, funneling and focusing. 

Funneling involves guiding students to a pre-determined, correct answer through questioning and 

clarifying statements. On the other hand, focusing involves asking students to explain their reasoning or 

provide justification (Temple & Doerr, 2012). The authors found that these instructional strategies can 

vary depending on the goal of the lesson. For instance, when the goal of a lesson was introducing new 

mathematical concepts, the teacher used focusing methods. On the other hand, if the goal was activating 

prior knowledge, the teacher used funneling methods. In the end, Temple and Doerr (2012) argued that 

both methods helped develop the mathematical register amongst students. Focusing methods were found 

to be more effective, however funneling can be useful for developing mathematical language and 

vocabulary (Temple & Doerr, 2012). Altogether, the mathematical register is an important part of 

mathematical discourse and constructing mathematical knowledge, and the teacher plays a critical role in 

its development amongst students. 

Mathematical vocabulary. Mathematical vocabulary is another important component of 

communication in mathematics teaching. In other words, understanding and using mathematical 

vocabulary is a critical part of developing mathematical understanding (Gay, 2008; McKeown & Beck, 

2004; Pierce & Fontaine, 2009; Riccomini, Smith, Hughes, & Fries, 2015). Words can often have specific 

meanings in mathematics that are different from their everyday use (e.g., mean, table), which can create 

challenges for students and makes it important to focus on mathematical vocabulary during instruction 

(Pierce & Fontaine, 2009). Riccomini, Smith, Hughes, and Fries (2015) argued that while students may 

naturally acquire mathematical vocabulary through embedded learning opportunities, these experiences 

are not enough. These authors called for the explicit instruction of mathematical vocabulary through 

approaches such as mnemonic strategies, game-like strategies, and technology applications (Riccomini et 

al., 2015). Similarly, McKeown and Beck (2004) maintained that the direct instruction of vocabulary can 
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aid in students’ mathematical understanding and that verbal communication in the classroom creates 

multiple opportunities for highlighting target vocabulary words. Many authors (McKeown & Beck, 2004; 

Pierce & Fontaine, 2009; Riccomini et al., 2015) argued that the direct instruction of mathematical 

vocabulary in elementary mathematics should include age-appropriate and student-friendly language in 

order to make the terms more accessible to students and aid in their understanding. Marzano (2004) 

developed a six-step recommendation for effective vocabulary instruction that incorporates student-

friendly language and multiple opportunities to revisit the target vocabulary. This process included (1) an 

informal explanation of the target vocabulary by the teacher, (2) students rephrasing that explanation in 

their own words, (3) students creating a visual representation of the target word, (4) the teacher providing 

numerous opportunities for students to revisit the target vocabulary in order to deepen their 

understanding, (5) students engaging in small-group or student-to-student discussions around the 

vocabulary, and (6) the teacher providing game-like opportunities in which students can utilize the 

vocabulary (Marzano, 2004). The key to Marzano’s (2004) procedure is providing students with multiple 

chances to revisit the target vocabulary, which is a key factor in strengthening students’ understanding of 

the word (McKeown & Beck, 2004; Pierce & Fontaine, 2009). 

Overall, it is clear that communication is a crucial part of mathematics teaching and learning. 

Ideas that emerged with the development of social constructivism have been applied in mathematics 

education through curricula and teaching strategies. Without a doubt, teachers play a critical role in the 

successful use of communication in mathematics classrooms and there are many things that pre-service 

and in-service teachers must consider when orchestrating classroom discourse.  

Summary 

 The literature reviewed in this chapter provided a strong foundation for this research. Numerous 

themes emerged from the pertinent literature including the characteristics of problems and problem 

solving and their presence in elementary mathematics education, elementary mathematics curricula, with 

a specific focus on the Ontario mathematics curriculum for grades 1 through 8 as well as how teachers use 
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curriculum materials, elementary mathematics teaching strategies, including teaching by telling, inquiry-

based approaches, literacy-based approaches, discourse, modeling, and multisensory approaches, and the 

role of communication in the teaching and learning of mathematics. The critical takeaways are presented 

here.  

 First, the literature on problem solving showed that it is a cognitive process with many important 

components including the qualities of the problem solver, the role of metacognition, and the 

characteristics of problems. Problems can be classified using both the routine vs. nonroutine and ill-

defined vs. well-defined continua. These continua allow problems to be described in terms of the 

beginning state, goal state, and how the learner can successfully navigate from one to the other. 

 Second, problem solving certainly plays an important role in elementary mathematics education. 

On one hand, teaching through problem solving may be a difficult endeavor for elementary mathematics 

teachers due to the cognitive demands placed on students during problem solving. On the other hand, 

research has shown that teaching elementary mathematics through problem solving by using heuristics 

can be a beneficial practice as early as Grade 3. This sentiment is echoed by the Ontario elementary 

mathematics curriculum.  

 Third, the Ontario elementary mathematics curriculum provides numerous useful components to 

aid teachers in developing effective instructional strategies and assessments. These include classroom 

resources and tools, sample problems and anticipated student responses, and recommendations for 

assessment and evaluation strategies. Other literature has shown that elementary teachers read and 

interpret mathematics curricula in a variety of ways based on their individual characteristics. Further 

research shows that pre-service elementary teachers may be heavily influenced by their experiences as 

students and may lack the familiarity and critical eye used to effectively read and evaluate mathematics 

curricula. In general, the literature indicates the importance of curriculum in elementary mathematics 

education and the fact that both in-service and pre-service teachers read and evaluate reform-based 

curriculum materials in different ways and for a variety of reasons. Numerous authors have offered 
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frameworks to help understand the complex relationship that teachers have with both the intended and 

enacted curriculum. 

 Finally, the literature showed that mathematics education has adopted the Vygotskian idea that 

verbal communication is fundamental in the construction of knowledge. Both the NCTM and MOE have 

promoted the use of communication in the teaching and learning of mathematics and the importance of 

such a practice has created a complex role for teachers in discourse communities. Overall, there exists a 

strong foundation of literature regarding problem solving and communication in mathematics education, 

however little to no research exists regarding elementary pre-service teachers’ perceptions of the 

relationship of communication in a mathematical problem-solving learning environment in a critical time 

of their teacher preparation learning. Therefore, this research aims to help fill this gap.  
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Chapter 3 

Methodology and Methods 

This research study was carefully developed in order to investigate elementary pre-service 

teachers’ understandings of mathematical problem solving as well as the nature of their communication 

during mathematical problem solving. Specifically, this investigation aimed to explore elementary pre-

service teachers’ perceptions and use of communication in mathematics education as well as their 

perceptions of mathematical problem solving in learning contexts. This chapter includes a description of 

what went into the development of this research study. In particular the research methodology, sampling 

procedures, ethical considerations, data collection, data analysis, and trustworthiness and credibility are 

discussed.  

Research Methodology 

I chose a case study as the research methodology for this qualitative study. In Stake’s (1995) 

report (as cited in Creswell, 2007), it is argued that a case study is an appropriate qualitative approach 

when the research involves bounded cases and tries to offer a comprehensive understanding of these 

cases. This study involved the exploration of multiple elementary pre-service teachers’ understandings of 

mathematical problem solving as well as the nature of their communication within a mathematical 

problem-solving learning environment. These cases were bounded by a common context—an elementary 

mathematics curriculum course within the Bachelor of Education (B.Ed.) program at an Ontario 

university during the 2018-19 academic year. Overall, the research design followed Thomas’s (2011) 

qualitative case study typology (as seen in Figure 2).  

 According to Thomas’s (2011) typology, the subject of this study, elementary pre-service 

teachers, was both a local and a key case. It was considered a local case as it is personally relevant, given 

my experiences as both a student and teacher within the realm of mathematics education. Further, it was 

also considered a key case due to the current push to improve mathematics education in Ontario. On the 
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other hand, the object of this qualitative case study was the communication that occurs in mathematical 

problem-solving learning contexts. 

 

 

 

 

 

 

The purpose of this qualitative study was exploratory and took an illustrative/descriptive 

approach as I tried to convey the elementary pre-service teachers’ perceptions and understandings in rich 

detail. In order to collect sufficient data for a detailed report, I conducted focus groups and semi-

structured, face-to-face interviews. These data sources provided for multiple cases which were compared 

in what Thomas (2011) calls a “parallel” form because “the cases [are] all happening and being studied 

concurrently” (p. 517). Overall, Thomas’s (2011) typology of a qualitative case study guided the broad 

structure of my research design. The rationale for each part of this research design is discussed herein.  

Participants in this study were elementary pre-service teachers enrolled in the B.Ed. program at 

an Ontario university for the 2018-19 academic year. This sample represented a purposeful sample, 

specifically a convenience sample, as described by Miles and Huberman (1994) (as cited in Creswell, 

2007). In other words, these participants were selected because they were the most appropriate for 

exploring the central phenomena of this study and because they were easily accessible for data collection. 

Data for this case study was collected in December 2018. This was an important timeframe within the 

B.Ed. program as the participants completed their first part of the mathematics curriculum course, and 

their longest teaching practicum, consisting of the first authentic classroom experience and appreciation 

of the importance and complexity of their role in student learning.  

Figure 2. Thomas’s (2011) typology of case study (p. 518) 
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Data for this study consisted of focus groups and semi-structured, one-on-one interviews. Three 

focus groups, with a varying number of participants, were conducted prior to the interviews. These focus 

groups were titled Focus Group A, B, and C. Soon after the focus groups, five one-on-one interviews 

were conducted with five participants from the focus groups. These interviews were titled Interview 1, 2, 

3, 4, and 5. As much as possible, the focus groups consisted of participants from different sections of the 

mathematics curriculum course in order to mitigate a barrier to using focus groups identified by Patton 

(2002), specifically the group dynamic being affected by established relationships. The five one-on-one 

interviews were included in order to incorporate as many individual perspectives as possible.  

Multiple sources of data were used in order to generate a rich and descriptive case study 

(Creswell, 2007). Focus groups and one-on-one interviews were conducted to allow participants to give 

detailed and thorough responses to open-ended questions about their perceptions of mathematical problem 

solving as well as the nature of communication during mathematical problem solving. The focus group 

and interview data were then analyzed using a constant comparative method, as described by Boeije 

(2002). Overall, the triangulation of sources (Patton, 2002) through the comparison of the focus group 

and interview data sets allowed for comprehensive data analysis. The specific details of the methods, that 

is the sampling procedures, ethical considerations, data collection, data analysis, trustworthiness and 

credibility will be detailed in the following sections. 

Sampling Procedures 

Participants in this study were elementary pre-service teachers enrolled in the B.Ed. program at 

an Ontario university for the 2018-19 academic year. These participants were selected because they were 

the most appropriate for exploring the central phenomena of this study and because they were easily 

accessible for data collection. In order to recruit participants for this research study, a paragraph outlining 

the study and a link where pre-service teachers could express an interest in participating were both placed 

in the Faculty of Education newsletter beginning in late September 2018. Later, in late November 2018, I 

visited seven of the nine sections of the elementary mathematics curriculum course to further recruit 
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participants. Prior to stopping by those classes, I obtained permission from the instructor of each 

individual section. During these visits, I orally delivered a brief outline of my research as well as what 

participation would entail. The pre-service teachers in these classes were directed to a webpage that 

further described the study and asked them to submit their name, e-mail address, and phone number if 

they were interested in participating. During these class visits, and on the webpage, I made it clear that 

participation was voluntary and that I would accept at most 35 participants on a first-come, first-served 

basis as well as a five-person waitlist in case any participants dropped out of the study. Furthermore, 

participation was incentivized through the random drawing of three names for three $50 gift cards.  

After visiting seven sections of the elementary mathematics curriculum course, I had the name 

and contact information of 30 potential participants. All 30 of these pre-service teachers were sent an e-

mail soon thereafter that contained a link to a Doodle Poll where they could submit their afternoon and 

evening availability for the following week. This allowed me to determine potential dates and times for 

the focus groups. Of the 30 pre-service teachers contacted, 24 responded to the Doodle Poll. Shortly 

thereafter, five of those 24 people withdrew their names for consideration. Of the remaining 19 pre-

service teachers, 15 were scheduled for one of three focus groups. The other four pre-service teachers 

were too limited in their availability to be accommodated for a focus group.  

Based on the availability they provided, the 15 participants were assigned to one of three different 

focus groups. All focus groups were conducted in early December 2018. These focus groups took place in 

a room within the building that pre-service teachers have the majority of their courses, are very familiar 

with, and would ideally feel comfortable to share their thoughts, perceptions, and experiences. At the 

beginning of each focus group, participants were given a Letter of Information and Consent form wherein 

they could select if they were interested in participating in a follow-up, one-on-one interview. After each 

focus group, the participants who expressed an interest in being interviewed were contacted via e-mail to 

schedule an interview. Of the nine participants who expressed an interest and were contacted, five were 

selected on a first-come, first-served basis. That is, those who responded to the e-mail first were given 
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priority for scheduling an interview. The five follow-up interviews were conducted in mid December 

2018 in the same room as the focus groups. All focus groups and interviews were audio-recorded and 

transcribed, and pseudonyms were given to each participant throughout the reporting of results from these 

conversations.  

Ethical Considerations 

There were a number of ethical considerations throughout the development and implementation 

of this research study. First, ethics clearance was obtained from the General Research Ethics Board 

(GREB) at prior to the data collection process (see Appendix A). Ethics clearance was also obtained from 

the Education Research Ethics Board (EREB). Second, I provided participants with a Combined Letter of 

Information and Consent at the beginning of their respective focus group (see Appendix B). This letter 

informed participants about the nature of the study, their voluntary participation, ethics approval from the 

GREB, and details on how the confidentiality of their responses would be maintained. Furthermore, a 

sincere and wholehearted effort was put forth in order to maintain confidentiality throughout every phase 

of the research process from recruiting participants to reporting the study. All data was stored on an 

external hard drive throughout the duration of this study and I was the only person who had access to this 

hard drive. Additionally, pseudonyms were used throughout transcription as well as the entire reporting 

stage of the research process in order to ensure that any external reviewers or readers will not be able to 

determine participants’ identities. Specifically, an identities key was created at the beginning of the 

transcription process. Each participant was given a pseudonym that was used in all transcripts and in all 

reports of the study’s findings. Finally, all focus group and interview transcripts were kept from the 

supervisor of this study. Any excerpts from these transcripts that were shared contained pseudonyms in 

order to maintain participants’ confidentiality.  
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Data Collection 

 The data collection for this study was completed in December of 2018. It consisted of three focus 

groups and five semi-structured, one-on-one interviews. These qualitative data sources are described in 

the following sections.  

 Focus groups. Focus groups were conducted in order to allow participants to give detailed and 

thorough responses to open-ended questions about their understanding of mathematical problem solving 

as well as the nature of communication during mathematical problem solving. Furthermore, the use of 

focus groups allowed for the collection of “high-quality data in a social context where people can 

consider their own views in the context of the views of others” (Patton, 2002, p. 386). Specifically, focus 

groups were used for three primary reasons identified by Patton (2002). For one, participants tend to 

enjoy focus groups as these conversations draw on the social aspect of human nature. It was the intent to 

capitalize on this idea in order to generate fruitful discussions. Secondly, as the moderator of these group 

discussions, I was able to easily determine if the viewpoints being shared were common sentiments or 

standalone opinions (Patton, 2002). Finally, the social aspect of focus groups creates a system of “checks 

and balances…which weeds out false or extreme views” (Patton, 2002, p. 386). In other words, the social 

aspect of these focus groups allowed for trustworthy findings. On the other hand, Patton (2002) argued 

that the group dynamic of a focus group could be affected by established relationships. In order to 

mitigate this barrier, the focus groups consisted of participants from different sections of the mathematics 

curriculum course. Overall, because of the various benefits of focus groups identified by Patton (2002), 

the five focus groups were conducted first in order to generate a foundation of high-quality, trustworthy 

data.  

 Each of the 15 participants took part in a single focus group. These elementary pre-service 

teachers were assigned to a focus group depending on their provided availability such that Focus Groups 

A, B, and C had eight, five, and two participants, respectively. The breakdown of focus groups, 

participants, and dates can be found below in Table 1. 
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Table 1 

Date and Participants for Each Focus Group 

Focus Group A B C 

Participants 

Fletcher Foles Sydney Webb Malcolm Ertz 

Caitlyn Park Eileen Foster Carly Ventura 

Tanya Ball Samantha King  

Aimee Rex Leah Catali  

Hannah Winters Rachel Tanner  

Angela Coleman   

Isabel Russell   

Mia McNaught   

Date December 3 December 4 December 10 

Note. All participant names in Table 1 are pseudonyms. 

The three focus groups lasted an average of 67 minutes and were all held in the same room. This room 

was selected because it is located in a building that is familiar to participants, as most of their courses take 

place in the building. The intent was that this familiarity would allow participants to feel comfortable, 

thus creating a more detailed and thorough conversation.  

 I acted as both the interviewer and moderator for each focus group (Patton, 2002), roles that could 

have been influenced by my role as the researcher. Each conversation was guided by a semi-structured 

focus group protocol (see Appendix C). This protocol began by welcoming participants to the focus 

group, sharing the grounds rules, and asking each participant to introduce him or herself by saying a little 

bit about themselves as well as why they decided to participate in the study. Throughout each focus 

group, participants were asked nine questions that concentrated on their understandings and perceptions 

of mathematical problem solving and the role it plays in mathematics teaching and learning, their 

understandings and perceptions of verbal communication and the role it plays in mathematics teaching 
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and learning, as well as the relationship between these two things. Participants were also asked to reflect 

on their coursework and practicum experiences, how they influence their perceptions, and how they feel 

about teaching mathematics. Throughout each focus group, written notes were taken that included, but 

were not limited to, observations of the group dynamics and body language. All focus group 

conversations were audio-recorded and later transcribed.  

 Interviews. Five semi-structured, face-to-face interviews were conducted in order to incorporate 

as many individual perspectives as possible. In other words, interviews were used because they “allow us 

to enter into the other person’s perspective,” with the other person in this case being elementary pre-

service teachers (Patton, 2002, p. 340). Additionally, the interviews occurred after the focus groups so as 

to allow participants to expand upon things they shared during the focus groups and/or add viewpoints 

they did not have the chance to discuss before. Once completed, these interviews acted collectively as a 

second data set that could be analyzed and compared with the focus group data during analysis.  

 Nine of the 15 focus group participants expressed an interest in taking part in a follow-up 

interview, while only five of them were scheduled for an interview on a first-come, first-served basis. The 

original objective was to have at least one participant from each focus group also participate in a follow-

up interview, however due to participants’ indications on the Letter of Information and Consent, this was 

not possible. Therefore, of the five participants who were interviewed, four came from Focus Group A 

and one came from Focus Group C. A breakdown of interviews, participants and their respective focus 

groups, and dates can be found below in Table 2. The five interviews lasted an average of 50 minutes and 

were all held in the same room as the focus groups. The follow-up interviews were conducted in order to 

obtain some participants’ individual perspectives without the influence of the perspectives of others.  
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Table 2 

Participant, Date, and Participant Focus Group for Each Interview 

Interview 1 2 3 4 5 

Participant Aimee Rex Fletcher Foles Mia McNaught Malcolm Ertz Caitlyn Park 

Date December 12 December 14 December 17 December 17 December 17 

Focus Group A A A C A 

Note. All participant names in Table 2 are pseudonyms. 

 Each interview was guided by a semi-structured interview protocol (see Appendix D). Within that 

protocol, participants were asked nine questions regarding their understandings and perceptions of 

problem solving and communication in mathematical learning contexts, and were asked to reflect on their 

experiences as elementary, intermediate, and secondary students. Specifically, participants were asked 

about the role of the teacher and students in a problem-solving learning context as well as the essential 

aspects of mathematical problem solving. Additionally, participants were asked to share their perceptions 

on how problem solving and communication are related in mathematical learning contexts and what 

influences these perceptions. Finally, each interviewee was given a chance to discuss any thoughts related 

to problem solving and communication that they had during the focus group, but did not have the chance 

to share. Throughout each interview, written notes were taken that included, but were not limited to, 

observations of the interviewees’ body language and impactful quotes. All interviews were audio-

recorded and later transcribed. 

Data Analysis 

 Conversations were transcribed after the completion of each focus group and interview. Analysis 

of these transcripts was done using a constant comparative method (Boeije, 2002), which consisted of 

creating open codes, grouping these codes into categories or axial codes, and then finding emergent 

themes, as well as detailed memoing throughout this process. Focus group transcripts were treated as one 

data set and were analyzed first in order to establish emergent themes, while the interview transcripts 
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were treated as a second data set and were analyzed and compared with the focus group analysis in order 

to confirm, alter, or add value to the emergent themes. Thus, the focus group transcripts acted as the 

primary data source. The conceptual framework for this study was used as the analysis lens throughout 

the entirety of the analysis. Finally, data analysis took place in December 2018 and January 2019, and 

was completed using the qualitative data analysis software NVivo. 

 Focus groups. All three focus group transcripts were analyzed using the constant comparative 

method (Boeije, 2002). Transcripts were added to an NVivo project, read, and open-coded, beginning 

with the Focus Group A transcript. This process of open coding involved identifying meaningful 

fragments of text that represented participants’ understandings and perceptions of mathematical problem 

solving as well as the nature of their communication during mathematical problem solving. These 

excerpts varied in length, from a few words to multiple sentences. The open codes assigned to these text 

fragments were typically one to three words in length and captured the idea and significance behind each 

piece of text. For example, a fragment from Focus Group A that read, “vocabulary is so vital and so 

important” was open-coded with the phrase mathematical vocabulary. This open code was used to convey 

the participant’s perception of the importance of using mathematical vocabulary within verbal 

communication in a mathematical learning context. Another example from Focus Group A involved one 

pre-service teacher saying, “[I]t’s also more complex, like you said, lots of steps not just black and 

white.” This piece of text was assigned the code multi-step process in order to represent the participant’s 

perception that mathematical problem solving is a multi-step process. Further examples of open codes 

that were assigned to specific fragments can be found below in Table 5.  

The process described above was then repeated for the Focus Group B and C transcripts 

following the completion of open-coding the Focus Group A transcript. Throughout the coding of all 

focus group transcripts, memos were created in order to describe my thinking for the allocation of a 

certain open code to a certain fragment of text, keep track of what was done, indicate impactful quotes, 

and record ideas for the subsequent stage of the analysis process. For example a fragment was coded with 
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the open code interconnected, after which a memo was created that read, “The code ‘interconnected’ 

speaks to the interconnectivity of mathematical problem solving and communication.” This memo was 

intended to be a reminder of my thinking when generating that particular code. Another memo titled 

Questions consisted of different thoughts that required further consideration and reflection as well as 

specific questions for the supervisor of this study regarding the data analysis process. In the end, 192 open 

codes existed after coding all three focus transcripts.  

The next stage of data analysis required grouping these open codes into categories, also known as 

axial codes. This process involved meticulously reviewing the list of open codes and comparing codes to 

each other in order to “find out what they have in common, how they differ, in what context the 

interviewee made the remarks and which dimensions or aspects of dependence are highlighted” (Boeije, 

2002, p. 395). Furthermore, the use of a social constructivist framework as the analytic lens while axial 

coding aided in the conceptualization of this study’s object. This conceptualization developed through the 

grouping of open codes into axial codes.  

For example, the open codes sharing ideas, communicating your response, communication for 

exchanging ideas, sharing knowledge, sharing results, and sharing thinking were all grouped together to 

form the category Sharing. This category represented pre-service teachers’ perceptions of the ways in 

which students verbally communicate to their peers and teacher within a mathematical problem-solving 

learning context. Another example of an axial code that emerged during this part of data analysis was 

Curriculum considerations. This category described pre-service teachers’ perception that mathematics 

and mathematical problem solving have a cross-curricular component to them. It also described 

participants’ current knowledge of the elementary mathematics curriculum or the importance of that 

knowledge for when they are in-service teachers. This particular axial code was comprised of the open 

codes cross-curricular, curriculum language, and curriculum strands. Further examples of open codes 

that were grouped into specific categories can be found below in Table 5.  
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The process of axial coding strengthened the overall analysis of this work. Specifically, the 

fastidious comparison and examination of the open codes required a review of the text fragments within 

each open code. In some cases, taking a subsequent look at these fragments led to the re-working of a 

particular open code or to coding a fragment with a more apt code. This process of working, re-working, 

and making comparisons between analytic iterations deepened the analysis of the focus group data. For 

example, the aforementioned open code interconnected was later changed to communication based as that 

was seen as a more suitable description of the underlying idea. This change occurred while axial coding, 

and the code communication based was subsequently grouped into the category Characteristics of 

mathematical problem solving.  

Additionally, memoing continued throughout axial coding. The main purpose of these memos 

was to list possible categories that emerged after initially analyzing the open codes as well as to record 

any questions regarding the conceptualization of the categories. These questions were for me to return to 

or for the supervisor of this study if a conclusion could not be reached. For example, a note was added to 

the memo Questions that read, “The category 'Sharing' is interesting. I wonder if it will work or does it 

have to be separated and redistributed?” Overall, memoing throughout the data analysis helped in the 

organization and conceptualization of the process and added value. After categorizing the open codes, a 

total of 17 axial codes existed. These axial codes can be found below in Table 3.  

The third step in the analysis of the focus group data involved exploring the axial codes for 

emergent themes. The collection of categories was carefully analyzed in order to identify any anomalies, 

make comparisons amongst axial codes, and further conceptualize the object of this study (Boeije, 2002). 

This process was guided by the study’s conceptual framework as well as what stood out upon the initial 

and subsequent analyses of the axial codes. In particular, I analyzed the categories for themes related to 

social constructivist ideologies. The categories were grouped together in such a way that they defined or 

described what is meant by each theme. In the end, the emergent themes helped encapsulate elementary 
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pre-service teachers’ understandings of mathematical problem solving as well as the nature of their 

communication during mathematical problem solving. 

Table 3 

Existing Axial Codes After Focus Group Analysis 

Axial codes 

Challenges in the 
classroom 

Classroom 
communication; 
student-teacher 

Experience-based 
teacher learning 

Student 
characteristics for 

mathematical 
problem solving 

Characteristics of a 
mathematical 

discourse 
community 

 

Classroom 
communication; 
teacher-student 

Feelings about 
mathematics and 

mathematical 
problem solving 

Student 
responsibilities for 

learning 
mathematics 

Characteristics of 
mathematical 

problem solving 
 

Curriculum 
considerations 

Feelings about 
teaching 

mathematics 
Sharing 

Classroom 
resources aid in 
problem solving 

and 
communication 

 

Elementary 
mathematics 

teaching strategies 

Problem solving as 
a process 

Teacher practices 
for student success 

Classroom 
communication; 
student-student 

   

Note. These are the 17 categories as they existed after axial coding. 

 The analysis of the axial codes led to the development of three emergent themes. These themes 

were (1) Mathematical Problem Solving is a Multifaceted, Student Engagement Process, (2) Pedagogical 

Considerations for Student Learning, and (3) Communication is Learning. These themes, and the axial 

codes that constituted each, can be found below in Table 4. Each theme was comprised of a collection of 

axial codes that helped describe the underlying ideas behind that theme. For example, the theme 

Communication is Learning was developed by grouping the axial codes Characteristics of a 

mathematical discourse community, Communication for learning; student-student, Communication for 

learning; student-teacher, Communication for learning; teacher-student, and Student sharing. Together, 

these categories described what Communication is Learning means, specifically the perception that verbal 
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communication is at the heart of mathematical learning and that the teacher, students, and classroom 

environment all play a critical role in that communication.  

Table 4 
 
Emergent Themes and the Axial Codes Comprising Each Theme After Focus Group Analysis 

Theme 

Mathematical Problem 
Solving is a 

Multifaceted, Student 
Engagement Process 

 

Pedagogical 
Considerations for 
Student Learning 

Communication is 
Learning 

Axial Codes 
Comprising Each 

Theme 

 
Characteristics of 

mathematical problem 
solving 

 

Challenges in the 
classroom 

Characteristics of a 
mathematical discourse 

community 

Classroom resources aid 
in problem solving 

 

Curriculum 
considerations 

Communication for 
learning; student-

student 
Feelings about 

mathematics and 
mathematical problem 

solving 
 

Elementary 
mathematics teaching 

strategies 

Communication for 
learning; student-

teacher 

Problem solving as a 
process 

 

Experience-based 
teacher learning 

Communication for 
learning; teacher-

student 
 

Student characteristics 
for mathematical 
problem solving 

 

Feelings about teaching 
mathematics Student sharing 

Student responsibilities 
for learning 
mathematics 

 

Teacher practices for 
student success  

Note. These represent each theme and axial code at the conclusion of data analysis. 

 Much like the process of grouping open codes into axial codes, the process of developing themes 

from axial codes involved re-working analytic components and comparing iterations of the analytic 

process. For example, developing the emergent themes led to changes amongst axial code names. 

