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Abstract 

This self-study attempts to better understand and improve my practice as a 

critical mathematics educator. The research study emerged from tensions between my 

current practices as a mathematics teacher and my beliefs about teaching and learning 

mathematics. I conduct this research through a self-study by integrating the discipline of 

noticing (Mason, 2011) through the Integrated Noticing Framework (Nolan, 2017), 

exploring two research questions: (1) As a high school mathematics teacher, what do I 

notice as I use inquiry to enact a curriculum infused with ideas from critical mathematics 

educational research? (2) How can I more effectively teach using inquiry methods 

informed by critical mathematics educational research? 

This self-study draws on the discipline of noticing as a theoretical construct to 

guide and inform data collection and analysis. In the research, I developed three 

research-based lessons, video recorded the lessons as I taught them, viewed and edited 

those video recordings into condensed (15 minute) videos and then viewed the videos 

during noticing sessions with critical friends. After viewing the videos during the 

noticing sessions, critical friends gave an account of, followed by an account for what 

was noticed. Through analysis of the data, I constructed three categories of themes. The 

first theme related to how the discipline of noticing through the Integrated Noticing 

Framework can provide mathematics teachers, teacher educators and researchers a 

unique and practical tool for professional development. The second theme related to 

what my critical friends and I noticed, where their interpretations allowed me to better 

understand events in my classroom. The third theme related to what critical friends 

noticed but I did not. This self-study has helped me better understand and improve my 
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practices toward becoming a critical mathematics educator and creating situations for my 

students to critically reflect on the world they live in and to believe they can create 

change.	
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CHAPTER 1: Introduction 

Desks line the gymnasium floor which has been covered by plastic wrap to 
protect the hardwood finish. The sound of pencils scratching frantically on final exam 
papers fills the otherwise silent room with white noise. Instructors pace up and down the 
rows filled with over 400 Calculus students: most are scrambling through the exam to 
earn enough marks to get a 65%. Near the front of one of the rows a professor looks 
down at one particular student’s work as she attempts a very difficult problem (the 
question to separate the 95s from the 85s). Upon peering down at the pupil’s work, the 
professor notices that the student’s work is insightful, creative, and borderline ingenious. 
The first year university student’s approach to determining whether the function is 
conditionally convergent or not is not only correct, it was done in a way that the 
professor had never seen. The professor, looking down at the young student, gives an 
approving smile: the student leans back, relaxes, and gives a smile of her own… 

I provide the above vignette as it is loosely based on my experiences with 

mathematics education. I share the aforementioned vignette from two different 

perspectives: first, as a privileged mathematics student who found success in traditional 

mathematics classrooms by memorizing procedures, tricks and solution methods to the 

most difficult questions; second, as a mathematics teacher who continues to perpetuate 

hegemonic tendencies in my mathematics classroom. I have felt pressure to sort students 

based on their achievements on exams; I have been taught to believe that good 

mathematics teachers can effectively sort the 85s from the 95s. Such a testing system is 

the system I grew up in, this is the system I am used to- but I am beginning to question 

those norms. 

In this thesis I begin by providing personal and professional background that 

establishes the context of this self-study. This self-study attempts to improve my 

professional practice as I teach using methods which are consistent with critical 

mathematics education, where I want to raise my students’ critical consciousness and 

social agency. I begin this section by discussing tensions which have driven this self-
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study. I then outline some historical and current events which have informed critical 

topics explored in the developed lessons. I conclude this section by outlining the research 

questions explored in my study, and my approach to drawing on self-study.  

1.1 Background and Study Introduction  

This research study emerged from tensions between my current practices as a 

mathematics teacher and my beliefs about teaching and learning mathematics; in other 

words, I don not always act in my classroom the way I hope to. I expect students to learn 

high levels of mathematics, to use mathematics as a way to understand the world, and to 

explore critical issues using mathematics. I do not want mathematics to serve as an 

economic gatekeeper which eliminates jobs with higher economic potential. However, 

my classroom practices often draw on traditional practices in mathematics education: 

direct instruction, worksheets, and tests.  

I have been working to connect my teacher identity to my professional practices, 

and so this research study represents a snapshot in time of that work. This self-study is 

an attempt to articulate and explain what I have been working towards in my 

professional career. I understand that this research study will not address all the problems 

with my teaching. However, through this research I have attempted to improve my 

practices through a self-study by integrating mathematics teacher noticing (Sherin, 

Jacobs, & Philipp, 2011) and the discipline of noticing (Mason, 2011) through the 

Integrated Noticing Framework (INF) (Nolan, Rogers, & Sundeen, 2016; Nolan, 2017). 

This self-study conceptualizes mathematics teacher noticing as how mathematics 

teachers (1) attend to, (2) interpret and (3) respond to certain events in instructional 

settings (Sherin, et al., 2011). Furthermore, Mason (2011) outlines a collection of 
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approaches and practices which help mathematics teachers to ‘notice,’ so that they might 

act “freshly rather than automatically out of habit” (p. 36). This study is an attempt to act 

in fresh ways, and by drawing on this noticing framwork I have identified two goals: (1) 

to better understand my practices and (2) to improve those practices (Loughran, 2004) 

(see section 3.1.3 for further discussion on mathematics teacher noticing and the 

discipline of noticing). 

In addition to these goals, I sought to better understand how my classroom 

practices align with research in the field of critical mathematics education. According to 

Skovsmose (1994) and Gutstein (2006), critical mathematics education has three major 

goals as students explore critical issues; they can best be synthesized as: (1) teaching 

students high levels of mathematics where the mathematical content knowledge will not 

limit their future career aspirations, (2) giving students the opportunities to solve 

complex tasks and problems in creative and innovative ways, and (3) reflecting on 

solutions in order to learn from the approaches they used to solve tasks and problems 

(see section 2.1.1 for further discussion on these goals). Critical mathematics education 

is rooted in Paulo Freire’s (1970) research and does not view students as empty vessels 

to be filled, meaning inquiry approaches are used to guide pedagogical approaches in 

instructional settings (see section 2.2 for further discussion on inquiry). In the next 

section I situate myself within my research. 

1.2 Situating Myself in My Research 

Here, I discuss various social movements, my own professional growth, and how 

my graduate degree work at the University of Regina all inform my teaching practice and 
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how they help to inform this self-study. I construct this discussion as a means of situating 

myself as a researcher, which I believe is good research practice.  

I chose teaching as a career because I wanted to make the world a better place. I 

believe education can be used as a tool to bridge some of the economic and social 

divides that exist in our society. In Canada, income inequality and the income gap 

between the wealthy and poor is growing (Uppal & LaRochelle-Côté, 2015).  

Additionally, a multitude of environmental issues exist such as the negative 

environmental effects of oil extraction from the tar sands, oil pipelines, carbon 

emissions, climate change, and deforestation.  

There are also many racial divisions in Canada. Early in my teaching career, 

numerous social movements caught my attention: Occupy Wall Street (Calhoun, 2013), 

Idle No More (Tupper, 2014), and Black Lives Matter (Rickford, 2016). These social 

movements raised my socio-political consciousness as a citizen and also served to inform 

the public on various inequalities that exist in our world.  

While these movements were underway, I was a beginning mathematics teacher. 

I had not considered incorporating some of these issues and concerns into my 

mathematics teaching. Instead, I focused on preparing well-designed lectures, sound 

assessments, and difficult tests based on clear and direct curricular outcomes. The 

difficult tests were designed to demonstrate to the students, parents, and administrators 

of the schools I worked in that I was a “good” mathematics teacher because “good 

teachers” are able to present material in a variety of ways so that students will absorb 

information in order to score well on tests (Wright, 2012). I tried to motivate my students 

to work hard in mathematics class by showing them statistics which compared income 
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levels to education levels, hoping it would motivate them to attend University and earn a 

degree in order to enjoy a higher income later in life.   

However, during the first five years of my career, I came to realize that I was 

perpetuating a system of privilege. These approaches to instruction and assessment sent 

unintended messages to students about the nature of mathematics and what it means to 

know mathematics (Wright, 2012). Students who were successful in my classroom were 

able to successfully memorize procedures. Often I became frustrated during final exams 

when my students achieved significantly lower than on their past assessments. Early in 

my career I challenged students by giving them difficult tests, which I now believe 

privileged students who memorized procedures. Feeling unsatisfied with my practices I 

began to experiment with other methods of instruction, primarily inquiry-based 

approaches. I noticed that during those inquiry-based lessons students were more 

engaged, and this began my journey towards becoming an inquiry-based educator.  

