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Abstract 

Questioning is an important teaching strategy used when engaging children in mathematics.  Teacher 

questioning influences children’s learning opportunities and thinking. Therefore, there is a need for 

educators to understand how they use questioning, and to be aware of what kinds of questions are leading 

to what kinds of results. In this project, I draw on current research and literature to examine how teacher 

questioning affects the learning of mathematics in early childhood settings. I provide suggestions that 

teachers may implement to develop their student questioning skills and create a learning environment that 

encourages deeper levels of thinking. 
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Chapter One 

Introduction 

If one accepts the definition of mathematics to be an understanding of relationships, 

order, and structure, one would likely agree that the development of mathematical competencies 

in the early years of learning affects one’s ability to navigate through demands in life (Linder, 

Powers-Costello, & Stegelin, 2011; Niklas & Schneider, 2014). According to Sarama and 

Clements (2006) the ability for children to learn mathematical understandings has been greatly 

underestimated. Research has shown that the achievement of mathematical concepts during the 

early years is a strong predictor of later academic success in most subject areas (Jacob-Vessels, 

Brown, Molfese, & Do, 2014; Niklas & Schneider, 2014). According to Clements and Sarama 

(2011), the mathematical learning potential for many children is limited by the structure of their 

educational programs hindering the interaction of the student’s ability to interact with their 

environment. Currently, many early learning mathematical programs are limited in scope, 

offering simplistic snapshots of concepts, and progress at a quick pace, not allowing for 

reflection or deep understanding (Greenes, Ginsburg, & Balfanz, 2004). Effective early learning 

environments provide high quality mathematical experiences, but many classrooms are lacking 

in this area (Clements & Sarama, 2011). Due to my experiences as a kindergarten teacher, and 

drawing inspiration from my graduate studies, I am interested in providing opportunities for 

young children to participate and interact with mathematics in more personally relevant and 

meaningful ways.  

Children are natural explorers who are curious about the world around them (Linder et 

al., 2011). As children move and interact with their natural environment, mathematical 

relationships are informally developing (p. 29). Children’s natural curiosity leads them to 
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compare, problem-solve, navigate spatially and recognize patterns as they act upon their 

environment and engage with peers. Upon observation, researchers have discovered that young 

learners are capable of much greater levels of mathematical thinking than educators had 

previously expected of them (Greenes et al., 2004).  

Through our traditional methods of classroom teaching, students have come to expect 

knowledge to be transmitted from the teacher to the student, placing the student in a passive role 

(Dixon, Egendoerfer, & Clements, 2009). These researchers suggest that educators examine 

current teaching methods and shift to a learning environment where the students take an active 

role in their learning (p. 1069). They recommend learning environments move towards an 

inquiry based learning method where the children are encouraged to be actively engaged through 

reasoning and analysis, instead of learning by rote in order to promote higher levels of 

mathematical thinking (Jacobi-Vessels et al., 2014).  

As a primary teacher, I have invested time and energy in developing my teaching skills in 

the area of mathematics. Throughout my graduate studies, and the opportunities my studies have 

provided for deep self-reflection, I have given great consideration to my role in creating 

mathematical learning spaces for young children. Thom (2012) explained that the opportunities 

for students to learn mathematics are dependent upon the choices we make as teachers, but more 

importantly, the ways that children learn to interact with mathematics impacts the way they view 

their world (p. 10). 

This project will consider the impact teacher questioning has on mathematical 

understanding. I will explore the role of teacher’s active listening and the impact it has in 

responding to students during mathematical dialogue in the classroom. I will also reflect on my 
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teaching practices, examining how my role influences the opportunities for mathematical 

experiences.  

Rationale 

Reflecting upon my childhood experiences of learning mathematics, I recall classrooms 

where the desks were arranged in rows facing the front of the class. The teacher would present 

the information for the day’s math lesson and then my classmates and I would quietly use pencil 

and paper to complete the assigned questions. I recall continually asking the teacher if my 

answers were correct as I completed the required operations with hesitation and little 

understanding. Mathematics was linear. It was learning the applicable rule and applying it to the 

problem to arrive at the only acceptable correct answer. These experiences shaped my view of 

mathematics and stifled my mathematical way of thinking.  

Many years later, when I was assigned to teach in primary grades, I attended many math 

workshops determined to learn how to provide meaningful mathematical experiences for my 

students. The participation in these workshops inspired me to transform my thinking about 

mathematics and the importance of teaching mathematical concepts in developmentally 

appropriate and meaningful ways. With each passing year, through reflection and conversations 

with colleagues, I continually strove to develop my practices and methods in teaching 

mathematics. The importance of my relationship with mathematics and the world around me 

continued to shift and grow. During my graduate coursework I had a moment of self-

actualization where I began to comprehend how limited and narrow my thinking continued to be, 

and the implications that this way of thinking had on all aspects of my life. A graduate course 

focused on curriculum and instruction in elementary mathematics ignited my desire to question 

and reflect upon my current mathematical teaching practices and to move in the direction of a 
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different theoretical framework. The process of shifting my thinking began shooting like the 

sparks from a fire. I wondered, along with Thom (2012), “What shifts in thinking are necessary 

to conceive classroom mathematics as something other than a line of hand-me-downs from 

teacher to student?” (p. 144). The desire to change was burning, but the lack of knowledge to 

implement these new concepts soon began to stifle the flame. Later in the elementary school 

year, I welcomed the opportunity for my class to participate in a research project with a professor 

from a local university. I observed the manner in which she engaged and interacted with the 

students. I witnessed kindergarteners’ mathematical ways of thinking that stretched way beyond 

anything I had previously thought possible. I continued to listen and question my own pedagogy. 

As a part of the research project, the professor, two research assistants and myself, worked with 

small groups of children and followed the professor’s lesson plan. During follow up discussions, 

I was continually amazed at the professor’s findings and became frustrated with the results 

collected from my group. The various groups of children working with the professor expressed 

in-depth understandings of mathematical concepts that reached far beyond learning expectations 

in kindergarten. As these students restructured their mathematical ways of knowing, their 

understandings were communicated by bodily gestures and verbally justifying their way of 

thinking. I was missing something, and what I was missing was substantial. Through continued 

self-reflection and dialogue with the professor, I discovered that the way I was engaging the 

students through questioning limited their responses and ways of mathematical thinking. I was 

reminded of van Manen’s (1986) words when he stated that many adults have projected the 

wrong message to an inquisitive child, that an answer is the end to a question (p. 41). Is this how 

I was affecting my students? I began to reflect by asking: i) Do different types of questioning by 

teachers impact the mathematical opportunities for learners?; and, ii) Does the level of teacher 
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engagement and awareness when listening to students’ dialogue impact the type of questions a 

teacher asks?  As I continued to consider these questions one of my students came to me and 

said, “I like it when Jennifer
1
 comes. She makes me think. Then I hear other peoples’ ideas and I 

get more ideas” (Charlie, personal communication, May 5, 2016).
2
 I was awestruck by the deep 

insight of a five year old. He recognized the value of questioning, expressing and thinking within 

a mathematical community. It was at that pivotal moment I knew that if I desired to be an 

effective educator, a deeper exploration into these inquiries was necessary. 

Theoretical Frameworks 

This project will be guided by two theoretical frameworks: constructivism (Dewey,1929; 

Piaget, 1952, 1969), and social constructivism (von Glasersfeld, 1983; Vygotsky, 1978).  

Constructivist theory believes that knowledge and meaning is built upon previously 

constructed understandings (Ernest, 2006). Each interaction with the environment allows the 

learner to build upon previous ways of knowing. Learning is individualistic, and it is through 

personal reflection and interpretation of the experience, that the learner will utilize new meanings 

to build upon pre-existing knowledge. Therefore, teaching must begin with what the learner 

already knows so new constructs can actively be built upon the existing foundation. 

Social constructivist theory recognizes that learning and understanding are constructed by 

social interactions (Ernest, 2006). This allows the learner to build upon previous constructs of 

understanding by reflecting on the experience, and through social interactions with others. 

Engaging others in dialogue significantly impacts one’s ability to learn. 

These theories and their influence on mathematical learning will be further explored in 

the literature review in the following chapter. 

                                                           
1
 Jennifer refers to the professor from the university. 

2
 Charlie is the pseudonym given to the student to protect the child’s identity. 
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Significance 

Many elementary educators carry negatively rooted mathematical experiences from their 

past, which affect the range of strategies used by teachers to enhance their students’ 

understanding of mathematical concepts (Cohrssen, Tayler & Cloney, 2015; Hodgen & Askew, 

2007). Often kindergarten math programs are limited in scope, lack the inclusion of exploring 

concepts with any depth, and are presented in a linear sequential method, not revisiting concepts 

once they are taught. This makes it difficult for children to form meaningful relationships with 

mathematical concepts in an educational setting (Greenes, Ginsburg & Balfanz, 2004; Linder, 

Powers-Costello & Stegelin, 2011). While the engagement of suitable mathematical activities is 

of great importance, the quality of a teacher’s instructional method is of equal significance 

(Jacobi-Vessels et al., 2016). The method of instruction affects the level of students’ 

engagement, development of mathematical attitudes, and opportunities for concept development.  

Linder et al., (2011) argued that learning mathematics is essential to successfully 

managing the skills of daily life. Young children are naturally keen observers of their 

environment and explore mathematical concepts as they develop relationships with the space 

around them. If these early learning experiences are positive and meaningful, children are more 

likely to form positive attitudes towards mathematics and continue to show an interest in the 

subject in later years. Teachers need to move away from the traditional method of teaching 

mathematics, where the focus is on the teacher presenting rules and procedures, to an inquiry 

approach to learning, where the teacher’s role presents itself more like a facilitator (Linder et al., 

2011, p. 30). This allows the teacher to help the children unfold their own connections of 

mathematical concepts through collaborative work, scaffolding and asking open-ended questions 

(Linder et al., 2011).  
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In many of today’s elementary classrooms, mathematical instruction continues to be 

shaped by teacher-led instruction (Franke, Web, Chan, Ing, Freund, & Battey, 2009). One of the 

most common methods of classroom instruction is in the form of teacher questions (Kucuktepe, 

2009). Unfortunately, the majority of these questions are considered to be low-level questions 

which require the recall of information or a single specific answer, neglecting the demand for 

critical thinking (Franke et al., 2009). These researchers have concluded that many teachers find 

it challenging to inquire about the student’s way of thinking during exploration and meaning 

making of a concept. Asking high level questions during this process would require the student 

to synthesize and draw inferences from their trains of thought and to solidify their thinking 

through an explanation.  

Frank et al. (2009) suggest that the ability of a teacher’s questioning methods is reliant 

upon carefully listening to the students. The importance of actively listening to a student’s 

explanation or reply to a question is often overlooked by educators (Gordon, 2011). To be truly 

responsive to the student’s needs requires the teacher to be actively attentive to the learner’s 

thoughts and words.  It is through the act of listening that a teacher is able to understand a 

student’s way of thinking and therefore to consider questions that will invite the learner to 

develop deeper mathematical understanding (Franke et al. 2009; Moyer & Milewicz, 2002).  

Project Overview 

In Chapter One I addressed the topic of this project and I presented the two guiding 

questions that will inform the literature review. I discussed the relevance of teacher questioning 

in mathematics and the value of teacher-student awareness, the impact these have on my desire 

to develop my professional teaching practice, and the journey that has led me to this place.  
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I also shared the three theoretical frameworks that guide the literature review. In Chapter 

Two, I explain the guiding theoretical understandings in greater detail. I also provide a literature 

review of the supporting research in the field. In Chapter Three, I address the findings from the 

literature review and incorporate them into a teacher workshop. The power point will present the 

impact of the relationship between teacher questioning and the role of teacher-student awareness, 

on the learning of mathematics. Chapter Four includes my reflections on how this journey has 

impacted my thinking about teaching mathematics in the kindergarten class, how my relationship 

with mathematics has shifted, and how my new understanding has reshaped our classroom 

learning experiences.  I also include recommendations for future studies.  
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Chapter Two 

Over the past few decades, constructivism has been one of the most impactful theories in 

mathematics education (Steffe & Wiegel, 1992). Globally, mathematic educators are viewing 

one’s mathematical learning as an active, constructive process (Cobb, 2005; Cobb, Yackel, & 

Wood, 1992). As a result, this capstone will be guided by two complimentary theories that draw 

on this understanding and impact children’s mathematical learning: i) constructivist theory 

(Davis & Sumara, 2003; Dewey, 1929; Ernst, 1991), which recognizes that one recursively 

constructs his or her own understanding of the experience; and, ii) social constructivism (Bruner, 

1962; Davis & Sumara, 2003; Glaserfeld, 1989; Rogoff, 1984; Steffe & Kieren, 1994) where 

knowledge is constructed through social interactions. 

Co-emergence with the Curriculum 

 The renewed British Columbia provincial curriculum seeks to educate students for the 

21
st
 century. The focus of the newly revised curriculum is on developing deeper conceptual 

understandings, while emphasizing flexible, student-centered environments that provide the best 

learning experiences for students (British Columbia Ministry of Education, 2016).  It is 

suggested that these environments promote curiosity, and active student engagement, enabling 

students to take an increased responsibility for their learning. The outlined standards are 

presented at a level of high conceptual understanding which are listed as the “big ideas” (British 

Columbia Ministry of Education, 2016), and include: communication; thinking; and, personal 

and social responsibility. The Learning Standards for Kindergarten mathematics address some of 

the following curricular competencies: 

i) use reasoning to explore and make connections; ii) to develop, demonstrate, and apply 

mathematical understandings; iii) develop and use multiple strategies to engage in 

problem solving; iv) communicate mathematical thinking in many ways; v) use 
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mathematical vocabulary and language to contribute to mathematical discussions; vi) 

explain and justify mathematical ideas and decisions; vii) reflect on mathematical 

thinking; and, viii) connect mathematical concepts to each other (British Columbia 

Ministry of Education, 2016).  