Specifically, the root Classroom communication that was used in three axial code names was changed to 

Communication for learning. Similarly, the axial code Sharing was changed to Student sharing. These 

changes were made in order to more effectively capture the true meaning of these axial codes. 
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Furthermore, there were two possible sets of emergent themes that developed through the focus group 

analysis. These possibilities were discussed with the supervisor of this study following the analysis of the 

focus group transcripts. This conversation helped identify the most useful themes for the purposes of this 

study and further develop those themes. Additionally, engaging in this process with an objective, outside 

observer helped strengthen analysis.  

 Interviews. After completing the analysis of the focus group data set using the constant 

comparative method (Boeije, 2002), the one-on-one interview data set was analyzed. The interview 

transcripts were also analyzed using the constant comparative method in order to “complete the picture 

already obtained and to enrich the information of the first group” (Boeije, 2002, p. 399). In other words, 

the interviews were analyzed to confirm or potentially shift the emergent themes, and add value or 

personal touch. In order to compare the focus group analysis with the interview data, a new NVivo project 

was created that already included the 17 axial codes from the focus group analysis. Each interview 

transcript was open-coded, beginning with Interview 1. Halfway through the coding of Interview 1, any 

open codes that were generated were analyzed and categorized under the appropriate axial code(s). In 

some cases, new open codes could not be suitably categorized under any existing axial codes. These open 

codes were left alone and later re-evaluated to determine if they could contribute to a new category or 

would end up as anomalies. This process of coding and categorizing was then repeated for the remainder 

of the Interview 1 transcript, and the whole process was subsequently completed for Interviews 2 through 

5. Overall, this analytic process allowed for the comparison of the interview data with the focus group 

data.  

 Analyzing the interview transcripts both enhanced existing open and axial codes and generated 

new open codes. For example, a text fragment from Interview 4 that read, “math terminology is so 

important” was coded with the open code mathematical vocabulary. This open code was generated 

through the focus group analysis and was enriched through the interview analysis. Another example of 

this occurred with the open code multi-step process. This code was developed through the focus group 
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analysis and was later assigned to the fragment “when I think of problem solving I think of steps along 

the way to get to a final answer” from Interview 3. Many other open codes were enhanced through the 

interview analysis, which in turn helped enrich the axial codes under which they were categorized. On the 

other hand, the interview analysis generated numerous new open codes. For instance, the open code safe 

space was utilized numerous times throughout the interview analysis. This particular open code was 

assigned to the fragment “a classroom community that is a safe space and students feel comfortable 

asking questions in front of their peers” from Interview 1, and was used to describe pre-service teachers’ 

perception that establishing the classroom environment as a safe space is an integral component to 

facilitate communication for learning. After coding the Interview 1 transcript, the open code safe space 

was categorized under the axial code Characteristics of a mathematical discourse community. Another 

new open code that developed was deciding what’s important. This open code was utilized throughout the 

interview analysis and represented participants’ perception that students’ actively assessing the 

importance of the provided information in a problem-solving task is part of the problem-solving process. 

As an example, the text segment “deciding what information is useful and what’s not” from Interview 5 

was coded with deciding what’s important. This particular open code was categorized under the axial 

code Problem solving as a process during a later stage of analysis. Further examples of open codes that 

were assigned to specific fragments, and the axial codes in which the open codes were categorized, can be 

found below in Table 5. 
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Table 5 

Examples of the Analytic Process, From Fragments to Themes 

Fragment Source Open Code Axial Code Theme 

 
I think you need 
problem solving to 
even learn math to 
begin with. You 
need that skill. 
 

Focus Group A foundational skill 
Characteristics of 
mathematical 
problem solving 

Problem Solving 
is a Multifaceted, 
Student 
Engagement 
Process 
 

Yeah, you 
need…persistence 
and perseverance. 
The capacity to get 
past the initial, “I 
don’t get it.” 
 

Focus Group C perseverance  

Student 
characteristics for 
mathematical 
problem solving 

Problem Solving 
is a Multifaceted, 
Student 
Engagement 
Process 

…their grasp of 
English is not as 
well as some other 
students in the 
school. They have 
consistently 
struggled with 
understanding the 
question. 
 

Interview 2 ELL challenges Challenges in the 
classroom 

Pedagogical 
Considerations for 
Student Learning 

It has to be very 
basic and simple and 
not a lot of 
communication and 
words at once. 
 

Focus Group B clear 
communication 

Communication 
for learning; 
teacher-student 

Communication is 
Learning  

…to be open to 
asking questions if 
they’re not sure. So 
being 
comfortable…asking 
a friend or showing 
someone and saying, 
“I tried to do it this 
way but it didn’t 
work this way. How 
can I….” 

Interview 3 talking through it 
Communication 
for learning; 
student-student 

Communication is 
Learning 
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 The interview data analysis also resulted in open codes that were treated as anomalies. In other 

words, these codes could not be categorized appropriately within the existing axial codes and did not 

create a new category on their own. One example of an anomaly was the open code mental math; 

proficient. This code was assigned to the fragment “Sometimes I just do it in my head, while other people 

can’t do it in their heads” from Interview 2. After coding the Interview 2 transcript, I considered 

categorizing mental math; proficient under Student characteristics for mathematical problem solving. 

This was decided against, as the fragment was more in reference to the participant’s personal experiences, 

not his perception of students, and that particular axial code focused more on pre-service teachers’ 

perception of characteristics students require for problem solving. Another example of an open code 

anomaly was avoid group conversation. This code was assigned to the fragment “Find ways to get away 

from sitting in a group and talking about it” from Interview 4. I felt that this code could lead to something 

interesting, as it conveyed an unenthusiastic view towards classroom communication. However, this 

sentiment was not expressed by any other participant throughout our conversations and therefore, it was 

treated as a unique viewpoint and the code was considered an anomaly. Overall, open coding the 

interview transcripts enriched existing open and axial codes, generated new open codes, and created 

anomalies that were considered insignificant for the purposes of this study.  

 Using the focus group transcripts as the primary data set established an analytic foundation for 

the interview analysis and allowed for the data sets to be compared. The interview analysis confirmed and 

enriched the emergent themes from the focus group analysis as well as added individual perspective. 

After finalizing the emergent themes, I drafted definitions for each theme. These definitions completed 

the conceptualization of each theme and were e-mailed to all participants for the purpose of member 

checking. This process, as well as other components that made this study trustworthy and credible, is 

described in the following section. 
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Trustworthiness and Credibility 

There were numerous considerations for reducing potential biases and generating trustworthy and 

credible work. First, the use of focus groups and interviews allowed for the triangulation of sources 

(Patton, 2002) through the comparison of the focus group and interview data sets. Patton (2002) noted 

that “the strategy of triangulation really pays off, not only in providing diverse ways of looking at the 

same phenomenon but in adding to credibility by strengthening confidence in whatever conclusions are 

drawn” (p. 556). Collecting participants’ perceptions through focus groups and interviews allowed me to 

talk with elementary pre-service teachers in a group setting as well as individually which strengthened the 

emergent themes. Secondly, rigorous notes were taken during each focus group and interview, which 

acted as descriptions of the context of each conversation and added value to the transcripts. These notes 

continued into data analysis in the form of memos. Memoing was used in order to aid in the organization 

and conceptualization of the data analysis process, a practice that helps generate trustworthiness (Patton, 

2002).  

Multiple methods were also used during analysis to strengthen the trustworthiness of this 

research. First, I met with the supervisor of this study in order to discuss the emergent themes after the 

completion of the focus group analysis. This discussion with an outside observer increased the objectivity 

of the analysis through deliberation and alteration of the emergent themes. Once the themes were 

finalized and a definition of each theme was drafted, all participants were contacted via e-mail in order to 

provide them with the emergent themes and their definitions. Participants were asked to respond to this e-

mail with their initial thoughts, and those who did reply supported the emergent themes and their 

deinitions. In regards to member checking, Patton (2002) said, “To the extent that participants in the study 

are unable to relate to and confirm the description and analysis in a qualitative report, questions are raised 

about the credibility of the findings” (p. 560). Therefore, the results of these member-checking efforts 

further strengthened the credibility of this work. Finally, I made an effort to utilize language from relevant 

literature whenever possible during data analysis. That is, when ideas emerged from the data that closely 
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resembled fundamental components within the literature on problem solving and communication, the 

language from that literature was applied to those ideas.  

Lastly, my credibility as a researcher lies in my experiences with the subject of problem solving 

and communication in mathematics education. Specifically, my undergraduate schooling had a focus in 

mathematics education at the secondary level and I have spent more than two years working 

professionally as a high school mathematics teacher. Throughout these experiences I studied, practiced, 

and taught in problem-solving learning contexts and tried to incorporate rich communication into my 

classroom teaching. Additionally, I have prior experience designing, conducting, and writing a qualitative 

research report in the field of mathematics education. As part of the requirements for my undergraduate 

degree, I conducted a qualitative study using interviews on the use of applets in secondary mathematics 

education. I believe these experiences, as well as the measures I took throughout the design and 

implementation of this study, add to the credibility and trustworthiness of this work.  
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Chapter 4 

Results 

After analysis of the focus group and interview data, three major themes emerged. The three 

emergent themes were (1) Mathematical Problem Solving is a Multifaceted, Student Engagement Process, 

(2) Pedagogical Considerations for Student Learning, and (3) Communication is Learning. In this 

chapter, these three themes will be defined and the development of each theme will be described. This 

report will explore the axial codes that contributed to each individual theme and will include quotes from 

focus groups and one-on-one interviews.  

Theme One: Mathematical Problem Solving is a Multifaceted, Student Engagement 

Process 

 This theme was defined as elementary pre-service teachers’ belief that mathematical problem 

solving is a strategic, multistep process with various characteristics. It is the belief that engaging in 

mathematical problem solving requires certain student characteristics and responsibilities, as well as takes 

into account students’ feelings about mathematics.  While the responsibility of engaging is mathematical 

problem solving falls on the students, classroom resources provided by the teacher are also considered 

valuable in the problem solving process. The development of this theme is detailed in the following 

section.  

 Development of theme one. Theme one, Mathematical Problem Solving is a Multifaceted, 

Student Engagement Process, developed through the merging of six axial codes (see Figure 3). These 

axial codes spoke to the multidimensional and procedural nature of what mathematical problem solving is 

as well as how students interact with it. The first axial code—Characteristics of mathematical problem 

solving—outlined the various beliefs and perceptions pre-service teachers’ have about mathematical 

problem solving as well as the role it plays in elementary education. Many participants shared that they 

believe problem solving to be an integral part of mathematics teaching and learning. For example, during 
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Focus Group A, Aimee stated, “I think you need problem solving to even learn math to begin with…I 

think it’s a foundational skill to do like any subject, but especially in math.” In Focus Group C, Malcolm 

described his own definition of problem solving and finished it off by saying, “…problem solving is just 

what math is.” In this way, problem solving is portrayed as an ever-present, underlying component of 

mathematics.  

Although some participants conveyed the idea that problem solving is a foundational skill in 

mathematics, others believed it to have a much more specific use in the classroom. For example, Rachel 

in Focus Group B argued that problem solving is found “typically near the end of the unit. So once [the 

students have] gathered the information from that unit, problem solving is typically using the information 

they’ve learnt in more practical question-based situations.” Here, problem solving is seen more as 

something used for the consolidation of learning or the application of knowledge. During Interview 3, 

Mia expressed a similar response.  

…the second I think of problem solving I would think of the hardest question, like what this is 

what everything we’ve been doing has been leading up to. And it’s usually the last culminating 

kind of thing and it’s adding together all the concepts and ideas and specific skills that we’ve 

learned. (Mia, Interview 3) 

In this excerpt, Mia included an additional component that identified problem solving as being something 

that is difficult or challenging. A similar notion was brought forth during Focus Group A when Hannah 

shared how she believed elementary-aged students might interact with a problem-solving task.  

I think for PJ-aged kids, the problem-solving types of questions are, like, they can find that 

difficult like if it said, “Multiply x, you know, five by five.” But if it was a word problem, 

figuring out that they need to do, that is sometimes the most difficult part. (Hannah, Focus Group 

A) 



 

63 

 

These characteristics, that problem-solving tasks are primarily used for consolidation and can often be 

challenging, further speak to the multidimensional nature of mathematical problem solving in elementary 

education.  

 

Figure 3. The six axial codes that constitute theme one 

 While there existed sentiments that mathematical problem solving is fundamental, used for 

consolidation, and challenging, many participants also shared that they believe problem solving is a skill 

that extends beyond mathematics and the classroom. Caitlyn, during Focus Group A, identified her view 

of the daily life value of problem solving by saying, “I think it’s essential for students to understand how 

applicable and authentic some math problems can be.” Sydney also shared how she believes problem 

solving can extend beyond the classroom. 

I think of problem solving in math as a transferable skill and it usually reflects to problem solving 

in other areas as well. If it’s being taught with cultural sensitivity and the problems are being 

phrased in ways that make sense to the students, I think that if they can problem solve in their 

own life they can also apply that in mathematics. (Sydney, Focus Group B) 
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Finally, in Interview 3, Mia also emphasized the transferability of problem solving skills for elementary 

students, saying, “So it’s not just that you’ll be doing [problem solving] in math, you’ll be doing it when 

you’re solving a problem in the schoolyard. There’s a problem solving…okay, how can we communicate 

before this to fix the problem?” Here, Mia not only presented problem solving as a transferable skill, but 

also alluded to the use of communication when problem solving.   

 Many other participants highlighted the interconnectedness of problem solving and 

communication. For instance, Aimee shared her beliefs on these two aspects in Interview 1.  

They do go hand-in-hand. I would think, I would say, all the time. Problem solving to me is 

communication and communication is problem solving. They’re so intertwined in terms of when 

you are doing a problem-solving question, in math, your communication skills have to be strong 

in order to articulate your ideas, whether it’s verbal, whether it’s written. (Aimee, Interview 1) 

Aimee’s focus, here, is on the students’ ability to communicate their thinking when working through a 

problem-solving task. On the other hand, Malcolm added to this idea with a consideration of how a 

problem-solving task is understood, solved, and subsequently communicated.  

I mean your capacity to communicate both in terms of receiving information and giving it back 

is…You can’t really solve the problem if you can’t do those two things. If you don’t understand 

the problem that you’re trying to solve, you need to receive what that information is 

communicating to you and then the answer you got, you’ve got to be able to give it. The capacity 

to communicate the answer outward is kind of inherent to your capacity to even come up with the 

answer. How could you come up with an answer if you don’t have the words to describe it? And 

whether that’s knowledge of communicating in terms of writing down a mathematical answer and 

knowing how to show your work in various ways mathematically or whether it’s literacy skills or 

it’s both, a lot of the time, the two are…they can’t be separated all that much. (Malcolm, Focus 

Group C) 
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Malcolm and Aimee’s assertions indicate the importance of communication within mathematics 

education; a notion that will be further explored through a discussion on the development of theme three. 

For now, these excerpts highlight the belief that mathematical problem solving is communication-based 

and add further dimensionality to the axial category Characteristics of mathematical problem solving.  

 The second axial code that contributed to theme one—Classroom resources aid in problem 

solving—is related to the assertion that problem solving and communication are interconnected. This 

category grew out of participants discussing different classroom resources as well as experiences they 

have had with students using them for understanding, solving, and communicating their thinking and 

results during a problem-solving task. For example, in Focus Group A, Caitlyn shared an experience she 

had while on her practicum placement.  

…one of my associate teachers had a poster in her classroom, not really an anchor chart, well 

kinda. A poster that had other words you would see in math…Words to help [the students] 

understand what those questions are actually asking. Which I thought the kids found really 

helpful.  (Caitlyn, Focus Group A) 

Caitlyn not only mentioned what the classroom resource was but also described the way the students were 

intended to use it as well as her perception of how they valued it. In this instance, the classroom resource 

helped in understanding the question in a problem-solving task.  

 In addition to classroom resources helping students understand what is being asked of them 

during mathematical problem solving, participants also shared their views on how these resources can be 

used in solving. For instance in Focus Group B, Eileen stated that it’s important for students to know 

“what resources to consult to help them solve. So if there’s anchor charts around the room or textbooks 

that they've been using, to be able to consult those.” In this excerpt, Eileen makes another mention of 

anchor charts, similar to Caitlyn, but also mentions textbooks as a useful resource when problem solving. 

Later in Focus Group B, Rachel echoed this notion stating,  
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I think you need to make sure you give [the students] all the tools, basically, to get through the 

question you’re giving them…say math manipulatives, or like you [Eileen] were mentioning 

earlier anchor charts. Just stuff around the room to help guide them. (Rachel, Focus Group B) 

Rachel makes another reference to anchor charts but adds manipulatives to the list of “stuff around the 

room to help guide” students during problem solving. The use of manipulatives in elementary 

mathematics was discussed quite frequently during the focus groups and interviews. For example, during 

Interview 2, Fletcher recounted an experience during his most recent practicum experience where he “was 

telling students, ‘You can use hundreds chart, you can use those plastic money coins and use calculators. 

You can use rulers.’ So they know what they can use and can’t use.” Fletcher emphasized that he as the 

teacher was helping set students up for a problem-solving task by telling them what resources were 

available, but in the end it was up to the students to engage with the resources for their own benefit. 

Malcolm described a similar occurrence from his placement in a Grade 3/4 class when he said  

I mean I think it’s what I was doing on my practicum. I did use manipulatives at times… Like I 

said, “Okay, let’s pull out the one and hundreds blocks, well the one and tens blocks.” Just as a 

way to visually represent [the problem]. (Malcolm, Focus Group C) 

Malcolm’s intention, for students to use manipulatives as a way to create a visual representation of the 

given problem, exemplifies another way in which classroom resources can aid in the problem-solving 

process.  

  One final classroom resource that pre-service teachers mentioned aids in mathematical problem 

solving is vertical non-permanent surfaces (VNPS). Participants pointed out that VNPS allow for students 

to get into the habit of trying a solution strategy, making a mistake, and trying something different. 

During Focus Group A, Tanya mentioned that 

having non-permanent vertical writing spaces really makes a difference because kids are trying 

more things and they’re not afraid to make a mistake because they can easily erase it. So trying to 
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implement something that builds confidence like that into your classroom is very beneficial to the 

students. (Tanya, Focus Group A) 

Tanya not only stated the benefits of using VNPS for mathematical problem solving, but also implied that 

she has considered how these benefits might impact her own teaching practices. She also emphasizes the 

importance of building confidence during mathematical problem solving, which is notable considering 

many of the participants perceived problem solving as being challenging, as described above. In Focus 

Group B, Eileen described a similar perception regarding VNPS. She said 

vertical temporary surfaces, so essentially just whiteboards…can be useful for problem solving in 

the sense that the writing is right there on the wall, it’s temporary so things can be changed, and 

everyone can see it because it’s vertical and visible to everyone in the group. (Eileen, Focus 

Group B) 

Like Tanya, Eileen highlighted the use of VNPS to work and re-work during mathematical problem 

solving. She also implied that the VNPS would be implemented in a collaborative problem-solving 

context when she said that they help make the work “visible to everyone in the group.” Overall this 

second axial code—Classroom resources aid in problem solving—described pre-service teachers’ 

perceptions that various types of classroom resources (i.e., anchor charts, textbooks, manipulatives, and 

NPVS) can aid in mathematical problem solving in various ways (i.e., understanding and representing the 

problem, solving the problem, and communicating your work).  

 The third axial code that contributed to theme one is Problem solving as a process. This category 

described pre-service teachers’ understanding of mathematical problem solving as a procedural and 

strategic process. The participants emphasized the importance of the process of problem solving itself 

over the outcome(s) of the process and also detailed the specific steps they believe to be a part of that 

process. During Focus Group A, Aimee described her view on the problem-solving process and how it 

might influence her thinking as a teacher via a critical question.  
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How are you going to slow down that process and find an answer that is meaningful to you; that 

you can explain your thinking, that you can show what you've done with your work and not just, 

“The answer is two” and there’s nothing else to it for whatever the question would be? And that’s 

a skill we’re going to have to put back into students. (Aimee, Focus Group A) 

In this excerpt, Aimee placed the importance on the students’ thinking and work during mathematical 

problem solving rather than the solution itself. Likewise, during Focus Group B, Rachel shared that she 

believes teachers are responsible for “reminding students that the process is important and remembering 

that there’s many ways of doing things in math and there’s not just one correct way [to solve] always.” 

Rachel’s emphasis on the importance of the problem-solving process also alludes to the belief that 

problem solving is open-middled, as made evident by her assertion that “there’s not just one correct way 

[to solve] always.” Mia made a similar claim that focused on problem solving as an open-middled process 

where the work holds more value than the solution.  

[Problem solving is] not just the final answer that counts, it’s all the work leading up to it. And 

it’s kind of like seeing kids’ thinking and how they go about it. So there might not just be one 

answer, sorry, one way to get to the answer. And really just valuing the understanding that they’re 

showing by getting up to the answer. (Mia, Interview 3) 

Here, Mia expressed her belief that the open-middled nature of the problem-solving process allows 

students to demonstrate their mathematical understanding. Overall, pre-service teachers identified 

problem solving to be an open-middled process and valued the work that is done during that process 

moreso than the result(s) of that process. Lastly, Fletcher provided a noteworthy definition of a problem 

and problem solving during Interview 2.  

I see a problem as having two things: One is the data you have and how you understand the data 

and the other part is how to use it. And problem solving would be how to strategically manipulate 

that data to get what you want. (Fletcher, Interview 2) 
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 Fletcher’s perception, that problem solving involves the strategic manipulation of data, indicates 

that problem solving is strategic. During Focus Group A, Aimee shared a similar sentiment when she 

described problem-solving skills as “that skill in order to figure out how you’re going to go about solving 

the problem from start to finish.” Rachel also identified “making a strategy of how you’re going to solve 

the problem” as being a primary component of problem solving. A common belief amongst participants 

was that the strategies students implement when problem solving are part of a prior knowledge base and 

that they must actively choose the most applicable strategy in a given scenario. For instance, when asked 

what comes to mind when she thinks of mathematical problem solving, Leah said, “Multi-step problems 

where [students] have to use different strategies they know to get an answer.” Here, the understanding is 

that the students already know “different strategies” and that they must implement them to solve a 

problem. When discussing the use of strategies in problem solving, Sydney also claimed that it’s 

important to know 

the different situations that they can use [the strategies] in. So if they learn one strategy that 

works for them, maybe it doesn’t work in some situations and they'll find that out through 

problem solving and then they'll know where they can apply it. (Sydney, Focus Group B) 

Not only are students expected to possess and understand a collection of problem-solving strategies, but 

are also expected to appropriately implement these strategies. Additionally, pre-service teachers felt that 

the implementation of problem-solving strategies occurs through a series of steps, as exemplified by 

Tanya in Focus Group A when she said “[problem solving] is something that is usually steps to get to the 

final answer or solution” and Mia in Interview 3 who shared, “[W]hen I think of problem solving I think 

of steps along the way to get to a final answer.” In this way, problem solving is viewed as a procedural 

process that follows a series of steps to get from the given problem to a solution.  

 Fletcher outlined his perception of those steps during Interview 2 when he said, “So with problem 

solving, you would read a question, figure out what to do with the numbers, and find the actual desired 

solution to the question.” This description of steps was loosely echoed throughout the focus groups and 
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interviews. For example, during Interview 4, Malcolm claimed that mathematical problem solving begins 

with students “having to interrogate the question. Interrogate what they’re given to figure out what it’s 

asking.” In Focus Group A, Fletcher said that problem solving starts when students “understand the 

question and what it’s asking for” and that it helps when students “learn to classify each type of question” 

according to their prior problem-solving experiences. Caitlyn felt that “deciding what information is 

useful and what’s not” is another important component of the first step in the problem-solving process. 

Altogether, the pre-service teachers believed that mathematical problem solving begins with 

understanding the problem in terms of the given information as well as what it is asking, and that linking 

the problem back to prior experiences can be helpful.  

 After working to understand the problem, the participants saw the subsequent step as making a 

plan to solve the problem. For instance in Focus Group A, Caitlyn said, “I think a good problem-solver 

also decomposes the question and that’s how they figure out what steps to use by what they’re given.” 

This excerpt alludes to the idea that understanding the question or problem segues into students 

determining “what steps to use.” Fletcher expressed a similar sentiment when he said students “figure out 

what to do with the numbers” after reading and understanding the question. During Interview 5, Caitlyn 

described the process of making a plan as  

using different formulas and deciding what formula would be most effective based on your end 

goal. And so that is something that you can’t punch into a calculator. You use a calculator, but 

deciding on the formulas and deciding on the process and deciding on the most effective 

strategy…to me that’s problem solving. (Caitlyn, Interview 5) 

Caitlyn’s notion, that making a plan to solve a problem involves “deciding on the most effective 

strategy,” relates back to what participants shared about the strategic nature of mathematical problem 

solving—it involves the consideration and implementation of learned strategies.  

Finally, pre-service teachers expressed the belief that after implementing an appropriate strategy 

to solve a problem, students should look back at what they’ve done. For example, during Focus Group B, 
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Leah expressed that an important part of problem solving is “once you’ve figured out the answer, being 

able to go back and check your work too. Seeing if that’s a valid answer.” Often times, looking back 

results in the discovery that there was a mistake in the solution strategy or that the final answer is 

incorrect or does not make sense in the context of the problem. To this end, Hannah shared 

not always being right the first time is okay but being able to work through that or reflecting. 

Going back and looking again, “Okay this is where I went wrong” not just giving up and “I got 

the wrong answer” kind of thing. (Hannah, Focus Group A) 

Overall, participants believed looking back is a critical final step in the problem-solving process and is 

included in order to fix mistakes and validate students’ work. As a whole, the axial code Problem solving 

as a process described pre-service teachers’ beliefs that mathematical problem solving is a strategic, 

multi-step process where the process itself is more valuable than the results. It was the general 

understanding that this process includes understanding the problem and deciding what is important, 

making a plan based on that information and prior knowledge, implementing a solution strategy, and 

looking back at the work. The axial codes Problem solving as a process, Characteristics of mathematical 

problem solving, and Classroom resources aid in problem solving helped constitute the multifaceted 

nature of the problem solving process. The three categories that helped constitute problem solving as a 

student engagement process are discussed in the following section.  

 The first of these axial codes is Student characteristics for mathematical problem solving. This 

category includes the characteristics pre-service teachers believed to be necessary for students to engage 

in mathematical problem solving. It was also participants’ belief that these same student characteristics 

could be further developed through problem solving. By far the most common sentiment was that 

students need to exhibit patience, persistence, perseverance, and resilience while problem solving —all of 

which the participants grouped under the umbrella term “growth mindset.” For example when asked 

about the essential aspects of mathematical problem solving during Interview 1, Aimee said, “Patience is 

a big one” while during Focus Group A, Tanya stated, “I also think that problem solving kind of teaches 
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patience.” These quotes exemplify how participants saw a specific student characteristic to be essential to 

problem solving as well as how problem solving can help develop that characteristic. In a similar vein, 

Carly mentioned “persistence” as a key aspect of mathematical problem solving while Malcolm said, 

“[P]ersistence and perseverance. The capacity to get past the initial, ‘I don’t get it.’” This belief, that 

students would inevitably encounter challenges and misunderstandings, that they would then have to 

overcome, during mathematical problem solving was not uncommon.  

When discussing problem solving during Focus Group A, Isabel shared, “[Y]ou’re not just gonna 

get it right away. It takes more than one attempt.” Likewise, Aimee asserted, “Problem solving…builds 

up resilience in kids when they have that skill in order to, like, persevere through a question if they’re not 

sure.” What Isabel said aligns with Malcolm’s belief that there will be an “I don’t get it” phase during 

mathematical problem solving that will need to be surmounted. Aimee’s assertion returns to the 

perception that students’ ability to overcome challenges—to be resilient—can be improved through 

problem solving. Additionally, Aimee was not the only pre-service teacher to mention resilience. During 

Interview 4, Malcolm shared what he thinks are important student characteristics for mathematical 

problem solving.  

You need both personal resiliency and a willingness to ask for help. They’re kind of related in the 

sense that, so it can’t be, “I don’t get it.” A better question is, “I don’t understand how this works 

because…” (Malcolm, Interview 4) 

While Malcolm shared his belief that students need “personal resiliency” for problem solving, he also 

indicated that developing resilience could include asking for help. During Focus Group B Sydney shared 

a similar belief, however she focused more on the teacher’s role in helping students develop resilience.  

I think also using [problem solving] as a way to build resilience, you can work that in. You can 

build other learning skills as well by being there and encouraging students and, “Okay you made 

a mistake. How are we going to bounce back form that and keep moving forward? How are you 
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going to fix it?” And the resiliency factor that we’re trying to build across all curriculum. 

(Sydney, Focus Group B) 

Here, Sydney emphasized the role of the teacher in encouraging students to be resilient during 

mathematical problem solving. Hannah, on the other hand, put the emphasis back on the student and their 

own ability to reflect, correct, and avoid giving up.  