As I sought to engage my students, I discovered resources that incorporated 

social justice issues into mathematics classrooms; one such resource was a website called 

Radical Math (Osler, 2007). Drawing on this and other resources, I incorporated issues 

of social justice into my mathematics classroom by engaging students in real-life 

applications of the mathematics we were studying. Some lessons were effective; 

however, often they felt tokenistic and were not as engaging as I had anticipated.  

Regardless of the teaching approaches I drew on, social justice issues seemed to 

emerge in my classroom. Throughout my career I have always maintained professional 

and engaging relationships with my students. Being active in extracurricular activities 

resulted in strong relationships with my students who saw me as more than a 



 

 

6 

mathematics teacher. From these relationships, conversations emerged in class which 

revolved around social issues and movements mentioned earlier- Occupy Wall Street, 

Idle No More or Black Lives Matter. Even though I was not always directly attempting 

to engage students in social justice in my mathematics lessons, current events would be 

discussed in my classroom. While these discussions gave me a sense of purpose, I 

always ended the conversations by saying, “Okay class, let’s get back to the 

mathematics.” 

1.3 Thesis Questions 

Before I list my thesis questions I would like to offer some comments about their 

creation. I found the formulation of the thesis questions difficult as the research I wanted 

to conduct existed at the intersection between my personal identity and my professional 

practices. This has included a personal need to better understand historical injustices to 

Indigenous peoples in Canada (Truth and Reconciliation Canada, 2015), inequality in the 

distribution of Canadian incomes (Uppal & LaRochelle-Côté, 2015), and various 

environmental issues. This study attempted to study how I incorporate these topics into 

my classroom practices, asking my students to use mathematics as a lens to better 

understand the world and its injustices.  

In formulating the thesis questions, I considered a variety of potential research 

questions which were largely influenced by my course-based research assignments 

throughout my Master of Education program. My goal in formulating a research question 

was to connect my practice to research in critical mathematics education. There are other 

research studies which have explored similar topics: analyzing discourses in a secondary 

mathematics classroom as a teacher uses approaches modelled on critical mathematics 
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education (Brantlinger, 2014), the development of critical mathematics lessons and units 

(Skovsmose, 1994), adopting pedagogical approaches towards social justice in 

mathematics classrooms (Gutstein, 2006), and how transforming classroom practices 

towards inquiry impacts teacher identity (Chapman & Heater, 2010). It was through 

researching critical mathematics education and through infusing what I learned through 

my Master of Education program and the direction I want my professional practices to 

go that I constructed the following two research questions: 

1. As a high school mathematics teacher, what do I notice as I use inquiry to enact a 

curriculum infused with ideas from critical mathematics educational research?  

2. How can I more effectively teach using inquiry methods informed by critical 

mathematics educational research? 

These two questions were used to guide this self-study which draws on the discipline of 

noticing (Mason, 2002, 2011) and mathematics teacher noticing (Sherin, et al., 2011) to 

better understand what happens as I am enacting lessons infused with inquiry, informed 

by critical mathematics educational research. Additionally, my study sought to improve 

my teaching practices by better aligning my practices with my beliefs about teaching and 

learning mathematics. 

In order to understand and improve my practices I drew on the Integrated 

Noticing Framework to explore my thesis questions; the INF blends lesson study 

(developing lessons in collaboration) and the discipline of noticing to study those lessons 

in a collaborative learning community. I followed the INF in the following steps: (1) I 

developed three lessons which drew on research in inquiry-based approaches and critical 

mathematics education (see Appendix A for detailed lesson plans). (2) I video recorded 
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the three inquiry lessons and condensed the full 1-hour videos to three ‘condensed 

videos’ of approximately fifteen minutes each in length. (3) I then viewed those 

condensed videos with two separate groups (critical friends): one group of university 

mathematics education researchers and one group of practicing high school mathematics 

teachers in what I refer to as noticing sessions. These noticing sessions with critical 

friends followed an agenda which was identical to that which I had experienced in my 

roles with a Teacher-Intern-Faculty-Advisor (TIFA) learning community (see next 

section for a detailed discussion of the TIFA process). Throughout the study, I kept a 

researcher reflective journal which documented my own ‘noticings’ and helped to inform 

which video clips to use in the noticing sessions. The reflective journal, video 

recordings, and audio recordings were all analyzed to inform my two research questions. 

In the next section, I write about my experiences with mathematics teacher noticing 

through the TIFA learning community, the discipline of noticing, and the INF.  

1.4 Experience with Mathematics Teacher Noticing 

Before I outline influential literature, methodological approaches, and the 

methods of my study, I write here about my experience with mathematics teacher 

noticing through the TIFA learning community, the discipline of noticing, and the 

Integrated Noticing Framework. In the Fall of 2013, I was invited to participate as a 

cooperating teacher in a research-based enhanced internship project. Through my 

participation in that enriched internship project I was introduced to the discipline of 

noticing and mathematics teacher noticing through an INF (Nolan, et al., 2016; Nolan, 

2017). Over the next three years I participated in a Teacher-Intern-Faculty-Advisor 

(TIFA) Learning Community in a variety of different roles.  
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In the Fall semesters of 2013 and 2014 I was a cooperating teacher working with 

a prospective teacher (intern), one each year, in the TIFA project and found the INF 

offered significant professional development opportunities for both interns and 

cooperating teachers. Then, in Fall 2015, I had the opportunity to work as a research 

assistant with the TIFA community. In the TIFA community, interns and cooperating 

teachers co-plan inquiry-based lessons (lesson study), teach those lessons in classrooms 

at their own schools, video record and edit the teaching of the lessons and then observe 

the videos together at the next TIFA meeting, drawing on the discipline of noticing and 

mathematics teacher noticing. Nolan (2017) has named the framework for this process 

the INF.  

While the main focus of Nolan’s research was to study her role as a faculty 

advisor, participating in the TIFA learning community through the INF led to immense 

professional growth for my interns and me. In fact, I also drew on the INF in a course-

based research assignment (EC&I 866) where I conducted a self-study into my teaching 

practice. The INF I use in my research is similar to the process written about by Nolan 

(Nolan, et al., 2016; Nolan, 2017); however, my study’s use of the INF does not integrate 

lesson study in a conventional sense to inform the lessons created.  

In summary, this section offered personal and professional background which 

helps to inform the reading of this study. I also provided a brief introduction to my self-

study thesis research as I explored two research questions: 

1. As a high school mathematics teacher, what do I notice as I use inquiry to enact a 

curriculum infused with ideas from critical mathematics educational research?  
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2. How can I more effectively teach using inquiry methods informed by critical 

mathematics educational research? 

In order to explore these two questions I drew on self-study (see section 3.1.1) 

and use the theoretical constructs of the discipline of noticing (Mason, 2002, 2011) and 

mathematics teacher noticing (Sherin, et al., 2011). Noticing is conceptualized as that 

which teachers (1) attend to, (2) interpret and (3) respond to (Sherin, et al., 2011). I use 

the INF to develop and study lessons which were: (1) created based on empirical 

research, (2) video recorded, (3) video footage was condensed and then, (4) viewed 

during noticing sessions with critical friends drawing on mathematics teacher noticing 

and the discipline of noticing (Mason, 2002, 2011). In keeping with the noticing process, 

critical friends first gave an account of then an account for what they noticed (see section 

3.1.2 for a further discussion on noticing). In the next section I review literature in 

critical mathematics education, the role inquiry plays in aligning with critical 

mathematics education, and how research in both fields informed the development of the 

three lessons for this self-study. 
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CHAPTER 2: Literature Review 

My self-study explores my teaching practices as I work towards becoming a 

critical mathematics educator. In this section I review research that has helped to create 

and inform this self-study. I begin section 2.1 by situating the research with a discussion 

on the “Math Wars” (Schoenfeld, 2004) and how it illustrates a relationship between 

what mathematics teachers believe about mathematics and the approaches they use in 

their classrooms (White-Fredette, 2010). Following a discussion of the “Math Wars” I 

discuss literature which helps to inform inquiry-based mathematics lessons; I discuss 

how literature on indigenizing mathematics can help shape pedagogy consistent with 

inquiry-based approaches. Much of the literature discussed in section 2.1 has 

intersections with the field of critical mathematics education. In section 2.2, I outline 

literature in the field of critical mathematics education by discussing its historical roots 

and goals, and how inquiry approaches are central pedagogical approaches in critical 

mathematics education. In Section 2.3, I discuss specific pedagogical approaches 

consistent with inquiry-based instruction and how this study draws on those approaches 

in the creation of the lessons being studied.  The literature I discuss in chapter two helps 

to inform the instructional approaches I use in this self-study. 