Several of the following research studies, while addressing the impact of teacher questioning on 

students’ mathematical understanding, also support the Learning Standards outlined in the BC 

Ministry of Education Kindergarten mathematics curricular competencies.  

Constructivism Theory 

 Constructivism focuses on individual learning where people recursively reorganize their 

current understandings of knowledge in an attempt to make sense of their worldly interactions 

(Davis & Sumara, 2003; Dewey, 1929; Ernst, 1991). Constructivists claim that knowledge 

cannot be passively transferred from one person to another, but rather that knowledge is actively 

constructed through individual experiences of authentic tasks and the reconfiguration of their 

understanding of reality. According to Dewey (1929), learning is a “process of living” (p.19). As 

one draws information through the use of his or her senses, knowledge is continually being 

shaped and reformed. Constructivists view learning as complex and non-linear since learning is 

actively constructed as one attempts to make sense of his or her interactions with the world. 

Because one’s interactions and the reflection of those interactions are the driving force of 

forming new constructs, the mind and knowledge recursively loop and cannot be separated from 

each other. When reflecting on these cognitive transformations, accessible spaces are available to 

invite new ways of thinking, develop new cognitive constructs, and form new theories about the 

occurrence. Therefore, educators need to be cognizant of a child’s knowledge and present 

opportunities to build on the learner’s interests (Dewey, 1929). 
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 When adopting a constructivist (Davis & Sumara, 2003; Dewey, 1929; Ernst, 1991) 

position, implications for the teaching and learning of mathematics must be considered. If 

learning is an active process, where the learner receives information through his or her senses, 

relevant, meaningful, mathematical activities need to be provided where learners are able to 

engage using their hands and minds (Dewey, 1929; Ernst, 2006). As the student interacts within 

his or her environment, sufficient time needs to be allotted for the learner to recursively process 

the new information and form connections and pathways to pre-existing mathematical ways of 

knowing. Therefore, it is vital that teachers are aware of students’ previous mathematical 

knowledge so that new structures can be built upon existing understandings. Teachers need to be 

sensitive to a student’s personal methods of learning and thinking and provide mathematical 

opportunities relevant to the student’s ways of learning (Ernst, 2006). 

Social Constructivist Theory 

 Social constructivism acknowledges that an individual constructs his or her own sense of 

meaning, but emphasizes that this active restructuring of concepts emerges through social 

interactions and dialogue with others (Steffe & Weigel, 1992). It is through the information 

gathered as an individual interacts with his or her environment, converses with peers, and 

observes others’ movements that one abstracts knowledge and restructures his or her current 

ways of knowing. It is the individual’s interweaving of the social activity and reworking of 

current cognitive structures where learning takes place. The development of understanding is 

fluid and responsive as multiple perspectives are shared and communicated through dialogue. A 

different level of understanding is achieved when members interact within a group when 

contrasted with individual understanding. While individuals engage in a group dialogue, ideas 

collectively proceed to build and be restructured. With this collaboration of ideas, greater 
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learning takes place through interactions within the group than what is possible on an individual 

basis (Cobb, Yackel, & Wood, 1992; Fosnot & Perry, 2005; Thom, 2012).  

Social constructivist theory provides guidelines for the teaching of mathematics in the 

classroom (Bruner, 1962; Davis & Sumara, 2003; Glaserfeld, 1989; Rogoff, 1984; Steffe & 

Kieren, 1994). This theory focuses on an approach to mathematics that has shifted from working 

independently to developing mathematical ideas while working together, and communicating 

current understandings through dialogue. This theory lends itself to creating learning spaces 

where children interact and work together, using dialogue to question, clarify, and defend 

personal understandings. Mathematical understandings are reached as the individual considers 

meaning while the group members communicate alternate ideas, negotiate meanings, and 

achieve new goals (Bruner, 1962; Glaserfeld, 1989; Rogoff, 1984; Steffe & Kieren, 1994).  

Importance of Mathematical Learning in the Early Years 

Research shows that a student’s level of mathematical understanding in kindergarten is 

strongly predictive of future academic achievement (Moss, Hawes, Naqvi, & Caswell, 2015). 

The following studies discuss the acquisition of foundational mathematical competencies during 

the early learning years.  

Moss, Hawes, Naqvi, and Caswell (2015) reported on a five month study adapted from a 

Japanese Lesson Study, situated in an urban school in Ontario, where 90% of the student 

population was comprised of Syrian and Iraqi immigrants and refugees. The format of a Japanese 

Lesson Study has been used for nearly a century in Japan, and is now globally recognized as a 

successful method for professional development in mathematics (Chassels & Melvill, 2009; Doig 

& Groves, 2011; Groves, Doig, Widjaja, Garner & Palmer, 2013). This method enables 

educators to continually collaborate with colleagues to restructure their ways of mathematical 
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knowing, develop deep understandings of the concepts, understand underlying goals, and 

connect the students’ understandings to those goals. Participant observation is a key feature of 

the lesson study process. All participants observe one teacher demonstrating the collaboratively 

designed math lesson to a couple of students while the other educators observe student learning, 

and document data which will be used to revise the lesson. With the new acquisition of practical 

knowledge, educators return to their own classes and teach the revised lesson (Doig & Groves, 

2011). 

This study investigated ways to improve the learning of geometry and spatial reasoning 

for young children. According to Bruce and Hawes (2015), spatial reasoning abilities are a strong 

predictor of future mathematical success as higher levels of mathematics are spatial in nature. 

The participants who formed the learning team included: four kindergarten teachers and one 

grade one teacher. Data were gathered through a combination of videos, audio recordings, 

completed field notes taken by research assistants, and focus group interviews. Prior to the 

beginning of the study, all of the teachers shared their lack of interest in the subject matter, 

anxiety about mathematics, and resistance to the Ministry’s movement towards inquiry-based 

learning. The research assistants transcribed the data and categorized the findings into the “four 

lesson study adaptation categories” (Moss, et al. 2015, p. 383) applicable to: i) goal 

setting/investigation; ii) planning; iii) implementation and research lesson; and, iv) reflection of 

the teacher participants.  

As the study progressed, researchers in an attempt to strengthen the lesson study process 

and provide maximum support for teacher development of content knowledge, included four 

more adaptations  in the process:  i) teachers engaging in mathematics; ii) teachers interviewing 

students regarding mathematical tasks; iii) collaborating and co-creating exploratory lessons; 
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and, iv) the creation of teacher resources. Two teachers taught the mini lesson that was 

collaboratively designed by the learning team to several children from their classes, enabling the 

remaining members of the learning team to observe and document their observations. All teacher 

participants reflected upon the observations and discussed ways to enhance the lesson. 

Immediately upon revisions, the lesson was taught to a different small group of children. Upon 

completion, each teacher committed to teach the lesson in his or her own classroom and relay 

their students’ responses to the learning team during the next professional development meeting. 

This method provided a process for teachers to gain an awareness of students’ mathematical 

reasoning and how teaching methods influenced students’ thinking.  

The results indicated that all participants’ perceptions of mathematical activities shifted 

as they engaged with the mathematical tasks. The activities designed for the participants were 

adapted for teachers to use with their own students. Activities included a series of 

transformational geometry and spatial reasoning tasks: i) 3D cube challenge; ii) 2D tangram 

puzzles; and, iii) 2D pattern block compositions. Teachers began to understand the value of 

mathematical competency and began to view geometry as visualizing, rotating, and transforming 

objects, not just naming shapes. A participant stated, “A key piece to [the] Professional 

Development is that the teachers actually engaged in the mathematics … doing the math before 

we even consider[ed] bringing the math to our students” (p. 385). As teachers completed the 

activities with their students, through the teacher-child interview process, teachers developed 

their student observation skills which supported their abilities to ask questions and maximize 

their students’ learning potential. All the research participants reported that as a result of this 

study, they gained a deeper understanding of the importance of geometry and spatial reasoning, 
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realized the importance of flexibility in teaching, appreciated the value of good questioning, and 

gained insight into the importance of responding to children’s learning.  

Mulligan (2015) provided a descriptive analysis of how 21 grade one boys in an 

independent school located in Sydney, Australia, developed graphs to understand and represent 

data modelling. These students were from an academically selected class, and were chosen as a 

result of their outstanding academic achievement, ranking from the 96
th

 to 99
th

 percentile when 

compared to other students of the same age. The researcher and the assistant employed a design-

based research approach, where they created 16 sessions over a one year period to develop and 

build the students’ interest and skills in representing and interpreting data, through the use of 

investigations that were provoked by students’ questions about everyday events and represented 

by graphs. The students were divided into groups of 10 and 11 students to allow the researcher to 

scaffold discussions and implement tasks to challenge each student’s understandings. An aim of 

the study was to provoke an interest in data modeling, as well as to develop data structuring 

skills and explore methods of representation. The researcher observed how the students 

represented and interpreted data. She sought to move the students beyond the mere construction 

of graphs to enable student questioning of the displayed data and understand why these 

interpretations were important.   

A typical student group session began with a discussion on how representational data 

could answer a given question. Students were individually challenged to graphically represent 

the data in the most effective way. Students were asked to justify their method of representation 

and to document their thinking in written form. Students formed predictions from the data results 

and also included questions for the other students to answer during the group discussions. The 

groups discussed similarities and differences in their graphical representations and observed 



16 

 

strategies for improving their own graphs. With reflection upon their work and the new 

knowledge gained from the group discussions, students were challenged to find new or better 

ways of representing the data. Students’ representations were collected for data, creating 

individual student portfolios, as well as the participant-observers’ notes. The researcher and 

research assistant analyzed the data for “structural features, meta-representational competencies, 

and informal reasoning and generalization” (p. 656). The researcher and assistant then compared 

conclusions and resolved any noted differences.  

The results demonstrated the acquisition of students’ competency to represent data in 

graphical form. Through discussions, reflection, and refinement of the tasks, students 

increasingly developed sophisticated skills to label the variables in the graph and choose 

descriptive words for their categories. As a result of the students’ varied roles in the group 

discussions, “explaining, inferring, predicting, and generalizing” (p. 662), the students developed 

the skills to use graphical representations to understand and make sense of their world. The data 

confirmed that young children were able to represent data, engage in discussion, learn from 

others’ strategies and use critical thinking to explore the representations of the graphs far beyond 

the expectations of the traditional grade one curriculum. These selected, high achieving students, 

all progressed at varying rates throughout the study, as demonstrated by a comparison of their 

individually drawn graphs and written explanations.  

 Bruce and Hawes (2015) through the use of a Lesson Study, conducted an investigation 

to determine if in-class interventions impacted students’ spatial thinking and mental rotation 

abilities in an urban school located in a mid-sized city in Ontario.  A team of seven teachers 

(which formed the teacher-researcher team) and 42 underprivileged four to eight- year- old 

students participated in a four month study.  The children came from low socio-economic homes, 
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required specialized support for a range of diverse learning challenges, and relied on 

supplemental food programs. Although all the students in the classes participated in the 

mathematics intervention activities, each teacher chose a sample of six students to be interviewed 

by an assistant researcher pre- and post- intervention. These students were chosen to reflect a 

sample which the teacher considered to be ranging from low to high level of mathematical 

performance. “In total, 17 low-, 14 mid-, and 11 high-performing students participated” (p. 335). 

In a quiet location of the school, each student completed “an identical battery of spatial reasoning 

and mathematic assessments” (p. 335). Each child was interviewed by an assistant researcher and 

the interviews were videotaped to ensure accuracy, were used for professional learning sessions 

to demonstrate the learning capabilities of students, and were kept for future analysis of bodily 

gestures. Qualitative data were also obtained through detailed field notes and audio-recorded 

interviews with a focus group. Data were transcribed and analyzed using two stages of coding. 

The first stage of coding determined key words from each spoken word.  These codes were then 

divided into two categories: i) opportunities to learn; and, ii) teacher shifts in the projections of 

students’ abilities. The teacher-researchers collaboratively participated in mathematical 

activities, co-planned students’ activities, implemented tasks with students, then reviewed and 

redefined the activities. Students performed a series of tasks using interlocking cubes, blocks, 

tangrams, 2D and 3D shapes, and 3D pentominoes blocks. Teacher-researchers used a detailed 

observation guide to notice abilities in: orientation; symmetry; rotation of 2D shapes to compose 

larger shapes; decomposing 2D shapes; mentally rotating 2D shapes; and rotating 3D 

pentominoes blocks to create shapes shown in a drawing. The results showed a correlation 

between students’ low mathematical abilities and their spatial scores on mental rotation tasks. 

Data confirmed that interventions lead to significant gains in mental rotation skills and in 
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improving children’s spatial thinking. As a result, teachers shifted their beliefs about teaching 

mathematics and realized that by providing more appropriate learning activities, students were 

able to make great gains, surpassing achievement expectations in spatial thinking and mental 

rotations.  

Aunio and Niemivirta (2010) examined how children’s specific aspects of numeracy 

skills in kindergarten can predict their mathematical abilities in grade one. This longitudinal 

study focused on data collected from 212 kindergarten students, with an average age of six, from 

northern and southern Finnish towns. Trained volunteer teachers administered the Early 

Numeracy Test to the kindergarten students, and the grade one classroom teachers administered 

the test to the grade one children. The Early Numeracy Test focused on forty skills: “concepts of 

comparison, classification, one-to-one correspondence, seriation, the use of number words, 

structured counting, resultative counting, and the general understanding of numbers” (p. 429). 