Yeah, like not always being right the first time is okay but being able to work through that or 

reflecting. Going back and looking again, “Okay this is where I went wrong” not just giving up 

and “I got the wrong answer” kind of thing. (Hannah, Focus Group A) 

 Whether they were discussing patience, persistence, perseverance, or resilience during 

mathematical problem solving, pre-service teachers tended to consider these student characteristics to be 

indicative of the larger idea of “growth mindset.” For instance, Eileen responded to Sydney’s 

aforementioned statement on building resilience through problem solving during Focus Group B by 

saying, “Yeah, like growth mindset.” During Focus Group C, Carly referred to growth mindset as 

something that should be incorporated “into every single classroom. That’s supposed to be a critical 

aspect of your learning environment.” The importance of a growth mindset amongst students during 

mathematical problem solving was the fundamental component of the axial code Student characteristics 

for mathematical problem solving. The overall sentiment was that students will encounter challenges 

while problem solving that need to be surmounted, so therefore they need to be equipped with the proper 

characteristics to do so. Participants also believed that engaging in problem solving can help further 

develop these characteristics.  

 The fifth axial code that contributed to Mathematical Problem Solving is a Multifaceted, Student 

Engagement Process, and the second axial code that constituted the student engagement portion 

specifically, is Student responsibilities for learning mathematics. This category described what pre-

service teachers believe to be the primary responsibilities of students during mathematical problem 

solving as well as throughout the learning of mathematics as a whole. This axial code was considered 
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separate from Student characteristics for mathematical problem solving as it described actions moreso 

than attributes. Overall, participants believed that students need to use their resources properly, ask for 

help when they need it, give constant effort, and show all of their work and thinking during mathematical 

problem solving.  

 During Focus Group A, Caitlyn expressed that students need to consult the resources available to 

them when problem solving, especially if they are in need of help.  

I think another responsibility of the student is to use the resources they have before asking for 

help. Like, “Did you actually read the question? Did you ask a friend to read the question to you? 

Did you look around the room at the anchor charts? Did you use the manipulatives?” (Caitlyn, 

Focus Group A) 

Later, in Interview 5, Caitlyn aptly summarized her thoughts from Focus Group A when she said that 

students should be “using the tools in the classroom and using their peers and using the teacher as a 

resource” during mathematical problem solving. Eileen expressed a similar notion during Focus Group B 

when she said students are responsible for “knowing what resources to consult to help them solve. So if 

there’s anchor charts around the room or textbooks that they've been using, to be able to consult those.” 

Again, Eileen is emphasizing the importance of students being aware of the resources that are available 

and subsequently taking advantage of those resources. Altogether, participants stressed that students take 

ownership during mathematical problem solving and seek out the proper resources that could help them. 

This was made evident by a hypothetical scenario described by Fletcher during Interview 2. In it, Fletcher 

portrayed a student named Ronald who struggled during a problem-solving task that required the use of 

multiplication. He said, “Ronald, he also kinda struggles with multiplication, but he knows he needs help 

with it so he just asks the teacher, ‘Hey teacher, can I grab a hundreds chart?’ ‘Sure thing. Here’s a 

hundreds chart.’” Fletcher used this fictional anecdote to highlight the importance of students actively 

seeking out resources to aid in the problem-solving process.  
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 In addition to pre-service teachers’ belief that it is the responsibility of the student to utilize 

proper resources during mathematical problem solving, they also shared that students need to speak up 

and ask for help when they encounter difficulties. For example, Mia shared what she felt is a role of the 

student during mathematical problem solving.  

[Students need] to be open to asking questions if they’re not sure. So being comfortable going to 

the teacher if they don’t understand or asking a friend or showing someone and saying, “I tried to 

do it this way but it didn’t work this way. How can I….” (Mia, Interview 3) 

Isabel stated, “Also when [the students] do need help, it’s the responsibility of them to ask for it when 

they need it.” In response to this, Tanya said, “Like take the extra step, go to extra help, not just sit there 

until it’s too far gone. And also talking to your teacher I think is a responsibility of the student.” Tanya 

not only mentioned that students need to ask for help when necessary, but she also alluded to the fact that 

not doing so could have detrimental effects. Fletcher expressed a similar sentiment during Interview 2 

when he said, “So if a kid was talking too little or not sharing on their difficulties, how would we be able 

to you know, solve his problems if we didn't know what’s going on?” This rhetorical question showed 

that Fletcher believes students need to ask for help when experiencing difficulties in mathematics or else 

they my never receive the assistance they need. Finally, Malcolm further illustrated the importance of 

asking for help during mathematical problem solving by adding a piece about how student questions 

should be worded. He said, “[Students] need both personal resiliency and a willingness to ask for help. 

They’re kind of related in the sense that, so it can’t be, ‘I don’t get it.’ A better question is, ‘I don’t 

understand how this works because…’” While participants discussed the need for students to use their 

resources and ask for help when facing challenges during mathematical problem solving, they also talked 

at length about student responsibilities in terms of continual effort, practice, showing their work, and 

communicating their thinking.  

 During Focus Group A, Tanya stated that as a student learning mathematics, you “[g]otta do your 

homework. Do you homework and try it,” to which most group members nodded in agreement. Later in 
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the same discussion, Isabel said, “I also think it’s their responsibility to practice.” Malcolm stated during 

Focus Group C that learning mathematics “has as much to do with getting them used to practicing. And 

getting them used to trying.” In a similar vein, Sydney noted “[c]ontinuous effort” as a key responsibility 

of students during problem solving. These quotes highlight the beliefs that pre-service teachers shared 

regarding the need for students to practice and put forth effort whilst learning mathematics and problem 

solving. Likewise, the importance of students giving an honest effort came up a lot during interviews, 

however it was discussed more as a fundamental responsibility; something that came first and foremost. 

For example during Interview 3, Mia said, “Well I think the responsibility of [the student] is to at the very 

least try.” Aimee, in Interview 1, said “[Students] should be participating, completing their work 

obviously because you’re not going to get anywhere if you’re not trying.” Mia’s belief, that “the very 

least” students can do during mathematical problem solving is try, speaks to the fundamental importance 

of continual effort. Aimee, on the other hand, alluded to the belief that a lack of effort results in an 

inevitable lack of progress. Finally, when asked about the responsibilities of students in a problem-

solving context during Interview 4, Malcolm said 

To try, to try. Ultimately that’s the responsibility of the student. The responsibility isn’t to get it, 

the responsibility is to try. And the idea is that through trying, through making a good honest 

effort, then you will eventually get it. (Malcolm, Interview 4) 

Interestingly, Malcolm put the importance of effort ahead of the importance of understanding and noted 

that mathematical understanding comes from continual effort.  

 One final student responsibility for mathematical problem solving and learning mathematics that 

participants discussed was showing your work and communicating your thinking. For instance in Focus 

Group A, Aimee stated that a more “meaningful” answer to a problem-solving task is one where “you can 

explain your thinking, that you can show what you've done with your work and not just, ‘The answer is 

two’ and there’s nothing else to it for whatever the question would be.” Aimee’s perception was that 

showing your work and explaining your thinking creates a more meaningful answer compared to just 
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writing the answer itself. Likewise, during Interview 3, Mia noted the importance of showing of your 

work in mathematics as well as the cross-curricular implications of that belief when she said, “[S]howing 

your work is important and relating that to all areas of the curriculum, not just math. We just don’t write 

our final answer.” Rachel added the belief that students “need to be able to write down their work,” while 

Carly described the ability to show how you got an answer as “a main concept of math.” Clearly, pre-

service teachers placed a fundamental importance on students showing their working during a problem-

solving task and argued that it added value to the problem-solving process. Fletcher said it is the 

responsibility of the student to ensure an outside observer can understand their solution to a problem-

solving task. He said students should “be making your answers understood by other people who are just 

looking at it.” Later during Interview 2, Fletcher elaborated on this belief when he said, 

“[S]tudents…have to communicate how they got there and why they got there,” referring to the answer at 

the end of a problem-solving task. Overall, pre-service teachers believed that the main student 

responsibilities for learning mathematics and mathematical problem solving include using their resources 

properly, asking for help when they need it, giving constant effort, and showing all of their work and 

thinking. 

 The final axial code that contributed to theme one is Feelings about mathematics and 

mathematical problem solving. This category described how pre-service teachers perceived elementary 

students to interact with mathematics and mathematical problem solving on an emotional level. That is, 

this category described how students might feel during a problem-solving task or mathematics lesson. 

Participants discussed a range of emotions, including students feeling that mathematics is difficult or 

challenging, frustrating, exciting, scary, and overwhelming. Math anxiety was also mentioned repeatedly 

during the focus groups and interviews. 

 Firstly, many participants noted that they believe students find mathematics and mathematical 

problem solving to be difficult or challenging. During Focus Group B, Eileen warned teachers about 
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exuding too much excitement during a math lesson as it might overshadow the difficulty of the 

mathematics.  

I think too to go along with excitement, to not be so excited to the point that you kind of 

overshadow the challenge aspect of math because the majority of students are going to be 

challenged by math and you don't want to give the perception that you’re only excited about math 

because it comes super easy to you. (Eileen, Focus Group B) 

When she said “the majority of students are going to be challenged by math,” Eileen expressed her belief 

that mathematics is an almost universally challenging subject matter. In Interview 1, Aimee also noted 

that students are “going to have a much harder time going through mathematics especially if it’s not a 

subject that comes easy to them.” Aimee’s quote alluded not only to her belief that all students will 

struggle with math, but that some will find it especially difficult if math does not “come easy to them.” 

These sorts of feelings amongst students, regarding the difficulty of mathematics, may even make the 

subject matter intimidating. For instance during Focus Group B, Rachel said, “Math can be scary for a lot 

of students.” Mia described problem solving as something that can be overwhelming for students and 

talked about what teachers can do to mitigate that feeling.  

[P]roblem solving can be overwhelming…I know it would just be making it less overwhelming 

by showing it’s just a bunch of little tasks that build up into one big task. So to not see it in such 

an overwhelming kind of way. (Mia, Interview 3) 

In addition to being described as overwhelming, problem solving was also noted to be a frustrating 

process when Eileen said “problem solving can be inherently frustrating.” 

 All of these perceived feelings amongst students, that mathematics and mathematical problem 

solving are difficult or challenging, frustrating, scary, and overwhelming, are characteristic of math 

anxiety. During Focus Group A, Aimee mentioned math anxiety as something that is prevalent amongst 

elementary students and should therefore help guide teaching practices in elementary mathematics 

education.  
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[W]e know that there is a lot of math anxiety and it’s very common. So problem solving, even 

with that as an educator, how do I alleviate that anxiety from my students…So also just being 

aware of how that goes into your math education. (Aimee, Focus Group A) 

Mia discussed hearing a lot in her coursework about math anxiety amongst students, but still feeling 

unprepared when she encountered it during one of her practicum experiences. She also alluded to the idea 

that these student feelings can influence her practices as a teacher.  

I’ll just try to approach [problem solving] in a more accessible way so that everyone is able to 

kind of access the same learning from it and just not be afraid to…I really just truly think that you 

can talk about math anxiety all you want in class here, but until you’re in there and told to teach 

it, I just think that’s the only way to…There’s nothing I did in [my mathematics curriculum 

course] that could have prepared me for what I saw with the Grade 6s. (Mia, Interview 3) 

Finally, during Interview 1, Aimee described how she believes math anxiety might originate. She said, 

“And that’s where math anxiety comes in to play too, for students that have a bit more of a complex with 

math based on their previous experience or their own knowledge or their own confidence level.” Aimee 

implied that students who experience math anxiety might feel that way due to prior occurrences or their 

knowledge and confidence.  

Altogether, not all the perceived student feelings about mathematics and mathematical problem 

solving had negative connotations. Throughout the focus groups and interviews, many pre-service 

teachers shared experiences where students were genuinely excited about mathematics or mathematical 

problem solving. For instance, Caitlyn talked about the aspects of a math lesson during her practicum in a 

Grade 3/4 class that got the students excited.  

[I]t was always such a struggle to get them to clean up because they would say, “We love math!” 

and now they get to do it and they get to use the iPads and the manipulatives and they would get 

that one-on-one attention and they get to share their ideas with the class…they would see their 
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work on the board and say “Oh that one’s mine!” So they were really excited about math. 

(Caitlyn, Focus Group A) 

In Caitlyn’s anecdote, the students were excited because they got to engage with technology and 

manipulatives as well as “share their ideas with the class” and receive recognition. Rachel, on the other 

hand, shared that excitement can also come about in mathematics by modeling it as the teacher.  

If you’re excited, they’re excited. I would always start with, “I have a really fun game today!” 

And I would sound so peppy and they would say, “What are we doing?!” And we would bring in 

the tech cart and they’re just like, “I don’t know what we’re dong but I’m into it!” (Rachel, Focus 

Group B) 

Finally, Samantha mentioned an experience from one of her practicum placements where students got 

excited due to the fact that the problems they were solving were related to their daily life and interests. 

She said, “The word problems were always really specific to either what was being done and what was 

going on in the students’ lives as well. So they were really excited to solve it and share the way they 

solved it.” Despite the fact that many pre-service teachers perceived many negative feelings amongst 

students regarding mathematics and mathematical problem solving, there were still a number of anecdotes 

that highlighted elementary students getting excited about mathematics.  

 Overall theme one, Mathematical Problem Solving is a Multifaceted, Student Engagement 

Process, was comprised of six different axial codes. These categories helped explain how pre-service 

teachers perceive the multidimensional and procedural nature of what mathematical problem solving is as 

well as how students interact with it. Specifically, this theme was defined as elementary pre-service 

teachers’ belief that mathematical problem solving is a strategic, multistep process with various 

characteristics. It is the belief that engaging in mathematical problem solving requires certain student 

characteristics and responsibilities, as well as takes into account students’ feelings about 

mathematics.  While the responsibility of engaging is mathematical problem solving falls on the students, 
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classroom resources provided by the teacher are also considered valuable in the problem solving process. 

The definition and development of theme two are discussed in the following section.  

Theme Two: Pedagogical Considerations for Student Learning  

The second theme to emerge following data analysis was Pedagogical Considerations for Student 

Learning. This theme is defined as elementary pre-service teachers’ perception that their role as teachers 

includes numerous factors that are essential to their students’ learning. These factors include teaching 

strategies and teacher practices within the classroom, as well as nuances involved in enacting the 

curriculum and challenges that can be faced in doing so. Participants’ teacher learning experiences in their 

practicum and coursework, as well as their own feelings about teaching mathematics, are also considered. 

The development of theme two is discussed in the following section.  

 Development of theme two. This theme, Pedagogical Considerations for Student Learning, was 

comprised of six axial codes (see Figure 4). These categories represented the facets of teaching related to 

student learning that elementary pre-service teachers were thinking about at that point in their teacher 

education program. Many of the things they shared included the influence of their teacher education, 

important teaching practices, challenges they have faced, or anticipate facing, in the classroom, and their 

feelings about teaching mathematics.  
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Figure 4. The six axial codes that constitute theme two 

 The first axial code that contributed to theme two was Challenges in the classroom. This category 

represented various challenges associated with the teaching profession that pre-service teachers have 

experienced, or perceived as being a challenge, as well as the impact of these challenges on student 

learning. Many of the things participants shared included something lacking amongst students or within 

the classroom itself and a number of pre-service teachers discussed experiences with students’ lack of 

literacy skills and the impact that had on student learning. For example, Sydney shared an anecdote from 

her most recent practicum experience regarding her students’ literacy skills.  

A lot of my students couldn't read at all or couldn’t write their own name. I was in a Grade 3 class 

and they couldn't write numbers down and they couldn't recognize numbers. When we went and 

tried to do math, I almost felt like it was pointless sometimes…[T]here’s certain tasks and certain 

curriculum expectations that were pointless trying to do without having the foundation literacy 

skills. (Sydney, Focus Group B) 
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Sydney found the dearth of literacy skills amongst her students to be detrimental, so much so that she 

perceived some classroom practices to be “pointless” and some curriculum outcomes to be unattainable. 

However, Sydney’s experience was not unique. Malcolm shared a similar sentiment when he talked about 

the students from his practicum experience who struggled during problem-solving tasks due to their lack 

of literacy skills.  

They need to have a base set of…literacy skills. That was a huge challenge that I saw, in 

mathematics. The kids didn’t have the literacy skills to tackle problems. Word problems often 

require a written answer…[T]hey need to know how to do all these other things first, and if they 

don't know how to do them, it’s hard…To problem solve at the level that they’re asked to in the 

curriculum, way too often I’m just seeing it’s not there. (Malcolm, Focus Group C) 

When Malcolm said, “[T]hey need to know how to do all these other things first,” he was referring to 

students’ ability to read and understand a problem and later provide a written answer to that problem. In 

other words, he described basic literacy skills as a pre-requisite to problem solving and mentioned that 

“way too often” he found those pre-requisite skills were not present amongst students. Similar to how 

Sydney felt, Malcolm saw this lack of skill as something that made certain curriculum outcomes 

unattainable. During Interview 4 with Malcolm, he described the lack of literacy skills amongst students 

as an “incredible barrier” to their learning. 

 During Focus Group A, Isabel also made a link between problem solving and literacy skills and 

noted that the former becomes difficult when the latter is lacking. She said, “[P]roblem solving really 

requires your literacy skills as well. Some students struggle with that. Maybe they’re really good at math 

but struggle decoding the question and figuring out what it’s asking because their reading might not be as 

strong.” Here, Isabel alluded to the belief that problem solving does not rely solely on mathematical 

aptitude and can be hindered by a lack of literacy skills. Finally, Tanya described facing similar 

challenges during her practicum experience when she said, “[A]t the elementary school level, not every 

kid can read.” Overall, pre-service teachers discussed various experiences in which elementary students 
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lacked literacy skills. In all of these situations, participants perceived this lack of skill as a hindrance to 

students’ learning.  

 In a similar yet more specific vein, another challenge in the classroom that numerous pre-service 

teachers discussed was English language learners’ (ELLs) literacy skills. Participants shared that they 

often struggled to teach, assist, and assess ELLs in their classrooms due to their varying abilities to read 

and write in English. For instance during Focus Group A, Fletcher talked about his experience with ELLs 

and their ability to write and understand verbal communication in English.  

I had a lot of English language learner kids and new kids who let’s just say, they write down 

letters. That’s the extent of their writing. I found that even though they don’t know what they’re 

writing in English, they do maintain a degree of verbal membrance [sic] or if I say, “Look at the 

label. Which one’s the label?” then they will point [it out] to me. But if I ask them, “Write a 

label” or in written words “Label” then they don’t know what’s going on. (Fletcher, Focus Group 

A) 

Fletcher shared that his ELLs had an extremely limited capacity for writing in English, but seemed to 

succeed when he communicated verbally. While speaking to ELLs in English as the teacher had success 

for Fletcher, Eileen found that there was not much success when the roles were reversed. In Focus Group 

B she said, “[D]uring my practicum, I was with a class of 80% English language learners, so verbal 

communication for them wasn’t strong.” Aside from the use of verbal communication, participants shared 

other challenges they faced with ELLs. For example, Aimee described the difficulty in having ELLs 

become active members of a classroom environment that revolves around the use of English 

communication in all forms.  

How do you expect students who are [at] all these different levels to participate fully in your 

class? Because regardless you want every student participating and engaged and included and 

feeling like they have a spot and a place. But if you’re not giving them those communication 

tools, you’re not going to get anywhere with them. (Aimee, Interview 1) 
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Aimee believed it is the role of the teacher to provide ELLs with certain “communication tools” that can 

help them feel included in an English-speaking environment. While classroom participation is an 

important consideration for ELLs, so too is their ability to engage in mathematical problem solving. 

During Interview 2, Fletcher described the difficulty in using a problem-solving task with ELLs during 

his practicum experience. He said, “[T]heir grasp of English is not as well as some other students in the 

school. They have consistently struggled with understanding the question.” Finally, Caitlyn shared that it 

was challenging to assess ELLs during her practicum placement.  

[W]hen they were being assessed they had many different opportunities to show their thinking or 

to explain their thinking without just being assessed on paper. And I think that’s so important 

because it was really hard to assess English language learners equally based on the written work 

alone. (Caitlyn, Interview 5) 

Without a doubt, participants found that the abilities of the ELLs they worked with during their practicum 

experience made their job as teachers challenging.  

 Yet another challenge in the classroom that pre-service teachers discussed was some students’ 

lack of prior mathematical knowledge or skill. During Focus Group B, Sydney shared an experience she 

had while scribing for some students during the Education Quality and Accountability Office provincial 

assessment (EQAO).  

I had the experience of scribing for Grade 3 EQAO in my first practicum and I found in regards 

to prior knowledge and having the strategies, some of the problems were just completely out of 

reach for some of the students I was scribing for because they didn’t have that foundation going 

in. 

This lack of prior knowledge can certainly be a challenge for students’ learning and in this case, can 

affect their performance on assessments. Malcolm also talked about how students’ lack of prior 

knowledge can affect teaching practices. He mentioned how pacing can be affected when students are not 
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well equipped with prior understandings and how the responsibility to fill in those gaps falls on the 

teacher.  

It’s really hard to move forward and there’s limits to how far forward you can move if they don’t 

have prior knowledge…In my experience, background knowledge and earlier levels of 

knowledge need to be built; I’ve been in way too many situations where they’re just not there. 

(Malcolm, Focus Group C) 

Malcolm recounted these experiences with clear frustration in his voice. Fletcher described teaching 

under the assumption that his students may be at similar levels of understanding regarding certain 

mathematical prior knowledge. 

Obviously these students all come from different backgrounds, different starting points, per se. So 

I’m just going by the assumption that they have a basic level of understanding or a basic set of 

skills to work with the problems. But there are a few students who are having some trouble 

understanding either what they have to do or what they can use for [problem solving]. (Fletcher, 

Interview 2) 

As he quickly found out, some students suffer from a lack of prior knowledge or understanding, which 

can inhibit their learning. Altogether, pre-service teachers shared challenges they faced in the form of 

students lacking prior mathematical knowledge and expressed that it becomes the teacher’s responsibility 

to make up for what is missing.  

 Another challenge in the classroom affecting students’ learning that participants discussed was a 

lack of resources. For instance, Sydney mentioned how the resources available in her school during a 

recent practicum experience were not conducive to the way she wanted to teach.  

[M]y biggest struggle is in the classrooms I’ve been in, there’s not enough math resources to 

work with to do the things I want to do to make math fun and engaging and hands-on. There 

aren’t enough manipulatives for the class; only certain students are allowed to use them because 

of that. It just makes it difficult. (Sydney, Focus Group B) 
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Having gone through a similar experience, Malcolm took the onus upon himself to create resources that 

would make his mathematics lessons more engaging.  

And what you [Carly] mentioned about the number of resources available, my main problem on 

practicum was honestly that I was just spending too much time making my own…this ended up 

being a problem that I spent way too much time making resources. You only have so much 

energy. (Malcolm, Focus Group C) 

Malcolm alluded that when the responsibility of creating resources falls on the teacher, it can be a taxing 

endeavor. When they weren’t concerned with how to make up for a lack of resources, pre-services 

teachers were considering the various additional challenges that come with teaching. For example, Angela 

was focused on making mathematics engaging when she said, “[M]y challenge was actually how to make 

my math lesson fun. So I spent a lot of time to think about how to make the math that’s very intriguing.” 

Carly, on the other hand, shared a brief anecdote about interpersonal relationships amongst students and 

how that can affect group work.  

Just like with anything, though, that’s group work, [working with centers] can get a little crazy in 

kindergarten, especially if you don’t have a good pairing. There were some kids in my classroom 

who were…no matter who you would put them with they would be distracted and so they really 

needed that teacher to be beside them. (Carly, Focus Group C) 

Again, when this particular challenge emerged in the classroom, the teacher was the one responsible for 

resolving it. Finally, Fletcher made it clear he believed students need to speak up when they need help and 

that if they do not, it could lead to more problems.  

[W]e as teachers only have so much attention span, so we can’t look at everyone, so sometimes 

they have problems but are not telling us so we don’t know they’re having problems and it just 

leads to further problems down the road. (Fletcher, Interview 2) 

All in all, pre-service teachers discussed many things that comprised the axial code Challenges in the 

classroom. These things included a lack of literacy skills and prior mathematical knowledge amongst 
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students, a lack of resources in schools, and other important considerations within the teaching profession. 

Participants found that these aspects were challenging to both students’ learning and their own teaching 

practices.  

 The second axial code that contributed to theme two was Experience-based teacher learning. 

This category described how participants’ experiences influenced their perceptions of the teaching and 

learning of mathematics. These experiences include their practicum placements, coursework, and own 

experiences as elementary, intermediate, and secondary students. Rachel summarized these ideas during 

Focus Group B when she said, “I feel like a lot of our perception on teaching almost comes from the 

experiences we had in school and that reflects on how we teach.” What Rachel meant when she said, 

“experiences we had in school” was specifically the participants’ experiences as elementary, intermediate, 

and secondary students; however, their coursework at and practicum placements are considered part of 

their teacher education, which can be grouped into their larger schooling experience. Nonetheless, these 

pre-service teachers certainly discussed how their perceptions have been influenced by these experiences 

and how that has in turn influenced their teaching or future teaching.  

 One of the most influential factors for pre-service teachers was their practicum experience. Many 

participants described ways in which they learned or were influenced and inspired while teaching 

mathematics alongside an associate teacher. For example, Aimee described a situation where she entered 

the classroom feeling nervous to teach math, but watching and collaborating with her associate teacher 

helped increase her self-efficacy.  

I communicated a lot with my associate teacher to say, “Yeah this isn’t my strong suit at all. I’m 

going to have to go home and practice this on my own before I teach it.” But seeing how it was 

taught in more real-life application settings, and with those problem-solving skills, I was like, 

“Okay I can do this. It will be like my own problem-solving mission to get it down.” (Aimee, 

Focus Group A) 
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Similar to Aimee, Samantha shared that observation during her practicum placement was enough to 

influence her perceptions of teaching mathematics. For instance, Samantha explained that her perception 

of the role of the teacher in a problem-solving context comes from “observation of other teachers in my 

practicum.” Likewise, during Interview 5, Caitlyn said, “I think for a lot of [my perceptions], it’s what I 

see in my associate teacher’s class…I think my ideas about communication in math now are based on my 

experience in my practicum classroom.” Later, during Focus Group C, Malcolm described in great detail 

the morning routine that his associate teacher implemented during his practicum experience. It involved 

students completing a mathematical task that could be used to help develop their problem-solving skills, 

assess their understanding, or just activate their minds for the day. In regard to starting class in this way, 

Malcolm said, “Honestly I would copy the whole process…Those were the most successful parts of the 

day.” Malcolm expressed that this experience and observation during his practicum placement had a 

direct affect on his future teaching practices.  

Other pre-service teachers found more value in the experiences where they actually had an 

opportunity to teach while on practicum. During Focus Group B, Rachel shared an anecdote regarding 

how she learned a lot during a practicum experience about ensuring her students were prepared for an 

assessment.  

I was able to teach math my last placement from the third day, so I got almost six weeks of 

teaching math, fortunately. I noticed that problem solving was basically near the end of the unit, 

so when I came up with what they were going to do for that task, I had to look back. Kind of like 

going backwards like, “This is everything they’ll need to be able to accomplish this task. What do 

I have to teach them before we get there?” So I think a lot of it comes from being able to plan and 

experience it as a teacher. You get to see what you have to do to get there. (Rachel, Focus Group 

B) 

Rachel was able to develop her planning skills and was provided an opportunity to think critically about 

assessment because she had the chance to do some actual mathematics teaching. The opportunity to teach 
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during practicum had an effect on Mia as well. She found that those experiences were what influenced the 

answers she provided during her interview.  

[E]verything I’m saying is coming from my most recent practicum experience because it was 

Grade 6 and it was the scariest thing to do… I’m really just thinking when I’m answering these 

questions, I’m thinking about the classroom and the things that I did, or saw happen, or wish that 

I had done. (Mia, Interview 3) 

Mia’s teaching practices, observations, and missed opportunities were what stuck with her the most and 

helped her in answering questions regarding her perceptions and beliefs. Finally, Carly, who is part of the 

Consecutive Education program, also found a lot of value in her practicum experiences, moreso than her 

coursework. 

I’ve been doing practicum since first year of university so I’ve been able to see those [teaching] 

strategies and practice more than you [Malcolm] have. So I’m like, “I don’t want more 

curriculum courses, I’d rather be out there and learning from my associate teacher.” (Carly, Focus 

Group C) 

While Carly valued her practicum experience more than her coursework, many pre-service teachers still 

shared that they are learning a lot through their coursework and that these experiences are influencing 

their perceptions.  