2.1 Situating the Research 

In 2013 I began a graduate degree at the University of Regina. Through my 

course-based research assignments I studied topics such as: the “Math Wars” (traditional 

vs. reform methods of mathematics instruction), Indigenizing Mathematics, and Critical 

Mathematics. There exists confluence between the aforementioned research topics and 

the field of this self-study: critical mathematics education. While pursuing a graduate 
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degree, I continued to teach grades 9-12 mathematics in an urban high school. The 

course-based research helped to inform my practices as a mathematics teacher and 

helped to align my practices with my beliefs about teaching and learning mathematics, 

and also directed me towards the topic of this research study.  

The “Math Wars” (Schoenfeld, 2004) refers to a public debate between reform-

based and traditional approaches to teaching mathematics. Reform-based mathematics 

teaching is rooted in Dewey’s philosophy of education, often called a constructivist 

approach, where students construct their understandings through experiences (Towers, 

2012; White-Fredette, 2010). Teaching mathematics through traditional approaches 

usually means that the teacher disseminates information to the students through direct 

instruction (Schoenfeld, 2004). Central to the math wars debate is a philosophical 

difference in teachers’ beliefs about what it means to know and do mathematics (White-

Fredette, 2010). By learning more about reform-based teachings, I began to create more 

experiences for my students to construct their understandings and I noticed that not only 

was it more engaging for them but they began to understand mathematical concepts at a 

deeper level (Stigler & Hiebert, 2009). These approaches are often labelled as teaching 

mathematics through inquiry (Chapman & Heater, 2010; Towers, 2012), and a plethora 

of literature exists to support these approaches (see section 2.3 for a discussion of how 

inquiry-based teaching informs this self-study).  

Reform-based teaching approaches changes the role of the teacher and also 

changes how a teacher interacts with students. The notion of creating experiences for 

students resonates with approaches to Indigenizing mathematics. Lunney Borden (2011) 

connects the noun-based language of mathematics to the verb-based Mi’kmaw language. 
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By connecting mathematics to verb-based languages, Lunney Borden provides an 

example of mathematics teachers being culturally and linguistically responsive. Early in 

my career, I attempted to verbify mathematics and it has proven to be an effective 

approach in helping students better understand mathematics. Below are two approaches 

to simplifying radical expressions in algebra. The first is a traditional approach and the 

second is my interpretation of Lunney Borden’s verbified approach: 

Traditional Approach Verbified Approach 

54!  

27×2!  

27! × 2!  

3 2!  

In the traditional approach 
students are asked to find a 
perfect cube (noun) which 
divides evenly into the 
radicand (54 in this case). 
Once the perfect cube is 
found it is divided evenly 
into the radicand and then a 
procedure is followed, “the 
cubed roots of perfect cubes 
is an integer.”  

54!  

            3×3×3×2!  

3× 2!  

3 2!  

In the verbified approach 
students are taught to 
understand the radicand as a 
composite number where the 
radical (cubed root in this 
case) is performing an 
operation of “turning three 
factors into one.” A square 
root is also understood as 
taking “two identical factors 
and making one.” 
	

I should be clear that this approach is a pedagogical approach and does not Indigenize 

the curriculum; rather, it makes the mathematical concepts more accessible to various 

language orientations (verb-based languages). In my experiences both approaches appeal 

to different learning styles and have benefits. However, Lunney Borden suggests that the 

verbified approach helps students whose first language is verb-based to better connect 

with the mathematics. 

Sterenberg (2013) emphasizes that Indigenizing mathematics can include the use 

of stories, as well as the act of connecting mathematics to place. Connecting 

mathematics to a story can help students experience mathematical concepts in a positive 

way; whether it be the story of Karl Gauss adding up the integers from one to ninety-nine 
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or the story of Rene Descartes creating the ordered-pair coordinate grid system, stories 

help students experience mathematics differently. I have found incorporating 

pedagogical strategies focused on student learning in holistic ways improves my 

students’ experiences in my mathematics classroom; this requires a focus on the 

students’ mental, emotional, physical and spiritual dimensions. 

Russell and Chernoff (2013) suggest that there exists a theoretical third approach 

(not traditional or reform-based) that mathematics teachers may adopt: the trans-reform 

approach. This third approach adopts a holistic view of understanding and while Russell 

and Chernoff may not explicitly discuss the content or the goals of the approach, they 

draw on Willie Ermine’s (2007) “Ethical Spaces” to create a theoretical framework for 

the approach.  

As I researched approaches to Indigenizing my own mathematics curriculum and 

instruction, much of the literature drew on another field in mathematics educational 

research: the field of critical mathematics education. Critical mathematics education 

aims to challenge “racism, sexism, ageism, heterosexism, monopoly capitalism, 

imperialism, neoliberal globalization, and other alienating, totalitarian institutional 

structures and attitudes that permeate our Anglo-European mathematics culture” (Powell, 

2012, p. 31). After reading about critical mathematics and its historical roots, I realized 

very quickly that I wanted my teaching to be rooted in this field of research and practice. 

This study serves as an intentional documentation of my attempts to draw on critical 

mathematics education in my secondary mathematics classroom.  
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2.2 Critical Mathematics Education 

My research study attempts to challenge the aforementioned structures and 

attitudes (e.g., imperialism) (Powell, 2012) to help the world become a place where 

“inequality, arrogance, and bigotry have no place” (D'Ambrosio, 2016, p. 25). Thus, one 

goal of this research study is to better incorporate issues of social justice and inequality 

so that my students will become more socio-politically aware and have opportunities to 

develop social agency (Frankenstein, 1983; Gutiérrez, 2013; Gutstein, 2006). In this 

section, I outline pertinent literature in critical mathematics education, I synthesize the 

goals of critical mathematics education, and I identify how critical mathematics 

education helps to inform this self-study. I begin by conceptualizing critical mathematics 

education from a historical perspective. I then discuss research in the field and how it can 

be synthesized and adapted by practicing mathematics teachers. I close this section by 

proposing that critical mathematics educators might adopt inquiry-based practices. 

Critical mathematics education is a field replete with decades of research. Powell 

(2012) traces the origins of criticalmathematics1 (sic) to the international study group on 

ethnomathematics (ISGEm). This study group created two criteria for critical 

mathematics: (1) to promote the teaching of mathematics in different cultural contexts 

and (2) to encourage further research in ethnomathematics (Powell, 2012). According to 

Powell, one of the overarching goals of critical mathematics is to counter and 

disempower Eurocentric methods of mathematics education, and to push students to 

social action by challenging ideologies such as “sexism, racism, ageism, heterosexism, 

                                                
 
1	Criticalmathematics	was	originally	a	single	word	coined	by	the	international	study	group	on	
ethnomathematics	(Powell,	2012);	it	later	developed	into	a	two	word	phrase:	critical	mathematics.	
2	Frankfurt	school	is	also	known	as	the	Institute	of	Social	Research	
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capitalism, neoliberal globalization and many other structures which seek to oppress 

groups of people” (Powell, 2012, p. 31). Historically, critical mathematics education 

emerged from two theoretical camps, highlighted by two major researchers in the field: 

(1) Ole Skovsmose, whose research is rooted in the Frankfurt school2 and (2) Marilyn 

Frankenstein, who draws on Freire’s critical pedagogy. Brantlinger (2014) discusses how 

“Skovsmose (1994) and Frankenstein (1983) both see their critical interventions as 

enlightening mathematics students so they can work towards socially democratic 

outcomes” (p. 202). Both researchers’ contributions help to shape this study and I will 

discuss both, with special attention being placed on the shared aspects of each camp in 

the hopes of establishing theoretical confluence. 