All test materials were sent from Helsinki University, and collected data were returned to the 

university researcher for analysis. The test was administered on an individual basis with the 

Kindergarten children. The grade one teachers administered a forty-five minute group test 

adapted from a standardized mathematical test used in this region. Researchers used “partial least 

squares path modeling
3
” (p. 430) to analyze the data and establish the relationship between the 

variables. The results strongly indicated that a child’s counting skills and understanding of 

relational skills before entering kindergarten predicted their application of arithmetic skills and 

general mathematical operations. The data confirmed the significance of the early understanding 

of counting, as well as of quantity and relation skills, to the future of a student’s ability to apply 

mathematic skills.  

                                                           
3
 The partial least squares path modeling (PLS-PM) is a form of analysis applied to data/ It is “a statistical 

approach to model complex multi-variable relationships among observed and latent variables” (Vinzi, Chin, & 

Henseler, 2010, p. 2). Researchers may use this model to analyze a study’s findings. 
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Valuing Questioning  

In her seminal work, Learning to teach mathematics, Nicol (1998) emphasized that 

mathematics teaching needs to focus on deep conceptual understandings, adding that “there is no 

single correct way to teach mathematics” (p.48). She asserted that best practices in teaching 

mathematics include: i) asking the students questions; ii) listening to the students express their 

thinking; and, iii) responding to students in a way that prompts deeper levels of thinking. 

Questioning and active listening opens opportunities for mathematical exploration and enables 

students to develop a relationship with mathematics. This foundational work continues to be the 

catalyst for further investigation into the significance of questioning in mathematics pedagogy. 

The following studies provide similar support for the value of questioning. 

Frank, Webb, Chan, Ing, Freund, and Battey (2009) explored how teachers’ questioning 

strategies were used to further mathematical thinking with elementary students. Three teachers, 

two second grade and one third grade, were approached to take part in the study due to their 

participation in algebraic reasoning professional development for more than one year. These 

three elementary classrooms in Southern California shared similar demographical student 

populations, where 93% of the students received free or subsidized lunches and 52% were 

English Language Learners. The participating teachers taught with similar teaching styles - 

incorporating collaborative group work and whole-class discussions. Through the use of video 

and audio recordings, researchers collected data over a period of a one-week. The researchers 

used a coding scheme to specifically analyze teacher questioning practices that would further 

student mathematical thinking and discussion.  

Recursive analysis identified four questioning categories: i) specific questions; ii) probing 

questions; iii) leading questions; and, iv) other questions. Researchers concluded that the 
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questioning practices of the teachers following a student’s response significantly impacted the 

depth of all students’ learning opportunities. Frank et al. (2009) revealed that when a teacher 

presented a student with probing questions, which have been formulated in response to actively 

listening to the student’s verbalized thinking, teachers are able to gain insight into a student’s 

mathematical way of knowing. These probing questions prompted further elaboration, thereby 

enabling students to consolidate their own understanding, as they justified their current lines of 

thinking.  

 Martin, Polly, McGee, Wang, Lambert and Pugalee (2015) also provided evidence on the 

impact of teacher questioning in mathematics. During this year-long study conducted at the 

beginning and the end of a school year. In two high-needs, low socio-economic school districts 

in the Southern United States, field notes were written observing specific teacher-student 

interactions and the types of questions teachers asked. Participating students, ranging from 

kindergarten to grade five, were from urban and suburban districts. Forty-eight teachers who 

were participating in professional development sessions focused on cognitively demanding 

mathematical tasks were randomly chosen and observed to determine what kinds of questions 

teachers asked to engage students in mathematical discourse. Teachers from District One, 

applied to their school district to be part of the study. The teachers from District Two were 

randomly selected by the district. The teachers and the researchers mutually agreed upon the 

days in which the observations were to occur. The three researchers conducted reliability checks 

and used thematic analysis to discover two major themes: i) the questions posed by the teachers 

greatly influenced the students’ mathematical discourse; ii) and the teachers’ choice of 

questioning influenced the development of mathematical tasks.  
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Researchers concluded that the depth of classroom discourse increased when teachers 

posed questions which invited opportunities for students to participate in open classroom 

discussions, justify their individual thinking, and develop new inquiring questions. This active 

participation resulted in a higher level of student mathematical thinking replacing the simply 

recalled one word answers. The types of questions teachers asked produced varying results. 

Asking high level questions in response to a student’s comment encourages the student to justify 

his or her thinking. Questions such as, “Is this going to be the best strategy?” (p. 16) invited 

students to apply multiple strategies and encourages evaluative thinking as the group collaborates 

to make meaning. The teachers’ use of a combination of low level fact based questions and high 

level questions probed the student to reason through their construction of a mathematical 

concept. Teacher posed questions using contrast and comparison inquiries, discouraged one word 

answers, and provided opportunities for productive class communication. When teachers replace 

paraphrasing students’ responses with questions that build upon students’ prior knowledge, 

students were prompted to rework their current understandings. This study was limited as there 

were just two observations, one at the beginning and the other at the end of a school year. Martin 

et al. (2015) claimed that the role of the teacher is to act as a facilitator; to ask prompting 

questions that invite students into a discussion, where they will use reasoning to explain and 

justify their understandings.  

 Mauigoa-Tekene (2006) offered similar accounts in a research study of 20 teachers in six 

Pacific Island Early Childhood Centres in New Zealand. This study addressed the importance of 

teacher questioning skills, the role of the teacher in regards to posing questions to students, and 

explored whether teacher questioning skills could be taught. This research included two stages- a 

pre-experimental design and participatory action research. Observational data were collected by 
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each participant before and after each stage and later compiled and analyzed by the researcher. 

Participants also took notes while observing each other, and reflected upon these observations. 

Drawing on observations by the researcher and other acting participants, five main themes 

emerged when the data were collected and analyzed: i) the majority of questioning was 

considered to be low level questioning which only allowed for recall answers; ii) allowing 

inadequate child response time (less than three seconds); iii) teacher prompting of responses; iv) 

asking children who were in clear line of vision; and, v) asking questions prompting a unison 

student response. These findings prompted the researcher to invite participants in reflective 

conversations and to conduct teacher workshops to develop their questioning skills. Post training, 

participants revealed the professional development to be beneficial in the understanding of how 

to formulate, present, and follow-up on responses to the posed questions. Before training, the 

participating teachers dominated the conversations and asked low level questions which limited 

the students’ interactions with others, and stifled possibilities to further their thinking. Post 

training, teachers’ structuring of questions improved, thereby increasing teacher-student 

interactions and allowing space for students to pose questions. 

 Aizikovitsh-Udi and Star (2011) explored the environments in which teachers implement 

and ask high level questions that encourage higher-order thinking, in their teaching practices. 

The research participants, two experienced teachers in the United States, participated in the year-

long study. Researchers were interested in observing the questioning techniques of teachers as 

they taught math lessons guided by the curriculum, and the questioning techniques of teachers 

implementing a lesson created by the researchers developed to promote teacher questioning. 

Both teachers also participated in a week long professional development opportunity which 

focused on implementing the new teacher materials to promote question asking skills. One 
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teacher “the conserving teacher” (p. 1356) executed a traditional teaching methodology while the 

other participant “the leveraging teacher” (p.1356) focused on an innovative teaching style, 

taking on a facilitator role. Upon examination of the data, Aizikovitsh-Udi and Star (2011) 

concluded that their use of questioning practices were directly correlated to method of classroom 

discourse. The conserving teacher was the focal point of classroom discussions, providing her 

students with explicit information and posed questions to elicit an expected answer. The 

leveraging teacher encouraged classroom discussions where the students explored and 

questioned a variety of methods with some guidance to arrive at a solution.  

Researchers also noted that each teacher applied different values to student listening. The 

conserving teacher listened to students to confirm the correct answer. The leveraging teacher 

listened to understand the student’s mathematical ways of thinking. In this form of “interpretive” 

listening, the teacher actively heard the student’s response and formulated questions to help the 

student conceptualize their understanding. The researchers concluded that simply providing 

teachers with in-service examples of questions to ask is not enough. This study revealed that 

teachers who encourage open classroom mathematical dialogue are more likely to shift towards 

asking high level questions which lead to in-depth mathematical thinking.  

     Moyer and Milewicz (2002) conducted a study with forty-eight preservice teachers and 

forty-eight children in grades kindergarten to grade six in the southern United States.  Each 

teacher conducted an individual interview with a child to determine the categories of questions 

teachers use when working with children. Participants were told that the recorded interviews 

with the child would be used for a self-reflection process to examine their questioning 

techniques. Researchers used a combination of: i) teachers’ completed self-guided analysis; ii) 

teachers’ written personal self-reflections; iii) transcribed audiotapes; and, iv) descriptive data 
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provided on the children’s non-verbal communication. This data was used to examine 

questioning strategies implemented by the pre-service teachers during individual mathematical 

interviews. Data collected from the videos was used to determine which questions were asked to 

promote children’s mathematical thinking. Recorded questions were divided into  

several categories: i) questions that helped children to make sense of mathematics; ii) questions 

that helped children rely more on themselves to determine whether something was 

mathematically correct; iii) questions that helped children learn to reason mathematically; iv) 

questions that helped children to conjecture, invent and solve problems; and, v) questions that 

helped children to connect mathematics, its ideas, and its applications (Moyer & Milewicz, 2002, 

p. 299).  

Through the opportunity to review the interview and completing the self-reflection 

process, teachers were able to evaluate their questioning strategies and techniques. Prior to the 

gathering of data, preservice teachers were provided with examples of interviews presenting a 

variety of questions to encourage deeper mathematical thinking, along with the opportunity 

collaborate with colleagues in discussion. Upon the collection of data, researchers used constant 

comparison to code emerging themes. The data showed that preservice teachers found the 

questioning practice and reflection to be beneficial for teaching classroom mathematics. Through 

the self-reflection process, teachers were able to observe the questioning patterns they used and 

explore different kinds of questions that had the potential to be more effective in promoting 

students’ thinking. The results of the study emphasized the importance for teachers to reflect 

upon their own questioning skills in order to improve their effective questioning techniques for 

guiding mathematical instruction and deepening students’ thinking. 
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  Robitaille and Maldonado (2015) conducted a case study in Florida, to explore the use of 

teacher questioning and discussion techniques. The researchers gathered data from nine 

experienced, deemed exemplary teachers (by the district), ranging from elementary to high 

school. These teachers received their high standing as a result of their high marks on their 

teacher evaluations conducted by the district administration, for effective questioning and class 

discussion techniques. Through personal interviews examining: i) planning and preparation 

documents; ii) performance reviews; iii) reflective journals; and, iv) lesson plans, data were 

gathered, compared, and triangulated to provide credibility. Through the use of “code/recode, 

reflexivity, and verbatim quotes from the participants” (p. 11) data showed consistency and 

discovered patterns amongst the teachers. Results concluded that 50% of teachers insufficiently 

use effective questioning techniques. The researchers claimed that teachers often ask low level 

simple recall questions and are uncertain about the generated response that a question poses; is 

the question to assess or does the question assist with comprehension? This study concluded that 

there is a strong correlation between reflecting upon one’s teaching practices, and the effective 

use of questioning and discussion methods. Most participants reported that self-reflection 

significantly impacts one’s ability to develop their questioning and discussion methods by 

evaluating the word choice used in the question. All of the participating teachers emphasized the 

importance of collegial support during this process. Participants claimed that their own research 

along with collegial conversations was a very effective method of meaningful professional 

development which more teachers need to consider. The researchers and teachers in this study 

claimed that effective teaching is more than just asking high level, deep thinking questions. It 

must also include group classroom discussions where the students are able to formulate and 
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present provoking questions in which the group collaboratively explores the options to those 

questions.  

Creating an Environment for Learning Mathematics 

Researchers suggest that teachers strive to create a learning environment where children 

are able to construct their own mathematical understanding (Dixon, et al., 2009). Researchers 

suggest creating learning spaces where children are able to express their thinking, and in doing 

so, aid in the development of mathematical competencies (Greenes et al., 2004; Niklas & 

Schneider, 2014). By creating a motivating mathematical learning environment, children have 

the opportunity to develop complex mathematical understandings (Clements & Sarama, 2011). 

The following articles present the importance, complexities, and challenges of creating shifts in a 

mathematical learning environment.  

 Dixon, Egendoerfer, and Clements (2009) investigated the social norms of a grade two 

classroom in Florida. An accomplished veteran teacher completing graduate work was discontent 

with the information gathered from her studies and the textbook driven mathematics program she 

presented in her class. Data for this study were collected through multiple methods: student pre- 

and post- interviews; students’ math journals; observations; video recording of the math lessons 

and work time; and, a teacher self-reflection journal. For the first three weeks of the study, data 

were collected as math lessons were conducted according to instructions in the teacher’s manual. 

In an attempt to move towards a collaborative mathematical learning environment, the teacher 

introduced explicit social expectations for students working within a group. It was also explained 

that students would have to: i) justify their thinking; ii) ask questions for clarification; iii) justify 

their mathematical thinking to other members who posed questions; and, iv) accept mistakes as 
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part of the learning process. Data were collected for four weeks with the new method of 

mathematical instruction.  

Upon examining the data based on this new approach, the researchers concluded that 

students actively participated in meaningful mathematical conversations and were able to justify 

personal ways of thinking. With the understanding that all group members would have an equal 

opportunity to contribute to the conversations, and given the freedom to directly talk with one 

another during the discussions, all group members participated in the conversations. Students 

proceeded to shift their ways of thinking to align their ways of knowing to the group’s 

discoveries. Since the classroom environment encouraged open mathematical dialogue, students 

participated in in-depth conceptual understandings that were not permissible by direct teaching. 

Both the students and the teacher became aware of the emergence of knowledge as the group 

collaboratively negotiated mathematical meaning. For this class, mathematics evolved into an 

opportunity to explore and share ideas while developing mathematical concepts. Dixon et al. 