 A number of participants noted that they are learning new and engaging teaching strategies 

through their coursework that they could then take into their own classroom. For example, Aimee talked 

about how she will implement the hands-on, collaborative methods that are used in her math curriculum 

course.  

The math curriculum course is one of my favorite classes because it’s always hands-on, we 

collaborate a lot as a table group, there’s a lot of collaboration between us and the 

instructor…They’ve done a really really good job structuring that class, so just even for us to 
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learn it’s very useful, it’s very applicable, to then take that into the classroom. (Aimee, Focus 

Group A) 

Mia echoed an extremely similar sentiment during Interview 3. She discussed the collaborative methods 

she has seen and mentioned that she has not yet had an opportunity to use them in practice.  

[T]hey’re emphasizing collaboration and working together and we learn from and with each 

other. So that’s what I’m hearing here. I haven’t yet had the opportunity to do that in terms of 

math for students but I think that’s what is influencing my perception now. (Mia, Interview 3) 

Although she had not been able to implement these collaborative methods in her own classroom, Mia 

admitted that what she learned in her coursework influenced her perceptions of mathematics teaching and 

learning.  

During Focus Group B, Rachel expressed that she values the engaging approaches to teaching 

mathematics that are modeled in the elementary mathematics curriculum course. She said, “[I]n class 

we’re seeing a lot of how to make math hands-on and I find that’s really something that engages 

students.” Samantha also mentioned that in the math curriculum course, they are learning “all of the 

different ways to solve a problem and how to incorporate manipulatives a lot more.” These new and 

engaging strategies are clearly appealing to pre-service teachers, who can then them take into their own 

classrooms. Carly, on the other hand, found these new teaching strategies appealing because they are 

different from the way in which she was taught as an elementary student. During Focus Group C, she 

said, “[I]t’s really helpful that we have our curriculum courses because they’re teaching us new methods 

that honestly I wish I had when I was in primary school.” Altogether, the things pre-service teachers 

experienced during their coursework influenced their perceptions of teaching and learning as well as their 

future teaching practices. Many of them also found their coursework to be extremely valuable. Malcolm 

even went on to say 



 

92 

 

To be honest I wish I had more coursework. I think a greater emphasis on the curriculum courses 

would be…would do wonders. Just in terms of something to draw on for comparing my teacher 

education to what I’m going to do in practice. (Malcolm, Focus Group C). 

 Another component of the axial code Experience-based teacher learning included pre-service 

teachers’ personal experiences as elementary, intermediate, and secondary students. Many of the 

participants shared anecdotes from their history as students and discussed how these experiences might 

influence their own teaching practices. For example, during Focus Group B, Leah said that her 

perceptions of the role of an elementary teacher come from school “when we were growing up. Just 

having different teachers who were more enthusiastic about math and having a positive approach vs. 

‘Yeah math is annoying,’ or having a negative view of it. I think it makes a huge difference.” Leah’s 

anecdote alluded to the fact that she had some teachers who were more positive than others towards 

mathematics, and that this difference in attitude had an effect on students. This experience might make 

Leah more inclined to take a positive approach in her own classroom. Likewise, Carly described how her 

experience as a student highlighted the importance of the teacher being persistent. She listed “personal 

experience as a learner myself” as something that influenced her perceptions and went on to add, “I know 

as someone who struggled with math that it’s extremely important to keep on [students] to try and get 

them to explain what they don’t understand or else they’re going to miss critical skills.” Carly’s belief, 

that teachers should be persistent in order to maximize students’ learning, was not the only important 

characteristic mentioned for working with students who struggle with math. During Interview 2, Aimee, 

who identified as someone who did not like math growing up, described an experience with an excellent 

math teacher.  

I had one in particular phenomenal math teacher. So I was that student who knew exactly what 

path I had to take with math. I wanted to get it done as soon as possible…But my Grade 11 math 

teacher, she was amazing in terms of transforming students who had no math ability…But she 

was just so kind, she was so patient. She scaffolded things so well to build up, to understand the 
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overall concepts in a unit. She was very clear in her communication. She took the time to help 

students. She structured the class really well too…I always have those thoughts in the back of my 

mind to inform my practice too. (Aimee, Interview 2) 

Aimee’s anecdote told a story of an excellent teacher who made an impression on her, so much so that she 

remains cognizant of those experiences as they influence her own teaching practices now. Overall, pre-

service teachers’ experiences as elementary, intermediate, and secondary students can certainly have a 

considerable influence on their perceptions and can contribute to their own teacher learning.  

 One final example of experiences that influenced participants’ perceptions of the teaching and 

learning of mathematics includes their learning from colleagues as well as professional development 

experiences. For instance, during Interview 2, Mia discussed how she learned about things such as 

universal design for learning, collaborative teaching methods, and 21st century learners. She said, “I made 

a professional Twitter and it’s all over there. Like social media kinds of things. And I just follow a bunch 

of teachers and principals and stuff. Like-minded professionals.” Mia later described what she did during 

her practicum when she found it difficult to explain something in a lesson. She said, “I would ask other 

teacher candidates or just observing other teachers just seeing how they do it and what methods they 

chose and maybe trying that.” In both of these examples, Mia was learning from her colleagues whether 

that was via the Internet or in person through observation and discussion. She also alluded to the fact that 

she would often try to implement new things she learned in her own practice. Some pre-service teachers 

shared anecdotes regarding professional development opportunities that they had the chance to take part 

in. For instance, during Focus Group B, Leah described one of these experiences and the way she felt 

about it.  

During my last practicum, there was a professional development experience and they were talking 

about using manipulatives in the classroom. Showing kids what manipulatives are used for but 

also just giving it to them and letting them figure it out themselves and not telling them certain 

things [when problem solving]… I thought that was sort of an interesting and insightful moment 
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just to see that…It was all of the primary teachers and there was a lady from the board and I 

forget her specific role, but she was encouraging math strategies within the classrooms. So for 

one morning she came and talked with the vice principal and they were trying to work out a goal 

to help improve students’ learning in math for the year. (Leah, Focus Group B) 

Leah found this experience “interesting and insightful” as she learned more about using manipulatives in 

elementary mathematics in order to “help improve students’ learning.” Eileen also had the opportunity to 

take part in some professional development during her practicum experience.  

I had a similar experience, participating in a professional development workshop during 

practicum. The professional development workshop as a whole wasn’t focused on math or math 

strategies but it did begin with a task where the teachers were given a math problem and worked 

in groups to problem solve. The purpose of it was to highlight a new resource that the school had 

got, which were vertical temporary surfaces, so essentially just whiteboards, and showing how 

they can be useful for problem solving. (Eileen, Focus Group B) 

Like Leah, Eileen’s professional development experience was centered around a classroom resource that 

can help aid in students learning.  

 Overall, the axial code Experience-based teacher learning described how participants’ 

experiences influenced their perceptions of the teaching and learning of mathematics as well how these 

experiences inform and impact their teaching practices. These experiences included their practicum 

placements, coursework, and own experiences as elementary, intermediate, and secondary students. While 

pre-service teachers shared a plethora of valuable experiences, the common notion was that all of these 

experiences, and those to come, would help them improve as teachers. Mia summarized this idea nicely 

when she said, “I tell myself that this is just the onset, we’re just starting, so with more experiences we’re 

only gonna be stronger and stronger.” 

 The third axial code that contributed to theme two was Elementary math teaching strategies. This 

category described different elementary mathematics teaching strategies that pre-service teachers 
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discussed throughout the focus groups and interviews. Participants often mentioned these strategies along 

with an example of when they experienced them as students, implemented them as teachers, or learned 

about them through their coursework. Many pre-service teachers also shared their perceptions and 

feelings regarding these teaching strategies. These methods included the use of manipulatives, other 

hands-on and kinesthetic methods, inquiry-based methods, and teaching by telling.  

 The most common teaching strategy that elementary pre-service teachers mentioned was the use 

of manipulatives. Numerous participants mentioned that they learned various ways in which to use 

manipulatives during their coursework. For example, Tanya talked about an assignment from one of her 

courses that involved researching and presenting different elementary math activities that incorporate 

manipulatives.  

And then we have another [assignment] coming up where we have chosen different manipulatives 

and we’re presenting an info-graphic based on that manipulative and different activities for both 

the primary and junior level and explaining what it is and what you can use those manipulatives 

for. And then we’re presenting it to table groups…It’s super helpful because it’s actually like we 

can apply that and it’s actually practical knowledge for us to know. (Tanya, Focus Group A) 

Tanya found this to be a valuable assignment and mentioned it was “super helpful” and led to “practical 

knowledge.” This implied that she might even incorporate manipulatives as a teaching strategy in her own 

classroom. Other participants alluded to the fact that they learned about manipulatives quite a lot during 

their coursework. For instance, Samantha mentioned that she has gathered “how to incorporate 

manipulatives a lot more…from the math curriculum course,” while Carly said, “There’s been a heavy 

influence on manipulatives” while discussing her coursework experience. Throughout the focus groups 

and interviews, it became clear that pre-service teachers were learning about manipulatives as an 

elementary mathematics teaching strategy through their coursework.  

 Meanwhile, many other participants focused more on examples of the use of manipulatives in the 

classroom as well as their perceptions of these examples. During Focus Group A, Fletcher described how 
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various manipulatives were used in his practicum classroom. He said, “Obviously manipulatives [were 

used]. Especially with the counters and hundreds charts…I also found snap cubes pretty useful because 

they get you to see different colors for different sizes, different numbers, because it’s a lot easier to 

visualize with manipulatives.” Fletcher mentioned three different kinds of manipulatives (i.e., counters, 

hundreds charts, and snap cubes) as well as the fact that he found snap cubes to be “pretty useful” and 

said that manipulatives are a good tool for visualization in mathematics. Carly had a similar positive 

experience with manipulatives during her practicum placement in a kindergarten class.  

We did a lot of math tubs and centers in kindergarten. So math tubs is essentially just a bunch of 

manipulatives in a tub but they have a goal that they need to accomplish. So, “Using these 

different shapes, can you complete the puzzle?”…I like that the kids were able to explore with 

centers and tubs…cause it’s fun to play with them.  (Carly, Focus Group C) 

Carly mentioned that she enjoyed using manipulatives in her kindergarten class because the students got 

enjoyment out of them while using them for a mathematical purpose. Malcolm also mentioned student 

enjoyment as a byproduct of using manipulatives in an elementary mathematics lesson. He said 

I know one thing I did. We were doing circle graphs, so we got them to make them using hoola 

hoops and essentially the manipulatives were decorations. Like, you know, “Fill out this big 

hoola hoop with different size and shaped and colored blocks.”…And that was fun! And it was 

great. (Malcolm, Interview 4) 

Clearly, the use of manipulatives as an elementary mathematics teaching strategy was something that pre-

service teachers learned about in their coursework and later implemented during their practicum 

experiences. In many cases, using manipulatives was enjoyable for students. During Interview 5 Caitlyn 

mentioned that her associate teacher used manipulatives, which made Caitlyn think about her own 

experiences as a student. She said, “She would give them manipulatives to use and things like that. I think 

growing up we didn’t use manipulatives unless we had to. They were more supplemental. But now it’s 

engrained in every component of math.” Pre-service teachers’ exposure to using manipulatives as a 
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teaching strategy through their coursework and practicum experiences was truly made evident by Caitlyn 

saying it is “engrained in every component of math.” 

 Participants also mentioned kinesthetic and other hands-on methods as elementary mathematics 

teaching strategies. For example, Tanya described her kindergarten students learning through the use of 

their bodies and how engaging that experience was for them.  

In kindergarten, using their bodies is huge…So we did patterning and using their bodies to be 

face forward, then backward, then crouching to see what kind of pattern that was. Everyone was 

engaged and everybody wanted to come up and stand a certain way, you know what I mean? So I 

found using their bodies in any way in math was super helpful. (Tanya, Focus Group A) 

Tanya’s example showed that she found kinesthetic learning to be engaging and helpful. Mia portrayed a 

similar experience during Interview 3 when she described what a neighboring class did during one of her 

practicum experiences.  

Okay so for example, the class next door to us, the other Grade 6 class, they were doing 

measurement and all our students were working at a desk while the other class was out in the 

hallway measuring lockers and [had] hands-on opportunities and they were having fun and 

learning. (Mia, Interview 3) 

Mia recounted the experience in a way that made the hands-on approach sound more appealing than 

independent practice. She mentioned that it is a way students can have fun while learning at the same 

time. The appeal of kinesthetic learning was made evident by what pre-service teachers shared, and some 

others also mentioned trying to implement it in practice. For example, Angela described an anecdote 

where she incorporated a kinesthetic activity when teaching a Grade 2 class about shapes.  

So what I did was, I was teaching the shapes, and I asked my teacher to give me two ropes. So I 

brought [the students] outside and then grouped them to two teams and each team has one rope 

and then I will ask them, “What kind of shape has four sides?” and they need to figure out about 
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what kind of shape has four sides based on our learning. I really tried to engage them with the 

physical way, visual way, and even using sound. (Angela, Focus Group A) 

Angela’s use of this kinesthetic, hands-on approach was an attempt to make her math lesson more 

engaging for students, however she never mentioned how it was received. Finally, Leah said that during 

her practicum, her associate teacher had the students complete a problem-solving task wherein “they got 

up and stood and moved as a human graph.” Sometimes, incorporating a kinesthetic strategy in a 

mathematics lesson can be as simple as having the students get up and move around the classroom.  

 Yet another elementary mathematics teaching strategy that pre-service teachers mentioned was an 

inquiry-based approach. During Focus Group B, Sydney said that she learned about inquiry-based 

learning in her science curriculum course and felt that it could be an engaging and enjoyable style of 

teaching. She said, “[I]f you do more inquiry-based activities and more hands-on activities, you make 

learning fun and if they want to do it that’s half the battle towards confidence.” Later in Focus Group B, 

Rachel shared that she actually had the opportunity to implement an inquiry-based project with her 

associate teacher.  

[W]e did a big water inquiry project. So we basically looked at the different types of issues with 

water and we asked the students, “How can we look into this?”…the problem was tracking their 

water footprint so they had to think about how they would do it, where they would find the 

information. They basically had to problem solve…how they were going to get through… I liked 

how it gave students a way of being creative in math. (Rachel, Focus Group B) 

Having the chance to actually implement an inquiry-based activity allowed Rachel to see the value in 

such an approach. She noted that because it was student-led, there was a lot of room for creative thinking 

amongst the students. One final mathematics teaching strategy, that is not so student-led, is teaching by 

telling. Teaching by telling was mentioned mostly as something pre-service teachers remember from their 

own experience as students. For example, Mia described her Grade 8 math experience during Interview 3.  
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I remember Grade 8 being very like, you had your book, and you had to write on the exact line 

and it was just him at the front and you following along step by step. It was very like being talked 

to…[It was him] just standing in front being like, “This is today’s lesson, this is what we’re 

learning, open your notebook, copy and follow along. And now here’s your homework.” (Mia, 

Interview 3) 

Mia recounted this memory in a way that showed she did not appreciate this approach to teaching 

mathematics. To her surprise, Mia later encountered the same teaching style during a practicum 

experience. Regarding her associate teacher, Mia said, “She didn’t inspire me [laughs]…It was very much 

like, ‘Okay here’s the overhead, here’s the instruction. Write it in your book and now here’s the 

worksheets.’” Clearly, Mia saw teaching by telling as an uninspiring approach to teaching mathematics. 

On the other hand, Malcolm shared that he does not mind learning from teaching by telling, and may even 

prefer it. During Interview 4, he said, “I don’t like using my own experience as a student as an illustrative 

example because I like lectures. I listen to lectures. If the content is interesting, I listen to lectures.” It is 

interesting to consider how pre-service teachers’ preferences as students might influence their practices as 

teachers. Overall, participants discussed various approaches to teaching mathematics during the focus 

groups and interviews. These approaches included the use of manipulatives, kinesthetic and other hands-

on methods, inquiry-based approaches, and teaching by telling. In many cases, pre-service teachers 

discussed where they experienced, learned, or used these approaches as well as how they felt about those 

experiences.   

 The fourth category that added to theme two—Pedagogical Considerations for Student 

Learning—was Curriculum considerations. This axial code described pre-service teachers’ perceptions 

and beliefs that mathematics and mathematical problem solving have a cross-curricular component to 

them. It also described participants’ current knowledge of the elementary mathematics curriculum or the 

importance of that knowledge for when they are in-service teachers. When pre-service teachers discussed 

the cross-curricular opportunities associated with mathematics, it was in the sense that they could 
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capitalize on these opportunities as teachers. For example, during Focus Group A, Angela said, “[W]hen I 

go to practicum, then I can incorporate the math with literacy, math with science, and I found this is very 

good way to teach them.” Angela identified that she believed mathematics has cross-curricular ties to 

science, as well as a literacy component, and that highlighting these connections in the classroom is an 

example of effective teaching. Aimee also shared her beliefs on how mathematics can be connected to 

other subject areas.  

I think it’s also important to tie in math in as many subjects as you possibly can and have that 

cross-curricular connection so that it’s not just, “Okay this is a math period and we’re only gonna 

focus on something that is math-related.” But also tying in something with social studies or 

something with a math game or literacy. There’s so much that you can do with literacy in math 

it’s ridiculous…So just showing students also the connections between math and every other 

subject so they don’t just see it as this isolated thing. (Aimee, Interview 1) 

Aimee stated that making cross-curricular connections in math is “important,” in that it helps students see 

how math is applicable in other subject areas. Aimee also said during her interview that she saw her 

associate teacher do this on practicum and that she is interested in making those connections in her own 

classroom. Mia also expressed that it is important to show math can be connected to other subject areas. 

She said, “Yeah, just emphasizing showing your work is important and relating that to all areas of the 

curriculum not just math. We just don’t write our final answer.” Rather than linking mathematical content 

to other subjects, Mia described her belief that showing your work is a cornerstone not only in 

mathematics, but in other academic areas as well.  

 Pre-service teachers also perceived components of mathematical problem solving in particular to 

have cross-curricular value. For instance, during Focus Group C, Carly said, “I think [problem solving] 

should be used to develop critical thinking skills, so the skill is applicable across multiple subject areas.” 

Carly believed that the critical thinking skills developed through the use of problem solving in 
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mathematics could be useful in other subject areas. On the other hand, Malcolm highlighted the literacy 

skills needed to problem solve as being important in other subject areas as well.  

I mean a lot of problem solving in K to 6 revolves around word problems, although not 

exclusively. I guess in the end it’s really cross-curricular. And this I’ve definitely seen through 

experience, like just reading, literacy is so important. It is basically a bedrock for everything we 

do. And that includes math. (Malcolm, Interview 4) 

All in all, participants believed that mathematics and mathematical problem solving include opportunities 

for cross-curricular connections or help develop skills that are useful in other subject areas. In some cases, 

these beliefs influenced pre-service teachers’ practices.  

 The other curriculum consideration that participants discussed was their knowledge of the 

elementary mathematics curriculum. In many instances, pre-service teachers shared their own knowledge 

of the curriculum or alluded to the importance of teachers knowing the curriculum well. For example, 

Aimee shared her own understanding of the elementary mathematics curriculum content during Focus 

Group A.  

I think a huge shift that we’re seeing now, just thinking at least back to when I was in school 

again and looking at what I’ve seen on practicum and even just in the last couple years, is that 

educators, with the curriculum, are trying to make math exactly that[—real-world applicable]. 

(Aimee, Focus Group A) 

Malcolm shared an experience from his practicum when he said, “To problem solve at the level that 

they’re asked to in the curriculum, way too often I’m just seeing it’s not there. I was with Grade 3’s and 

4’s and I was teaching them how to carry.” While Aimee demonstrated her knowledge of the nature of the 

content within the curriculum, Malcolm exhibited his understanding of Grade 3 and 4 curriculum 

expectations. Finally, Sydney expressed knowledge of the elementary mathematics curriculum when she 

shared a belief about problem solving. She said, “And also, all of the math strands can be addressed 

through problem solving. You can have one problem that addresses all strands…like number sense and 
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numeration, patterning and algebra…” While she did not list all five strands, Sydney still conveyed a 

familiarity with the curriculum.  

 In addition to portraying their current understanding of the elementary mathematics curriculum, 

pre-service teachers also talked about important curriculum considerations within the teaching profession. 

For example, Rachel shared a piece of advice she received.  

It was advised to me that you should always use the words that come directly from the 

curriculum. So if it says, “Students should be able to say ‘right angle,’ ‘acute angle,’ ‘obtuse 

angle,’” you use those terms so that it’s consistent because the consistency is very important for 

students. (Rachel, Focus Group B) 

In this quote, Rachel expressed the importance of using consistent language within mathematics, 

specifically the language that comes directly from the curriculum, and that this practice can be beneficial 

for students. Leah also conveyed the importance of the curriculum in planning and assessment for in-

service teachers.  

I think also there’s a set curriculum that we’re supposed to teach and at the beginning of the year 

you kind of plan out, “Okay we’ll spend like two to three weeks on this subject,” but also just 

recognizing when students need more time and knowing what level of learning they’re at instead 

of just checking it off of a list and moving on to the next thing. A lot of times in math, they all 

flow into each other like addition and multiplication, you need that for measurement. So all of 

these skills you can continue to work on throughout the year. (Leah, Focus Group B) 

It was Leah’s belief that the curriculum guides a teacher’s planning and that assessment helps in gauging 

whether or not students are on pace with that plan. She also mentioned the interconnectedness of the 

elementary mathematics curriculum and alluded to the idea that many of the curriculum skills can be 

developed throughout the academic year. Finally, while discussing verbal communication in mathematics 

during Interview 3, Mia said, “I’m also thinking of communication like the achievement chart, that kind 

of stuff. Communication because I had to make a rubric and understanding what that was.” Mia’s brief 
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anecdote referenced the notion that it is important for teachers to understand the achievement categories 

from the curriculum as that helps for things such as making rubrics. Overall, the axial code Curriculum 

considerations described pre-service teachers’ perceptions and beliefs that mathematics and mathematical 

problem solving include an important cross-curricular element. It also portrayed participants’ current 

understanding of the elementary mathematics curriculum as well as the importance of that knowledge for 

when they are in-service teachers. 

 The penultimate axial code that contributed to theme two was Feelings about teaching 

mathematics. This category described how participants felt about teaching mathematics during their 

practicum experiences as well as how they felt about their future endeavors as in-service teachers. Overall 

the feelings pre-service teachers shared were mixed, with some being considered positive feelings and 

some negative. One of the positive outlooks that participants mentioned was feeling confident to teach 

mathematics. For instance, during Focus Group A, Aimee talked about how her experiences in the math 

curriculum course are making her feel more confident to teach elementary math.  

Yeah it’s definitely making me feel more confident with my ability to teach and use problem 

solving skills in math…But just seeing anything modeled for you—any behavior, any practice, 

any lesson, and resource—modeling the skill is for me the best way to learn and to practice it on 

my own. It’s giving me the skill set that I need and I want and I’m enjoying it so far. (Aimee, 

Focus Group A) 

Earlier in the focus group, Aimee described feeling nervous about teaching math but later countered that 

point by saying her experiences in her coursework align with her needs, and this is something that helped 

boost her confidence. Tanya also expressed a similar sentiment of mixed feelings regarding teaching 

mathematics. She discussed how math was never her strongest subject as student, but she still feels 

confident to teach it at certain grade levels.  
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I feel like for me, I’ve never really been good at math, but I always got it just a little later. So I 

feel pretty good about teaching [Grades] 1 to 6… I just feel like that’s my constant relationship 

with math, that I get it a little later, so I feel pretty confident K to 6. (Tanya, Focus Group A) 

Despite expressing feelings of low confidence regarding mathematical content knowledge, Tanya still felt 

confident in teaching math at the elementary level. On the other hand, Malcolm expressed a very 

straightforward feeling of confidence towards teaching mathematics. He said, “I actually feel very 

confident about it. I feel it’s the thing I’m actually, probably, the best at.” Malcolm went on to describe 

why he feels so confident, attributing his outlook to his perceived ability to identify and correct 

mathematical misunderstandings amongst students.   

 Pre-service teachers also reported feeling excited to teach mathematics. During Interview 5, 

Caitlyn described a few contributing factors to her excitement.  

I think I’m excited to teach math because I want to show [students] how applicable it is to real 

life. I think math is very much a problem-solving puzzle. I don’t know, I think it’s fun. And I 

think kids like it if you meet them at their level and kind of help them so it’s challenging but not 

frustrating. (Caitlyn, Interview 5) 

Caitlyn described her own perception of mathematics and clearly expressed that she enjoys the subject 

and is excited to share that joy with her future students. During Focus Group B, Leah described 

mathematics much like Caitlyn’s description of a challenging puzzle, and talked about the role that 

perception plays in her own excitement about teaching math.   

I also am very excited to teach math just because although it can be confusing at times there is a 

fun reward at the end when you do get something. So just having that classroom realization 

where, “Woah! This is how to get an answer” is fun and engaging. (Leah, Focus Group B) 

Leah and Caitlyn’s sentiment conveyed that mathematics can be momentarily challenging and confusing 

for students, but the not uncommon “a-ha moments” are enough to make them excited to teach 

mathematics. Both of these pre-service teachers also mentioned the possibility for mathematics to be fun 
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for students and Sydney shared the same perception when she described why she felt excited to teach 

math. She said, “I’m excited to teach math” and mentioned that one of the reasons for her excitement 

includes the opportunity to “make math fun and engaging and hands-on.” Overall, participants shared 

their feelings of excitement towards teaching mathematics, and mostly attributed those feelings to the 

ability to make the subject matter fun, engaging, and hands-on.  

 A few other pre-service teachers described generally positive feelings about teaching 

mathematics. During Focus Group B, Eileen talked a bit about her experiences on practicum and why she 

feels so fondly about teaching mathematics.  

I love teaching math, especially through math games. I like coming up with my own math games 

to do with the students. So for my practicum, I taught math the whole time and kind of had a 

format that the kids got into the routine of where we would do a math game first. (Eileen, Focus 

Group B) 

Eileen’s mention of “math games” alluded to yet another way in which pre-service teachers perceive math 

to be a fun and engaging subject that they enjoy teaching. Finally, Rachel mentioned that she also enjoys 

teaching math and shared her perception as to why there might be mixed feelings about teaching 

mathematics amongst elementary pre-service teachers.  

I like teaching math. As a student, I enjoyed math and I think because of the positive experience, 

I enjoy teaching it because it was something that I was comfortable with. I know for subjects I 

was not as comfortable with growing up, I’m more hesitant to teach. And I’ve noticed talking 

with a lot of peers, it seems like most people who grew up liking math enjoy teaching math, and 

most people who grew up struggling with math are really hesitant to teach it. (Rachel, Focus 

Group B) 

Rachel felt that the most influential factor in pre-service teachers’ feelings about teaching mathematics 

was their own feelings and experiences as mathematics students. Consequently, Rachel said that because 

she enjoyed the subject as a student, she now enjoys teaching mathematics.  
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 Not all participants, however, expressed positive feelings towards teaching mathematics. Many 

pre-service teachers mentioned feeling anxious, frustrated, nervous, scared, or overwhelmed while 

teaching mathematics or at the thought of teaching mathematics as in-service elementary teachers. For 

instance, Aimee described how she feels when she thinks about entering a classroom to teach 

mathematics. She said, “I still don’t consider myself to be good at math [and] as an educator going into a 

classroom, that’s very daunting and it’s something I know I’m going to have to learn about a lot.” Aimee 

described teaching mathematics as something that is “very daunting” and seemed to attribute that to her 

own perceived mathematical abilities. Aimee later added that math was not her favorite subject as a 

student and that she is actively trying to prevent that feeling from affecting her teaching.  

I’m still nervous to teach math. I’m getting better, but it is my least favorite subject as a student 

and I’m trying to make, I’m trying to flip the switch in my brain so that it’s not my least favorite 

subject to teach. (Aimee, Focus Group A) 

Mia also discussed feeling nervous and talked about how she prepared herself to teach math during her 

practicum.  

I feel like I’m still a little nervous going into it… I would literally sit there [on practicum] and 

learn it all myself so that I could then teach it to them and that’s fine, I know that now. And then 

another big component is I’m trying to not freak myself out when I would see my AT teach math 

and I was like, “You do it! You’re amazing, you just spit it out!”…I think it’s just the nerves of 

not having done it before. (Mia, Focus Group A) 

Mia seemed to attribute her feeling of nervousness to her inexperience, unfamiliarity with the subject 

matter, and watching her associate teacher conduct a mathematics lesson with relative ease. These sorts of 

feelings and experiences can certainly lead to pre-service teachers feeling scared to teach mathematics. 

For example, Carly mentioned feeling scared at the thought of teaching certain subject matter in 

elementary mathematics.  
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[Teaching math] scares me. From Kindergarten to Grade 4, I’m comfortable and then thinking 

about things like multiplication and division scare me because I know that those are things that I 

struggled with in elementary school and I never really figured it out. (Carly, Focus Group C) 

Again, Carly made a connection between the way she feels about teaching mathematics and her feelings 

and experiences with mathematics as a student.  