Critical mathematics can be traced through critical theory which was developed 

at the Institute of Social Research in Frankfurt. In the 1930s, critical theory gained 

traction thanks to Horkheimer, Adorno, Marcuse and others and is described as an 

“interdisciplinary study … to interpret social life with the aim of finding opportunities 

for radical social improvements behind the bulwark of facts” (Skovsmose, 1994, p. 11). 

Skovsmose (1994) links critical theory to literacy and suggests that the same link can be 

made to mathematics. In what Skovsmose calls mathemacy, he identifies three different 

competencies: mathematical knowledge, technological knowledge and reflective 

knowledge. Skovsmose argues that critical mathematics educators must incorporate these 

three competencies into any curriculum designed to reflect the tenents of critical 

mathematics education. Skovsmose (1994) discusses the importance of developing 

mathemacy in schools: 

                                                
 
2	Frankfurt	school	is	also	known	as	the	Institute	of	Social	Research	
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If mathemacy has a role to play in critical education, similar to but not identical 

with the role of literacy, then mathemacy must be seen as being composed of 

different competencies, a mathematical, a technological and a reflective 

competence. But especially: Reflective knowing has to be developed to provide 

mathemacy with an element of empowerment (p. 117, italics in original). 

Skovsmose describes mathematical knowledge as the type of knowledge traditionally 

taught in schools, often characterized by algorithms used to perform certain calculations. 

Technological knowledge is described as an applied mathematical model used to solve a 

given situation or task. Reflective knowledge is a form of metacognition. 

 In the United States, Marilyn Frankenstein (1983) outlines a theoretical 

framework for critical mathematics. Frankenstein’s epistemology parallels Freire’s 

(1970) Pedagogy of the Oppressed, encouraging holistic and student-centered 

approaches. Frankenstein points to the culture of mathematics education and its 

hegemonic tendencies in the general population; she illustrates a need for educators to 

move their pedagogies away from dominant approaches and toward becoming more 

innovative. Eric Gutstein, using Marilyn Frankenstein’s theoretical framework, created a 

curriculum, which moved his middle-years mathematics classroom towards a pedagogy 

for social justice. Gutstein (2006) outlined a curricular framework for teachers who want 

to develop their own curriculum and pedagogy towards social justice. According to 

Gutstein (2006), a curriculum towards social justice should contain: (1) classical 

knowledge, (2) critical knowledge, and (3) local knowledge (Gutstein, 2006). To 

illustrate these knowledges, Gutstein provides numerous classroom activities and 
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projects where he incorporates aspects of critical mathematics, which sought to heighten 

students’ critical consciousness. 

Skovmose’s three competencies for mathemacy are related to Gutstein’s notion 

of “mathematical power” (Gutstein, 2006, p. 109), which includes students’ abilities to: 

(1) perform well in a traditional sense by passing various gatekeeping exams 

(mathematical knowledge), (2) invent and create solutions for various contextual 

problems (technological knowledge), and (3) reflect on the reasonableness of those 

solutions (reflective knowledge). Skovsmose recognizes that the competencies are not 

separate but rather exist in a “web of interrelationships between types of knowing” 

(Skovsmose, 1994, p. 123). Skovsmose proposed it is through reflective knowledge that 

mathematics teachers can push students towards a twofold goal: developing critical 

consciousness and creating social agency (Gutstein, 2003; 2006).  

Within the wide array of critical mathematics literature there exists intersections 

between the various theoretical perspectives used to guide research in critical 

mathematics education. As described by Ole Skovsmose (1994) and Eric Gutstein 

(2006), critical mathematics education has three major goals as students explore critical 

issues; they are best synthesized as: (1) teaching students high levels of mathematics 

where the content knowledge will help them reach their future aspirations, (2) giving 

students the opportunities to solve complex tasks and problems in creative and 

innovative ways and, (3) reflecting on solutions in order to learn from the approaches 

they used to solve tasks and problems. For the purposes of this study, I consider 

mathemacy and mathematical power as synonymous. Thus, the lessons I developed for 

this research study attempted to build mathematical power, giving students the 
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opportunity to use mathematics as a lens with which to view the world: one that opens 

their eyes to injustices in the world (critical consciousness) and gives them the hope that 

they can change the world (social agency).  

As a classroom teacher aligning my teaching approaches to research in critical 

mathematics education meant developed lessons and activities limited the use of direct 

instruction as a pedagogical approach. In traditional approaches, the teacher is viewed as 

the knowledge keeper where he/she disseminates the knowledge to students in the form 

of rules and algorithms to memorize (Almeida, 2016; Frankenstein, 1983). Freire (1970) 

writes about the use of a banking approach by educators who “knowingly or 

unknowingly (for there are innumerable well-intentioned bank-clerk teachers who do not 

realize that they are serving only to dehumanize), fail to perceive that the deposits 

themselves contain contradictions about reality” (Freire, 1970, p. 75). The pedagogical 

approaches I adopted when developing the lessons for this research study were shaped 

by the literature on inquiry. In the next section I discuss research on inquiry-based 

instruction and how it helped to inform the development and enactment of the three 

lessons for this study.  

2.3 The Role of Inquiry 

Inquiry-based instruction has roots in Dewey’s philosophy of learning (Towers, 

2012) and can be conceptualized in a number of ways. Inquiry is a philosophical and 

pedagogical approach in mathematics education which attempts to build on students’ 

prior knowledge by posing compelling questions and engaging topics to motivate 

students to discover more about mathematics (Saskatchewan Curriculum, 2012). Towers, 

2012). Inquiry is a philosophical approach to teaching and can be enacted in a variety of 
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different ways: experiential learning, research projects, before-during-after (BDA) 

lessons (Wilburne & Peterson, 2007), and complex tasks (Jackson, Shahan, Gibbons, & 

Cobb, 2012; Stein, Grover, & Henningsen, 1996). In this section, I discuss research 

outlining inquiry-based approaches and how two particular approaches informed the 

design and implementation of the critical mathematics lessons for my research study.  

The first inquiry-based approach I drew on used a Before-During-After (BDA) 

approach (Wilburne & Peterson, 2007), similar to the three-act task (Meyer, 2011). The 

B (before), is a 5-10 minute introduction which leads into the during phase. The D 

(during) is the main portion of the lesson where students, through self-directed learning 

activities, explore and create their own understandings of mathematical topics. The A 

(after) allows students to reflect and make sense of the activity performed that day, with 

the guidance and consensus building of the teacher.  

The before attempts to engage students for the duration of the lesson by making 

use of a hook or set. In my experience, this often uses a visual artefact (picture, model, or 

video clip), a class challenge, or sometimes a guiding question. An important aspect of 

the before phase is to engage students and encourage them to ask questions that they find 

interesting or might want to explore (Meyer, 2011). The before might also require 

students to ask the teacher for particular pieces of information they need to explore their 

questions. Once students share what they find interesting or want to explore the lesson 

can move into the second phase: the during.  

In the during phase of the lesson students work individually or cooperatively to 

engage with the particular task or activity. Students construct their own understanding of 

mathematical concepts and topics as they work through the during portion of the inquiry-
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based lesson. In my experience, my role in the during phase is to guide students through 

the activity or task: at times this requires questioning students’ methods, directing 

particular students to work together, and/or re-contextualizing a particular task or 

activity.  

The after phase involves students sharing what they learned for that particular 

lesson and students are asked to reflect on the mathematics they used throughout the 

lesson. The teachers’ role in the after phase is to build consensus amongst the students 

and ensure students have an understanding of the mathematics explored. The after phase 

also allows teachers to extend or enrich the activity and assess student learning 

(Wilburne & Peterson, 2007). 

A BDA modelled lesson fits well with inquiry since students are prompted by a 

compelling and engaging introduction that attempts to hook them for the duration of the 

lesson. BDA modelled lessons are student-centered and student-directed and this is a key 

element of inquiry-based instruction, and of my research lessons. 