(2009) concluded that a mathematics classroom that invites open dialogue fosters children’s 

natural curiosity and empowers them with knowledge. 

 Bruce, Flynn, and Bennett (2015) through the process of a Lesson Study, examined the 

importance of teacher professional development focused on math, in relation to increasing young 

children’s understandings of mathematical concepts. Seven experienced teachers of four to 

seven- year- old children became co-researchers in an underprivileged socio-economic region of 

Ontario, and collected video data, student work samples, and “group-generated observation 

guides” (p. 544) to engage in debriefing discussions about their mathematics teaching over a six 

month time span. Teachers observed their students participating in exploratory mathematical 

tasks and gathered anecdotal data on their learning. Three researchers also collected detailed 
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field notes and at the end of the study session cycle, interviewed teachers regarding the 

experience. All data were coded using a coding process that revealed dominant themes related to 

teacher learning. The dominating themes were then grouped into “increased quality of teacher 

observations and increased expectations of what you children can do in mathematics” (p. 544).  

As teachers moved through the co-developed exploratory tasks and debriefed with each 

other and the researchers, strong implications for teaching mathematics emerged. Teachers 

reported that as their classroom observation skills improved during exploratory lessons, they 

were able to gain great insights into their students’ mathematical way of thinking, which they 

used as the trajectory for the lesson. Careful reflection of their observations provided the 

inspiration for planning the next consecutive lesson. This study emphasized the importance of 

exploratory group learning and how teachers’ careful observation impacted their questioning of 

the students, as well as the depth of classroom communication. Through this collaborative 

process, teachers also gained valuable insights into children’s continuum of mathematical 

learning, and the depth of professional development gained by working together and debriefing. 

 Bennett (2010) offered accounts of two new teachers in a public school system in Hawaii, 

observing how each teacher improved whole class mathematical discourse through the use of 

questioning. This case study included the following data collection methods: researcher field 

notes; semi-structured interviews; and, transcripts from a rural and urban school. The 

researcher/mentor met with the teachers to discuss the data after each observation, and offered 

opportunities for the teachers to clarify data interpretations. At the beginning of the four month 

case study, collected data demonstrated that both the teachers asked a limited amount of low 

level recall questions. Both teachers were disconcerted with the findings, as each teacher viewed 

themselves as competent in student questioning and class discussion methods. Upon reflection of 
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their lessons and discussions with the researcher-mentor, both teachers began to develop and 

form an understanding of their role in classroom discourse and the value of questioning. The 

researcher concluded that not all questions were equal and that the teachers needed to be aware 

of the kinds of questions being posed to the students, and to whom they were presenting the 

questions. Bennett (2010) stated that first year teachers often need support to reflect upon their 

practices and to develop an understanding of the significance of effective questioning and 

mathematical dialogue.  

 In a detailed study providing thick description, Jung and Reifel (2011) described how a 

kindergarten teacher with twenty years of experience used effective strategies in mathematical 

instruction to encourage children’s mathematical communication and further their mathematical 

thinking. Over a twelve week period in a public elementary school in Texas, the lead researcher, 

acting as a participant observer, focused on the delivery of the teacher’s mathematics instruction 

by recording detailed field notes, writing a reflective journal, and conducting semi-structured 

interviews. Researchers used a constant comparative method to code and categorize the data. 

Two main themes emerged from the data analysis: i) the influences of teacher’s beliefs; and, ii) 

the restrictions of the curriculum. Triangulation was present throughout the entire study, and 

transcripts of the interviews were read by the participant. The data revealed the importance of 

establishing a classroom community where children learn together, value and share ideas, and 

negotiate mathematical meaning. The teacher focused on the students’ learning processes 

through the use of discussions and negotiations, to gain insight into the child’s way of thinking. 

The research stressed the importance of providing reflective responses precisely at the 

teachable moment, using open ended “how” and “why” questions to invite students to verbalize 

their mathematical concepts and prompt deeper thinking. By presenting questions that “ask 
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children to express, rethink, and clarify their mathematical thoughts” (p. 201), students 

developed their reasoning skills. Jung and Reifel (2011) proceeded to stress the teacher’s crucial 

role in attentive listening to students’ responses. This active listening allowed the teacher to gain 

insights to children’s strengths and weaknesses, enabling the teacher to inform her teaching 

trajectories. The research concluded that the role of careful listening, questioning and responding 

to students are some key elements in developing an effective collaborative mathematical learning 

community. These understandings helped the teacher discover the important role of 

communication during mathematical learning.  

 While teaching a course on mathematical and pedagogical inquiry, Nicol (2006) 

conducted a collaborative inquiry project with fourteen prospective teachers, and fifty 

elementary school students in British Columbia. This project collected multiple sources of data at 

the university and school through journals, course work, audiotapes, videotapes, emails, and 

semi-structured interviews. Nicol (2006) explored three questions linked to pedagogy and 

inquiry: i) How do teachers respond to students when learning opportunities arise in an inquiry 

based setting? ii) What do elementary teachers view as problematic? and, iii) How can teacher 

educators support their students? Data were analyzed in three phases identifying themes and 

patterns which lead to the construction of a critical incident map. Nicol discussed the dynamics 

of an inquiry-based classroom as a space where ongoing action is provoked by events, inviting 

the group to work together and learn from each other. As the teachers attempted to interpret and 

apply this method of learning, the data revealed that teachers were challenged by their held 

mathematical beliefs and previous ways of teaching mathematics. Teachers were resistant to 

abandon the concept of following the math “rules.” Participants noted feelings of anxiety and 

frustration that the course lacked the structure they sought regarding how to teach mathematics. 
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Data revealed that teachers were challenged when attempting to understand students’ 

thinking, redefining the role of a mathematics teacher, and in shifting their current understanding 

of mathematics to an unfamiliar teaching method. Overall, the results showed that teachers felt 

“vulnerable and uncertain”(p. 33), when they were unable to comprehend the students’ line of 

thinking, respond to or question students’ dialogue, which resulted in resistance to inquiry 

learning. This place of tension and uncertainty required the teachers to move into unchartered 

areas, where they were uncertain of the benefits, importance and methods of inquiry based 

learning. Nicol suggested that to overcome resistance teachers needed to develop active listening 

in dialogue “in which one listens and is listened to” (p.35). This study brings to the forefront 

some of the challenges for teachers and preservice teachers as attempts are made to shift their 

pedagogical thinking in teaching mathematics.   

Summary 

 In this literature review, three interconnected areas were explored: i) the importance of 

mathematical learning in the early years; ii) valuing questioning; and, iii) creating an 

environment for learning mathematics. 

 The articles in the literature review bring attention to the importance of teacher 

questioning in students’ development of mathematical understanding. Many articles highlighted 

the need for teachers to develop their own personal mathematical understandings and recognize 

their level of significance on providing rich occasions for young children to extend their 

mathematical ways of thinking (Bruce & Hawes, 2015; Moss et al., 2015).  Research has shown 

that as teachers collaboratively participate in mathematical activities, their mathematical ways of 

understanding are transformed. Using this new understanding, teachers are able to 

mathematically engage with students using their observational skills to form probing questions, 
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encouraging students to deepen their conceptual understandings (Bruce et al., 2015). Through 

professional development and discussion with colleagues, teachers are able to develop a 

reflective teaching process which enables them to create a collaborative classroom environment 

(Bennett, 2010). Research has shown this environment to deepen students’ mathematical 

understandings that exceed teachers’ expectations.  

 In chapter three, based on the findings of the literature, I connect the implications of 

effective teacher questioning in mathematics for students, teachers, administrators and policy 

makers. Suggestions will be provided to help teachers develop their questioning practices and 

strategies to create a mathematical learning environment. I will also include a description of a 

professional development workshop for early childhood learning of mathematics. In chapter 

four, I reflect upon my continuing journey of developing a mathematical relationship and my 

transformation of questioning skills. I conclude with recommendations for further research in the 

field.  
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Chapter Three: Connections to Practice 

 In this chapter, I draw on information presented in the literature review to explore 

implications for teacher pedagogy, including how the literature informs: i) the role of teacher 

questioning on students levels of mathematical understanding; ii) the teacher’s role in listening to 

students ways of thinking; iii) the teacher’s response to students’ ways of thinking; and, iv) how 

these interconnected roles influence the opportunities for students mathematical learning. Based 

on the guiding theories and the literature review in the previous chapter, connections will be 

made between; i) the teacher’s understanding and personal relationship with mathematics, and 

how it impacts teacher pedagogy; ii) the teacher’s role in posing questions to students, and how it 

impacts student learning; and, iii) how the classroom environment influences mathematical 

opportunities.  

Informed by the literature, strategies and suggestions will be made for teachers and 

administrators with the purpose of supporting educators in developing positive attitudes towards 

mathematics, as well as understanding and valuing the skill of teacher questioning, and creating 

an environment that promotes the optimal learning of mathematics. This chapter also includes a 

description of a Power Point presentation (Appendix A) for primary educators who are interested 

in developing their teacher questioning skills in the area of mathematics. The teacher workshop 

aims to help educators develop an awareness of their own relationship with mathematics, reflect 

on their own methods of student questioning during class discussions, and develop an 

understanding of a classroom environment that promotes optimal mathematics learning. 
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The Importance of Mathematics in the Early Years 

The literature reviewed in Chapter Two, provided insight on the mathematical 

capabilities young learners can potentially achieve when presented with appropriate learning 

opportunities (Moss et al., 2015; Mulligan, 2015). The literature suggested that children’s early 

mathematical skills are strong predictors of future mathematical abilities (Aunio & Niemivirta, 

2010). This implies that mathematics education in the early years needs to be valued by 

educators, with efforts being made to understand how to provide optimum learning opportunities 

reflected by the needs and understandings of the students. Based on the review of the literature, 

students exceeded learning expectations when they were challenged to develop their own means 

of representation and were able to show their understanding in a variety of ways. Throughout the 

process, students were provided with opportunities to discuss their understandings with other 

students, which enabled participants to learn from their peers’ strategies (Mulligan, 2015). These 

findings also link to the learning standards in the new BC Kindergarten Mathematics curriculum. 

One of the goals is for children to communicate their mathematical understanding and justify 

their decisions. The teacher, acting as a facilitator, can incorporate class discussions to provide 

opportunities for students to explain, defend, infer, predict, and adjust their ways of knowing 

mathematical concepts. Teachers can also encourage students to represent their understandings in 

a variety of different ways to support their development of critical thinking skills. 

For educators to value the role of mathematics in their students’ lives, it is important that 

educators first develop positive relationships with mathematics.  In the study by Moss et al. 

(2015), teachers claimed that through their personal engagement in mathematical activities shifts 

occurred in their own perceptions about mathematics. During active engagement in the activities, 

teachers began to understand the importance and relevance of the tasks before sharing the 
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activities with their students. Bruce and Hawes (2015), supported the aim of improving teachers’ 

mathematical understandings, and noted that teachers found it to be of great benefit to 

collaborate with each other about the mathematical activities. One teacher was quoted as saying, 

that in addition to developing her understanding of math, she discovered the possibility of 

creating a curriculum with “no-ceiling” (p. 341). If she created learning opportunities that would 

expose, challenge, and enable spaces for students to solve problems, the learning capabilities 

were endless.  

Drawing on the ideas from approaches taken in these studies (Bruce & Hawes, 2015; 

Moss, et al., 2015), teachers could form small groups with colleagues who are interested in 

developing their mathematical pedagogy, and regularly engage in mathematical activities 

suitable for their grade level. Through active engagement in mathematical activities, teachers 

have the opportunity to examine how the activities help to further their own, as well as their 

students’ understanding of mathematical concepts. These studies suggested that collaborative 

discussions are of importance to develop a teacher’s personal relationship and understanding of 

mathematical tasks. Therefore, teachers can draw from the studies and benefit from engaging in 

collaborative discussions about the task and its relevance to develop student understandings. The 

participating teachers in both of these studies commented on how the students’ mathematical 

abilities exceeded their expectations when presented with appropriate learning opportunities. The 

literature suggests that teachers shift their currently held beliefs about mathematics curriculum to 

an open mindset, and as the teacher in the research by Bruce and Hawes (2015) observed, it is 

important to provide learning opportunities without imposing limits on students learning.  

The research by Moss et al. (2015) stated that to provide optimal learning occurrences in 

math, it is crucial for teachers to be responsive to the students’ mathematical reasoning.  The 
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literature continued to express that this is a challenging task for teachers to develop. Moss et al. 

(2015) reported that as the teachers developed their observational skills through the lesson study 

process, their awareness of how to ask probing questions and scaffold student discussions also 

developed.  

Based on the research, I suggest that practicing teachers and administrators draw from the 

experiences illustrated in the study and implement similar approaches. For example, 

administrators could allow release time for teachers to collaborate, provide the necessary 

technology for teachers, and become members of the collaborative team. After meeting with 

other colleagues and co-designing lessons, one teacher could work with a couple of students 

while the remaining teachers video-taped and observed the teacher-student interactions, 

documenting their observations. As a group, teachers could then review the data and 

collaboratively revise the lesson according to the needs in their own classrooms. The individual 

teachers could then record the session they conducted with their own class. Teachers could then 

review and review the recordings to reflect upon their interactions with their students, taking care 

to observe individual student’s thinking and examining their responses to students’ expressions 

of mathematical understanding. 

The Use of Teacher Questioning to Support Student Learning 

 Research has identified that teachers’ use of questioning skills and their responses to 

students’ talk affects the opportunities for mathematical learning (Franke et al., 2009; Martin et 

al., 2015; Mauigoa-Tekene, 2006). Through engaging in collaborative mathematical dialogue, 

students are able to check their comprehension, build deeper mathematical understandings as 

they listen to peers explain their thinking, realign their own conceptual understandings, and 

develop future inquiries (Franke et al., 2009; Martin et al., 2015). The types of questions that 
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teachers use to interact with their students shape the classroom environment and enable varied 

levels of learning opportunities.  