 A few participants also shared anecdotes from their practicum teaching experiences that made 

them feel frustrated and overwhelmed. For example, during Interview 3, Mia described feeling 

overwhelmed while teaching mathematics at the beginning of her practicum placement.  

I’m just saying [the B.Ed program] could warn you that…There’s just too much to cover to even 

prepare you for [practicum]. To be put in placement and…maybe it was just different for me. My 

teacher was very like, “Okay this is yours. You’re gonna start this on Monday!” and I’m like, 

“What?!” (Mia, Interview 3) 

Mia expressed that she felt unprepared going into her practicum experience and the prospect of teaching 

math almost immediately was very overwhelming for her. Once the teaching begins, those feelings do not 

necessarily dissipate. This was exemplified when Carly shared an anecdote from her practicum placement 

in a kindergarten class.  

I remember the first time I taught math in kindergarten, I needed a break from it because I was 

feeling so frustrated that all of the ways that I was using, I was taking all the feedback from my 

associate teacher and implementing it but nothing was happening. (Carly, Focus Group C) 

Even though she had support from her associate teacher, Carly still felt frustrated and overwhelmed. 

Overall, pre-service teachers reported a multitude of mixed feelings regarding teaching mathematics. 

Many of the participants described feeling confident and excited to teach math while others said they truly 

enjoyed the teaching experiences they have had thus far. On the other hand, numerous pre-service 

teachers reported feeling anxious, scared, nervous, frustrated, or overwhelmed while teaching 
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mathematics or thinking about teaching mathematics in the future. In many cases, these feelings were 

linked to experiences and feelings participants had as students engaging with mathematics.  

 The sixth and final axial code that contributed to theme two was Teacher practices for student 

success. This category described what participants believed to be important actions for teachers to take in 

the classroom. Specifically, pre-service teachers discussed fundamental practices with the common 

perception that these things are done to benefit students and aid in their learning. Amongst these practices 

were modeling, ongoing assessment for learning, knowing your learners, building confidence in students, 

encouraging and engaging students, and incorporating Vygotskian ideas.  

 Modeling was one teacher practice that many pre-service teachers mentioned. For example, 

during Focus Group A, Caitlyn identified the teacher “showing [students] your thinking and doing [a 

problem] in front of them and saying, ‘I know that this would go here because…’ and modeling the 

strategy that you’re using” as an important component of teaching mathematics. Carly expressed a very 

similar sentiment when she described the importance of demonstrating skills and strategies for the class. 

She said, “As a teacher we need to always, in our exemplars show, ‘This is the step one,’ and 

demonstrating how students can show their work.” Later in Focus Group C, Malcolm echoed the 

importance of modeling and described the general approach he takes when teaching. He said, “Yeah 

modeling is important…My way would be okay, ‘I’m going to do it once and explain everything I’m 

doing and then here’s a few more. Let’s do them as a group.’” In this example, Malcolm described 

demonstrating something for the class before having them try it as a group. During Interview 2, Fletcher 

also expressed the importance of modeling a skill before expecting students to fully understand it. He 

shared, “Ideally, we would be able to model it for them so they have a good grasp of how to apply [the 

skill] and not just throw them wherever they can in there.” Fletcher later identified why he thought 

modeling was an effective teacher practice in elementary mathematics when he said, “Well as students we 

learn how to do things, some of us learn how to do it by having been walked through it. So it’s like doing 

a job. First you do this, then you do this.” Many participants shared the perception that walking students 
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through something, whether it be a new skill, problem-solving strategy, or concept, is an effective way to 

aid in their learning. 

 Another important teacher practice that participants discussed was implementing ongoing 

assessment for learning. For example, during Focus Group A, Caitlyn said, “I think you have to 

continually assess where they are…because you can kind of see where they’re getting stuck.” This was a 

common sentiment, that ongoing assessment is useful for identifying and addressing misunderstandings. 

Malcolm mentioned during Focus Group C that assessment for learning is beneficial because “the 

different levels that kids are on can be addressed. This group is having a certain amount of challenges, 

this group is doing really well.” He later expanded upon this idea during Interview 4 by saying, 

“[E]ssentially you’re just trying to gauge their level. You’re constantly evaluating, assessing, re-

assessing…You need to engage in that process.” Mia also felt assessment should be continual and not just 

at the end of a learning cycle. This was made evident during Interview 3 when she said, “I think assessing 

them throughout [is important], not just thinking about a test, but throughout a unit. Using that as 

assessment of what they understand and not just the final question on the test.” Mia’s assertion, that 

meaningful assessment is more than just a test or a single question on a test, was echoed through other 

participants as well. In other words, pre-service teachers also acknowledged the value of informal 

assessment for learning. For instance, Carly shared that her practicum experience in a kindergarten class 

included “a lot of anecdotal notes to figure out what exactly the students really weren’t grasping” and that 

“it was always important that we were writing notes.” In addition to note taking, participants also 

mentioned check-ins as an important form of ongoing assessment for learning. During Focus Group A, 

Tanya said 

[B]efore you test them on [something], I think it’s important to do checks and stuff to make sure 

you’re not just...you just don’t think that they get it, then you give them a test and none of them 

got it. (Tanya, Focus Group A) 



 

110 

 

Aimee also noted the importance of “checking in to make sure that [the students are] on track with what 

phase they’re at” and “to see if, ‘Okay are we on the same page? Is everyone okay?’ and then if they’re 

not, stopping whatever you’re doing to go back.” Altogether, pre-service teachers identified the 

importance of implementing continual assessment for learning and using that to help students overcome 

misunderstandings.  

 Throughout the focus groups and interviews, participants also emphasized the importance of 

teachers getting to know their learners. For instance, Samantha said, “I think that comes down to getting 

to know your learners. You have to get to know them, you have to form a relationship to know where the 

needs are.” This was a common sentiment amongst pre-service teachers, that getting to know your 

learners is an important teacher practice so that you can identify their needs and cater to them. Aimee 

described this idea when she said, “I think too it’s just, as a teacher you’ll know your students and you’ll 

know their abilities so you’re gauging the lesson to make sure you’re accommodating their needs.” 

Additionally, Mia added her perception during Interview 3. 

But just making sure that everyone kind of...you know where everyone’s at and who you need to 

provide further instruction for or maybe even show a different way of how to get to there if 

they’re not getting the first way or just re-wording things. A big part is just really knowing the 

learners. (Mia, Interview 3) 

 Caitlyn also mentioned that teachers should also get to know their students in order to learn what they’re 

comfort level is with different classroom activities. She said, “I think the role of the teacher is to kind of 

know their students and who’s comfortable in participating in front of the class or who should be in a 

smaller group setting.” In the end, the purpose of getting to know the students is for their benefit and to 

help aid in their learning.  

 Participants also found that building confidence amongst students was an important teacher 

practice for student success. When talking about the role of elementary teachers during Focus Group B, 

Leah said, “I think also giving the students confidence is a huge one too, because sometimes in math, 
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depending on their previous experience, going at it they may be a little bit more apprehensive towards it.” 

Leah’s perception was that students may feel “apprehensive” towards mathematics and therefore it would 

be beneficial to actively try to boost their confidence. Many other participants agreed that it is important 

to build confidence amongst students, and gave suggestions as to how that can be done. For example, 

Tanya mentioned that the use of VNPS in elementary mathematics “builds confidence” and “is very 

beneficial to students.” Fletcher, on the other hand, shared a questioning strategy he used during his 

practicum experience by saying, “[W]hat I would do is have some ‘easier questions’ so the not-as-high-

achieving kids will have a chance to answer it correctly and be confident in answering it.” Similarly, 

during Focus Group B, Sydney shared some pedagogical practices that she believed would help build 

confidence amongst students.  

[I]f you do more inquiry-based activities and more hands-on activities, you make learning fun and 

if they want to do it that’s half the battle towards confidence. And then focusing on collaboration 

as well because that can help with confidence. (Sydney, Focus Group B) 

Whether it involved a classroom resource, questioning strategy, or teaching method, pre-service teachers 

felt that actively working to build students’ confidence was a valuable practice for their learning.  

 In addition to bolstering confidence, participants also discussed the importance of encouraging, 

engaging, and preparing students. For instance, Tanya mentioned how important it is to encourage 

students during a problem-solving task.  

I think also encouraging if they don’t get the right answer immediately, encouraging them to go 

back and still problem solve. Just because they tried once doesn’t mean the problem can’t be 

solved. So that they know that it’s kind of like a continuum—keep going, keep trying, keep 

solving. I think that's also important. 

(Tanya, Focus Group A) 

Here, Tanya emphasized how important it is to encourage students to persist when problem solving. 

During Interview 2, Fletcher also shared how he would provide encouragement to students during 
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mathematical problem solving. He said, “I would encourage them to not be ashamed to make mistakes. 

It’s good to get it right obviously, but there’s no shame in getting it wrong or being slower.” Rachel also 

felt that it was important to encourage students, but for the same reason that Leah felt it was important to 

build confidence in students. She said, “I think also encouraging them [is important]. We were talking a 

lot about encouraging them. Math can be scary for a lot of students so just making sure the teacher is 

going around and encouraging the group.” As Leah felt many students might feel apprehensive towards 

mathematics, Rachel believed students might find the subject matter “scary.” In other words, these 

participants felt that the best way to overcome fear and apprehension towards mathematics, and to help 

students learn, is to encourage and build confidence.  

 Pre-service teachers also mentioned the importance of making mathematics engaging for students 

in order to maximize learning opportunities. Generally speaking, Fletcher mentioned that as an 

elementary teacher, “ideally you want to keep every one of [the students] engaged.” He described this, 

along with building confidence in students, as critical teacher responsibilities. During Focus Group B, 

Rachel argued that one of the most important aspects of teaching mathematics is “engaging students.” She 

elaborated on that by saying 

I also had my students on an online game and they had to go in and answer math questions to 

move up in the..it’s called Prodigy…And the kids loved it. Just because they were engaged in it, 

it made such a big difference, and I could see the kids who would go on and answer 300 questions 

plus a week, their math skills were just improving so much. So as long as you can engage them in 

it, I think that’s the biggest…engage them and they’ll want to learn. I think that was the biggest 

thing for me, getting the kids engaged. (Rachel, Focus Group B) 

Clearly, Rachel found a way in her practicum experience to make the mathematics engaging, and that 

helped in students’ learning. Sydney agreed with Rachel’s assertion, and added that engaging students 

goes beyond using online games in mathematics. She said, “And that’s where part of the engagement 

comes from too. It’s not just the tools and resources and activities that you’re giving them, it’s also your 
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attitude that you’re brining in.” No matter how teachers work to make mathematics engaging, the 

common sentiment was that student engagement aids in student learning. During Interview 1, Aimee put 

this idea in her own words when she said 

[I]f students aren’t engaged, if they’re not interested, if they don’t see themselves reflected in 

whatever it is that they’re doing, then I think you might as well not even bother teaching because 

they’re not going to be getting it. (Aimee, Interview 1) 

 One final teacher practice for student success that pre-service teachers mentioned was 

incorporating Vygotskian principles into their teaching. Participants described a gradual release of 

responsibility and giving students problems within their zone of proximal development as things that can 

aid in student learning. For instance, Tanya conveyed a gradual release of responsibility in mathematics 

as a primary role of elementary teachers.  

I also think that making sure that before you test them you’ve done your job in showing gradual 

release….gradually giving them more responsibility than you know…you start off showing them 

exactly how it happens then you slowly make them start doing it themselves. (Tanya, Focus 

Group A) 

This idea of modeling something and subsequently having students work towards independent practice 

was commonly described by participants as the “I do, we do, you do” method. Carly shared her 

experience using this method while on a practicum placement.  

[W]e did it in an “I do, we do, and now you do” method so I modeled it on the first lesson and 

then they just…Then the second class it was “We do” so we chose a new number to show how 

we could [represent] it and I called on students to show me how and then we made an anchor 

chart and then on the last lesson they did it by themselves and they had that anchor chart to look 

at so see a different way they could represent a number. I asked them to represent a number on 

the first day and the last day and you could really see a difference in the students’ comprehension 

on how to represent that number. (Carly, Focus Group C) 
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Carly reported that implementing a gradual release of responsibility helped students in their ability to 

visually represent numbers. Mia discussed implementing the same strategy when teaching problem-

solving strategies. During Interview 3 she said, “For problem solving, I think one big thing is to model. 

So one thing that I would do is I do, we do, you do. So slowly get to there.” Mia identified this practice as 

being important in teaching elementary mathematics. Caitlyn also mentioned using this approach for 

teaching problem-solving strategies during Interview 5.  

[Teachers should] show them how to do it before shoving them in the deep end, like a gradual 

release of responsibility. I think they have to model how to problem solve and how to kind of take 

the information from a problem and turn it into manageable parts. (Caitlyn, Interview 5) 

In addition to implementing a gradual release of responsibility, pre-service teachers also discussed 

Vygotsky’s idea of the zone of proximal development within a problem-solving learning context. For 

example, Malcolm said, “[O]ne of the main responsibilities of the teacher is to make sure that the problem 

is not beyond the students, but [is] challenging for them.” Malcolm described this as the ideal level of 

difficulty for student learning. During Interview 5, Caitlyn said teachers should “give [students] problems 

that are at their level or just past their level. Kinda like proximal zone of development. To give them 

problems that they can actually solve that challenge them without being too hard that they get 

discouraged.” Altogether, pre-service teachers asserted that making the mathematics challenging, but not 

too challenging, and slowly transferring responsibility to the students are important teacher practices for 

student learning.  

Overall, theme two, Pedagogical Considerations for Student Learning, represented the facets of 

teaching that elementary pre-service teachers were thinking about at that point in their teacher education 

program. Theme two was centered around the perception that participants’ role as teachers includes 

numerous factors that are essential to their students’ learning. These included teaching strategies and 

practices within the classroom, challenges they have faced, or anticipate facing as teachers, and their 

feelings about teaching mathematics. Participants’ teacher learning experiences in their practicum and 
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coursework, as well as important curriculum considerations, were also discussed. The third and final 

theme that emerged from data analysis is described in the following section. 

Theme Three: Communication is Learning 

The third theme to emerge after analysis of the focus group and interview transcripts was 

Communication is Learning. This theme is defined as elementary pre-service teachers’ belief that verbal 

communication is at the heart of mathematical learning. In other words, where there is mathematical 

learning, there is verbal communication and vice versa. The role of both the teacher and students in that 

context were considered. Participants conveyed that verbal communication for learning amongst students, 

and verbal communication to the teacher, are of critical importance, as well as the nature of 

communication from the teacher to students. The type of environment in which this verbal 

communication occurs, and its significance, are also detailed. The development of theme three is 

discussed in the following section.  

 Development of theme three. This theme, Communication is Learning, was comprised of five 

axial codes (see Figure 5). These categories described the various pathways that verbal communication 

can take in an elementary mathematics problem-solving learning context, characterized the 

communication happening within those pathways, and portrayed the importance of the communication 

within those pathways. The classroom environment in which verbal communication occurs was also 

detailed within these axial codes.  
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Figure 5. The five axial codes that constitute theme three 

 There was a common sentiment amongst participants that verbal communication plays an integral 

role in the teaching and learning of mathematics. For example, Aimee shared her perception as to how 

verbal communication contributes to knowledge construction.  

[Verbal communication is] sort of going through those steps to solidify that knowledge and 

repetition is involved in that aspect of verbal communication. So every time that you teach it and 

you explain it is one layer that’s being solidified, and they teach it to someone else and that’s 

another layer that’s being solidified, then that person teaches it to someone else…and you just 

keep going through. I think it’s super important within math that it’s not just verbal 

communication between the teacher and the student but that it’s amongst the students as well. 

(Aimee, Focus Group A) 

Aimee described a situation in which communication occurs from the teacher to students, followed by 

communication amongst students, and argued that this iterative process solidifies learning. Later in Focus 

Group A, Tanya also conveyed the importance of verbal communication in elementary mathematics when 
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she stated, “I think verbal communication with math is definitely crucial.” Tanya mentioned that verbal 

communication has the added benefit of allowing the teacher and other students to communicate with 

students who lack literacy skills. Fletcher echoed this sentiment when he said, “I think having good verbal 

communication helps a lot with math especially with literacy problems at an early age.” Pre-service 

teachers felt that if they encounter students who struggle with literacy skills, verbal communication would 

be an optimal choice for working with those students. Caitlyn mentioned a specific pedagogical practice 

that might be useful in that situation. She said, “I think [verbal communication is] super important 

especially when it comes to things like…number talks.” Overall, participants felt that verbal 

communication is a critical component of teaching and learning mathematics.  

In order to implement effective communication for learning, pre-service teachers believed that the 

classroom environment must first have certain characteristics. This was the sentiment exemplified in the 

axial code Characteristics of a mathematical discourse community. For example, Leah described a 

classroom environment where students have many opportunities to speak and are given positive 

reinforcement when they seize those opportunities.  

I think it starts in your classroom in general, not just specific to math and having that support 

system in your class, but also just recognizing some students…just giving them opportunities [to 

speak] and giving them positive reinforcement. Maybe if a student is apprehensive to talking, just 

getting them to say one thing and then encouraging them and say, “Wow! That’s so 

cool!”…Sometimes it’s not possible for everyone to feel comfortable talking about it at first, but 

just reinforcing that trying is important too. (Leah, Focus Group B) 

Leah mentioned the importance of an environment where students feel comfortable and confident talking 

in class and contributing to a mathematical discourse community. Other participants throughout the focus 

groups and interviews echoed this belief as well. Many pre-service teachers felt that an effective 

mathematical discourse community includes an inclusive, safe space with active student participation. For 

example, during Interview 1, Aimee said that it is ideal to have “every student participating and engaged 
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and included and feeling like they have a spot and a place.” With active participation, it is also important 

for students to feel like their contributions are valuable. During Focus Group A, Caitlyn mentioned, “I 

think it’s the role of the student to participate and the role of the student is also to be non-judgmental of 

other students.” Caitlyn believed that students play a part in establishing an inclusive discourse 

community, while Rachel put the emphasis on the students when she said asserted that students should 

“try and show critical thinking and the knowledge that they’ve learned, share their ideas in front of the 

class and participate in the group setting.” On the other hand, some pre-service teachers felt that it was 

more the teacher’s role to establish a mathematical discourse community. For example, Aimee mentioned 

that it is the teacher’s role “to have a classroom community that is a safe space and students feel 

comfortable asking questions in front of their peers.” During Focus Group C, Malcolm said that teachers 

“have to facilitate the whole class. Try throwing it to kids who you know are kind of on the edge.” What 

Malcolm meant when he said this was that it is the teacher’s responsibility to include those students who 

might not fully understand that content of a lesson by asking them questions during a class discussion. 

Altogether, pre-service teachers characterized a mathematical discourse community as an inclusive and 

safe environment in which students actively participate and are open-minded. Participants also felt that 

the teacher and students are both responsible for establishing and maintaining that environment.  

 Another axial code that contributed to theme three was Student sharing. This category 

represented the ways in which pre-service teachers believed students can contribute to a mathematical 

discourse community. Participants described what students discuss when they address the teacher and 

other students collectively within a problem-solving learning context. Generally speaking, pre-service 

teachers mentioned that students share their results, processes, and thinking in a problem-solving learning 

context and that these examples of student sharing are important for learning. For example, Fletcher 

talked about how students sharing their results and processes can be beneficial for other students’ 

learning.  
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[Students need to] share some of the answers that they’ve gotten. So I think with the students, 

they first have to be willing to listen to other strategies because if you’re not listening to those 

other people, you’re probably not going to get better at it. And the second one is also be willing to 

share with your peers what you’re doing. (Fletcher, Focus Group A) 

Rachel and Eileen also expressed the importance of students sharing their results and processes. Rachel 

asserted that the teacher should be “making sure that as much as [students are] able to do the math, 

they’re [also] able to communicate their answer and how they got it.” Adding on to that, Eileen said, “I 

think another important thing in being able to communicate how you solved the problem is being able to 

do it in enough detail and clearly enough that others can follow it.” Evidently, pre-service teachers 

believed that the intention of students sharing their results and processes is partly for the benefit of other 

students’ learning. Furthermore, Caitlyn mentioned that this form of student sharing is simply a classroom 

expectation. She said, “[Y]ou’re expecting them to communicate what they did and how they knew and 

all this information verbally…You want them to kind of verbalize why they did that and how they knew 

to use that strategy.” Malcolm echoed this during Interview 4 when he said, “As a student, part of what is 

demanded of you is that you can communicate your answer.”  

  Participants also described students sharing their thinking within a mathematical problem-solving 

learning context. Leah gave an example of what this might look like during Focus Group B when she 

described “having students share how they approached a problem up on the board and working as a class 

to see how that student processed things and comparing that there’s so many different ways [to solve a 

problem].” During Focus Group A, Caitlyn mentioned the importance of opportunities such as these, 

where students can share their thinking to their teacher and fellow students. She said, “I think it’s super 

important…that the kids can express their thinking and kind of share it in a way that makes sense verbally 

with their peers and with the teacher.” Carly also found importance in providing opportunities for 

students to share their thinking, specifically to help them identify and correct mathematical 

misunderstandings.  
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I think you also need to make sure your students can verbally explain what they’re doing as 

well…I find that if you ask them if they get it, sometimes they’ll lie because they’ll be ashamed 

or something so if you ask them to verbally say the steps, you can figure out what part they’re 

stuck on more easily than looking at their work. (Carly, Focus Group C) 

Overall, participants believed that student sharing can aid in student learning within a mathematical 

problem-solving learning context. Specifically, student sharing included students discussing their results, 

processes, and thinking with their classmates and teacher. Malcolm summarized these ideas nicely when 

he said, “[T]he most efficient form of communication we have, is language; written and spoken. And so 

without that it’s really difficult to transfer ideas between individuals.” 

 A foundational component of the theme Communication is Learning included the various 

pathways verbal communication can take within a mathematical problem-solving learning environment. 

The first of these pathways is captured by the axial code Communication for learning; student-student. 

This category described how pre-service teachers perceived the communication that occurs amongst 

students, as participants discussed the nature of this communication and its impact on student learning. 

For example, during Focus Group B, Samantha asserted that during an all-group discussion, it is the 

responsibility of the students to “build upon what their peers share.” However, most participants focused 

more on student-to-student communication during a small-group setting within a problem-solving 

learning context. Fletcher mentioned 

[W]ith problem solving, you would also mean that we sometimes work together as peers so if 

we’re all stuck on a certain question or stuck on a certain step, we could talk it over; what we do 

know, and maybe somebody knows something that we didn’t think about…So basically, talking 

over with each other and exchange of information and knowledge. (Fletcher, Interview 2) 

Students talking through a problem-solving task and exchanging “information and knowledge” was a 

discussed throughout the focus groups and interviews. During Focus Group A, Tanya shared how this 

process can impact student learning.  
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Yeah like sometimes if you have another person to bounce your ideas off of, it starts to make 

sense in your own head when you’re trying to verbally express what the issue is, it makes more 

sense than you just thinking in your head or just trying to write it on a piece of paper...Sometimes 

it just takes that back and forth to understand. (Tanya, Focus Group A) 

Tanya’s belief was that having a peer to communicate with and “bounce your ideas off of” while problem 

solving is more beneficial than trying to understand on your own. Sydney expressed a similar sentiment 

during Focus Group B when she said, “[Student-to-student communication] also builds other students’ 

learning because now they’re being given other strategies by their peers.” Pre-service teachers also 

believed that students can communicate with one another to help overcome misunderstandings during 

mathematical problem solving, and that not engaging in this process can be detrimental to their learning. 

For instance, during Interview 3, Mia said students need “to be open to asking questions if they’re not 

sure. So being comfortable…asking a friend or showing someone and saying, ‘I tried to do it this way but 

it didn’t work this way. How can I….’” Samantha also highlighted the notion that student-to-student 

communication during problem solving is a two-way street, and that students need to be open to listening 

as well as speaking. She said, “If you’re able to communicate your understanding but you’re not willing 

to listen to others, that also would inhibit learning.” Finally, Carly shared how she believed a lack of 

student-to-student communication during mathematical problem solving can be detrimental to student 

learning.  

I think communication is extremely important for a student if they don’t understand because 

they’re just going to be stuck if they don’t communicate with peers, if they don’t feel comfortable 

talking with the teacher, they should…go to a friend and ask for peer help. You need someone to 

be able to communicate with you on how you can approach the problem if you’re stuck on a 

certain level. (Carly, Focus Group C) 

Without a doubt, pre-service teachers expressed the importance of verbal communication amongst 

students within a problem-solving learning context as they described the nature of this communication as 
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well as the impact it can have on student learning. During Focus Group C, Carly shared her perception as 

to why student-to-student communication is so impactful for student understanding. She said, 

“[S]ometimes kids’ brains work in very funny ways and the best way for them to understand [something] 

is from another student.” 

 Another form of communication for learning that participants highlighted was that which occurs 

from students to the teacher within a problem-solving learning context. This idea was encapsulated by the 

category Communication for learning; student-teacher. This axial code described the ways in which pre-

service teachers believed students should communicate to their teacher when engaging in mathematical 

problem solving. For the most part, participants shared that students should be asking for help when they 

encounter difficulties. Simply put, Isabel said, “Also when [students] do need help, it’s the responsibility 

of them to ask for it when they need it.” Students asking for help when they need it is of importance 

because, as Fletcher shared, 

If we don’t know you’re having a problem, then we can’t really help you. So to be able to 

communicate what kind of skillset you have and what kind of problems you’re facing then 

sometimes just talking out loud [with the teacher] will help you figure out what’s going on. 

(Fletcher, Focus Group A) 

Here, Fletcher mentioned that it can be beneficial for students’ learning if they ask for help and 

subsequently talk through their misunderstandings with the teacher. During Focus Group C, Malcolm 

echoed Fletcher’s sentiment that it’s much more efficient for students to approach the teacher and ask for 

help when struggling through a problem-solving task. He said 

We will work with you, we’re here to teach you, but you’ve got to tell me what you don’t get and 

you’ve got to tell me that you don’t get it, not me come to you after 10 minutes of you sitting 

there. (Malcolm, Focus Group C) 
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When students ask for help within a mathematical problem-solving learning context, they also have the 

ability to practice asking effective questions and using their mathematical vocabulary. Caitlyn 

experienced this firsthand during her practicum teaching experience. She said  

[W]hen they raised their hand for help for another question, and they could verbalize, “I tried to 

do algorithm, or I tried to decompose, but I got these answers.” Just so that they could effectively 

communicate where they were struggling. (Caitlyn, Focus Group A) 

Caitlyn shared that while asking for help, her students were echoing the mathematical vocabulary they 

learned during the lesson, which helped them communicate effectively. Participants not only perceived 

student-to-teacher communication during mathematical problem solving as a means for getting assistance. 

They also viewed it as a way for students to show the teacher what they know. For example, Fletcher 

described how he could assess students’ understanding through their verbal communication to him.  

Students have to communicate to us when they’re struggling with a concept or if they actually got 

the idea. So for me to be fully sure a student understands what a triangle is, a student has to say 

somewhere like, “It’s a shape that’s closed with three sides” not “Three or three corners” because 

that doesn’t really convey to me that they understood it. (Fletcher, Interview 2) 

In a similar vein, Caitlyn talked about how important student-to-teacher communication is for assessment 

purposes within a problem-solving learning context.  

I think communication is essential because if you can’t communicate your thoughts then it really 

can’t be assessed…[I]f you can’t communicate it, it honestly doesn't matter because no one can 

assess you so they can’t help you grow and they can’t help you where you’re struggling, they cant 

give you challenges, they can’t understand. (Caitlyn, Interview 5) 

Altogether, participants believed that the primary purpose of student-to-teacher communication in a 

problem-solving learning context is for obtaining assistance. Pre-service teachers also believed that this 

form of communication could be beneficial for assessment purposes. In either case, the perception was 

that classroom communication from students to the teacher plays an important role in student learning.  
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 The final axial code that contributed to theme three was Communication for learning; teacher-

student. This category described the communication that occurs from the teacher to the students within a 

mathematical problem-solving learning context and represented what pre-service teachers perceived to be 

the most important characteristics of teacher communication as well as different communication 

techniques teachers can utilize. As a whole, participants argued that when communicating to students in a 

mathematical problem-solving learning environment, the teacher’s communication should be age 

appropriate and student-friendly, clear, consistent, and include mathematical vocabulary. For example, 

during Focus Group A, Angela reflected on an experience from her practicum placement.  

I think the other thing about verbal communication is the age appropriate language… I thought 

that [I was using] easy vocabulary but I was really…It really taught me a lot of how language or 

vocabulary is so vital and so important. (Angela, Focus Group A) 

Aimee also talked about her practicum experience and how her associate teacher’s communication was 

different from hers.  