 The second approach to inquiry-based instruction I drew on for the three 

research-based lessons is the use of complex mathematical tasks. Jackson, Shahan, 

Gibbons and Cobb (2012) identify four tips for teachers who want to effectively 

incorporate complex mathematical tasks into their classrooms: 

(1)  Discuss the key contextual features of the task 

(2)  Discuss the key mathematical ideas 

(3)  Develop common language to describe the features 

(4)  Maintain cognitive demand (pp. 26-28). 
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By discussing key contextual features of the task, students are given an opportunity to 

ask clarification questions, ensure they understand what they want to explore, and can 

make sense of key aspects of the task. Key mathematical ideas are discussed individually 

(through reflection), in partners, in groups, or in class discussions. While discussing key 

mathematical ideas the teacher should allow students to share with each other their 

understandings. Maintaining cognitive demand throughout a task is the most difficult and 

most important aspect of increasing mathematical power in students (Gutstein, 2006; 

Jackson, et al., 2012; Stigler & Hiebert, 2009; Wilburne & Peterson, 2007). 

 Over the last few years, I have worked to include these types of inquiry-based 

lessons into my classroom. Whether it be through BDA modelled lessons (Wilburne & 

Peterson, 2007), complex tasks (Jackson, et al., 2012; Stigler & Hiebert, 2009) or some 

combination of the two models, I have found that these types of approaches engage 

students, develop their critical and creative thinking skills, and allow students to 

construct their understandings through their experiences. The philosophical and 

pedagogical approach of inquiry helps to inform my lessons for this research study. In 

the next section I will describe each lesson and how their development was informed by 

inquiry and research in critical mathematics education. 

2.4 The Lessons 

In this section I outline the three research-based lessons, including details on the 

development, rationale, and inquiry approaches used. For the research data-gathering 

phase, there were two iterations in the teaching of each lesson: first, with an 

undergraduate third-year secondary mathematics education class (EMTH), and second, 

with my high school twelfth-grade Workplace 30 class. In between these two teaching 
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experiences I made modifications based on my experiences with the third-year EMTH 

students. I present the lessons below as they were designed for, and enacted in, my high 

school class; thus, after some modifications were made to the first version. Each lesson 

has two specific learning outcomes: (1) a critical topic for students to explore and (2) a 

mathematical outcome, drawn from the Saskatchewan Curriculum (Saskatchewan 

Ministry of Education, 2012). As well, I modelled each lesson from other research based 

lessons and/or a current event which helped to further engage students. Detailed lesson 

plans can be found in Appendix A. The main goal of this section is to provide an 

overview and demonstrate how each lesson connects to the aforementioned research. 

2.4.1 Wealth Distribution (lesson 1). The critical goal explored in Wealth 

Distribution (lesson 1) draws on a BDA lesson format as students “[d]emonstrate [an] 

understanding of percentiles” (Saskatchewan Ministry of Education, 2012, p. 32). This 

lesson is modelled on a critical mathematics lesson described by Gutstein where students 

represent the GDP per capita using cookies (Boaler, 2015; Gutstein, 2006). The critical 

goal of this lesson is for students to learn, and critique the unequal distribution of income 

in Canada. This lesson aligned with Gutstein’s curricular framework as it involved: (1) 

classical knowledge (percentiles), (2) critical knowledge (unequal distribution of 

income) and (3) local knowledge (Canadian data). 

The lesson described above is an adaptation of a lesson involving cookies and 

wealth distribution (Boaler, 2015; Gutstein, 2006). In the research-based activity 

Gutstein asked his students to properly distribute cookies to groups of students. Students 

were given continental populations and gross domestic product (GDP) for each 

continent. Students were asked to group themselves by continent, ensuring that each 
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group has the correct number of students based on the population. Then, the continental 

groups were asked to determine how many cookies each group should receive as a 

percentage of the total global GDP. Through the activity students use percentages, ratios, 

and rates to determine which continents are the wealthiest per capita. The continents with 

the greatest populations (students in a group) do not always have the greatest GDP 

(cookies) and this physical representation helps students realize wealth is not fairly 

distributed globally (Gutstein, 2006).  

My research-based lesson, Wealth Distribution, was a BDA modelled lesson. In 

the before phase of the lesson students were introduced to a website entitled The Global 

Rich List (POKE, 2012). On this website, the user can input an annual income (in a 

specific currency) and the website will display an image to illustrate the percentile rank 

associated with that income. The during phase of the lesson involved students creating a 

“Canadian Rich List” similar to the website. Students calculated the annual income of a 

Canadian based on various percentile ranks (i.e. 5th percentile, 45th percentile or 95th 

percentile). Students worked in pairs at vertical non-transparent white boards for the 

during portion of the lesson. In the after phase of the lesson students shared their 

solution methods with the class and were asked to reflect on the reasonableness of their 

solutions. Once students shared their understandings of percentile ranks and how it 

related to income distribution in Canada they stood in a line holding a mini-white board, 

written on the white board was an annual income and the percentile rank of that income.  

My Wealth Distribution lesson asked students to create a physical representation 

of the annual income distribution in Canada. By creating a “Canada Rich List” students 

explored the mathematical topic of percentiles and percentile ranks as it related to annual 
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Canadian income. The critical goal of this lesson was to raise their critical awareness to 

the unequal distribution of wealth in a Canadian context.  

2.4.2. Pipeline Debate (lesson 2). The critical goal of the Pipeline Debate 

(lesson 2) involved an exploration of environmental concerns regarding the approval of 

specific pipelines in Canada and the United States. This lesson was a project-based 

lesson aimed at the curriculum outcome of having students “[e]xtend and apply an 

understanding of measures of central tendency to solve problems including: mean, 

median, mode, weighted mean, and trimmed mean” (Saskatchewan Ministry of 

Education, 2012, p. 32). This lesson was designed as a debate, positioning students 

against each other as to whether or not Canada and the United States should rely on 

pipelines to transport crude oil. This lesson aligned with Gutstein’s curricular framework 

as it involved: (1) classical knowledge (statistics), (2) critical knowledge (environmental 

and economic issues surrounding the use of pipelines to transport crude oil) and (3) local 

knowledge (as pipelines are a local issue in Saskatchewan). 

Initially, students were given an article outlining various political, environmental, 

and economic factors influencing the decision to approve the Keystone XL Pipeline 

(Morgan, 2017). During several classes, students researched statistics to support their 

position and refute their opponents as they prepared for the debate about whether or not 

pipelines should be used to carry crude oil.  

The Pipeline Debate sought to demonstrate that when mathematics is drawn on to 

construct an argument it not a politically neutral activity (Tutak, Bondy, & Adams, 

2011). Through researching environmental and economic statistics, students manipulated 

the statistics to strengthen their position in the debate. Students were able to see that facts 
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and figures can be manipulated for political and economic gain. Whether the number of 

jobs the pipelines would create, the economic stimulus it would provide, or the average 

volume of oil spilled, students made decisions on how to calculate, interpret, and display 

various statistics. In Saskatchewan, where the study took place, pipelines are a local 

issue and this was an attempt to base their learning in local issues (Gutstein, 2006).  

2.4.3 Land Matters (lesson 3). The critical goal of Land Matters (lesson 3) 

focused on the exploration of the negative effects of colonization in Canada: specifically 

issues of land sovereignty for Indigenous peoples in Canada. This lesson was a BDA 

format lesson where students, “[c]reate and solve situational questions that involve 

precision, accuracy, or tolerance, and explain the reasoning and the strategy used to 

arrive at the solution” (Saskatchewan Ministry of Education, 2012, p. 28). Students were 

asked to physically represent reserve land as compared to the total area in Canada. This 

lesson aligned with Gutstein’s curricular framework as it involved: (1) classical 

knowledge (accuracy, precision, area and percentages), (2) critical knowledge (effects of 

colonization) and (3) local knowledge (sovereign indigenous land). 

In the before phase of the lesson students were shown a map of Canada which 

included red dots representing each reserve in Canada. In the during phase, students 

were given the task of representing the area of reserve land in Canada as compared to the 

total area of Canada. Students cut out a piece of paper to the proper size and scale, 

treating their table as the area of Canada. There were multiple ways to complete the task 

but overall, students were shocked to learn that the area of reserves in Canada occupies 

less than one half of one percent of Canada’s total area (Kairos, 2016). 

In the after phase students viewed a small piece of paper on the desk which 

represented the area of reserves in Canada, knowing that pre-contact the area of the 
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entire table would have been sovereign Indigenous land. There were two extensions I 

used for students who completed the main task. First, because there are over 600 First 

Nations across Canada (Vowel, 2016, p. 260), students were asked to cut the piece of 

paper representing the First Nations’ land into 600 pieces and spread it out on the table. 