Drawing from the findings in the previous studies, teachers could ask questions for the 

purposes of the recall of information and to check facts, or to invite students to engage in 

meaningful conversations that require students to synthesize ideas (Franke et al., 2009). 

Questions that require students to respond with facts, rules or one word answers place the focus 

on the teacher doing most of the work. Questions which encourage students to build upon their 

explanations and ways of thinking place the focus upon the students’ understandings, and are not 

directed by a predetermined teacher outcome. Moyer and Milewicz (2002) stated that teacher 

questioning is the most widely used instructional strategy. Therefore, I believe it is imperative to 

understand the effect that teacher questioning has on the students’ learning opportunities. The 

key is to understand the effects of questioning, find a balance between the types of questions 

asked, and recognize the pivotal moment of when to ask them. This method of mathematical 

teaching may be challenging for teachers and students. The reviewed literature provides 

suggestions for teachers who are seeking to improve their questioning skills. 

 It is important that teachers develop an awareness of their own questioning strategies.  

In the study by Robitaille & Maldonado (2015), the literature suggests that teachers are 

frequently asking questions of their students. However, teachers are often unaware of the kinds 

of questions they present to their students and how their responses to the student’s thinking affect 

the student’s learning opportunities. This study discovered that teachers were asking a majority 

of low level questions and only allowing students two seconds to respond. At the beginning of 

the study, teachers were unaware that they were not asking questions that would promote critical 

thinking, problem solving, and establish a classroom environment that would promote optimal 
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student achievement. I can identify with the teachers in this study. Before beginning my graduate 

studies, I was also unaware of the impact of my questioning strategies on my students. I had 

participated in many math workshops attempting to effectively use the information provided. I 

attempted to use the questions provided in our district’s recommended math program. I believed 

that since most of my students were able to recall or explain the correct answer, that I was 

providing a successful mathematics program. It wasn’t until Jennifer
4
 and I co-taught math 

lessons as part of her research project that I changed my thinking. As I listened to her 

questioning techniques and the students’ responses, I became very intrigued with the high level 

of student understanding. As I compared the student responses from our small group work, I 

began to develop an awareness of my own questioning techniques, and how my questioning 

skills limited the level of learning of the students in my group. So too in this study, teachers 

began to understand their questioning skills as they reviewed and reflected upon transcribed 

lessons and video footage. Participants stressed the importance of the self-reflection process on 

their questioning techniques. It was through this reflection that teachers became aware of the 

questions they asked, and the choice of words they used to lead the discussions and deepen 

student understandings. Observing colleagues and discussing questioning strategies was of great 

importance to the development of individual questioning skills. “The professional development 

needed to be on-going, allowing time for teachers to apply, reflect on the outcome, adjust, 

practice, and apply asking with collegial support for constructive feedback” (Robitalle & 

Maldonado, 2015, p. 13).  

The literature suggested to teachers and administrators that if professional development is 

to occur, time and support needs to be given to the participants. An idea to consider is for 

teachers to find another colleague or form a small group of colleagues who would like to 

                                                           
4
 Jennifer refers to the mathematics professor conducting research in my classroom. 
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improve their questioning skills. They could take turns video recording and documenting 

observations while watching another teacher’s math lesson. Teachers could review the 

documentation together or only review their own lessons. Teachers could then discuss how they 

perceived their questioning skills and collaboratively adjust the techniques to promote student 

learning. Administrators could allow release time for teachers to work together, or if unable to 

provide release time, be part of the observation and discussion process.   

 Once teachers have developed an awareness of their questioning skills, Moyer & 

Milewicz (2002) stated that the next logical step is to explore how to develop effective 

questioning techniques and to become aware of what kind of mathematical questions to ask 

which are suitable to the current situation. Aizikovitsh-Udi & Star (2011) explained that it is 

more complicated than merely providing teachers with a list of quality questions.  Powerful 

questioning is affected by the way the question is asked, and by the timing of the question. 

Asking a student a question following their initial justification often helps the student to 

elaborate upon their ideas. However, to truly understand the student’s way of thinking requires a 

series of explicit questions focused on the student’s explanation. This not only demands effective 

questioning skills, but as the literature in the studies of Franke et al. (2009), Aizikovitsh-Udi & 

Star (2001), and Moyer & Milewicz (2002), emphasized, it requires actively listening to the 

students’ explanations, giving time to consider and integrate students’ solutions which could be 

developed through the use of one-on-one interviews. The development of teacher questioning 

and student observation skills acquired during one-on-one interviews can be transferred to the 

classroom setting.  

Using a similar format to those in the study, teachers could consider documenting their 

work with one or two students on mathematical activities, in order to practice asking questions 
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and responding to students’ demonstrations of understanding. By recording and transcribing the 

sessions, or reviewing video recordings, teachers are given the opportunity for self-reflection of 

their techniques, and developing an understanding of students’ ways of thinking. When 

reviewing the teacher - student sessions, it is important to notice the interactions that take place.  

One must carefully listen to the words used during the interaction, taking note of the initial 

question asked. It is very important to observe how the question was followed up. Teachers 

could write down the questions that were asked and observe when the student’s way of thinking 

was the focus. Teachers could also identify when other follow-up questions could have been 

asked to deepen the student’s understanding. Teachers are then able to consider questions that 

would have been more effective in helping the student reach a deeper level of understanding. The 

teacher could then write down a list of possible questions that could have been asked in that 

particular instance to focus on the student’s thinking. During a follow up session, the teacher 

could review the past lesson with the child and ask some of the newly generated questions. Upon 

examination of the new video footage, the teacher could reflect upon the interactions and 

evaluate if the student was moved to a deeper level of understanding. Moyer and Milewicz 

(2002) provided a sample of the categories of questions that the teachers used when examining 

their own interviews. Teacher may use these examples as a guide or starting place from which to 

reflect upon their own questioning practices, as is mentioned in my workshop. 

Questions that probed children’s thinking in several categories: 1) questions that helped 

children to make sense of mathematics (i.e., Can you explain to me why that makes 

sense?), 2) questions that helped children rely more on themselves to determine whether 

something was mathematically correct (i.e., How did you reach that conclusion?), 3) 

questions that helped children to learn to reason mathematically (i.e., How could you 
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prove that to me?), 4) questions that helped children to conjecture, invent and solve 

problems (i.e., What would happen if…?), and 5) questions that helped children to 

connect mathematics, its ideas, and its applications (i.e., Have we solved any problems 

like this before?) (p. 289-299). 

The literature in the study reviewed by Robitalle & Maldonado (2015) claimed that it is 

insufficient simply to teach teachers how to ask questions that will lead to deeper levels of 

thinking, or to provide cooperative learning opportunities. In order to implement effective 

teacher questioning and productive classroom discussions, the proper learning conditions must 

be created. 

An Environment for Learning Mathematics 

 From the literature review, one is able to draw a common thread woven amongst the 

articles.  Each makes reference to the importance of communication between the teacher and 

students in an inquiry based context (Bennett, 2010; Bruce et al., 2015; Dixon et al., 2009; Jung 

& Reifel, 2011). By creating a safe learning environment and purposefully listening to students 

responses as the class engages in mathematical activities, teachers can use questioning to further 

students’ thinking. 

Teachers may use the study conducted by Jung and Reifel (2011) as a guide when 

planning their mathematics lessons. Initially teachers could consider how to create a safe and 

comfortable environment, where students are able to freely express their thoughts and ideas. This 

space for students invites active participation and allows for the development of children’s self-

confidence.  Next, the teacher could intentionally plan mathematical tasks that would challenge 

students’ thinking and prompt children to discuss and debate possible solutions. During the 

discussions, the teacher could focus on the mathematical process and aid the negotiation of 
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meaning making, not the solution. The teacher could use proficient communication skills to ask 

open-ended questions to prompt students to express their ideas, rethink current understandings, 

and clarify their thoughts. The teacher could use reflective responses to validate their students’ 

thinking and encourage deeper levels of thought. By purposefully listening to the students’ 

responses, the teacher could gain insight to their mathematical understandings and revise and 

develop subsequent math lessons accordingly.  

 It can be difficult for teachers to shift their teaching practices from traditional lessons 

implemented from the provided mathematics curriculum to a classroom that focusses on learning 

through an inquiry based approach. The teacher who participated in the study with Dixon et al. 

(2009) experienced great tension in making the shifts in teaching styles. The study reported that 

students actively participated once they understood the skills necessary to work within a group. 

This teacher explicitly stated the social expectations during group discussions and made clear the 

expectations for expressing their mathematical understanding. Similar to the approach taken in 

this study, teachers could discuss and develop with their class the expectations for participating 

in group discussions. As with this participant, teachers would also benefit from recording the 

class lessons and reviewing the class interactions to reflect upon the classroom dynamics and the 

strategies used by the teacher and the students. 

 The study by Bruce et al. (2015), reiterated the need for teachers to provide adequate time 

for students to discuss and explore mathematical concepts. They also emphasized the importance 

of teachers discussing their classroom environment with other colleagues. Using this 

information, teachers might consider team teaching to gain another’s perspective, using photos to 

reflect upon their lessons, or having another teacher observe the lessons, and discuss techniques 

to improve the learning experience. 
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Professional Development Workshop 

 The purpose of this capstone project is to raise awareness of the significant role that 

teacher questioning skills play in influencing students’ opportunities for learning mathematical 

concepts. Thus, I have developed a workshop (Appendix A) for early childhood educators which 

presents theories and current research, and provides suggestions for administrators and teachers 

seeking to develop their questioning skills. I have also created a handout (Appendix B) that 

summarizes information from the workshop and acts as a reference and a guide for teachers to 

use when reflecting on their own questioning practices. The first goal of the workshop is to help 

teachers reflect upon their perception of mathematics and understand their own personal 

relationship with mathematics. The second goal is to bring awareness to the role of teacher 

questioning in mathematics, and to begin a process of self-reflection regarding one’s own current 

questioning techniques. Lastly, the goal is to provide suggestions for a classroom environment 

which lends itself to effective teacher questioning. 

 In part one of the workshop, I present the goals of the workshop, briefly explain the 

guiding theories, ask teachers to reflect upon questions they currently ask when teaching 

geometry, and share my experiences that have lead me along this journey. In part two of the 

workshop, I begin with teachers reflecting on the value they place on the importance of 

mathematics. Then, I present current research on how mathematical understandings held by 

teachers and students effects mathematical learning opportunities. Similar to the participants in 

the studies, teachers will participate in mathematical tasks which conclude with a group 

discussion. Part three of the workshop begins with presenting information from the literature that 

discusses the effects of teacher questioning on the learning of mathematics. I draw on the 

research to explore how the participating teachers were able to reflect upon and improve their 
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questioning techniques. Following the methods employed in the research, workshop participants 

will work in small groups to apply the same techniques and discuss the results. In part four of the 

workshop, I draw on the literature and discuss the necessary elements and strategies educators 

used to create a learning environment which enabled effective questioning techniques. At the end 

of the workshop, I will provide an opportunity for discussion and reflection. 

Summary 

 In this chapter, I drew connections between the reviewed literature and approaches that 

educators could implement to begin the process of developing effective questioning techniques 

when teaching mathematics. I provided specific examples for teachers to use as a guide when 

reflecting upon their own teaching practices. This chapter also described a professional 

development workshop for early childhood educators seeking to develop their questioning skills 

in mathematics. In the following chapter, I reflect upon my learning journey throughout this 

project and include suggestions for further research. 
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Chapter Four: Reflection and Conclusion 

 Current literature on the importance of mathematics, teacher questioning, and supportive 

learning environments has provided the field with valuable insights that have added to our 

understanding of how teacher questioning skills affect the opportunities for young children to 

engage with mathematics. The literature also addressed methods educators may draw on as a 

guide to support their development of student questioning (Aizikovitsh-Udi & Star, 2011; Franke 

et al., 2009; Martin et al., 2015; Mauigo-Tekene, 2006; Moyer & Milewicz, 2002). Moreover, 

the literature underscored the importance of a teacher’s perception of his or her own questioning 

techniques and how it directly correlates to the depth of students’ mathematical understanding. 

Teachers’ questioning skills shape the classroom environment and enable various types of 

mathematical learning opportunities for students. Therefore, the literature supported that 

importance be placed on developing teachers’ questioning skills as we move forward to 

implement the revised British Columbia mathematics curriculum. The reviewed literature in this 

project has challenged me to provide suggestions and practical methods for primary teachers to 

create a learning environment which enables them to ask a series of reflective, probing questions 

while engaging students in meaningful mathematical tasks. 