I would phrase it a couple different ways and then on the third try [the students] would be like, 

“Ohhh we get it.” So seeing, and again, I can’t describe it or what exactly it was, it was just any 

time that [my associate teacher] was teaching math she would speak to them very slowly, very 

deliberately, with student-friendly language, stuff that they could understand. (Aimee, Focus 

Group A) 

In both instances, these pre-service teachers learned the importance of age appropriate and student-

friendly language when communicating to students. Fletcher also mentioned the importance of student-

friendly language when asked about the key aspects of communication in mathematics education. He said, 

“I guess communication with the students, to make sure they understood everything, that we’re using 

student-friendly language, and that we’re basically saying everything that we need to say.” 

 Another component of teacher-to-student communication that participants identified was the 

importance of it being clear, consistent, and including mathematical vocabulary. For instance, Leah said 
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verbal communication “has to be very basic and simple and not a lot of communication and words at 

once.” In addition to this, Sydney mentioned that when teachers are asking questions, they should be 

“making sure that they’re communicated clearly and effectively and in a way that the students will 

understand.” Malcolm gave his own set of advice during Focus Group C when he said, “Speak clearly and 

plainly…Tell them what you mean to teach them and cut out extraneous stuff…Don’t speak in a 

roundabout fashion.” Clearly, many participants emphasized that classroom communication should be 

clear. Fletcher, on the other hand, warned of what could happen if the verbal communication lacks clarity. 

He said, “Yeah, being clear and organized. It also goes for teachers. Because if we have this random 

bunch of mumble jumble stuff, the students wouldn’t be able to understand it or digest it.” Pre-service 

teachers also shared the sentiment that the language used in teacher-to-student communication in a 

mathematical problem-solving learning context should be consistent. During Focus Group B, Sydney 

shared  

I think it’s really important to make sure you’re using consistent language with other teachers at 

the same school. Because if you use different language then suddenly they’re not able to access 

some of that prior knowledge from previous years. (Sydney, Focus Group B) 

One way to ensure the use of consistent language throughout an entire school would be to utilize the 

language from the curriculum. This was the advice given to Rachel during a practicum experience.  

It was advised to me that you should always use the words that come directly from the 

curriculum. So if it says, “Students should be able to say ‘right angle,’ ‘acute angle,’ ‘obtuse 

angle’” you use those terms so that it’s consistent because the consistency is very important for 

students. (Rachel, Focus Group B) 

During Focus Group C, Malcolm added his own piece of advice when he said, “So, you’ve got to be 

consistent with terminology and be careful about how much terminology you’re dumping on them.” In 

order to prevent the “dumping” of terminology onto students, some participants mentioned slowly 

building up the use of mathematical vocabulary when communicating to students. For example, Samantha 
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suggested “slowly integrating more and more difficult math terminology so it’s like a build up.” Aimee 

also described the building up of mathematical vocabulary during Interview 1 when she said, “[P]art of 

the learning process is to build up that vocabulary. So as the teacher to be communicating those words 

and that terminology throughout the lesson and to have that intertwined in problem solving.” All in all, 

pre-service teachers felt that teacher-to-student communication should be clear, consistent, and include 

mathematical vocabulary; otherwise, the effects could be detrimental to student learning.  

 Within this axial code, participants also discussed different talk moves teachers can utilize within 

a classroom discussion. These talk moves allow for the teacher to act as a facilitator within a discourse 

community, as Mia exemplified. 

But if I think about communication and math for a teacher’s role, I think it’s very important…I 

think knowing what it is ahead of time, being confident, and also with communication, knowing 

that you’re not there to be the knowledge-giver. You’re not standing there saying like, “I have all 

the right answers.” Knowing that there could be this co-learning. (Mia, Interview 3) 

Generally speaking, pre-service teachers felt that using a multitude of communication techniques would 

be beneficial for students. This way, they could establish as fruitful a discussion as possible where 

students develop or improve their understanding. For instance, Rachel shared that it is important for 

teachers to have  

another way of communicating different strategies that can help students understand. Because if 

you’re communicating it one way and it’s not working, you need to now try an almost, a new way 

or a new strategy, so having a wide range of communication skills. (Rachel, Focus Group B) 

Having a “wide range of communication skills” might also include the use of various talk moves when 

communicating in a mathematical problem-solving learning context. Specifically, pre-service teachers felt 

that encouraging discussion, asking guiding questions, and rephrasing are all valuable examples of talk 

moves. For instance, during Focus Group B, Samantha mentioned that it is important for elementary 

teachers to “facilitate and ask a lot of questions. To encourage discussion and a lot of thought from the 
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students rather than just regurgitating straightforward terminology answers.” Leah added to this assertion 

by saying that teachers should actively be “encouraging an open conversation.” Participants also 

discussed the use of guiding questions during a classroom discussion as a way to steer the conversation 

down a productive path. For example, Rachel described the use of guiding questions to highlight 

misconceptions amongst the class. She said, “I think guiding questions almost influence areas that they 

might have overlooked or just missed or guiding questions to help them almost take a next step further for 

the students who could use a little more push.” Carly talked about a similar use of guiding questions as 

students are working independently.  

I think your role is more of a facilitator. So you should be allowing students to explore on their 

own and asking them guiding questions. So if you notice their explanations are a little off from 

what the answer should be, kind of ask a question that would change their thinking without giving 

them a direct answer. (Carly, Focus Group C) 

As Carly described, verbal communication within a mathematical problem-solving learning context can 

be used for assessment purposes. That is, teachers can listen to the things that students are saying or 

observe the things they are doing, identify misconceptions, and respond with a question to help students 

develop their understanding. For instance, Caitlyn described the use of using questioning to prompt 

students while they are problem solving in small groups.  

I already mentioned it but I liked working in a small group, because you can kind of see where 

they’re getting stuck, like right then instead of them raising their hand and you’re going, “Woah. 

You went through this entire problem not knowing this important first step.” You can kind of stop 

them in their tracks and say, “Why do you think that? How else could you solve that?” And kind 

of prompt them from the beginning. (Caitlyn, Focus Group A) 

Fletcher, on the other hand, talked about an instance from a practicum experience where he used guiding 

questions to assist students who were retaking a test. 
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[T]here were a few students who were given the opportunity to do the test again and with closer 

supervision and with us just prompting them like, “Does that make sense? Think again. What do 

you see on the paper?” When we’re just having them do it verbally and us kind of nudging them 

towards the conclusion, they’re doing a lot better since they’re having a better understanding of 

what’s being asked of them. (Fletcher, Interview 2) 

Overall, pre-service teachers definitely expressed the importance of asking guiding questions within a 

mathematical problem-solving learning context and felt that guiding questions were a useful tool for 

addressing misunderstandings and helping students overcome challenges.  

 One final talk move that participants identified as being significant was rephrasing. For example, 

Aimee described the importance of rephrasing within a mathematical problem-solving learning context.  

To just show students a problem and work through it isn’t enough. You really have to work 

through those steps by communicating what your thought process is, having them communicate 

to you and then reiterating or rephrasing so that you make sure you know what they’re talking 

about and vice versa. (Aimee, Interview 1) 

Aimee discussed rephrasing in order to ensure that the communication is clear and to help gauge students’ 

understanding. Mia also mentioned the use of rephrasing during Interview 3, but in the context of direct 

instruction. She said, “If you explain something in terms of math instruction and it didn’t work, be aware 

of that, and then try it another way.” Again, the conveyed purpose of rephrasing was to ensure clarity in 

communication and to aid in student learning. Finally, Caitlyn shared her belief that rephrasing is a 

beneficial talk move for students’ communication skills by recounting an experience from her practicum 

placement.   

[I] let them fully communicate and [would] say, “When you say that, it makes me think of…” and 

kind of confirming what they’re saying and how I’m interpreting it…So I found talking about it 

and showing them how their verbal communication made me interpret it, kind of helped them to 

grow their verbal communication skills as well. (Caitlyn, Focus Group A) 
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Overall, participants found that verbal communication within a mathematical problem-solving learning 

environment was of critical importance for student learning. This was the main idea behind the theme 

Communication is Learning. This theme included the communication that occurs amongst students, from 

students to the teacher, and from the teacher to students. Participants described the nature of these 

communication pathways as well as the impact they have on student learning, and the characteristics of a 

mathematical discourse community were also discussed.  

Summary 

 The focus of this research was elementary pre-service teachers’ perceptions and beliefs regarding 

the relationship between communication and mathematical problem-solving learning contexts. In order to 

investigate this phenomenon, I conducted numerous focus groups and interviews with elementary pre-

service teachers. These discussions resulted in a multitude of noteworthy findings. These findings were 

used in the development of three distinct themes through data analysis. These themes were (1) 

Mathematical Problem Solving is a Multifaceted, Student Engagement Process, (2) Pedagogical 

Considerations for Student Learning, and (3) Communication is Learning.  

 Theme one represented pre-service teachers’ perceptions and beliefs regarding what mathematical 

problem solving is. They viewed mathematical problem solving as a strategic, multistep process with 

various characteristics. They expressed that engaging in mathematical problem solving requires certain 

student characteristics and responsibilities, as well as takes into account students’ feelings about 

mathematics.  While the responsibility of engaging is mathematical problem solving falls on the students, 

classroom resources provided by the teacher were also considered valuable in the problem solving 

process. In order to understand how elementary pre-service teachers perceive the relationship between 

communication and mathematical problem-solving learning contexts, it is critical to first understand how 

they are thinking about mathematical problem solving alone. Therefore, the emergence of theme one can 

be used to address the focus of this research.  
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 Theme two conveyed elementary pre-service teachers’ perception that their role as teachers 

includes numerous factors that are essential to their students’ learning. These factors included teaching 

strategies and teacher practices within the classroom, as well as nuances involved in enacting the 

curriculum and challenges that can be faced in doing so. Participants’ teacher learning experiences in their 

practicum and coursework, as well as their own feelings about teaching mathematics, were also 

considered. Pre-service teachers were able to share exactly what influences their beliefs and perceptions, 

which adds significant insight to this research. Theme two also highlighted the many things that pre-

service teachers were thinking about during that point in their teacher education, which could be 

impactful for this unversity’s teacher preparation programs.  

 Finally, theme three was the theme most closely related to the primary focus of this research. 

Theme three represented elementary pre-service teachers’ belief that verbal communication is at the heart 

of mathematical learning. In other words, where there is mathematical learning, there is verbal 

communication and vice versa. Pre-service teachers discussed both their role as communicators and 

students’ role as communicators, and described the various avenues through which communication can 

occur in mathematical problem-solving learning contexts, the nature of that communication, and its 

impact on student learning. A discussion on the significance of these three themes, as well as how they 

can be used to answer this study’s research questions, will occur in the following chapter.  
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Chapter 5 

Discussion 

 The purpose of this study was to address a gap in literature within the context of the ongoing 

improvement efforts in mathematics education in Ontario. Specifically, this research aimed to explore the 

relationship between problem solving and communication through pre-service teachers’ perceptions of 

problem solving as well as communication in mathematical problem-solving learning contexts. This 

particular focus guided the development of an overarching research question and two sub-questions, 

wherein the sub-questions were used to effectively answer the overarching research question. These 

questions are as follows:  

1. How are elementary pre-service teachers thinking about mathematical problem solving and 

what is the nature of their communication in mathematical problem-solving learning contexts? 

a) What are Ontario elementary pre-service teachers’ perceptions and use of 

communication in mathematics education? 

b) What are Ontario elementary pre-service teachers’ perceptions of mathematical 

problem solving in learning contexts? 

In this chapter, I will begin by discussing how this study’s qualitative findings answered the two research 

sub-questions. This will lead into a discussion on how the sub-questions and the findings from this study 

answered the overarching research question. Throughout these discussions, connections to pertinent 

literature will be made in order to support the findings. I will also highlight areas in which the findings 

aligned with the Ontario elementary mathematics curriculum (MOE, 2005a), as this is a primary 

curriculum document that will influence the participants’ teaching practices as both pre- and in-service 

elementary teachers. The chapter will conclude by identifying the limitations of this research as well as 

the implications this work has for further research.  
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Sub-question 1 

 The first sub-question that will be discussed is: What are Ontario elementary pre-service teachers’ 

perceptions and use of communication in mathematics education? The most important theme that resulted 

from the analysis was Communication is Learning, although components from the other themes played a 

valuable role as well. The answer to the first research sub-question is discussed in two parts: (1) Pre-

service teachers’ perceptions of communication in mathematics education and (2) pre-service teachers’ 

use of communication in mathematics education. Their perceptions and use are classified into four parts 

each (see Figure 6).  

 Pre-service teachers’ perceptions of communication in mathematics education included Integral 

for student learning, Multidimensional, Defined by multiple pathways, and Component of problem 

solving.  Alternatively, their use of communication was defined as how they used verbal communication 

in the classroom during their practicum experience(s), as occasional teachers, or how they envision using 

verbal communication as in-service teachers. Participants’ use of communication in mathematics 

education included Build confidence, Assessment, Talk moves, and Instruction. These components are 

described in detail in the following sections.  

 Perceptions. Elementary pre-service teachers perceived communication in mathematics 

education to be integral for student learning. Throughout our conversations, they also highlighted the 

multidimensionality of verbal communication, described the different pathways it can take in a learning 

environment, and emphasized that verbal communication is an important component of mathematical 

problem solving. The data to support these conclusions came mostly from the emergent theme 

Figure 6. A visualization of how I conceptualized answering sub-question 1. 
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Communication is Learning. Additionally, the theme Mathematical Problem Solving is a Multifaceted, 

Student Engagement Process was also helpful in answering this part of sub-question one. 

Integral for student learning. Through the focus groups and interviews, it was clear that the 

elementary pre-service teachers perceived communication as integral for student learning. For example, 

when Aimee shared her perception of the relationship between verbal communication and knowledge 

construction, she described some of the primary elements of a social constructivist classroom. Her 

depiction of a classroom in which the teacher presents material that is subsequently repeated amongst 

students through vocalization in order to solidify knowledge reflects Vygotsky’s (1979) assertion that 

verbal communication is the social mechanism and driving force behind the internal construction of 

knowledge. In other words, she conveyed that knowledge development occurs at the social level prior to 

the individual level and that discourse is a principal factor in this development. Ernest (1998) and 

Thompson (2014) maintained that a social constructivist mathematics classroom includes an environment 

in which mathematical knowledge is constructed through the use of language between the teacher and 

learners and where social interactions are of critical importance.  

Akin to Ernest (1998) and Thompson (2014), Cobb et al. (1997) argued that mathematical 

learning is a social construction that is developed through the use of discourse amongst teachers and 

students. Many participants described a classroom environment that reflected this social constructivist 

ideology. They not only acknowledged the importance of communication in mathematics education, but 

also highlighted the teacher’s important role as more of a facilitator, and less of a person who gives 

knowledge in a communication-based learning context. Many studies (e.g., Baxter & Williams, 2010; 

White 2003) also highlighted the important and complex role that teachers play in a mathematical 

discourse community. For instance, through multiple lesson observations in middle school classrooms 

over a three-year period, Baxter and Williams (2010) argued that teachers are responsible for ensuring 

students meet their learning goals in a way that does not take away from the experience being student-

centered, and that this process involves orchestrating classroom discourse through thoughtful instructional 
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actions (White, 2003). Overall, participants described a classroom environment in which co-learning 

occurs through verbal communication by emphasizing the importance of all the social players (i.e., 

teacher and students) in a discourse-based learning context. 

 This is consistent with the NCTM (2000) and Ontario MOE (2005a, 2005b, 2007). Both identify 

communication as an important mathematical process for sharing ideas and developing understanding. 

The NCTM argues 

Communication is an essential part of mathematics and mathematics education. It is a way of 

sharing ideas and clarifying understanding. Through communication, ideas become objects of 

reflection, refinement, discussion, and amendment. The communication process also helps build 

meaning and permanence for ideas and makes them public. (NCTM, 2000, p. 60) 

Likewise, the Ontario elementary mathematics curriculum described communication as “an essential 

process in learning mathematics” that allows students to “reflect upon and clarify their ideas, their 

understanding of mathematical relationships, and their mathematical arguments” (MOE, 2005a, p. 17). 

Having students share their mathematical ideas and understandings also allows teachers to assess their 

understanding and subsequently make decisions to help consolidate their learning. As such, the Ontario 

elementary mathematics curriculum (MOE, 2005) highlighted the importance of providing oral 

communication opportunities for young students. They said, “Students’ understanding is revealed through 

both oral communication and writing, but it is not necessary for all mathematics learning to involve a 

written component. Young students need opportunities to focus on their oral communication…” (MOE, 

2005a, p. 25). Many pre-service teachers shared this perception, that communication in mathematics 

education is integral for student learning, by expressing the negation of that notion. That is, they 

conveyed the idea that a lack or absence of verbal communication can be detrimental to student learning. 

Malcolm asserted that sharing ideas and knowledge in mathematics education becomes increasingly 

difficult without effective verbal communication. This sentiment, that verbal communication is essential 
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for sharing ideas and developing understanding, further supports a social constructivist ideology (Ernest, 

1998).  

Bauersfeld (1995) and Ernest (1999) also highlighted the social aspect of communication in 

mathematical knowledge construction, emphasizing the importance of both speaking and listening. The 

findings from this study reflected this duality of communication (that it involves listening just as much as 

it does speaking) and alluded to the perception that words falling on deaf ears would inhibit learning. The 

NCTM (1991) also identified the importance of listening when engaging in mathematical discourse when 

they argued that both students and teachers are responsible for careful listening when students share their 

ideas. Overall, the pre-service teachers from the current study perceived that communication in 

mathematics education is integral for student learning. Their perceptions reflected those of Vygotsky 

(1979) and many other social constructivist researcher (e.g., Cobb et al., 1997; Ernest, 1998, 1999; 

Thompson, 2014), and the importance they placed on verbal communication has long been supported by 

the NCTM (1991, 2000) as well as the Ontario MOE (2005a, 2005b, 2007). 

 Multidimensional. Pre-service teachers perceived their communication to students in 

mathematical learning environments to be multidimensional. Participants expressed that there are 

numerous factors to consider and incorporate when communicating with students in a mathematical 

learning context. These factors include making sure the communication is clear and contains 

mathematical vocabulary as well as consistent, age-appropriate, and student-friendly language. For 

instance, many pre-service teachers emphasized the importance of clear teacher-to-student 

communication in a mathematical learning context. Making learning accessible for all students through 

clear communication is something that is emphasized in the Ontario elementary mathematics curriculum 

(MOE, 2005a). Teachers are encouraged to ensure “sound learning opportunities for every student” and 

are given a number of recommendations on how to communicate effectively in order to do so (MOE, 

2005a, p. 5). Furthermore, White (2003) identified four instructional moves for orchestrating classroom 

discourse that all rely on clear communication. These include valuing students’ ideas, exploring students’ 
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answers, incorporating students’ background knowledge, and encouraging student-student interactions 

(White, 2003). All of these instructional moves require the use of clear communication as students rely on 

the teacher’s words to move forward in their learning.  

 Pre-service teachers also felt that teacher-to-student communication in mathematics education 

should include mathematical vocabulary and many participants perceived that mathematical vocabulary 

should be built up through a deliberate process. This sentiment is reflected by Riccomini et al. (2015) who 

argued “consistent and purposeful use of vocabulary building can greatly assist students” (p. 248), and 

that a grasp of mathematical vocabulary aids in mathematical proficiency. Firmender et al. (2014) and the 

Ontario elementary mathematics curriculum (MOE, 2005a) also suggest that teachers model appropriate 

use of mathematics vocabulary when conducting classroom discourse in order to have the greatest benefit 

on student outcomes. 

 Not only did participants feel that a gradual development of mathematical vocabulary is an 

important part of teacher-to-student communication, they also emphasized the use of consistent language 

when doing so. In other words, pre-service teachers felt that identical terminology should be used 

throughout the learning process and even throughout grade levels. While discussing this idea, many 

participants took the language of the curriculum into consideration. They implied that instruction should 

be guided by the curriculum and that the language used within instruction should come directly from the 

curriculum. This is interesting because research (e.g., Land et al., 2015; Polly, 2017; Remillard, 2005) has 

shown that pre-service elementary teachers may lack the critical eye used to effectively read and evaluate 

mathematics curricula. However, the findings show that the pre-service teachers in this study had that 

critical eye for analyzing and understanding the mathematics curriculum. Pre-service teachers also argued 

that consistently using curriculum language during instruction across grade levels would allow for 

students to activate their prior knowledge through teacher-to-student communication. By connecting 

students’ interactions with mathematical terminology to their prior knowledge, participants implied that 
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knowledge and understanding are connected to language and communication; yet again reinforcing social 

constructivist thinking (Vygotsky, 1979).  

As the pre-service teachers discussed their practicum experiences, they expressed the need for 

consistency when communicating in mathematical learning contexts. Their experiences led them to think 

critically about their communication with students, which subsequently allowed them to make the 

connection between their use of consistent language and students’ mathematical understanding. The 

importance of consistent language when communicating in mathematics education is emphasized in the 

relevant literature, for example, the Ontario elementary mathematics curriculum (MOE, 2005a) lists 

mathematical language that students are expected to use throughout grades 1 to 8. By the end of Grade 1, 

students are expected to use mathematical language such impossible, unlikely, less likely, more likely, 

equally likely, and certain to describe the probability of an event (MOE, 2005a). The use of the same 

words is also included as an expectation for students in Grade 2, thus emphasizing the importance of 

consistent mathematical language across grade levels. The Ontario elementary mathematics curriculum 

also maintains that it is the teacher’s responsibility to model the use of mathematical language for 

students’ benefit (MOE, 2005a). Marzano (2004) described a six-step procedure for vocabulary 

development in elementary school that involved re-visiting the target terminology in different ways 

throughout each step. Marzano (2004) argued that the use of consistent language throughout this process 

aids in the development of mathematical language amongst students.  

The final component to pre-service teachers’ perception of the multidimensionality of 

communication in mathematics education was the need for teachers to use age-appropriate and student-

friendly language. Some participants expressed that their perceptions of mathematical communication 

have been influenced by their coursework, while others described experiences from their practicum that 

highlighted the importance of using age-appropriate language when communicating with students. Both 

of these instances indicated that the importance of student-friendly and age-appropriate language was a 

new consideration for pre-service teachers. McKeown and Beck (2004) argued that using student-friendly 
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explanations is a key component of vocabulary development in elementary grades. Pierce and Fontaine 

(2009) also found that using student-friendly language allows for “deep processing of word meanings” 

and can “help students to use the language of math” (p. 242). Pre-service teachers’ newfound appreciation 

for student-friendly language could help improve their students’ facility with the language of 

mathematics.  

 Altogether, pre-services teachers felt that communication in mathematics education is 

multidimensional and includes ensuring their communication is clear and contains mathematical 

vocabulary as well as consistent, age-appropriate, and student-friendly language. With so much to 

consider when speaking to students, the role of the teacher when using mathematical discourse can be 

challenging. This idea was evident when pre-service teachers shared their learning experiences from their 

practicum as they were thrust into that challenging role for the first time. Numerous researchers (e.g., 

Khisty & Chval, 2002; White, 2003) have also argued that teachers play a difficult and multifaceted role 

when orchestrating discourse in elementary mathematics classrooms.  

 Defined by multiple pathways. The third perception of communication in mathematics education 

shared by the pre-service teachers was that it is defined by multiple pathways. This perception was so 

prevalent amongst participants that it constituted the majority of the theme Communication is Learning. 

For example, of the five categories that contributed to Communication is Learning, three of them were 

Communication for learning: teacher-student, Communication for learning: student-teacher, and 

Communication for learning: student-student. These categories highlight the prevalence of the different 

pathways discussed by pre-service teachers. While the more traditional teacher-student and student-

teacher pathways were discussed at length, many participants also emphasized the sentiment that 

communication in mathematics education is defined by communication amongst the students. For 

example, most pre-service teachers identified the student-teacher pathway as the primary means of 

communication when a student is struggling, but also mentioned the importance of student-student 

communication for overcoming challenges.   
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Generally speaking, there exists a lot of literature that supports pre-service teachers’ perception of 

the multiple communication pathways in mathematics education. For example, the NCTM (1991, 2000) 

has long supported the existence of these three pathways through their Professional Standards for 

Teaching Mathematics and Principles and Standards for School Mathematics. Both of these documents 

encourage the use of mathematical discourse in which teachers pose questions, ask for clarification, and 

monitor participation while students share ideas, listen, respond, make connections and conjectures, 

present solutions, and engage in mathematical argumentation (NCTM, 1991, 2000). This describes a 

mathematical discourse community in which the teacher and students are both active members within the 

three aforementioned pathways. Additionally, Sherin (2002) defined a discourse community as a 

classroom environment where students “state and explain their ideas and respond to the ideas of 

classmates” while the teachers “facilitate these conversations and elicit students’ ideas” (p. 207).  This 

definition clearly outlines the same three pathways described by pre-service teachers. By eliciting student 

ideas, the teacher must communicate directly with students (teacher-student), while students stating and 

explaining their ideas or responding to their classmates’ ideas can include communicating back to the 

teacher (student-teacher) and to their peers (student-student). Morgan et al. (2014) argued that verbal 

communication can take many forms, often defined by those who are doing the speaking, an idea that was 

certainly evident in pre-service teachers’ perceptions, as they described three pathways defined by who is 

doing the speaking as well as to whom that person is speaking.   

Component of problem solving. The final perception that pre-service teachers shared regarding 

communication in mathematics education was that it is an important part of mathematical problem 

solving. Many participants discussed the general importance of communication in mathematical problem 

solving as well as the notion that the two are interconnected. For instance, multiple pre-service teachers 

asserted that the two go hand-in-hand, which is interesting because it implies that mathematical problem 

solving and communication share a significant interdependence. This idea is one that is reflected in the 

relevant literature on mathematical problem solving. For instance, White (2003) found that elementary 
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teachers used classroom discourse in mathematics to improve problem-solving skills. In other words, 

verbal communication can have a positive influence on mathematical problem solving (White, 2003). On 

the other hand, the Ontario MOE (2005a, 2005b, 2007) maintained that problem solving should be the 

foundation of mathematics instruction, as it allows for effective discourse. Here, the notion is that 

problem solving can have a positive influence on verbal communication. Clearly, the interconnected 

relationship that pre-service teachers identified is apparent in the literature as well. The NCTM argued 

that when using problem solving in mathematics teaching and learning, students’ “actual opportunities to 

learn depend not only on the type of mathematical tasks that teachers pose but also on the kinds of 

classroom discourse that takes place during problem solving, both between the teacher and students and 

among students” (NCTM, 2010, p. 3). Thus, the communication that occurs during problem solving is of 

the utmost importance for student learning. Overall, pre-service teachers perceived that the 

communication that occurs during mathematical problem solving can take on two distinct forms, and 

discussed how these forms can influence student learning.  

 First, participants described the communication that occurs as students work through steps two 

and three of Pólya’s (1945) problem-solving heuristic (i.e., make a plan and carry out the plan). For 

instance, they described step two of the problem-solving process, when the problem solver makes a plan 

as to how they will approach the problem, and stated that it is necessary to communicate with someone 

during that process. This notion is directly reflected in the Ontario elementary mathematics curriculum, as 

it states that students should “discuss ideas with others to clarify which strategy or strategies would work 

best” when making a plan (MOE, 2005a, p. 13). Participants also described how communication can be 

helpful if the problem solver faces a challenge while carrying out their plan. In other words, pre-service 

teachers described verbal communication between the problem solver and another person as a potential 

remedy for misunderstanding during mathematical problem solving. Participants also indicated that 

problem solving can be a collaborative practice, and that collaboration can produce communication, 

which can benefit the problem solvers who might feel stuck. Clearly, pre-service teachers felt that 
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communication plays an important role in steps two and three of Pólya’s (1945) problem-solving 

heuristic. 

 Participants also expressed the importance of communication at the end of the problem-solving 

process. They talked about students sharing their results and strategies, as well as communicating their 

thinking, after working through a problem-solving task. For example, one participant went so far as to say 

the entire point of problem solving is to communicate an answer when all is said and done. This claim 

places immense importance on the communication that occurs at the end of the problem-solving process. 

Some pre-service teachers made it clear that communication is an expectation within problem solving 

while others conveyed that a student communicating their answer is just as important as their ability to get 

to that answer. These ideas are supported by Murata and Kattubadi (2012), who argued that providing 

opportunities for students to share their solution methods is an important component to incorporate while 

teaching elementary mathematics through problem solving.  

 Hollingworth and McLoughlin (2005) contended that certain components of social constructivism 

should be present in a classroom environment if teachers intend to incorporate problem solving into their 

practice. Specifically, the authors argued that opportunities for feedback and reflective thinking should be 

made available through social interactions (Hollingworth and McLouglin, 2005). This reflects pre-service 

teachers’ perception that students should communicate with one another, as well as with the teacher, 

during mathematical problem solving for feedback as well as at the end of the process for sharing and 

reflecting. The idea of reflective discourse (Cobb et al., 1997) was also included in Pólya’s (1945) 

problems-solving heuristic. In step four, Pólya called for problem solvers to discuss the validity and 

appropriateness of their answers as well as anything they learned during the problem-solving process. 