Second, students were asked to re-create the task using our classroom as representing the 

area of Canada and then cut the paper into 600 pieces. Using their representation, 

students were asked to reflect on the amount of land currently held in sovereignty, which 

led to a conversation about land ownership in Canada. Specifically, we discussed how 

the fee simple system in Canada applies to most land owners but reserve land does not 

fall under that category of land ownership (Vowel, 2016).  

Gutstein (2006) suggests that becoming a critical mathematics educator involves 

more than just classroom planning and that teachers must build political relationships 

with students (Gutstein, 2006). Gutstein’s activism with students also included classroom 

activities about Black and Latino racial profiling and gentrification of impoverished 

neighborhoods. Fulton (2008) writes of Gutstein’s work, stating “[a]lthough our context 

is different from Gutstein’s—that is, the people most oppressed by the effects of 

colonization in this country are the First Nations, Metis, and Inuit peoples of Canada—

many of the issues Gutstein identifies are the same” (Fulton, 2008, p. 210). In a 

Canadian context many issues of injustice are a result of colonization and mathematics 

can be used as a lens to understand it. Creating spaces for students to challenge racist 

ideologies, analyze disparate opportunities for the First Nations, Metis and Inuit peoples 

of Canada, and come to understand racial inequalities in Canada can be engaged with in 

a high school mathematics classroom in Saskatchewan, Canada. 
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Land Matters was designed to raise the socio-political consciousness of students 

to understand Canada’s history of colonization and how that has impacted sovereign 

Indigenous land. Land Matters is meant as a play on the word matter: the amount 

(matter) of land is important (it matters), as the negative effects of colonization is still 

seen in Canada. This activity sought to use a mathematical representation as a lens to see 

historical injustice and to begin a conversation about land sovereignty in Canada.  
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CHAPTER 3: Methodology, Method and Analysis 

In chapter three I outline the methodological approaches, data collection methods 

and data analysis techniques drawn on during this self-study. I begin section 3.1 

discussing self-study as a methodology, and the discipline of noticing. In section 3.2, I 

outline the methods of data collection, including describing the participants and data 

collection processes. I end chapter three discussing how data was analyzed by drawing 

on the theoretical construct of noticing. 

3.1 Methodology 

In section 3.1.1 I write about self-study as a methodology and outline research 

which drew on self-study. In section 3.1.2, I discuss the theoretical construct of noticing, 

specifically the discipline of noticing and how other studies have incorporated 

mathematics teacher noticing. In section 3.1.3, I write about how this study drew on both 

self-study and the discipline of noticing through the INF.  

3.1.1 Self-study: Historical roots and characteristics. Self-study is a 

philosophical and methodological approach to research which can be traced back 

through various educational researchers for over a century; self-study was formalized 

more recently, being named as a methodology in the early 1990s. Self-study is 

philosophical as it recognizes the researcher as an active agent in the study, which is 

different from positivist approaches in educational research. Traces of self-study can be 

found in influential educational literature such as Dewey’s (1916) notions of 

deliberation, Mooney’s (1957) suggestion of research for self-actualization, and Schön’s 

(1983) concept of reflection-in-action. Shifts in educational research helped to shape 

self-study as a methodological and philosophical approach, including the transitions 
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from modern perspectives to post-modern perspectives within qualitative research in 

education (Pinnegar & Hamilton, 2009). The form of self-study adopted in this research 

study does not attempt to create or enter into a paradigmatic debate between modern and 

post-modern perspectives, but rather “present(s) an alternative representation of the 

relationship of the researcher and the researched” (Pinnegar, 1998, p. 34). Self-study 

cannot be simplified to specific methods or data collection techniques; self-study data 

collection methods are driven by specific dilemmas, tensions and purposes. In this 

section, I begin by outlining a brief history of self-study, followed by a discussion of 

various studies which also drew on self-study.  

Dewey (1916) recognizes that individuals act personally and professionally in 

ways which are opposed to personal values and that through deliberation one might act 

in ways which align more with their personal values. Dewey discusses the notion that 

individuals develop bad habits and that through a process of self-deliberation people may 

begin to act in ways which align with their beliefs. Mooney (1957) discusses how 

“research is a personal venture” (p. 155) and a researcher’s identity is central to the 

research one conducts.  

In the 1980s, educational researchers became interested in studying teacher 

beliefs and therefore began to study teacher knowledge growth and its ties to practice 

(Clarke & Erickson, 2004). Foundational to these shifts was a book written by Schön 

(1983) called The Reflective Practitioner, which began to connect reflection and action. 

Schön (1983) used a variety of case studies to illustrate that through reflection-in-action, 

professionals can better understand their practices. The historical roots of Self-study of 

Teacher Education Practices (S-STEP) research emerged from teacher educators 
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reflecting on their practices as they attempted to better understand and improve them. S-

STEP was formalized in 1992 at an American Educational Research Association 

(AERA) Division K symposium (Loughran, 2004). S-STEP should not be “interpreted as 

limiting self-study to teacher educators or teacher education practices alone” (Loughran, 

2004, p. 17) and can be extended into other contexts, such as primary and secondary 

teaching. Before discussing a few specific self-studies, I will begin by describing self-

study as my methodological approach. 

Self-study cannot be summarized as a specific method, but rather involves “a 

different philosophical and political stance” (Pinnegar, 1998, p. 33) where researchers 

may use a variety of different methods in order to explore their research question(s) 

(Bullough & Pinnegar, 2001). Self-study situates and recognizes the researcher as an 

interacting agent with the subject of what is being researched: self-study researchers are 

deeply invested in their studies both personally and professionally (Bullough & 

Pinnegar, 2001). Clarke & Erickson (2004) propose that self-study occurs through an 

inquiry into relationships between teaching and learning. Self-studies take multiple 

forms as they can draw different methods of data collection. However, there are certain 

underlying principles that most self-studies have. 

One of the underlying principles of self-study is that those conducting the 

research want to better understand their practices (Loughran, 2004). In order to 

differentiate professional development and research, Bullough and Pinnegar (2001) 

suggest that self-study becomes research when biography and history are blended 

together. Bullough and Pinnegar (2001) write that it is by discussing such history 

through a personal account that, “the issue confronted by the self is shown to have 
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relationship to and bearing on the context and ethos of a time, then self-study moves to 

research” (p. 15). Self-study is not just a personal biography, it is connected to what is 

being researched from a historical and present perspective. 

Another underlying principle of self-study is that the purpose for the research 

does not dictate the data collection methods but rather data collection methods are driven 

by dilemmas experienced by the researcher (Loughran, 2004). An example of this is 

Bullough’s (1997) research which explored the question of “Why teach teachers as you 

do?” (p. 13). Bullough (1997), through drawing on biography and research with his 

undergraduate students, outlined principles of his practices and how public theory can 

develop out of practice. Bullough did not search for a simplistic answer to the question, 

but rather engaged in a variety of different data collection methods which resulted in a 

thorough discussion outlining principles on which his practices are built. By engaging 

pre-service teachers in different forms of research and by modelling those 

methodologies, Bullough provided evidence to support his claim that he was making a 

difference in his practice (Bullough, 1997). There are two features of self-study that are 

evident through Bullough’s research: (1) that self-study involves others and (2) self-

study research can blend a variety of different data collection methods and techniques.   

Often self-studies involve other people. Self-study is an inquiry into a 

researcher’s practice; however, self-study research often includes data collected by 

others with whom the researcher works (Loughran, 2004). As previously mentioned, 

Bullough’s (1997) self-study blended auto-biography and data collected from his 

student-teachers to inform his practices. Self-studies into teaching and teacher education 

often seek to garner students’ perspectives in order to inform a self-study. Self-studies 
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may also include collaborating with other researchers in order to access different 

perspectives in certain experiences which often result in challenging one’s place of 

privilege (see section 4.3 as an example through this study where my own privilege was 

challenged) (Loughran, 2004). Other self-studies draw on the use of critical friends 

(McNiff & Whitehead, 2011) in data collection, data analysis and collaborative research 

projects.  