 In this chapter, I reflect on my personal learning throughout this capstone project. I revisit 

the initial considerations presented in chapter one: i) the impact teacher questioning has on 

mathematical understanding; and, ii) the role of teachers’ active listening in responding to 

students during mathematical dialogue. I conclude with recommendations for teachers and 

administrators and suggest opportunities for further research. 
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Personal Experiences 

At the beginning of this Masters journey, I held a completely different view of 

mathematics. Drawing on my own mathematical experiences throughout school, I believed math 

to be static; a series of algorithms and rules. This belief shaped the learning activities I presented 

to my class. As most of my students were able to give the correct response to the questions I 

posed, I concluded that I was successfully teaching mathematics. Within the first couple of days 

of our mathematics course, my ways of thinking were challenged. The professor asked probing 

questions that led me to deeper levels of thinking. I began to realize that much of my thinking 

was shallow and linear, which limited my possibilities of understanding and confined my 

teaching spaces. As shifts in my understanding emerged I began to view mathematics as a series 

of relationships. As my conceptual understanding shifted, it prompted me to reflect on how I 

interacted with my environment, and the opportunities I presented for my students to interact 

within our classroom environment. My thinking was pushed further when I had the opportunity 

to participate in Jennifer’s research project. I was overwhelmed when watching the impact of her 

questioning skills on my young students. Never in my many years of teaching had I witnessed 

young children formulate and express the level of conceptual thinking that was taking place. I 

had a deep desire to become a teacher who was able to move students toward such in-depth 

levels of understandings. As I continue to develop my questioning skills, I am sensitive to 

include all students during class discussions. While I persevere to actively listen to students’ 

responses, my student awareness skills continue to develop. Every time I pose a question to my 

students, I have become consciously aware if it is a low or high level question, and ask myself 

what the purpose was of the question I asked; was it to recall information, or was the purpose to 

lead the student to a deeper level of understanding, and did my question serve the intended 
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purpose? Having reviewed the literature, I have developed a deeper understanding of the 

importance of my relationship with mathematics, and how to improve my questioning skills to 

create optimal learning opportunities for my students. Thus, I am highly motivated to share my 

conclusions from the literature review with colleagues, in order to help them understand the 

importance and effects of their own questioning methods.  

Educating Educators 

 I believe this research comes at a pivotal time in British Columbia as educators begin to 

implement the revised curriculum. I believe that there are many teachers, similar to myself, who 

carry mathematical beliefs derived from previous educational experiences- that mathematics 

focuses on applied rules to reach one correct outcome. The revised curriculum for kindergarten 

focusses on developing and applying mathematical understandings, while encouraging students 

to express their mathematical understandings in multiple ways. The curriculum acknowledges 

the importance of students explaining and justifying their ways of thinking. To be able to 

implement the revised curriculum, shifts in teaching methods need to occur. However, educators 

are being asked to make these changes in their teaching practices without receiving adequate 

support. Therefore, it is imperative that primary teachers be given the time to attend professional 

development workshops, and time to collaborate and reflect on their current teaching practices in 

order to acquire successful strategies to move forward.  

Throughout the review of the literature, it became apparent that teachers need to 

collaborate with others to help make shifts in their mathematical teaching. The teachers involved 

in the studies by Bruce and Hawes (2015) and Moss et al. (2015), actively participated in 

mathematical tasks and discussed the tasks with others which enabled them to develop their 

personal relationships with the mathematical concepts before attempting to share the tasks with 
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their students. This appears to be the starting point for creating the kind of learning environment 

that enables endless mathematical possibilities.  My hope is that this project will inspire teachers 

and administrators to create opportunities for colleagues to gather and begin to engage and 

discuss mathematical concepts relevant to their grades. Once suitable lessons have been 

collaboratively created, I propose that teachers watch and record each other working with one or 

two students as they engage in the lesson. The reviewed literature strongly implied that it was 

while the teachers reviewed and reflected upon video data, that their student observation skills 

developed as well as their awareness of asking probing questions (Moss et al., 2015). It is 

through the reflection and discussion process that teachers will open the door to enabling the 

possibilities for asking students a series of deep thinking questions. 

 As evidenced through the review of the literature, it is apparent that educators need to 

become more conscientious of their own student questioning skills. As I engage colleagues in 

conversation, I have realized that many educators are unaware of the value of their questioning 

practices. The workshop I have created can serve as a starting place for teachers to gather 

necessary information and begin the process of self-reflection into their use of questioning skills 

in mathematics. The reviewed literature emphasized that a teacher’s questioning skills strongly 

influenced the method of classroom discourse, opportunities for mathematical exploration, and 

the depth of students’ learning ( Aizikovitish-Udi & Star, 2011; Frank et al., 2009; Nicol, 1998). 

Through this project, I have come to view teacher questioning as the foundation of a teacher’s 

practice. Each question drives the momentum, encourages the direction, and shapes the tone of 

the classroom. The questions teachers pose influence and encourage the style of learning, and 

affect the conditions that shape the nature of the classroom community.  
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Based on the literature, I propose that teachers and administrators invest the time to 

review and reflect on their teaching practices. The teachers participating in the studies 

emphasized the importance of on-going self-reflection (Moyer & Milewicz, 2002; Robitailee & 

Maldonado, 2015). This can occur by teachers working with a supportive colleague to record, 

view, discuss, and retry math lessons, all the while taking care to observe the questions asked of 

the students, and noting the effects of each question. While reviewing, teachers must also 

carefully note how they are listening to the student’s responses and if the follow-up questions are 

reflective of the student’s way of thinking, moving the student to a deeper level of 

understanding.  

 The types of questions teachers ask are tightly woven with the type of classroom learning 

environment. It is a reciprocal relationship, where the questions posed and the classroom 

environment are dependent upon the other. For example, if a teacher is the holder of knowledge 

and poses recall questions to students, the exchange of information between teacher and student 

is brief and acknowledged with a right or wrong. If the teacher adheres to inquiry-based learning 

where the conceptual understanding is created by the group, the teacher acts as a facilitator and 

asks critical questions to prompt the students to deeper levels of thinking. As Nicol (2006) 

commented, this shift can be difficult for teachers who currently engage in traditional teaching 

practices. Therefore, I urge teachers to begin slowly, to begin by implementing the ideas for 

creating an inquiry-based classroom by drawing on the studies included in chapter two and the 

suggestions provided in chapter three (Jung & Reifel, 2011; Moyer & Millewicz, 2002). I also 

encourage educators to begin an open dialogue with fellow co-workers and slowly introduce new 

methods and ideas that work for their teaching situation. My hope is that this project and teacher 
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workshop will inspire educators to develop an awareness of the impact of their questioning skills 

on students, and begin the process of self-reflection of their own questioning practices. 

Areas for further research 

 Although the literature has provided the field with an understanding of how teacher 

questioning affects young children’s learning of mathematics, there is still a lack of current 

mathematical research in early childhood education. According to Aunio and Niemivirta (2010), 

children’s mathematical understanding in the early years predicts the future of a student’s ability 

to apply mathematical skills. Thus, there is a need for additional research on how educators can 

support young children in acquiring a firm mathematical foundation.  

 The reviewed literature provided strong implications for children’s mathematical learning 

opportunities in relation to teachers’ questioning skills. Further investigation on how to support 

teachers to examine their follow-up questions would be beneficial. Studies on what kinds of 

words and actions teachers use while interacting with the students during math lessons would 

also provide valuable insight to mathematics educators. The clarity of wording and word choice 

and their effect on children of diverse ethnic backgrounds and minorities while participating in 

mathematics learning would also be of interest to primary educators.   

 The reviewed literature provided insight on the importance of a teacher’s ability to 

actively listen to a student’s response in order to follow up with a probing, reflective question. 

This suggests a need for further research on developing teacher listening skills. How do teachers 

focus on a student’s language? How do teachers interpret a student’s body language and 

gestures? How do they interact with and observe their students as they engage with mathematical 

tasks? Further studies are needed to provide teachers with strategies to develop their observation 

skills to notice students’ learning in that moment. Nicol (2006) provided evidence of the 
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difficulties teachers face when attempting to make shifts in their teaching practice, and 

recognized that many are reluctant to do so. With the understanding of the significance of teacher 

questioning, and the direction of the revised British Columbia curriculum, it is a critical time for 

further research in this field.  

Conclusion 

 Teacher questioning is a powerful tool which affects students’ mathematical learning 

opportunities. To develop effective questioning techniques requires time and on-going self-

reflection. It is a career long process. Researching and reflecting upon my teaching experiences, 

it became evident to me that I needed to develop an awareness of my questioning skills, and 

needed to place a greater value on how my questioning techniques affected my students’ 

mathematical learning opportunities.  

 Through this capstone project, I became aware of the necessary strategies to develop 

teacher questioning skills in mathematics and I discovered the importance of developing one’s 

own relationship with mathematics. I also gained insight into the importance of teacher 

questioning and discovered practical methods to further one’s questioning skills and acquiring 

the methods necessary to establish a classroom environment which enables effective teacher 

questioning. Therefore, I encourage educators to take the steps to develop their questioning skills 

to provide optimal mathematical learning opportunities for their students. It is my hope that this 

capstone project may serve as the starting point of an empowering journey towards transforming 

early childhood mathematics learning and the creation of effective mathematics learning 

environments. 
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Appendix A 

Slide 1 

 

DOES IT REALLY MATTER WHAT I ASK?

How teacher questioning influences the learning of mathematics
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Slide 2 

 

WELCOME

Goals:
1. To develop a new appreciation of mathematics
2. To develop an awareness of the impact of teacher questioning on the

learning of mathematics
3.   What does this look like in my classroom?

 

 

Thank you for coming 

Today we are going to: 

-Reflect upon your own questioning skills 

-Give you some strategies to take away that will help you to move along your 

     professional learning, and help you to continue to develop your teaching skills 

Goals: 

-To develop a new appreciation for mathematics 

-To bring awareness to the impact that teacher questioning has on students’ 

     learning opportunities 

-Examine how this can fit in your classroom 

-How this merges with the revised B.C. math curriculum 
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Slide 3 

 

THEORIES

C O N T R U C T I V I S T

S O C I A L

C O NS T RU C T I V I S T

 

 

Guiding theories 

Constructivism: 

-knowledge and meaning are built upon previously constructed  understandings 

-each interaction with environment builds upon previous ways of knowing 

-learning is individualistic and through personal interpretation of the experience 

Social Constructivism: 

-understanding is constructed through social interactions 

-understanding is built upon previous constructs of understanding as one interacts 

      with others and negotiates meaning making 
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Slide 4 

 

How do you view your questioning skills?

 

 

For the purposes of this workshop, let’s use geometry for our examples. 

What types of questions would you ask your students? 

*Activity 

      Take a few moments to jot down some of the questions that you have asked 

your students. 
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Slide 5 

 

The Events That Initiated This Journey

 

 

I thought that I was effective at teaching mathematics. 

I thought that I was doing a good job. 

Most of my students were able to give the correct answer when asked a question. 
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Slide 6 

 

When teaching geometry, I used to….

 

 

I would use a chart and look at the 2D shapes. 

We would make a class chart. 

We would sing songs. 

We would use pretend cameras or magnifying glasses and go on a shape hunt in the  

     classroom and outside to find the shape of the day. 

We would make little books,….A square can be a….. 

We would sort. 

I thought that my students knew their basic shapes 

UNTIL….. 
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Before

After

Decomposing Shapes

Beginning to see new possibilities

 

 

I took part in a research project with Dr. Thom 

There was something different about her teaching geometry 

It was like nothing I had experienced before. 

The results that she drew from the children left me spell bound 

What was she doing that I wasn’t? 

I was following her lessons during small group time 
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Slide 8 

 

The beginning of self-reflection.

 

 

That was the starting point of my self-reflection 

Through discussions with the professor, I came to the realization that it was the 

     way in which she asked the students questions that led to these deep 

     understandings. 

I was asking the students questions that left the learning opportunities stifled and 

     shallow 

So I thought to myself,…. All I need is a list of good questions and I too will be 

     able to draw these great responses from my students 

Instead she told me to begin reading articles on the importance of math in the 

     early years. 

Why? 

What did that have to do with it? 
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Slide 9 

 

Geometry, how important is it really?

Ask yourself, what emphasis do you place on geometry in your mathematics instruction?

 

 

Take a moment to ask yourself, “What emphasis do you place on geometry?” 

I am embarrassed to say that I used to save it until the end of the year. 

It was kind of the fun unit after the important skills had been taught. 

Then I began to read the research... 
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Slide 10 

 

Study by Aunio & Niemivirta (2010), showed that children’s early 
relational skills predicted mathematical abilities.

Bruce and Hawes (2015), showed a

correlation between low academics and

spatial reasoning abilities.

 

 

In 2010, Aunio & Niemivirta studied 212 kindergarten students. The researchers 

tested 40 mathematical skills. The children in grade one were tested by their 

teachers. The results showed that the children’s relational skills predicted their 

mathematical abilities. 

 

Bruce and Hawes (2015), conducted a study to see if interventions would impact 

students’ spatial reasoning and mental rotation abilities. The study concluded that 

there is a direct correlation between low academic abilities and spatial reasoning 

and mental rotation tasks. With intervention, students improved in their abilities 

and surpassed teacher expectations.  
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By trying the activities first, and discussing the activities with 
colleagues, teachers began to make shifts in their thinking 
about the significance of the activity, and began 
to form their own mathematical relationship.

 

 

Another part to this study was how the teachers went about their learning 

process. Not only did the teachers work with the students, but, they tried the 

activities, discussed the activities, and developed their own understanding of the 

significance of the activity FIRST. 

GROUP ACTIVITY: In small groups, complete the following activities. Follow-up 

with a discussion. 

1. Shape train- provide train engine and bag of 3D shapes. Make a train of 

shapes, but, the shape you place must have at least one difference that 

the previous shape. Explain to your group how your shape is different 

thanthe previous shape.  

2. Painting all sides of the 3D shape – provide stamp pad, sheet paper, and  

3D shapes. Ink and stamp each face of the shape. What shapes did you 

notice within your 3D shape? What surprised you? How do they fit  

               together? 

After taking part in interacting with the activity and discussing the activity with  

    colleagues, teachers’ perceptions of math began to shift. 

They began to see the significance of the activity and began to develop their own 

    mathematical relationship. 

Did you notice any shifts in your thinking during the activity or as you discussed? 



70 

 

After watching how my class responded to the various activities in the study, I 

began to develop an understanding of how important geometry was in their ability 

to navigate and develop a relationship with their environment. I began to 

understand how much I was holding my students back from learning, how five year 

olds are capable of much more than I had ever expected, and the endless 

possibilities we as a class could achieve, if I created the opportunities. 
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By participating in the math tasks,
did you have any shifts in your perception about mathematics?