This recommendation was then incorporated directly into the Ontario elementary mathematics curriculum 

(MOE, 2005a) along with Pólya’s heuristic. For example, when outlining the final step of Pólya’s 

problem-solving model, the curriculum document states that students should “describe how the solution 

was reached, using the most suitable format, and explain the solution” (MOE, 2005a, p.13). Moreover, the 
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MOE added that, “The communication and reflection that occurs during and after the process of problem 

solving helps students not only to articulate and refine their thinking but also to see the problem they are 

solving from different perspectives” (MOE 2005a, p. 11). Altogether, the literature supports pre-service 

teachers’ perception that communication is an important component throughout mathematical problem 

solving.  

 Overall, pre-service teachers’ felt that communication in mathematics education is integral for 

student learning, multidimensional, defined by multiple pathways, and a critical component of problem 

solving. The majority of the data to support these conclusions came from the theme Communication is 

Learning, while a plethora of relevant literature was also used to support these findings. Pre-service 

teachers’ use of communication in mathematics education will be discussed in the following section.  

 Use. Pre-service teachers’ use of communication in mathematics education was defined as how 

they used verbal communication in the classroom during their practicum experience(s), as occasional 

teachers, or how they envision using verbal communication as in-service teachers. Participants’ identified 

multiple uses of communication that occur throughout the learning process. In particular, they described 

communication for instructional purposes as well as for assessment purposes. Intertwined with instructing 

and assessing, pre-service teachers also reported using talk moves (Chapin et al., 2009) while 

orchestrating classroom discourse as well as using communication to build students’ confidence in 

mathematics. Support for these conclusions mostly came from the theme Pedagogical Considerations for 

Student Learning, while the theme Communication is Learning also played an important role. 

Additionally, connections to relevant literature and the Ontario mathematics curriculum documents 

(MOE, 2005a, 2005b, 2007) were found to also support the findings. 

 Build confidence. Pre-service teachers identified using communication in mathematics education 

to build confidence amongst students. Some ways in which participants described doing so was using a 

questioning strategy or giving students positive reinforcement and attention in order to increase 

participation and build students’ confidence. Pre-service teachers described some form of verbal 
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communication that was enacted in order build confidence and mitigate the influence of a prior negative 

experience that might be affecting students’ feelings towards mathematics. Overall, participants described 

how influential a teacher’s communication can be on students’ disposition towards mathematics, as they 

stressed the importance of using communication as a foundation to impact those students who might be 

struggling with confidence levels, mathematical knowledge, and/or a prior experience.  

Building students’ confidence occurs in mathematics education through communication and 

engaging in classroom discourse (Gresham & Shannon, 2017). The Ontario MOE (2005a) stressed the 

importance of the teacher’s role in building students’ confidence. The curriculum document reads, 

“Teachers can help students develop the confidence they need by demonstrating a positive disposition 

towards mathematics” (MOE, 2005a, p. 26). While it does not say explicitly how teachers can do this, one 

way could most certainly be through the use of communication. Additionally, the NCTM (1991, 2000) 

also maintained that teachers can help build their students’ confidence and certainly play a role in how 

students interact with mathematics.  

  Assessment. The second way in which pre-service teachers identified using communication in 

mathematics education was for assessment purposes. Participants described collecting assessment data 

and gauging students’ understanding by asking questions and doing individual check-ins during class 

time. This idea is not uncommon in the literature reviewed for this study. For instance, the Ontario MOE 

(2005a) listed conversations and conferences as viable means of assessment for elementary mathematics. 

They contended that communication in mathematics education includes asking students clarifying, 

extending, and open-ended questions—all of which can be used for assessment purposes (MOE, 2005a). 

The NCTM (1991) also identified posing questions as a responsibility of the teacher in a mathematical 

discourse community. Pre-service teachers also explained how they would assess a student’s 

understanding when discussing a problem-solving strategy, and argued that asking students to repeat 

something in their own words is a better way to assess their understanding than looking at their written 
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work. Altogether, participants often identified using communication for assessment purposes in 

mathematics education.  

 Talk moves. The third way in which participants described using communication in mathematics 

education involved the use of talk moves. Chapin et al. (2009) defined talk moves as specific actions that 

teachers incorporate when facilitating mathematical discourse. These talk moves were developed with the 

idea that mathematics teachers are not only responsible for teaching mathematical content, but must also 

teach students how to engage in discussions of mathematical ideas (Chapin et al., 2009). The authors 

identified five distinct talk moves. First, repeat and check is used to ensure that all students are 

participating in the discussion as listeners and speakers as well as to emphasize a particular mathematical 

idea. Secondly, think time is used to allow students time to organize their thinking before speaking. Third, 

add on is used to engage multiple students in further developing mathematical ideas. Fourth, 

agree/disagree and why is used to engage students in critically analyzing the mathematical ideas being 

discussed. Finally, partner talk is a talk move that provides each student with an audience and 

opportunity to share mathematical ideas. It also provides teachers the opportunity to listen to multiple 

ideas and highlight the particular ideas during a larger discussion (Chapin et al., 2009). Although the pre-

service teachers did not mention these talk moves specifically by name, many of them described 

instructional actions that closely exemplified certain talk moves.  

 For example, Rachel discussed how she implemented a talk move similar to repeat and check 

during her practicum placement. In particular, she paused the class and had a student share their problem-

solving strategy aloud, thus providing an opportunity for all students to participate as listeners. Rachel’s 

talk move also allowed for the emphasis of a particular mathematical idea (the student’s strategy), which 

is another key component of the repeat and check talk move. The Ontario elementary mathematics 

curriculum (MOE, 2005a) also recommended a specific questioning strategy for teachers to use that is 

similar to repeat and check. They said:  
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Whether students are talking or writing about their mathematical learning, teachers can prompt 

them to explain their thinking and the mathematical reasoning behind a solution or the use of a 

particular strategy by asking the question “How do you know?”. And because mathematical 

reasoning must be the primary focus of the students’ communication, it is important for teachers 

to select instructional strategies that elicit mathematical reasoning from their students. (MOE, 

2005a, p. 25) 

Incorporating the question “How do you know?” into mathematical instruction would help emphasize a 

mathematical idea by analyzing the reasoning behind that idea. On the other hand, many other 

participants discussed specific strategies they used on their practicum that resembled partner talk. For 

instance, one pre-service teacher found it helpful to use the jigsaw method for sharing problem-solving 

strategies. The jigsaw method involves dividing students up into small groups where they then break off 

individually into separate small groups, learn about a concept or skill, and then report back to their 

original small groups to teach their peers about what they learned. This strategy certainly provides each 

student with an audience for mathematical discussion and also allows the teacher to listen in on these 

discussions, thus making it very similar to partner talk (Chapin et al., 2009). Similarly, other participants 

mentioned using a think-pair-share on multiple occasions during their practicum experiences. A think-

pair-share exercise can involve students thinking and writing notes about a mathematical question, 

concept, or skill, then pairing with the person next to them to discuss what they thought and wrote about. 

A class discussion on what each pair talked about usually consolidates the exercise. Again, much like 

partner talk, a think-pair-share provides each student with an audience for mathematical discussion and 

gives the teacher a chance to listen to these mathematical discussions. Overall, pre-service teachers 

described various examples that were consistent with Chapin et al.’s (2009) talk moves. 

 Instruction. The fourth and final use of communication in mathematics education that 

participants identified was communicating for instructional purposes. What pre-service teachers shared is 

most closely related to teaching by telling, a pedagogical approach described by Smith (1996) as “stating 
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facts and demonstrating procedures” (p. 387). Later, Beyer (2008) defined teaching by telling as a 

procedural mathematics teaching practice that involves lecturing, modeling a particular skill, and breaking 

down that skill into a step-by-step algorithm. Many pre-service teachers described classroom 

environments in which they used verbal communication to model a problem-solving skill, then took that 

skill and broke it down into manageable steps and stressed the importance of demonstrating the individual 

steps, all while students sat on a carpet and listened. These descriptions closely resembled Beyer’s (2008) 

definition. Teaching by telling surfaced throughout many participants’ discussions even though it is not 

often perceived to be as effective as more interactive teaching approaches, and has been found to produce 

feelings of boredom and isolation amongst learners (Fletcher, 2009). Smith (1996) argued that teaching 

by telling could be a product of the teacher’s experiences and is prevalent because it provides a simple 

structure for lessons and classroom procedures. The influence of learning via teaching by telling in the 

past on pre-service teachers’ current practices could explain why it was so widely described by 

participants. Many pre-service teachers described being talked to by a teacher standing in front of the 

class for most of their experiences learning mathematics. Due to the fact that most of the pre-service 

teachers are of a similar age group, it is quite possible that almost all participants had similar experiences, 

and those experiences could have influenced their likelihood to utilize teaching by telling. Altogether, 

pre-service teachers reported using communication in mathematics education for instruction in a way that 

closely resembled teaching by telling.   

Sub-question 2 

 The second research sub-question that guided this study was: What are Ontario elementary pre-

service teachers’ perceptions of mathematical problem solving in learning contexts? The most important 

theme for answering this question was Mathematical Problem Solving is a Multifaceted, Student 

Engagement Process. This theme was quite effective as it represented, in part, pre-service teachers’ 

perceptions of mathematical problem solving. In answering research sub-question two, pre-service 
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teachers’ perceptions were divided into three parts, specifically, Multifaceted, Student engagement 

process, and Multistep process (see Figure 7). 

 Perceptions. Overall, pre-service teachers perceived mathematical problem solving to be a 

process. Moreover, they contended that the problem-solving process is multifaceted in nature, requires the 

careful execution of multiple steps, and emphasized that engaging in mathematical problem solving in 

learning contexts requires a variety of student characteristics and responsibilities. These components of 

pre-service teachers’ perceptions are discussed in the following sections.  

 Multifaceted. The first perception of mathematical problem solving that will be discussed is that 

it is multifaceted. In other words, the pre-service teachers described problem solving in a variety of ways. 

They identified several aspects and characteristics throughout our conversations; some of which were 

echoed by other participants. This trend reflects the vast body of research that exists regarding 

mathematical problem solving. Schoenfeld (1992) contended that although there are decades of literature 

on problem solving, researchers and educators have failed to develop a common understanding or 

definition. This finding speaks to the multidimensionality of problem solving and all of its components, 

so it was no surprise to find that pre-service teachers described problem solving in a multitude of ways. 

Nonetheless, the facets most commonly reported by participants are discussed herein.  

Pre-service teachers felt that problem solving is both a foundational and transferable component 

of mathematics education. In other words, they not only perceived that problem solving is fundamental 

Figure 7. A visualization of how I conceptualized answering sub-question 2. 
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for mathematics but also that it extends beyond mathematics. For instance, one participant went so far as 

to say “problem solving is just what math is” (Malcolm, Focus Group C). Other participants argued that 

problem solving is applicable across multiple subject areas, thus implying its cross-curricular 

transferability. Both the NCTM (2000) and Ontario MOE (2005a, 2005b, 2007) support these notions. 

For example, the NCTM (2000) identified problem solving as one of the five Process Standards for 

learning and applying mathematical content knowledge and labeled it as the “cornerstone of school 

mathematics” (p. 182), while the Ontario MOE acknowledged problem solving as an instrumental process 

in mathematical learning at all grade levels (MOE, 2005a, 2005b, 2007). Both of these speak to the idea 

that problem solving is a foundational component in mathematics education. The Ontario elementary 

mathematics curriculum (MOE, 2005a) argued that problem solving is an “essential process” that “helps 

[students] connect mathematics with situations outside the classroom” (p. 12). Pre-service teachers 

perceived that by making connections with situations beyond the classroom through the use of problem 

solving, students are able to transfer the mathematics they learn to other subject areas as well as their 

daily lives.   

 When discussing the transferability of mathematical problem solving and problem solving skills, 

many pre-service teachers talked about the daily life value of problem solving. In other words, 

participants contended that problem solving acts as an answer to the age-old question that often comes 

from students when learning mathematics: “When will I ever use this in my life?” Numerous pre-service 

teachers illustrated the idea that problem-solving exercises can be closely related to actual problems 

people encounter in their daily lives, such as when they are in the grocery store. Hollingworth and 

McLoughlin (2005) argued that this type of problem would be considered ill-defined, as it might not 

necessarily be solved using an algorithm and has a connection to life outside the classroom. Many other 

researchers have discussed the notion that mathematical problem solving has some sort of daily life value. 

For example, Jonassen (2000) maintained that solving a problem “must have some social, cultural, or 

intellectual value” for the solver (p. 65). Thus, solving the problem must have some sort of meaning for 
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the solver and their life, whether it is socially, culturally, or intellectually. Comparably, the Ontario MOE 

(2005a, 2005b, 2007) contended that problem solving “is the primary focus and goal of mathematics in 

the real world” (p. 12). It is not stated what is meant by the “real world,” but it can be inferred that the 

Ontario MOE’s assertion is that problem solving has a direct connection to students’ lives outside of the 

classroom.  

 Yet another facet of mathematical problem solving that pre-service teachers discussed is that it 

includes multiple representations. Participants felt that within the problem solving process, students must 

include multiple representations of their thinking, work, or solution. This perception is well supported by 

relevant problem solving literature. For example, the first step of Pólya’s (1945) seminal problem-solving 

heuristic involves the learner making a diagram or other representation in order to help understand the 

problem. In the Ontario elementary mathematics curriculum’s (MOE, 2005a) description of Pólya’s 

(1945) problem-solving heuristic, they recommend students represent their work using pictures, 

manipulatives, words, and symbols. Additionally, Jonassen (2000) argued that the key to problem solving 

lies in the representations created in order to solve the problem; what he called the “problem space 

construction” (p. 82). For elementary students, the problem space construction could also include making 

a table or organized list and drawing a picture or diagram (O’Connell, 2000).  

During the focus groups and interviews, many pre-service teachers shared sentiments similar to 

previous research. For instance, one participant felt that mathematical problem solving needs to include 

multiple representations clearly displayed in students’ work. Because of this perception, she implemented 

certain requirements during her practicum experience where students had to include a written sentence 

and picture in addition to their numerical calculations. In this way, her practice was consistent with the 

Ontario MOE’s (2005a) recommendation of having students utilize pictures, words, and symbols when 

problem solving. Overall, pre-service teachers’ perception that problem solving involves multiple 

representations is consistent with the pertinent literature.  
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The final facet of mathematical problem solving that pre-service teachers perceived is that it 

requires the application of the solver’s knowledge. A number of participants shared that problem solving 

can require students to incorporate general mathematical background knowledge, such as arithmetic and 

familiarity with mathematical symbols. Alternatively, many pre-service teachers saw mathematical 

problem solving as a way for students to apply specific concepts they have learned in a recent unit and 

practice certain skills. Both the NCTM (2000) and Ontario MOE (2005a, 2005b, 2007) support this 

notion as well as the perception that prior knowledge is important for mathematical problem solving. In 

the NCTM’s Principles and Standards for School Mathematics (2000), they argued that “students must 

draw on their knowledge” when solving mathematical problems and that “problem solving can and should 

be used to help students develop fluency with specific skills” (p. 52), while the Ontario MOE elementary 

mathematics curriculum claimed problem solving “allows students to use the knowledge they bring to 

school [and] offers excellent opportunities for assessing students’ ability to apply concepts and 

procedures” (MOE, 2005a, p. 12). Overall, there is strong evidence from these organizations (i.e., NCTM 

and Ontario MOE) to support participants’ perception that mathematical problem solving requires the 

application of the solver’s knowledge.  

 Altogether, pre-service teachers perceived that mathematical problem solving is a multifaceted 

endeavor. They felt that the most important characteristics and aspects of mathematical problem solving 

include its transferability and fundamentality in mathematics education. Participants also described the 

daily life value of mathematical problem solving, the need for multiple representations when solving 

problems, and the perception that problem solving involves an application of mathematical knowledge. 

All of these things constituted pre-service teachers’ perception that mathematical problem solving is 

multifaceted.  

 Student engagement process. The second perception participants shared regarding problem 

solving is that it is a student engagement process. In other words, pre-service teachers perceived that 

mathematical problem solving requires a multitude of student characteristics and responsibilities. 
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Throughout the focus groups and interviews, participants described a number of qualities that are both 

required for, and developed through, problem solving as well as a few academic obligations for 

mathematical problem solving. These qualities include self-regulation and other metacognitive skills, 

creative and critical thinking, patience, perseverance, and resilience. On the other hand, student 

responsibilities for mathematical problem solving include being resourceful, practicing, and giving 

continuous effort. Thinking of problem solving as a student engagement process reflects Mayer and 

Wittrock’s (2006) assertion that problem solving is a personal process, meaning it is influenced by, and 

depends upon, the solver’s knowledge, skills, and beliefs.  

Participants shared the perception that problem solving requires students to utilize metacognitive 

skills, including self-regulation. Many pre-service teachers acknowledged that there are often multiple 

solution strategies for a problem-solving task, and that it is the student’s decision which one(s) they want 

to implement. Participants also believed that students should be monitoring their own progress when 

problem solving and thinking about their shortcomings or what the next step in the process might require. 

Moreover, there exists literature on problem solving that reflects these pre-service teachers’ perceptions. 

For instance, Mayer and Wittrock (2006) identified self-regulating as a key cognitive process for problem 

solving. Likewise, numerous studies (e.g., Hollingworth & McLoughlin, 2005; Kingsdorf & Krawec, 

2016) concluded that self-regulation and other metacognitive skills aid in the development of effective 

problem solving. Schoenfeld (1987) also emphasized the importance of metacognitive skills during 

problem solving. He argued that problem solvers must consider why they have created a specific 

representation or implemented a certain strategy, how their solution fits or does not fit in the context of 

the problem, and how they can correct any mistakes they might have made (Schoenfeld, 1987). One 

participant summarized this idea nicely when he said that problem solving involves “asking the students 

to think about their own thinking” (Malcolm, Interview 4).  

Pre-service teachers also felt that mathematical problem solving requires critical thinking. Many 

participants felt that critical thinking is a key component of mathematical problem solving while others 
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perceived that engaging in problem solving can help develop students’ critical thinking skills. This 

perception reflects literature on problem solving as well as the Ontario mathematics curriculum 

documents. In particular, in developing a continuum for classifying problems, Mayer and Wittrock (2006) 

identified nonroutine problems as more cognitively challenging and generally require more critical 

thinking when compared to routine problems. The Ontario MOE (2005a, 2005b, 2007) contends that 

nonroutine problems can be used to develop students’ problem-solving skills. Consequently, the use of 

nonroutine problems in problem-solving learning contexts would require students to think critically and 

could result in positive student outcomes. The Ontario elementary mathematics curriculum (MOE, 2005a) 

also argued that problem solving “increases opportunities for the use of critical-thinking skills” (p. 12).  

 Problem solving was also perceived to be a process that requires the solver to exhibit patience, 

perseverance, and resilience. Similar to creative and critical thinking, participants not only saw patience, 

perseverance, and resilience as essential aspects of mathematical problem solving, but they also felt that 

engaging in problem solving helps to further develop these qualities. Overall, the common sentiment was 

that mathematical problem solving is a challenging process wherein mistakes will be made, thus 

necessitating the learner to be patient and resilient. This idea of a productive struggle (NCTM, 2010) is 

also strongly supported by research on problem solving as well as pertinent documents in mathematics 

education. For example, within the description of the Problem Solving Process Standard, the NCTM 

(2000) maintained that “students should have frequent opportunities to formulate, grapple with, and solve 

complex problems” and that this practice helps develop “habits of persistence” (p. 52). Using complex 

problems and encouraging students to grapple with mathematical problem solving, therefore, can build 

persistence amongst students which can then be transferred to other subject areas. O’Connell (2000) 

identified numerous characteristics and skills that elementary students require for engaging in 

mathematical problem solving. Among them were patience, persistence, risk taking, and cooperation 

(O’Connell, 2000). Numerous authors (e.g., Jonassen, 2000; Mayer & Wittrock, 2006) also contended 

that the personal qualities of the problem solver, as well as individual differences amongst learners, are 
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key components of problem solving. Without a doubt, patience, perseverance, and resilience qualify as 

personal qualities and differ from student to student, thus supporting the pre-service teachers’ perceptions.  

 Throughout the focus groups and interviews, there were numerous participants who discussed 

various student responsibilities that are required for mathematical problem solving. These responsibilities 

were considered to be critical components of the students’ role in a mathematical problem-solving 

learning context and included being resourceful as well as practicing and giving continual effort.  

The perception that students need to be resourceful in order to be successful problem solvers in 

mathematics education reflected the views of both the NCTM and Ontario MOE. For example, pre-

service teachers mentioned that students should reference anchor charts and textbooks in the classroom, 

as well as utilize calculators and manipulatives, when problem solving. Similarly, the Ontario elementary 

mathematics curriculum (MOE, 2005a) encourages the use of manipulatives and a calculator during the 

carry out the plan stage of Pólya’s (1945) problem-solving model. The same curriculum document 

supports the use of computers and calculators for problem-solving purposes.  

The computer and the calculator should be seen as important problem-solving tools to be used for 

many purposes. Computers and calculators are tools of mathematics, and students should be 

given opportunities to select and use particular applications that may be helpful to them as they 

search for their own solutions to problems. (MOE, 2005a, p. 15) 

Much like the Ontario MOE, the NCTM (2000) consistently suggests and references the use of different 

manipulatives, technology, and classroom resources throughout their description of the Problem Solving 

Standard for grades K-8.  

In addition to being resourceful, pre-service teachers also perceived that students must practice 

the mathematics both in and out of class and put forth continual effort in order to be successful 

mathematical problem solvers. Likewise, the Ontario MOE (2005a) contended that “students who are 

willing to make the effort required and who are able to apply themselves will soon discover that there is a 

direct relationship between this effort and their achievement in mathematics” (p. 4). In other words, the 
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Ontario MOE also believes that continual effort is a student responsibility that contributes to success in 

mathematics. Moreover, the NCTM (2000) encourages the use of “problems that require a significant 

amount of effort” (p. 52) in order to solve, a responsibility that falls upon students in a mathematical 

problem-solving learning context. Overall, pre-service teachers perceived that mathematical problem 

solving is a process that necessitates and develops various student qualities and responsibilities. 

 Multistep process. The final perception of mathematical problem solving that participants shared 

is that it is a strategic and procedural process. In other words, pre-service teachers described mathematical 

problem solving as a multistep process. When discussing problem solving, it was regularly emphasized 

that this process is one that it is defined by active thinking and engaging in mathematics. Describing 

mathematical problem solving as a cognitive process is supported by a plethora of relevant literature (e.g., 

Jonassen, 2000; Mayer & Wittrock, 2006; Metallidou, 2009; O’Connell, 2000). Metallidou (2009) offered 

a prominent definition of problem solving: “Problem solving as a goal-directed behavior requires an 

appropriate mental representation of the problem and the subsequent application of certain methods or 

strategies in order to move from an initial, current state to a desired goal state” (p. 76). This particular 

definition describes the problem-solving process as a series of steps that takes the solver from one state to 

another. Participants also felt that the process of arriving at what Metallidou (2009) called the “desired 

goal state” is much more important than the goal state itself. Namely, pre-service teachers consistently 

emphasized the importance of the problem-solving process over the outcome(s) of that process. In doing 

so, they also detailed the specific steps they believe to be a part of that process. 

 Throughout the focus groups and interviews, participants described a four-step problem-solving 

process that included (1) understanding the problem and deciding what is important, (2) making a plan 

based on that information as well as prior knowledge, (3) implementing a solution strategy, and (4) 

looking back at the work. Firstly, the pre-service teachers conveyed that mathematical problem solving 

begins with working to comprehend the given information in the problem as well as figuring out exactly 

what the question is asking. Following that, participants described linking the problem back to prior 
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problem-solving experiences as something that could be helpful in making a plan to solve the problem. A 

common perception amongst participants was that the strategies students implement when problem 

solving are part of a prior knowledge base, specifically one that is created and developed through 

problem-solving experiences. Next, students are expected to consider that prior knowledge base in order 

to actively choose the most applicable strategy for the given scenario and subsequently implement that 

strategy. Finally, students should look back at what they have done in steps (1) through (3). Often times, 

pre-service teachers shared, looking back results in the realization that there was a mistake in the process 

or that the final answer is either incorrect or does not make sense in the context of the problem. In this 

way, participants perceived looking back to be a critical final step in the problem-solving process that is 

implemented in order to fix mistakes and validate students’ work. 

 This multistep problem-solving process that emerged through my conversations with pre-service 

teachers is essentially identical to Pólya’s (1945) pioneering problem-solving heuristic. Pólya (1945) 

argued that when problem solving, learners understand the problem, devise a plan, carry out the plan, 

and look back. This process begins with the learner understanding the problem, wherein he/she/they focus 

on the unknown, as well as the given information, and make a diagram or other representation of the 

problem. Secondly, the learner devises a plan by linking the problem to prior, similar problems or by 

working backward. The third step, carry out the plan, involves executing whatever solution method was 

devised in the second step. Finally, the learner must look back and determine whether or not their solution 

is appropriate and reflect on what strategies worked and did not work. Pólya’s (1945) work was so 

influential that it was adopted by multiple mathematics textbooks (Griffin & Jitendra, 2009) and is 

directly included and explained in the Ontario elementary mathematics curriculum (MOE, 2005a). The 

Ontario MOE encourages teaching Pólya’s model as early as Grade 3 and then leaving it displayed in the 

classroom for future reference. Numerous researchers (e.g., Hohn & Frey, 2002; Mayer & Wittrock, 

2006) have developed their own problem-solving heuristics, however those closely resemble the 

framework established by Pólya (1945) as well.  
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 Overall, the findings showed that pre-service teachers have a number of different perceptions of 

mathematical problem solving in learning contexts. Participants felt that mathematical problem solving is 

a fundamental, transferable process that includes multiple representations and an application of 

knowledge. They contended that this multifaceted process also requires the solver to engage in a number 

of specific steps and apply a multitude of characteristics and responsibilities in order to be successful. All 

of the data to support these conclusions came from the emergent theme Mathematical Problem Solving is 

a Multifaceted, Student Engagement Process, which developed through this study’s analysis. Pre-service 

teachers’ perceptions of mathematical problem solving had strong support from the pertinent literature 

and reflected numerous components of the Ontario elementary mathematics curriculum (MOE, 2005a). 

The following section is a discussion and response to the overarching research question.  

Overarching Research Question 

Before I begin to discuss the overarching research question, it is worthwhile to recognize and 

describe three aspects from the context of the study as they may have contributed to biases amongst 

participants and may have resulted in findings that are specific to the context and cannot necessarily be 

generalized. These aspects include the socio-geographical situation of the study, participants’ recent 

experiences at the time of data collection, and that all pre-service teachers self-selected to be a part of this 

study.  

First off, this study took place at a research-based Ontario university that prides itself on the 

quality of education it provides. I conducted my study within the Faculty of Education, which offers a 

B.Ed. program that incorporates contemporary, research-based practices in its programming and 

pedagogy. The Faculty also offers its students opportunities to conduct, assist with, and participate in 

research within the field of education. Because all of the participants for this study were enrolled in the 

B.Ed. program at the university for the 2018-19 academic year, their environment may have influenced 

their perceptions. In other words, pre-service teachers may have been directly influenced by their 

instructors who have particular perspectives on reform-based mathematics teaching and learning.  
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The teacher learning experiences for elementary pre-service teachers consist mostly of 

coursework and teacher practicums. At the time of data collection, participants had recently completed 

their first part of the mathematics curriculum course as well as their longest teaching practicum. The 

recency of these experiences may have contributed to biases amongst participants. For instance, the 

proximity of their practicum placement, which consisted of their first authentic classroom experience and 

appreciation of the importance and complexity of their role in student learning, may have influenced the 

things they shared during our conversations. Their coursework experiences at the Faculty of Education 

could have also affected what was said during data collection. These pivotal experiences had the potential 

to influence participants’ thinking about problem solving and communication as important facets of 

elementary mathematics education. Had the data collection occurred at a time long before or after their 

first practicum and coursework experiences, pre-service teachers’ perceptions may have been different. 

For instance, had the data been collected long before their first practicum, participants may have been less 

sensitive to the subtleties of teaching and classroom culture. If the data were collected later in the B.Ed. 

program, these pre-service teachers may have a better sense of their classroom practice and what they 

value most as teachers.  