An excellent example of two self-study research collaborators working together 

is in Jo Osler and Jill Flack’s study (2002). Osler and Flack were two elementary school 

teachers and teacher-researchers in Australia. Together they wanted to make changes to 

their teaching practices, and through their research they interpreted various interactions 

they had with their students over a six year process. In Osler and Flack (2002), they 

present their research through storytelling as an analogy of two growing poppies. 

Through exploring their practices they better understood different changes they could 

make and how that could help create environments where their students could become 

more metacognitive. Furthermore, Osler and Flack (2002) articulated some of their 

struggles in becoming teacher-researchers committed to professional growth and how 

they became more metacognitive as both educators and researchers. Osler and Flack’s 

self-study incorporates the use of critical friends who observe certain interactions with 

students in order to garner various interpretation of specific events.  

Findings in self-studies are not usually limited to a singular conclusion. Osler and 

Flack (2002) discuss their pedagogical learnings, how their collaboration was a key 

element in their self-study, and their commitment moving forward. Bullough (1997) 

incorporated both biography and research with his students in order to inform his 
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practices; he discusses how his private theory became public theory. In both of these 

examples the findings are not simplistic or singular, but rather complex and pluralistic in 

nature. Loughran (2004) supports these claims that outcomes of self-studies are not 

singular or simple but rather that through self-study: 

[L]earning is intertwined with, at least, the purpose of self-study, the participants 

(including the “self”) in self-study, the context and the pedagogy in ways that 

inevitably offer insights into self-study itself, methodology developed and/or 

employed as well as the more traditional research outcomes (p. 153).  

In this way, self-studies may result in findings which include, amongst the initial purpose 

of the study, discussions relating to self-study as a methodological approach, other 

methodologies drawn on and other emergent findings through data collection processes.  

In conclusion, self-study recognizes the researcher as an active agent throughout 

a study. Self-study as a methodology does not attempt to end any paradigmatic debates, 

but rather draws on a variety of different methods to explore tensions and dilemnas 

experienced by teachers and teacher educators seeking to better understand and improve 

their practices. Self-study has recently gained traction in academia, but certain 

underlying principles which are consistent with self-study can be traced back over a 

century through past educational researchers. Before I situate my own self-study, I will 

outline a theoretical construct drawn on in this study, the discipline of noticing (Mason, 

2002), and how it helps to guide my data collection methods for this study. 

3.1.2 Mathematics teacher noticing. Noticing is a word which is often used 

synonymously with viewing, observing, and watching; however, this study draws on 

mathematics teacher noticing as a theoretical construct which informs the methods of 
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data collection and analysis. Mathematics teacher noticing is conceptualized as how 

mathematics teachers (1) attend to, (2) interpret, and (3) respond to certain events in 

instructional settings (Sherin, et al., 2011). By noticing events in a classroom as I teach 

critical mathematics lessons, this self-study attempts to make sense of, and learn from, 

what is noticed. Noticing also recognizes that, as the researcher, I am an active agent 

throughout the study. In this section I describe mathematics teacher noticing and its 

historical roots, as well as a few studies which draw on mathematics teacher noticing and 

have informed this self-study. 

After World War II, educational research often focused on teacher actions in 

classrooms, but through the 1970’s and into the 1980’s shifts in educational research 

began to focus on teacher cognition (Erickson, 2012). Erickson undertook a research 

project at the height of the cognitive movement, and from 1982-85 conducted research 

into what primary level teachers noticed as they taught. Erickson (2012) listed a series of 

propositions based on his experience with teacher noticing; central to his propositions is 

the notion that each teacher notices in quite subjective ways and that mathematics 

teachers attended to very individualized things.  

John Mason’s (2011) research outlined the discipline of noticing, which is a 

“collection of practices designed to sensitize oneself so as to notice opportunitites in the 

future in which to act freshly rather than automatically out of habit” (p. 36). The 

discipline of noticing is a set of techniques Mason describes which pre-pares one to 

notice, post-pares one to reflect on what was noticed, in an attempt to pare (notice in the 

moment) in order to act freshly. Additionally, the discipline of noticing attempts to give 

people the ability to “replace reaction…[and] to have an action come to mind just before 



 

 

36 

your automatic reaction takes over” (Mason, 2011, p. 38). Mason’s research was based 

on his experience using video clips to stimulate conversations with mathematics teachers 

who were attempting to establish best practices. His research was extensive and 

described a variety of branches to noticing, one of which I draw on for this study; that is, 

differentiating between what Mason calls an account of and an account for what is 

noticed. A key element when giving an accounting of what is noticed is to remove any 

theorizing, judgement, or evaluation. Accounting for what is observed offers an 

interpretation or evaluation into what was noticed, a step after accounting of. Mason 

(2011) provides a vignette which illustrates the difference between the two: 

[R]eporting two nearly contigous moments in a classroom video, someone spoke 

of (a) “the moment the teacher entered and dominated the two children” and (b) 

“the moment the teacher tried to get the students to present what they had been 

doing iconically.” Identifying precisely which moment is intended is difficult 

because of the judgemental baggage in the term dominate (p. 39). 

When engaging in professional dialogue about what is noticed, Mason suggests that 

educators and teacher educators first give an account of (removing any judgement or 

interpretation) before giving an account for. There are several other studies which 

incorporate mathematics teacher noticing in classroom settings, and helped to inform this 

self-study. 

Sherin, Russ and Colestock (2011) outline three approaches commonly used by 

researchers studying mathematics teacher noticing. The first approach has teachers or 
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groups of teachers observe pre-organized video clips (such as the TIMSS3 study) to 

access what events mathematics teachers notice. One challenge to this approach is that 

the teachers observing video clips of others teaching may attend to and interpret events 

differently than the mathematics teacher who is in an instructional setting. Sherin, et al. 

(2011) discuss a second approach which asked teachers to reflect on and explain to 

researchers certain classroom events immediately following an instructional session. 

These may or may not use visual aids such as video to help the teachers access their in-

the-moment thinking. This approach can be problematic as teachers may forget certain 

events or may not be able to access their in-the-moment noticing on certain events. In the 

third approach outlined by Sherin, et al. (2011), researchers make inferences after 

observing video clips and attempt to interpret certain behavioral responses in 

instructional settings as evidence to what the teacher has noticed. This approach can be 

problematic since characterizing certain behaviors and drawing conclusions regarding 

what the teacher is noticing is subjective and interpretive.  

In their research, Sherin, et al. (2011) outline their use of the Deja View 

Camwear (p. 83), where teachers wear a small camera which can attach to one’s glasses 

and a small recording device. The camera records continuously in 30 second loops and 

the technology allows teachers to press a button to automatically save the previous 30 

second recording on the device. In their study, this approach allowed teachers to self 

select in-the-moment events “when something seems interesting” (Sherin, et al., 2011, p. 

83). By using a first person camera, and by asking teachers to self select clips which 

                                                
 
3	Trends	in	International	Mathematics	and	Science	Studies	(TIMSS),	formerly	called	Third	International	
Mathematics	and	Science	Study,	are	a	series	of	international	studies	aimed	at	assessing	mathematics	and	
science	classrooms.	
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seemed interesting and/or important, researchers were able to study mathematics 

teachers noticing.  

Van Es (2011) outlines a framework on teacher noticing using data from a study 

of a video club with seven elementary school teachers in the 2001-2002 school year. In 

her study, the researchers, using video recordedings from the seven teachers’ classrooms, 

created video clips to be observed in the video club. The clips focused on student 

thinking as this was the focus of the study. Each meeting followed a similar agenda: they 

began with a brief overview of the lesson, followed by obseving video clip(s), and then 

participating in a discussion lead by facilitators asking teachers what they noticed while 

viewing the videos. Through the study there were two major dimensions of noticing: 

what teachers attend to while observing videos and how they interpret events in the 

instructional setting. Furthermore, van Es’s framework provided a structured way to 

analyze videos in a video club. 