“Spatial reasoning underpins all mathematics,” Thom (2017)

 

 

Ask: 

Did you notice any shifts in your thinking as you participated in the math tasks and 

discussed the tasks with others? 

 

Dr. Thom - “Spatial reasoning underpins all mathematics.” (personal conversation, 

Jan. 12, 2017) 

 

In two of the four studies I reviewed, teachers used a lesson study approach to 

mathematics. 

 1. teachers engage in the mathematical tasks and discuss 

 2. teachers collaboratively design a lesson 

 3. one teacher tries the lesson with one or two students while the others  

              observe 

 4. teachers discuss the lesson, make adjustments and try the lesson again 

Teachers found this method very beneficial in gaining an understanding of the 

importance of the task and developing an awareness of how students think while 

engaging in the activity. 
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Best Practices in Teaching Mathematics 
Nicol (1998)

1. Ask students questions

2. Listen to students express
their ideas

3. Respond in ways that lead 
students to deeper levels of 
thinking

 

 

My understanding about geometry continued to shift as I read and observed the 

    research lessons in my classroom. 

I decided that I needed to spend more time on geometry. 

Now it is the first topic that I begin the year with and incorporate it into other 

    tasks all year long. 

Now that I have developed an understanding of the importance of mathematical 

    skills, I needed to look at how to improve my questioning skills. 

If I could just memorize great questions like the ones Jane asked, I too could 

    expand on student’s thinking and draw out results that far exceed any previously 

    held expectations. 

Then I read Learning to Teach Mathematics by Nicol (1998) 

 The best practices in teaching mathematics include:  

 1. Ask students questions 

 2. Listen to students express their ideas 

 3. Respond in ways that leads students to deeper levels of thinking 

 

Okay, …… maybe this wasn’t going to be so simple… 
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Developing questioning skills is more complex than it appears.

The majority of questions asked are 
“short answer, low-level questions 

that require students to recall 
facts, rules and procedures”

Franke, Webb, Chan, Ing, Freund, & Battey (2009, p. 381)

“Teachers find it more difficult,… to follow up on students’ 
explanations and pursue students thinking in ways that 
support students as they try to detail their strategies or 
connect with their students strategies.” (Franke et al.,p. 380)

 

 

The skill of effective student questioning is more complex than one would expect. 

Ask: Would you agree that you ask your students many questions throughout the 

        day? 

Research shows that most teachers ask their students a lot of questions. 

Ask someone to read first quote: the study by Franke, Webb, Chan, Ing, Freund & 

       Battey (2009)  

Ask someone to read second quote: Franke et al. 

Would you agree? 
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The key lies in finding a balance

Low level questions

rely on facts, recall,

defining, and naming

High level questions

require students to

compare, draw inferences,

and synthesize

 

 

The key lies in finding a balance between asking low level, fact based recall 

    questions and high level questions which require students to compare, draw 

    inferences, and synthesize information. 

Questions that engage learners: 

 -What do you notice? 

 -Can you show and tell me….. 

 -What is the same and different about ….. 

 -If ……… then…. 

 -You told me …… what if …… 

 -I wonder what if ……. 

The types of questions teachers ask create spaces for the type of student  

    engagement with the task. 

The types of questions will shape the nature of the classroom environment. 

By asking the right kind of questions, teachers can create opportunities for high- 

    level learning. 
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When teachers attentively 
listen and ask students 
probing questions they are able 
to uncover details in the 
students strategies.

Students are moved to deeper levels of thought
When teachers build upon an element of their 
explanation

 

 

In the study by Franke et al., researchers video and audio taped three elementary  

    classrooms. 

They were specifically looking at the questions teachers asked to follow up on 

    students’ initial explanations, and to see if the questions built upon the students  

    ideas. 

Data discovered that teachers often asked questions and asked another follow up 

    question. 

However, these questions were usually asked to invite the student to clarify their 

    explanation. 

Seldom, did teachers ask a series of specific questions focused on an element of  

    the student’s explanation. 

By asking a series of probing questions, teachers are able to uncover details in  

    students strategies. 

When teachers focus on what students say in relation to mathematical thinking,  

    students are moved to deeper levels of thought. 

According to this study, there are several benefits to asking a series of probing 

questions: 

 1. It helps the teacher understand students’ thinking 

 2. It can help inform the teacher’s practices to know how to plan the 

              subsequent lesson 
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 3. It helps the student clarify, solidify and correct their thinking 

 4. It provides opportunities for other students to connect to their own  

              thinking 

 5. It is VERY important to listen to what the student says and build upon the 

              student’s thinking 
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Teacher questioning is the key to providing opportunities 
of higher level discourse.

Good questions open the door and make 
way to engage in thoughtful communication.

It requires multiple specific questions
that build upon and element of the 
student’s explanation.

Teacher questioning has the potential
to further students’ thinking, encourage
problem solving, and invite 
multiple strategies.

 

 

A study by Martin, Polly, McGee, Wang, Lambert & Pugalee (2015), continues to 

     build upon the previous study. 

They claim that questioning has the potential to generate responses of students 

     thinking, encourage problem solving, and help to develop mathematical  

     strategies. 

Good questions open the door and make way to engage in active and thoughtful  

     communication. 

It requires MULITPLE specific questions that build on an element of the student’s  

     explanation. 

Questions that compare and contrast help students move to deeper levels of  

     thinking 

Questions that encourage multiple strategies and collaboration. 

     “Is this the best strategy?” (p.16) 

Questions that focus on justifying strategies and making connections rather than 

     just summarizing. 

Teacher questioning is the key to providing opportunities of higher levels of 

     discourse. 
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How can we develop more efficient teacher questioning skills?

Personal reflection

Collaboration

Discussions with 
other colleagues

 

 

How do we move forward to developing more efficient teacher questioning skills? 

Studies by Aizikovitish-Udi & Star, 2011; Mauigoa-Tekene, 2006; Moyer &  

    Milewicz, 2002; Robitaille & Maldonado, 2015, all have a common thread linking  

    them together.  

Teacher reflection, collaboration with colleagues, and collegial discussions. 

This was achieved by several methods:  

 -lesson studies 

 -video taping, reviewing and reflecting upon the interactions and types of 

           questions used, and discussing the findings with colleagues 

 -one on one interviews with a teacher and a student 
 
 

  



79 

 

Slide 19 

 

What kinds of questions 
are leading to what kinds 
of results?

How were the student’s 
questions followed up?

What kind of question would have been better at prompting 
the student to deeper levels of thinking?

 

 

As teachers participated in self-reflection, discussions and one on one interviews 

several important strategies emerged. 

The importance of: 

 1. carefully listening to the students’ explanations 

 2. when reviewing and reflecting, take note of what kinds of questions are 

              leading to what kinds of results 

 3. carefully observe, how was the child’s response followed up 

 4. consider what kind of question would have been more effective 

 5. try again  
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Questions that probed children’s thinking in several 
categories:

1) Questions that helped children to make sense of mathematics (i.e., 
Can you explain to me why that makes sense?)

2) Questions that helped children rely more on themselves to 
determine whether something was mathematically correct (i.e., How 
did you reach that conclusion?)

3) Questions that helped children to learn to reason mathematically 
(i.e., How could you prove that to me?)

4) Questions that helped children to conjecture, invent and solve 
problems (i.e., What would happen if…?)

5) Questions that helped children to connect mathematics, its ideas, 
and its applications (i.e., Have we solved any problems like this 
before?) 

Moyer and Millewicz, 2002, p. 289-299.

 

 

Moyer and Millewicz (2002) provided a great example of the questions teachers  

    used when reviewing their questioning skills. 

Ask volunteer to read slide. 

These questions will be provided in a handout. 

This study stressed the importance of teachers talking to other colleagues and the 

     importance of self-reflection. 

The process of improving one’s questioning skills takes time, 

TRY TASK: 

 -we are going to engage in a similar process to the participants in the study 

 -break into groups of 3 or 4 

 -1 person will be the student, 1 teacher, and 1-2 observers 

 -hand out photos of 3D shapes 

 -teacher will show the student the photos one at a time 

 -teacher will ask student what they notice about the shape, observers will 

           document questions and responses 

 -teacher will ask, “What do you think is on the other side of the shape?” 

Discuss the interactions, what kinds of questions, what kinds of thinking were  

      prompted, could more effective questions been asked? 

 -try again with the revised questions 

Discuss with whole group 
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 -what did you notice about the process? 

 -did you become more aware of your questioning skills? 

 -can you see how this process could be beneficial? 
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Effective mathematics teaching is more than just asking deep thinking 
questions.

One must also invite group discussions where students are able to 
collaboratively explore options to the questions.

 

 

How does this transfer into the classroom? 

According to the research by Robitaille & Maldonado (2015), effective  

    mathematics teaching is more than just asking deep thinking questions. 

One must also invite group discussions where students are able to collaboratively  

    explore options to the questions. 

How does one go about creating such an environment? 
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Goals of the B.C. curricular competencies in Kindergarten

i. use reasoning to explore and make connections

ii. develop, demonstrate, and apply mathematical understandings

iii. develop and use multiple strategies

iv. communicate mathematical thinking in a variety of ways

v. explain and justify ideas

vi. connect mathematical concepts

 

 

Let’s think about what this looks like keeping in mind the revised B.C. curricular 

competencies: 

Invite someone to read the competencies 

Research suggests creating an environment where children are able to construct 

     their own understanding as opposed to the traditional method of teaching 

     where the teacher is the keeper of knowledge and imparts his/her wisdom to 

     his/her students. 
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Making the shift to a collaborative classroom model.

The teacher in the study introduced 
explicit social expectations for

working in a group.

The teacher explained to 
students that they would have to:

1. Justify their thinking
2. Ask questions for clarification
3. Justify their thinking to others
4. Accept mistakes as part of the learning process

 

 

In a study by Dixon, Egendoerfor & Clements (2009), the teacher in the study was 

     attempting to make the shift from traditional teaching to a collaborative 

     classroom model. 

The teacher in the study introduced explicit social expectations for working in a  

    group – you could make a class agreement. 

READ bottom of slide 

The teacher discovered that with these new guidelines, dialogue was encouraged  

    and the level of student participation increased. 

Over time, her classroom evolved to an environment where there were 

    opportunities to explore and share ideas while students developed mathematical 

    concepts. 
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A kindergarten teacher’s use of effective communication
skills while teaching mathematics

Jung & Reilfel, 2011

1. Created a safe environment for students to express their ideas.

2. Planned activities that would challenge students thinking and prompt
class discussions to explore possible solutions.

3.  The discussions focused on mathematical meaning making, not on
finding the correct solution.

4. The teacher asked open ended
questions to prompt ideas, 
encourage students to rethink
understandings, and clarify 
thoughts.

5. The teacher used reflective 
responses to validate and 
encourage deeper thinking.

 

 

In another study, Jung and Reifel (2011) observed a kindergarten teacher’s use of 

     communication with her class. 

They concluded that she: have a volunteer read the slide 

In this study, it was also stressed that a teacher’s active listening skills are crucial  

     to gain insights into student’s ways of thinking and understanding. 
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Self –reflection is a powerful tool to move towards the collaborative 
classroom community that you are striving for

Reflection is most effective when discussing
and working with another colleague with 

similar interests. It is important to support 
and encourage one another.

 

 

As noted in several of the previous studies, Bruce, Flynn & Bennett (2015),  

    explained the importance of self-reflection upon one’s teaching practice.  

Not only is it important to step back and review the classroom dynamics, but it is  

    also important to discuss with colleagues. 

One can gain tremendous insight into one’s practice when working with other 

    members. 

Some suggestions could be: team teaching, having someone observe some of your 

    lessons, recording your lessons and viewing the tapes together (be certain to 

    obtain parental permission) 

It was through this process that teachers were able to make the necessary 

    advancements in their teaching practices. 

 
 

  



87 

 

Slide 26 

 

It is difficult for some teachers to make the shifts
to a collaborative method of teaching

Nicol, 2006, suggests to develop an 
active listening dialogue “in which one
listens and is listened to.” (p. 30)

Some teachers feel vulnerable
and insecure when unable to
respond to students’ ideas

 

 

Nicol, working with teachers in 2006, discovered that for some teachers to change 

    from traditional, familiar and comfortable teaching methods to methods that  

    were uncharted territories was a difficult transition to make. 

Some teachers felt vulnerable and insecure when unable to respond to students’  

    ideas. 

For these teachers it created a place of tension and resistance to move forward. 

Nicol suggests to develop active listen dialogue “in which one listens and is listened  

    to” (p.30) 

This is an ongoing process that takes time to reflect, revise, retry and reflect  

    again. 

It is most helpful to discuss and collaborate with others while attempting to make 

    shifts in one’s teaching practice. 

Nicol stated, “Learning to teach is a career-long experience.” (2006, p. 26) 
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The way I used to asked my students 
questions left the learning opportunities 

confined and stifled.

Now my questions are leading to 
opportunities for discovery.

 

 

I am still moving along my journey of developing my questioning skills. 

I have realized that the way in which I used to ask my students questions left  

    them stifled and confined with little room for growth. 

I now am continuing to develop my mathematical relationships, and teaching  

    methods that allow my students to explore possibilities and build upon their own  

    understandings.  

I hope that this workshop has inspired you to explore the endless mathematical  

    opportunities that are out there by learning to ask effective questions. 

Any questions? Discussion. 

 
 

  



89 

 

Slide 28 

 

References
Aizikovitsh-Udi, E., & Star, J. (2011). The skill of asking good questions in mathematics teaching. Procidia – Social and Behavioural

Sciences, 15,1354-1358. 