The pre-service teacher participants in this study represented a unique subgroup. As described in 

Chapter 3, all participants were self-selected for this research, meaning they chose to volunteer their time 

in order to participate. I believe this says a lot about them as participants. They took time out of their 

already busy schedules to partake in an academic research study and in doing so capitalized on an 

opportunity to have meaningful conversations about mathematical problem solving and communication 

with their peers and I. Because of this, I believe this particular group of participants was a collection of 

academically motivated individuals and possibly acquired and retained a greater sense of the elements of 

mathematics education and its associated discourse. Therefore, it could be the case that their reported 

views and perceptions are not reflective of all elementary pre-service teachers at the university. The 
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participants’ potential biases need to be considered as background context to the themes found in this 

study, and hence the discussion of the overarching research question.   

 The overarching research question that guided this study was: How are elementary pre-service 

teachers thinking about mathematical problem solving and what is the nature of their communication in 

mathematical problem-solving learning contexts? Responding to this research question required a further 

phase of analytic integration. In particular, the qualitative data, relevant literature, conceptual framework, 

answers to the research sub-questions, and consideration of the context of this study were needed to more 

adequately describe and explain how elementary pre-service teachers are thinking about mathematical 

problem solving as well as the nature of their communication during mathematical problem solving. All 

of the themes (i.e., Pedagogical Considerations for Student Learning, Mathematical Problem Solving is a 

Multifaceted, Student Engagement Process, and Communication is Learning) that emerged through the 

data analysis were integral in addressing the overarching research question. This qualitative data was 

strongly supported by pertinent research on problem solving (e.g., Mayer & Wittrock, 2006; Metallidou, 

2009; Pólya, 1945), communication in mathematics education (e.g., Chapin et al., 2009; Morgan et al., 

2014; White, 2003), social constructivism (e.g., Ernest, 1998, 1999; Vygotsky 1979), as well as 

professional documents published by the NCTM (1991, 2000, 2010) and Ontario MOE (2005a, 2005b, 

2007). The research sub-questions and context of this study were also used to effectively answer the 

overarching research question.  

 Overall, elementary pre-service teachers are thinking about mathematical problem solving in a 

way that is mostly consistent with pertinent literature and contemporary, standards-based professional 

documents, however there are some important inconsistencies. On the other hand, pre-service teachers’ 

communication in mathematical problem-solving learning contexts is Vygotskian in nature and used to 

engage students in rich mathematical discourse. These conclusions are detailed in the following sections.  

 Thinking about mathematical problem solving. The qualitative data used to answer this 

component of the overarching research question came from the themes Mathematical Problem Solving is 
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a Multifaceted, Student Engagement Process and Pedagogical Considerations for Student Learning. As 

detailed above, it has already been identified that pre-service teachers perceive mathematical problem 

solving to be a complex, multistep, cognitive, student engagement process and that this way of thinking 

about problem solving reflects much of the pertinent literature (e.g., Jonassen, 2000; Mayer & Wittrock, 

2006; Pólya, 1945) as well as the NCTM’s Principles and Standards for School Mathematics (2000) and 

the Ontario elementary mathematics curriculum (MOE, 2005a). It was interesting to find so many direct 

connections between what pre-service teachers shared during the focus groups and interviews and much 

of the literature on mathematical problem solving. This was an unexpected result and showed me that 

participants’ thinking about problem solving reflects both contemporary and recognized thinking about 

problem solving.  

Additionally, while participants were never asked to define mathematical problem solving, 

definitions emerged naturally through our conversations. To further exemplify the connectedness between 

pre-service teachers’ thinking and that of prominent researchers, consider the following definitions 

offered by two participants. One pre-service teacher shared 

I see a problem as having two things. One is the data you have and how you understand the data 

and the other part is how to use it. And problem solving would be how to strategically manipulate 

that data to get what you want. (Fletcher, Interview 2) 

More succinctly, Malcolm stated, “Problem solving is the capacity to take two seemingly disparate 

situations and create a logical interplay between them” (Malcolm, Focus Group C). Now consider the 

working definition of problem solving used for this study: Problem solving is a goal-directed behavior 

that involves cognitive procedures in order to move from a given state to a goal state, where the process 

itself has some sort of value to the solver or the overarching context. In this working definition, problem 

solving is defined as a directed, cognitive process that moves the learning from one state to another such 

that this process has some sort of value to the solver. Interestingly, almost every specific component of 

this working definition was reflected in the two participants’ definitions.  
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 Fletcher exemplified the idea of problem solving being a directed behavior by saying that the 

solver must undergo certain processes to “get what you want.” This implies that the problem-solving 

process is motivated by the desire to reach a solution. Moreover, describing problem solving as something 

that requires the solver to “understand the data” and “create a logical interplay” reflects Metallidou’s 

(2009) thinking that problem solving requires cognitive functioning. On the other hand, the need to 

“strategically manipulate” information while problem solving alludes to the notion that a solution strategy 

or method must be implemented. In that description, selecting and utilizing a strategy is certainly a 

process. Metallidou (2009) also mentioned that problem solving is a means to move between two states. 

Malcolm’s definition reflected this notion as he described “two seemingly disparate situations” that are 

bridged through problem solving. Although these participants’ definitions do not specifically mention 

Jonassen’s (2000) addendum regarding the value of the process to the solver, many of the pre-service 

teachers described both the cross-curricular and daily life value of problem solving within the theme 

Mathematical Problem Solving is a Multifaceted, Student Engagement Process. I recognize that these 

definitions come from only two pre-service teachers, however I believe they are effective examples for 

accurately summarizing all participants’ thinking about mathematical problem solving from a broader 

perspective. Based on this study’s working definition developed from pertinent literature and these 

participants’ definitions of problem solving, a new definition of problem solving emerged. In particular, 

problem solving can be defined as a goal-directed and cognitive process wherein the solver must 

understand and strategically manipulate information from a given state in order to reach a goal state. In 

the end, this process should have some sort of value to the solver or the overarching context. 

 Another interesting takeaway regarding pre-service teachers’ thinking about mathematical 

problem solving emerged through an analysis of the responses to the first question of every focus group 

and interview. In the Focus Group Protocol (see Appendix C), the first question I posed was: What do 

you think of when you think of problem solving in mathematics education? During all three focus groups, 

word problems was a primary response to this question, such that in two of the three focus groups it was 
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the very first reply to my question. In the third focus group it was the second thing mentioned. In each 

case, this response was corroborated by other participants through verbal communication and body 

language (e.g., nodding). I also began each one-on-one interview (see Appendix D) with the question: 

How do you view the role of problem solving in elementary mathematics education? Of the five 

interviews, word problems were mentioned within the response to this question in three of them. It also 

requires mentioning that one participant who mentioned word problems during their interview was the 

same participant who mentioned it during their focus group. Nonetheless, I found this trend to be very 

interesting due to the fact that the NCTM contended: 

Story or word problems often come to mind in a discussion about problem solving. However, this 

conception of problem solving is limited. Some “story problems” are not problematic enough for 

students and hence should only be considered as exercises for students to perform. (NCTM, 2010, 

p. 1) 

Due to the prevalence of pre-service teachers mentioning word problems during the focus groups and 

interviews, it could be suggested that their thinking of mathematical problem solving is limited or is 

strongly influenced by their own early math experiences. However, I believe that because these 

elementary pre-service teachers were in the early stages of their B.Ed. program at the time of data 

collection, their conceptualization of mathematical problem solving was still developing. I believe more 

time to explore mathematical problem solving in their coursework and utilize it during their practicum 

experiences would enhance their conceptualization. Overall, I do not believe this trend that suggests a 

limited conception of mathematical problem solving takes away from the robust support of pre-service 

teachers’ thinking about mathematical problem solving that has been outlined in this chapter.  

 Yet another noteworthy outcome regarding participants’ thinking about mathematical problem 

solving was how they think about teaching problem solving. Throughout the focus groups and interviews, 

pre-service teachers were prompted to discuss the role of the teacher and students in a problem-solving 

learning context. These discussions led to rich descriptions of how these pre-service teachers were 
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thinking about a mathematical problem-solving learning context. The qualitative findings from the theme 

Pedagogical Considerations for Student Learning made it clear that most participants were thinking about 

teaching problem solving as an isolated skill in mathematics, rather than teaching mathematics through 

problem solving. The NCTM (2010) supports teaching mathematics through problem solving and argues 

that mathematical learning happens within the problem-solving process, while the Ontario MOE stated 

that its elementary mathematics curriculum document 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” (MOE, 2005a, p. 4). Pre-service teachers, on the other hand, described teaching mathematical 

problem solving as a standalone skill. They talked about carefully modeling specific problem-solving 

strategies in a context where learning the strategy was the primary goal. They also described problem 

solving as something that is used in order for students to practice a mathematical skill or concept, thus 

utilizing problem solving as an exercise. Both of these uses of mathematical problem solving are not 

supported by research (NCTM, 2010). However, while incorporating problem solving in these ways is not 

completely absent in mathematics education (NCTM, 2010), the more common recommendation is to 

teach mathematics through problem solving and give students a chance to explore concepts through rich 

problems (MOE, 2005a).  

 This inconsistency between pre-service teachers’ thinking and the NCTM and Ontario MOE’s 

recommendations was interesting. Again, such a discrepancy may be due to pre-service teachers’ place in 

the B.Ed. program. In other words, at the time of the focus groups and interviews, pre-service teachers 

were most likely still developing their conceptualization of mathematical problem solving and its 

utilization in elementary mathematics education. Towards the end of their program, after more 

coursework and teaching experiences, these same pre-service teachers might be more inclined to teach 

mathematics through problem solving. Alternatively, these participants may have missed the Ontario 

MOE’s (2005a) emphasis on teaching mathematics through problem solving because pre-service 
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elementary teachers can lack a critical eye when reading and evaluating mathematics curricula (Lloyd & 

Behm, 2005; Nicol & Crespo, 2006). Lloyd and Behm (2005) also found that pre-service teachers often 

disregard more innovative instructional approaches. In the end, O’Connell (2000) argued that teaching 

through problem solving in elementary mathematics is a difficult task because elementary-aged students 

are still developing the cognitive abilities needed for mathematical problem solving. Nonetheless, the 

NCTM (2010) still recommended the practice starting in pre-kindergarten or kindergarten. 

 Overall, the qualitative findings from the themes Mathematical Problem Solving is a 

Multifaceted, Student Engagement Process and Pedagogical Considerations for Student Learning showed 

that pre-service teachers are thinking about mathematical problem solving as a cognitive, directed, 

multistep process that plays an important role in mathematics education. Their views are consistent with 

research on problem solving as well as this study’s working definition of problem solving (e.g., Jonassen, 

2000; Metallidou, 2009; Pólya, 1945), however pre-service teachers’ emphasis on word problems in their 

conceptualization of mathematical problem solving as well as their reported use of problem solving in 

mathematics education are both inconsistent with relevant literature (i.e., MOE, 2005a; NCTM, 2010). 

These inconsistencies are noteworthy and may be due to participants’ limited experience in their B.Ed. 

program. 

 Communication in mathematical problem-solving learning contexts. In order to effectively 

discuss the nature of pre-service teachers’ communication in mathematical problem-solving contexts, I 

utilized the themes Pedagogical Considerations for Student Learning and Communication is Learning, as 

well as relevant literature to either support the findings or highlight differences. The social constructivist 

framework was also used in order to discuss this part of the overarching research question. Altogether, 

pre-service teachers’ communication in mathematical problem-solving learning contexts was Vygotskian 

in nature and engaged students in rich mathematical discourse. In other words, their communication 

reflected social constructivist ideologies as it was used to create opportunities for students to learn 

through oral communication in social contexts.  
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 A description of the larger context in which these participants taught is required. Throughout my 

conversations with participants, they described their practicum experience classrooms, as well as their 

ideal classrooms, as discourse communities. These descriptions emerged primarily through the theme 

Communication is Learning. Participants described communication-based environments in which 

students actively take part in verbalizing their mathematical ideas, understandings, and strategies while 

the teacher facilitates and promotes these discussions through various means. They also acknowledged 

that this sort of environment is the most effective for student learning. Their discussions regarding their 

role in a mathematical discourse community reflected the social constructivist conception of a resident 

expert (Vygotsky, 1978). Namely, pre-service teachers acknowledged the idea that students’ learning can 

be enhanced through verbal communication with the teacher (Vygotsky, 1978), thus recognizing their 

critical role in student learning within a mathematical discourse community. Research (Baxter & 

Williams, 2010; Cengiz et al., 2011; Chamberlin, 2005; Firmender et al., 2014; White, 2003) has shown 

that teachers occupy an important, complex, and difficult role within a mathematical discourse 

community. One example of this is from Gillies and Khan’s (2008) study where the authors observed 

Grade 5 and 6 teachers teaching mathematics in Australia, and argued that teachers are expected to 

communicate in a way that engages students to be active members of the discourse community. Overall, 

this study’s findings showed that pre-service teachers did exactly that.   

 Within the theme Pedagogical Considerations for Student Learning, participants described the 

importance or making mathematical problem solving an engaging experience for students. One of the 

ways in which they mentioned doing this was through their verbal communication. In particular, pre-

service teachers practiced engaging communication during mathematical problem solving by building 

students’ confidence. As detailed earlier in this chapter, participants used verbal communication to boost 

students’ confidence and increase their participation in classroom discussions. Students’ feelings of self-

confidence are an integral component of a mathematical discourse community (Gresham & Shannon, 

2017), and participants felt that working to increase those feelings during problem solving would 
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subsequently bolster an existing discourse community. In doing so, pre-service teachers generated more 

opportunities for students to learn through social interaction and verbal communication (Vygotsky, 

1929/1979). Within the themes Pedagogical Considerations for Student Learning and Communication is 

Learning, pre-service teachers reported using communication during mathematical problem solving for 

questioning purposes. Participants asked students clarifying questions and asked them to explain their 

reasoning or comment on something another student said. In this way, pre-service teachers used 

questioning to engage their students in effective discourse during mathematical problem solving, a 

strategy that has been argued to enhance student learning (MOE, 2005a; NCTM, 2010; Obara, 2010).  

 Using a modified think-pair-share strategy during mathematical problem solving has been shown 

to lead students to value each other’s ideas and learn from one another (Bostic & Jacobbe, 2010). When 

teachers model and facilitate reflective discourse, scaffold students who are stuck, and provide 

opportunities for students to demonstrate their understanding during mathematical problem solving, they 

generate rich mathematical discourse (Bostic & Jacobbe, 2010; Gillies & Khan, 2008; Obara, 2010).  

Participants used a multitude of communication techniques in order to create opportunities for students to 

learn through mathematical discourse. They encouraged students to talk to one another both during and 

after problem solving and used various talk moves similar to repeat and check and partner talk (Chapin et 

al., 2009). In doing these things, the pre-service teachers helped students engage in reflective discourse 

(Cobb et al., 1997) throughout the problem-solving process and generated rich, full-class discussions. 

Both of these outcomes created numerous learning opportunities for students. In particular, pre-service 

teachers’ use of communication techniques created opportunities for student-student and student-teacher 

interaction and verbal communication, which aids in the construction of mathematical knowledge (Ernest, 

1998; Thompson, 2014).  

 Pre-service teachers’ communication during mathematical problem solving included clear and 

consistent age-appropriate, student-friendly language as well as mathematical vocabulary, which made 

participating in classroom discourse accessible for students. In other words, pre-service teachers modeled 
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appropriate mathematical discourse as they acted as the resident expert (Vygotsky, 1978) in their 

discourse communities. By using age-appropriate and student-friendly language, participants allowed for 

the mathematics to be more accessible to students (Riccomini et al., 2015). Clarity and consistency also 

improves a teacher’s communication (Firmender et al., 2014; MOE, 2005a) and the continual use of 

mathematical vocabulary has been shown to increase students’ conceptual understanding (Marzano, 

2004). Overall, using clear and consistent age-appropriate, student-friendly language as well as 

mathematical vocabulary during mathematical problem solving creates learning opportunities wherein 

students can practice their use of mathematical language and further develop their understanding of 

mathematical concepts.  

 Altogether, pre-service teachers’ communication in mathematical problem-solving learning 

contexts was Vygotskian in nature. Participants used verbal communication to engage students in 

effective mathematical discourse by building their confidence, employing questioning strategies, utilizing 

talk moves, and implementing clear, consistent, student-friendly language as well as mathematical 

vocabulary. In doing so, participants acknowledged their important and complex in a mathematical 

discourse community (Firmender et al., 2014; Vygotsky, 1978; White, 2003). The nature of pre-service 

teachers’ communication generated opportunities for students to converse through social interactions, 

which helps develop mathematical understanding (Ernest, 1998; Thompson, 2014). Participants’ oral 

communication during problem solving also reflected an important notion put forth by the NCTM. They 

said  

Students’ actual opportunities to learn [in a mathematical problem-solving learning context] 

depend not only on the type of mathematical tasks that teachers pose but also on the kinds of 

classroom discourse that takes place during problem solving, both between the teacher and 

students and amongst the students. (NCTM, 2010, p. 3) 

This emphasis on the importance of mathematical discourse in a problem-solving learning context was 

made evident by the participants within the themes Communication is Learning and Pedagogical 
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Considerations for Student Learning. The findings showed that pre-service teachers were actively 

thinking about their communication during problem solving and using it to facilitate effective 

mathematical discourse both amongst students and between them and the students. It was clear that they 

felt this was the most effective way for students to learn.  

 The overarching research question of this study aimed to explore elementary pre-service teachers’ 

thinking about mathematical problem solving as well as the nature of their communication in 

mathematical problem-solving learning contexts. A discussion on this question was generated through a 

synthesis of the findings, relevant literature, conceptual framework, research sub-questions, and context 

of this study. Doing so showed that elementary pre-service teachers are thinking about mathematical 

problem solving in a way that is consistent with pertinent literature and contemporary, standards-based 

professional documents. It also showed that participants’ communication in mathematical problem-

solving learning contexts is used to promote rich mathematical discourse wherein students have the 

opportunity to develop their mathematical understanding.   

Limitations 

 There are three limitations within the design and implementation of this study that require 

discussion. The first of which involved the sample of participants used for this research study. As 

previously mentioned, the group of participants in this study was comprised of 15 elementary pre-service 

teachers. In the study’s original design, the intention was to have 35 participants take part in data 

collection. I felt that this sample size would provide better data, give a more holistic view of the central 

phenomenon, and would constitute a better representation of elementary pre-service teachers in the B.Ed. 

program for the 2018-19 academic year. Additionally, I felt that a larger group of participants would help 

increase the generalizability of the findings to the overall population of elementary pre-service teachers in 

this particular teacher education program. The original design of the study called for five focus groups 

with seven participants each and five follow up, one-on-one interviews with one participant from each 

focus group. This feature was included in order to generate a more balanced data set and to reduce the 
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likelihood of repetition between the focus groups and interviews (Creswell, 2007). As there were only 

three focus groups of all different sizes, and four of the five interviewees came from the same focus 

group, there was an increased chance for repetition in the data. It would have also been worthwhile to ask 

for the undergraduate major to be identified each participant in order to conjecture whether that had any 

influence on their perceptions of mathematical problem solving and communication in mathematics 

education. Overall, the limited number of participants compared to the study’s original design may have 

influenced the quality of the results.  

 The second limitation of this study was its timeline for data collection. The data for this study was 

collected in December of 2018, which was an important time because participants had already completed 

their first block of coursework and had just returned from their longest practicum teaching experience. 

However, the original intention was to have two phases of data collection, one in September of 2018 at 

the beginning of the B.Ed. program and one in December of 2018. The study was designed to have two 

phases of data collection in order to add a longitudinal component. In other words, by collecting data both 

before and after the first practicum teaching experience and the majority of the first block of coursework, 

I would have the opportunity to analyze any developments or changes in pre-service teachers’ 

perceptions. At the time of data collection, the participants still had much of their B.Ed. program to 

complete, so it is possible that their perceptions could change during that time.  

 The third and final limitation was the overall research design. Because of the small sample size 

and resulting limited number of focus groups, a quantitative component could have been added in order to 

strengthen the findings. Creswell (2007) argued that a mixed methods study with quantitative and 

qualitative data allows researchers to “improve their inquiries by collecting and converging (or 

integrating) different kinds of data bearing on the same phenomenon…This improvement in inquiries 

would come from blending the strengths of one type of method and neutralizing the weaknesses of the 

other” (p. 536). In other words, I could have included a quantitative survey or questionnaire component in 

order to compensate for the qualitative data collection components that did not go as planned.  
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Implications for Further Research 

 After considering and discussing the results of this study and their significance, three implications 

for future research have emerged. The first is to explore the central phenomenon of this study within the 

recently introduced back-to-basics context in Ontario education. In 2018, the current administration in 

Ontario announced changes to the elementary mathematics curriculum that aim to focus on the 

fundamentals of math (MOE, 2018). In particular, these changes emphasize the importance of number 

sense, arithmetic, memorization of basic facts, and mental math skills in an attempt to improve 

elementary mathematics education across the province (MOE, 2018). This is a significant shift away from 

the current education landscape in the province, so it would be interesting to investigate pre-service 

teachers’ perceptions of mathematical problem solving and use of communication in mathematics 

education within that new context.  

 Secondly, similar research could be conducted at this Ontario university but with a different 

sample. Specifically, it would be worthwhile to investigate intermediate/senior mathematics pre-service 

teachers’ perceptions of mathematical problem solving and use of communication in mathematics 

education. Problem solving and communication are both integral components of the Ontario mathematics 

curricula for grades 7 to 12 (MOE, 2005a, 2005b, 2007), so the importance of the central phenomenon 

would still be upheld is such a study. Designing and implementing a similar study with 

intermediate/senior mathematics pre-service teachers, in conjunction with this study, would give insight 

into the trajectory of problem solving and communication across all the grades. Similar research studies 

could be also conducted at other Ontario universities. That is, future research could explore elementary 

pre-service teachers perceptions of mathematical problem solving and use of communication in 

mathematics education within the Faculty of Education at the University of Ottawa, Brock University, or 

the University of Western Ontario, for example. Such studies would give a larger perspective of the 

central phenomenon, and would allow researchers to consider the context of Ontario as a whole. 

Altogether, the data from these studies, in conjunction with this study, could help improve teacher 
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education programs in Ontario. Exploring perceptions of problem solving and communication amongst 

pre-service teachers, in comparison with what is expected by the Ontario MOE, would allow researchers 

to gauge if Ontario pre-service teachers are on the right track for what the MOE expects, as well as if the 

teacher education programs they are a part of could be improved in order to ensure their preparedness.  
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Appendix C 

Focus Group Protocol 

Date:  

Time of focus group:  

Location:  

Welcome 

Hello, my name is Kyle O'Donnell. I am an intermediate/secondary mathematics teacher and am 

currently doing my Master of Education at Queen’s.  First off, thank you very much for participating in 

this study—your participation is crucial to the success of this research and to improve our understanding 

of elementary pre-service teachers’ perceptions and understandings in teacher preparation programs. 

Today’s focus group will be a discussion on problem solving and communication in elementary 

mathematics teaching and learning. Specifically, the purpose of today’s focus group will be to explore 

your perceptions and understandings of problem solving as well as the role of communication in problem-

solving learning contexts. With that being said, are there any questions before we cover the ground rules 

for participating in a focus group? 

Ground Rules 

 The ground rules are fairly straightforward. I ask that you please refrain from using your phones 

during the focus group in order to minimize distractions. We will speak one at time so that everyone’s 

comments can be heard clearly for recording purposes. With that being said, I would like to remind you 

that today’s discussion will be audio recorded, and I will be taking notes. Your anonymity will be 

maintained in all notes and transcripts, and the recording will only be heard by my supervisor and I. I ask 

that you refrain from discussing your participation with others in order to avoid possibly sharing the 

names of the participants who might want to remain as anonymous as possible. I will be moderating 

today’s discussion. Remember that you may pass on any question(s) you do not wish to answer, and there 
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are no right or wrong answers. I will be working to encourage discussion and will intercede if and when 

the discussion goes beyond our intended focus. Are there any questions at this point before we move on to 

introductions?    

Introductions 

Before we begin with the focus group questions, I would like to have everyone introduce themselves. 

Please say a little bit about yourself as well as why you decided to participate in this study. I will begin. 

(Introduce myself and choose people to go next). Great. Now that we have a better understanding of the 

people in this focus group, we can move on to the questions.  

Questions 

1. What do you think of when you think of problem solving in mathematics education? 

  a. What are the key aspects of mathematical problem solving? 

  b. What has influenced your perceptions of problem solving? 

2. What role does problem solving play in mathematics teaching and learning? 

  a. What are the responsibilities of the teacher? 

  b. What are the responsibilities of the student? 

  c. What has influenced these perceptions? 

3. How do you view the role of verbal communication in elementary mathematics education? 

a. How would you describe the role of the teacher during a mathematical classroom 

discussion? 

b. How would you describe the role of the student during a mathematical classroom 

discussion? 

4. How are problem solving and communication related in mathematical learning contexts? 

 a. What has influenced this perception? 

 b. How can these things be effectively used together?  

5. As elementary teacher candidates, how do you feel about teaching mathematics? 
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  a. Why do you feel this way?  

b. What do you think are the most important aspects of teaching mathematics? 

c. How did you feel teaching mathematics during your first practicum experience? 

6. Think back to your experiences in your practicum. What are some examples of mathematical 

problem solving that you observed or implemented? 

 a. What did you like about these experiences and why? 

 b. What did you dislike and why? 

c. What sort of influence do you predict these experiences will have on your use of 

problem solving as a teacher? 

7. How has your coursework influenced your perceptions of problem solving in mathematics 

education? 

8. Think back to your in your practicum. What are some examples of effective verbal 

communication being used in the classroom that you observed or implemented? What did it look 

like? 

 a. What made it effective? 

 b. What sort of things did the teacher/you do? 

 c. What sort of things did the students do? 

9. How has your coursework influenced your perceptions of communication in mathematics 

education? 

Concluding Comments 

  That concludes my list of questions. Is there anything else you would like to discuss that you 

think I missed? Thank you again for your participation in today’s focus group. Your responses are 

extremely important to the success of this research.  
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Appendix D 

Interview Protocol 

Date:  

Time of interview:  

Location:  

Interviewer:  

Interviewee:  

Introduction 

Hello, my name is Kyle O’Donnell and I am a M.Ed. student at the Faculty of Education at 

Queen’s University. For my thesis, I am investigating the relationship between problem solving and 

communication in the ongoing improvement efforts in mathematics education in Ontario. Specifically, 

this work will focus on elementary pre-service teachers’ perceptions of the relationship between 

communication and mathematical problem-solving learning contexts. This interview will take about one 

hour to complete. Please feel free to stop me at any point if you have a question, and remember that you 

have the right to refuse any of the questions that I ask. Just as a reminder, your anonymity will be 

maintained throughout the research process. Before we begin, I would like to thank you in advance for 

taking the time to answer these questions. I know it will prove to be a big help with this study and our 

understanding of elementary pre-service teachers’ perceptions and understandings in teacher preparation 

programs.  

Questions 

1. How do you view the role of problem solving in elementary mathematics education? 

  a. What are the responsibilities of the teacher? 

  b. What are the responsibilities of the student? 

c. What has influenced these perceptions? 
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i. How have your practicum experiences influenced your perceptions of problem 

solving? 

ii. How have your coursework experiences influenced your perceptions of 

problem solving? 

2. What do you see as the essential aspects of mathematical problem solving? 

 b. What has influenced this perception? 

3. Think back to your experiences as an elementary, intermediate, and secondary student. What 

are some examples of mathematical problem solving that you experienced? 

 a. What did you like about these experiences? 

 b. What did you dislike? 

c. What sort of influence do you predict these experiences will have on your use of 

problem solving as a teacher? 

4. What do you think of when you think of communication in mathematics education? 

 a. What are the key aspects of communication in mathematics education? 

 b. What has influenced these perceptions? 

i. How have your practicum experiences influenced your perceptions of 

communication? 

ii. How have your coursework experiences influenced your perceptions of 

communication? 

Very similar to 4. Be prepared to skip if necessary 5. How do you view the role of 

communication in mathematics education? 

 a. What is the role of the teacher? 

 b. What is the role of the student?  
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6. Think back to your experiences as an elementary, intermediate, and secondary student of 

mathematics. Have you seen effective verbal communication being used in the classroom? What 

did it look like? 

 a. What made it effective? 

 b. What sort of things did the teacher do? 

 c. What sort of things did the students do? 

7. How are problem solving and communication related in mathematical learning contexts? 

 a. What has influenced this perception? 

 b. How can these things be effectively used together? 

8. In the focus group, you mentioned [comment]. Can you elaborate on that answer a bit more? 

 a. What were you thinking when you shared that? 

9. What thoughts related to problem solving and communication did you have during the focus 

group, but didn’t have the chance to share? 

Concluding Comments 

That just about covers the things I wanted to ask you. With that being said, what should I have asked you 

that I did not think to ask? Thank you. That concludes the set of questions. Again, I would like to thank 

you for your time and contributions. Have a great day! 

 