Aunio, P., & Niemivirta, M. (2010). Predicting children's mathematical performance in grade one by early numeracy.Learning and 

Individual Differences, 20(5), 427-435. doi:10.1016/j.lindif.2010.06.003

British Columbia Ministry of Education. (2016). Retrieved from https://curriculum.gov.bc.ca/curriculum/mathematics/K

Bruce, C. D., & Hawes, Z. (2015). The role of 2D and 3D mental rotation in mathematics for

young children: what is it? Why does it matter? And what can we do about it?. ZDM, 47(3), 331-343.

Bruce, C. D., Flynn, T. C., & Bennett, S. (2016). A focus on exploratory tasks in lesson study: The Canadian ‘Math for young children’ 

project. Zdm, 48(4), 541-554. doi:10.1007/s11858-015-0747-7

Bruner, J. S. (1962). On knowing: Essays for the left hand. Cambridge: Belknap Press of Harvard  University Press.

Davis, B., & Sumara, D. (2002). Constructivist discourses and the field of education: Problems and possibilities. Educational Theory, 

52(4). 409-428. Doi:10.1111/j.1741-5446.2002.00409.x

Dixon, J. K., Egendoerfer, L. A., & Clements, T. (2009). Do they really need to raise their hands? challenging a traditional social norm in 

a second grade mathematics classroom. Teaching and Teacher Education, 25(8), 1067-1076. doi:10.1016/j.tate.2009.04.011vv

Dewey, J. (1929). My Pedagogic Creed. In D.J. Flinders & Thornton (Eds.), The curriculum studies reader, 2, 17-23. 

Ernest, P. (1991). The philosophy of mathematics education. New York;London;: Falmer Press.

Franke, M. L., Webb, N. M., Chan, A. G., Ing, M., Freund, D., & Battey, D. (2009). Teacher questioning to elicit students’ mathematical 

thinking in elementary school classrooms. Journal of Teacher Education, 60(4), 380-392.

Glasersfeld, E. V. (1989). Cognition, construction of knowledge, and teaching. Synthese, 80(1), 121-140. 

doi:10.1007/BF00869951

 

 

 

  



90 

 

Slide 29 

 

Jung, H. Y., & Reifel, S. (2011). Promoting children's communication: A kindergarten teacher's conception and practice of effective mathematics 

instruction. Journal of Research in Childhood Education, 25(2), 194-210. doi:10.1080/02568543.2011.555496 

Martin, C., Polly, D., McGee, J., Wang, C., Lambert, R., & Pugalee, D. (2015). Exploring the Relationship between Questioning, Enacted Mathematical 

Tasks, and Mathematical Discourse in Elementary School Mathematics. The Mathematics Educator, 24(2).

Mauigoa-Tekene, L. I. L. A. (2006). Enhancing teachers’ questioning skills to improve children’s learning and thinking in Pacific Island early childhood 

centres. New Zealand Journal of Teachers’ Work, 3(1), 12-23.

Moyer, P. S., & Milewicz, E. (2002). Learning to question: Categories of questioning used by preservice teachers during diagnostic mathematics 

interviews. Journal of Mathematics Teacher Education, 5(4), 293-315. doi:10.1023/A:1021251912775

Nicol, C. (2006). Designing a pedagogy of inquiry in teacher education: Moving from resistance to listening. Studying Teacher Education, 2(1), 25-41. 

doi:10.1080/17425960600557454

Nicol, C. (1998). Learning to teach mathematics: Questioning, listening, and responding. Educational Studies in Mathematics, 37(1), 45-66. 

Robitaille, Y. P., & Maldonado, N. (2015). Teachers' Experiences Relative to Successful Questioning and Discussion Techniques. Online 

Submission, 5(1), 7-16.

Rogoff, B., & Lave, J. (1984). Everyday cognition: Its development in social context. Cambridge, Mass: Harvard University Press.

Steffe, L. P., & Kieren, T. (1994). Radical constructivism and mathematics education. Journal for Research in Mathematics Education, 25(6), 711-733.

Thom, J., personal communication, January 12, 2017

 

 

 

  



91 

 

Slide 30 

 

Citations for photos 

Slide 1: https://encryptedtbn0.gstatic.com/images?q=tbn:ANd9GcQMjF4elS2fHr1NnzQTpvITIMs0lB0uNbyD56-KZFHK3WhG835C

Slide 2: http://birthorderguy.com/wp-content/uploads/2014/04/Qustion-1024x761.jpg

Slide3:http://bloximages.chicago2.vip.townnews.com/heraldextra.com/content/tncms/assets/v3/editorial/1/82/182c23f2-157e-11e3-92fc-

001a4bcf887a/52275e40dfefa.image.jpg

http://karatememphis.com/upload/programs/14542985632image.jpg

Slide 4: https://encryptedtbn3.gstatic.com/images?q=tbn:ANd9GcRTGXB8dZUTTXMmpdWjZnes21cVEKyHltUlozKy6uodD30zrf7t

Slide 5: http://freefitnesstips.co.uk/wp-content/uploads/2009/10/walking2-433-x-277.jpg

Slide 6: https://encryptedtbn1.gstatic.com/images?q=tbn:ANd9GcSawO05Y9o3qIlfDQmxgsov764tOL3M_NnQbVJtqNnwtAPqie8S

https://encryptedtbn0.gstatic.com/images?q=tbn:ANd9GcSahQqh3faWEXUCQk8bPAn57vcaKM6Hc9XDda1ZTFLQKfNDkOHX

https://encrypted-tbn2.gstatic.com/images?q=tbn:ANd9GcQCw-4vUnNd6E8nMpIxXvEQltn_sqtt-K7GJ51yC_PmeKQsPbr-

https://s-media-cache-ak0.pinimg.com/564x/1a/9c/48/1a9c481c5c951df74b84678ec135a305.jpg

http://www.kindergartenkindergarten.com/2012/02/math-warm-ups-2-dimensional-geometric-shapes.htm

Slide 7: personal photos

https://www.questacon.edu.au/sites/default/files/assets/outreach/program/science-play/images/mystery_box_930w_ART4825.jpg

https://www.questacon.edu.au/sites/default/files/assets/outreach/program/science-play/images/mystery_box_930w_ART4825.jpg

https://www.questacon.edu.au/sites/default/files/assets/outreach/program/science-play/images/mystery_box_930w_ART4825.jpg

https://www.learningresources.com/images/products/en_us/altview/large/prod6121_1_lg.jpg

http://thumbs1.picclick.com/d/l400/pict/252495318016_/Vintage-1940s-Fisher-Price-Train-Engine-Looky-Chug-Chug-Wooden.jpg

https://i.ytimg.com/vi/BPrVAT_x1f4/maxresdefault.jpg

Slide 8: https://encryptedtbn2.gstatic.com/images?q=tbn:ANd9GcQvxtI_aEFvkmK2_RYCoFWPe7wiaZ5QXc_NgDerGfjucmc_dABmA

Slide 9: https://encryptedtbn3.gstatic.com/images?q=tbn:ANd9GcRM8MLsQV5n97dCUOq5sk5sRhRc3VPin1hZxlwL-cA5ISORcUfmhg

Slide 10: https://encryptedtbn0.gstatic.com/images?q=tbn:ANd9GcRlUVLvI0LF4A7hS7vNHLlHx8TEEvCdbIBTxzVSF5rxlcOMxolr

https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcTTT0aqMlGriqQTG_rxUDICpYhBQ9zIt_x7aatETIcOEBe0x_em

https://encryptedtbn2.gstatic.com/images?q=tbn:ANd9GcRwwSMoHBh7AJ5TDzM_gSuCsLXddgHj564JL9BMRilEARaz1ZuG_g

https://encrypted-tbn1.gstatic.com/images?q=tbn:ANd9GcRgt5zHaQlPHCgCxsMLgf5kI4-Zjq7KL0vnFD9Yocy5AEXa2kAH

Slide 11: https://encryptedtbn1.gstatic.com/images?q=tbn:ANd9GcQkKeM6HKS2stdanD5xnzs_qSfGuofXqrNkPILrT9BhTXZji_75

https://encryptedtbn1.gstatic.com/images?q=tbn:ANd9GcSvuOJFXnToDmmG6SHYj6pZr3QfwnoJoRDJA5BnFtHv3eKwTn-PQ

Slide 12: https://s-media-cache-ak0.pinimg.com/564x/c1/6d/8d/c16d8db196f18bfab8dcdf6816bc55ca.jpg

Slide 13: http://www.beedayhome.com/Images/scienceboy.jpg

Slide 14: https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcRZMavmC2fu2g6LV-Z2zQavRrwB9MKoBiuI06220wXQnJ3yD7u10Q

Slide 15: https://encrypted-tbn2.gstatic.com/images?q=tbn:ANd9GcRkqPccQvUXqPe0_fxNwQsZQE1xRJzpkIfzeAu9hUlNF3cNhER23Q

Slide 16: https://encrypted-tbn2.gstatic.com/images?q=tbn:ANd9GcScjMo2c7ZUruyROgI5JA8hdRs-Dh1Uq8D4urUBozJb20IxJRqUag

https://s-media-cache-ak0.pinimg.com/564x/72/eb/86/72eb865d08377e99733cde12a78fc145.jpg

https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcQu3_pt2LXslrT1QhhiqpNSn1ytSnNO707qbed8_oIc0PBiT_cN

Slide 17: https://s-media-cache-ak0.pinimg.com/564x/6b/34/66/6b3466fe3ec87fa512adde82b6b05adf.jpg

 

 

 

  



92 

 

Slide 31 

 

Slide 18: https://s-media-cache-ak0.pinimg.com/564x/85/0d/a6/850da6c31e1af3056b5186f3267b0e4c.jpg
https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcRNT_pKe20Ap8UEqjRBVmTdBRCjJGxwZZB7FXnM5LBIS9lYk1TR
https://encrypted-tbn1.gstatic.com/images?q=tbn:ANd9GcR3EM7A8BHCJBea5Ic7b0_g-u1nvLlhMQ2hQuZvwX_86E6UwkUE
https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcS9Sw5Qd_C6-LY6HX6ggQlaLNyLOHl2XqEPAoiNRwbddNIAnWau
Slide 19: http://www.modernspeechie.com.au/wp-content/uploads/2015/03/031015_1044_Usingquesti11.png
Slide 21: https://encrypted-tbn1.gstatic.com/images?q=tbn:ANd9GcQGFKtOczLw2vQ-05AoGEMjUBt6AMkyW7unyBsg9edmf-Dr2GsQrg
Slide 22: https://mepslevel1.files.wordpress.com/2016/07/img_2328.jpg?w=676&h=505
Slide 23: data:image/jpeg;base64,/9j
data:image/jpeg;base64,/9j
Slide 24: http://static.seattletimes.com/wp-content/uploads/2015/07/e506fc32-2f1f-11e5-b811-2e58ba7aff9a-780x500.jpg
Slide 25: https://encrypted-tbn2.gstatic.com/images?q=tbn:ANd9GcQa6FHqJlM-rla_WEg35jdgddw_HH8ia81U8PVFN07cBV2hDnxc
data:image/jpeg;base64,/9j/4A
Slide 26: https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcStwXydKPLC_Di6jqOjCUUbkCFdgotkjxt4c-WUNzGaNqNbg4MZ
https://media2.wnyc.org/i/800/0/c/80/1/GettyImages-HP4803-001.jpg
Slide 27: data:image/jpeg;base64,/9j/4AAQSkZJRgABAQAAAQABAAD
https://www.pinterest.com/pin/465559680214984754/Slide 22: https://mepslevel1.files.wordpress.com/2016/07/img_2328.jpg?w=676&h=505
Slide 23: data:image/jpeg;base64,/9j
data:image/jpeg;base64,/9j
Slide 24: http://static.seattletimes.com/wp-content/uploads/2015/07/e506fc32-2f1f-11e5-b811-2e58ba7aff9a-780x500.jpg
Slide 25: https://encrypted-tbn2.gstatic.com/images?q=tbn:ANd9GcQa6FHqJlM-rla_WEg35jdgddw_HH8ia81U8PVFN07cBV2hDnxc
data:image/jpeg;base64,/9j/4A
Slide 26: https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcStwXydKPLC_Di6jqOjCUUbkCFdgotkjxt4c-WUNzGaNqNbg4MZ
https://media2.wnyc.org/i/800/0/c/80/1/GettyImages-HP4803-001.jpg
Slide 27: data:image/jpeg;base64,/9j/4AAQSkZJRgABAQAAAQABAAD
https://www.pinterest.com/pin/465559680214984754/
Slide 22: https://mepslevel1.files.wordpress.com/2016/07/img_2328.jpg?w=676&h=505
Slide 23: data:image/jpeg;base64,/9j
data:image/jpeg;base64,/9j
Slide 24: http://static.seattletimes.com/wp-content/uploads/2015/07/e506fc32-2f1f-11e5-b811-2e58ba7aff9a-780x500.jpg
Slide 25: https://encrypted-tbn2.gstatic.com/images?q=tbn:ANd9GcQa6FHqJlM-rla_WEg35jdgddw_HH8ia81U8PVFN07cBV2hDnxc
data:image/jpeg;base64,/9j/4A
Slide 26: https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcStwXydKPLC_Di6jqOjCUUbkCFdgotkjxt4c-WUNzGaNqNbg4MZ
https://media2.wnyc.org/i/800/0/c/80/1/GettyImages-HP4803-001.jpg
Slide 27: data:image/jpeg;base64,/9j/4AAQSkZJRgABAQAAAQABAAD
https://www.pinterest.com/pin/465559680214984754/

 

 

 

 

  



93 

 

 

Appendix B 



94 

 

 