Alf Coles (2013) provides additional commentary on the use of video for 

professional development. He builds on van Es’s research and others who have used 

video(s) for the purposes of professional development. Coles’s research was conducted 

from 2004-2009 in a secondary school in the United Kingdom where he helped to 

facilitate a similar video group as described by van Es. However, Coles did not focus 

teacher’s noticing on particular contextual features of video clips but rather left the 

process open, allowing the teachers to attend to whatever they attend to. Cole’s (2013) 

discussion on the emprical research suggests five key dimensions for a facilitator of a 

video club: (1) selecting a video clip, (2) setting up the discussion norms, (3) re-watching 

the video, (4) moving to interpretation and (5) metacommenting (pp. 179-180). 
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Cole’s research provides empirical evidence on how using videos and structuring 

video viewing groups can help to inform teaching practices. Furthermore, Cole’s 

research also re-asserts the value of removing judgement and evaluation while initially 

observing video clips from a mathematics classroom, because “the first phase… teachers 

should not offer ‘interpretations’ or evaluations, and in the second phase, interpretations 

of the video clip should be grounded in what we agreed we observed” (Coles, 2013, p. 

179).  

Studies which incorporate mathematics teacher noticing often use videos, some 

use self recorded video clips while others use generic video clips chosen by a researcher. 

Regardless of the types of video clips used, video clubs are an effective way to facilitate 

professional development. Van Es (2011) and Coles (2013) provides frameworks to 

guide methods of observing videos which build on Mason’s (2002, 2011) discipline of 

noticing. Members of a video group initially give an  account of what was noticed prior 

to giving an account for what was noticed. Cole adds to this notion by giving five key 

dimensions for facilitators to consider when preparing a small group of mathematics 

teachers to notice. In the next section I outline the methodological approach used in my 

self-study and how it draws on the aformentioned research: self-study as a 

methodological approach which draws on the theoretical constructs of mathematics 

teacher noticing and the discipline of noticing to guide data collection methods and 

analysis. 

3.1.3 Methodology and theory informing this self-study. This self-study draws 

on mathematics teacher noticing and the discipline of noticing as theoretical constructs to 

guide and inform data collection and analysis. The goal of my study was to better 
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understand and improve my practice by specifically studying how I infused my 

mathematics courses with critical mathematics topics through inquiry approaches. This 

study occurred in both a university teacher education class and a high school secondary 

mathematics classroom. The methods of data collection were driven by my own desire to 

improve my practices.  

In the past, when I have included critical topics in my mathematics classes I 

sometimes acted in ways which were counter to the goals of critical mathematics. For 

example, when students resisted the inclusion of critical topics I would instinctively 

revert back to direct instruction. This tension has helped me to formulate my research 

questions and has driven me to better understand and improve my practices. Consistent 

with self-study approaches, I included critical friends (McNiff & Whitehead, 2011) in 

my data collection and analysis in order to gain alternative perspectives (Pinnegar & 

Hamilton, 2009). By video recording lessons and observing them within two different 

noticing sessions- one noticing session with practicing mathematics teachers and one 

noticing session with mathematics education researchers- I was able to gain multiple 

perspectives to better understand my practices.  

As discussed in section 1.4 of this text, the Integrated Noticing Framework 

(Nolan, et al., 2016; Nolan, 2017) was used to guide the entire process of creating 

research based lessons, video recording the lessons, editing the videos to create a 

‘condensed video,’ and drawing on mathematics teacher noticing framework when 

observing the videos during the noticing sessions with critical friends. Throughout the 

research process I kept a researcher journal recording what I noticed; specifically, the 

journal helped to inform which video clips were included in the condensed videos. 
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Condensed videos included events which I found interesting (Sherin, et al., 2011) or 

wanted others’ perspectives on (Pinnegar & Hamilton, 2009). 

The discipline of noticing and mathematics teacher noticing is drawn on as a 

theoretical construct to help structure the noticing sessions. These noticing sessions with 

critical friends followed a very particular agenda identical to the agenda I experienced as 

a participant in the TIFA community (Nolan, et al., 2016; ; Nolan, 2017). Similar to the 

process described by van Es (2012) and Coles (2013), the meetings with critical friends 

began with a brief introduction to the lesson that was video recorded. The introduction 

addressed the curriculum topic and/or other details which informed critical friends of the 

context of the instructional setting. Critical friends then viewed the lessons and took 

noticing notes. After video-viewing and noticing notes were completed, critical friends 

were given time to organize their notes, selecting which notes they wanted to share with 

the group. The group then shared their noticing notes by giving an account of what was 

observed; that is, removing any interpretation, evaluation or judgement. After sharing 

selected noticing notes critical friends began to give an account of what was observed; 

critical friends could ask questions, seek clarification, or provide interpretations of 

certain events that were noticed. The interpretive stage often turned into a collaborative 

discussion. 

In summary, this self-study attempted to understand and improve my own 

practices by developing research based lessons, video recording developed lessons, 

viewing and editing the video recordings into condensed videos and then drawing on the 

discipline of noticing to view the videos during noticing sessions. The noticing sessions 

followed a particular agenda by drawing on the theoretical constructs of the discipline of 
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noticing and mathematics teacher noticing. In the next section I will further elaborate on 

the data collection methods of this self-study.  

3.2 Methods 

In section 3.2.1, I write about the participants which include myself (as 

researcher), critical friends, and high school and university students. In section 3.2.2, I 

write about the data collection processes, which drew on the Integrated Noticing 

Framework. 

3.2.1 Participants. As an active participant in my own self-study, I consider 

myself a researcher-practitioner. I situate myself as both a high school mathematics 

teacher and a teaching assistant in an undergraduate pre-service secondary mathematics 

education class. However, I am not the only participant involved in this study and I have 

gathered data from others (LaBoskey, 2015) to inform how I understand my own 

practices (Pinnegar & Hamilton, 2009). 

In my high school classroom, three students consented to participate in this study, 

allowing lessons to be videos recorded and analyzed. I have used pseudonym for each: 

Samantha, Josephine, and Trudy. The three students attend an Urban high school in 

Regina, Saskatchewan. The high school students were enrolled in my Workplace and 

Apprenticeship 30 (Workplace 30) course. In Saskatchewan, there are three course 

pathways for students: Pre-Calculus Mathematics, Foundations of Mathematics and 

Workplace and Apprenticeship Mathematics. Courses in the Workplace and 

Apprenticeship Mathematics pathway include many outcomes which are designed to 

make learning hands-on and project based. 
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In the pre-service mathematics education class, all fourteen students consented to 

participate allowing lessons to be video recorded and analyzed. The university students 

were enrolled in a third-year pre-service education undergraduate course entitled, 

Curriculum & Instruction in Secondary Mathematics  (EMTH 350).  

Students who consented were invited to participate in an anonymous survey. An 

example of a survey question was: how could the critical math lesson be improved? The 

surveys attempted to get a student’s personal perspective on how they experienced the 

critical mathematics lessons and, while this would have been interesting data to collect 

and analyze in the future, unfortunately, no high school students responded to the survey. 

On the other hand, three prospective mathematics teachers did respond to the survey 

after the first lesson (Wealth Distribution), responses were quite brief and general in 

nature with limited data available to be analyzed. Therefore, no data collected from the 

anonymous survey results were included in this research study. 

For the noticing sessions with critical friends (McNiff & Whitehead, 2011), I 

used a numerical system to identify each participant: Noticer 1, Noticer 2,... etc. The 

University educator noticers are numbered 1-3, while the high school teacher noticers are 

numbered 4-6. These critical friends were recruited through purposive sampling of 

mathematics teacher educators, university professors, graduate students and practicing 

high school mathematics teachers. Each participant had expertise and experience in 

teaching mathematics at different educational levels. Thus, there were six critical friend 

participants: three with experience at the university level (University Professors and 

Graduate Students) and three practicing high school mathematics teachers.  
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There were two separate noticing sessions, onc with each group. During the 

noticing sessions we viewed ‘condensed videos’ of the taught lessons and critical friends 

gave an account of followed by an account for what was noticed. The critical friend 

discussions helped me to better understand what transpired as I incorporated critical 

mathematics lessons and how I might have improved upon them. Next, I describe the 

forms of data collected. 

3.2.2 Data collection processes. There were three main data collection 

processes: (1) I kept a researcher reflective journal, (2) I video-recorded lessons and 

edited the intial video to create condensed videos (approximately 15 minutes each) to be 

used during noticing sessions, and (3) the noticing sessions were audio recorded.  

By keeping a reflective journal, I attempted to notice and understand events as 

they unfolded while I developed and taught the research lessons. After the University of 

Regina Ethics Board granted this self-study approval and after obtaining permission 

from Regina Public Schools to conduct research with students and teachers in the 

division, I began keeping a researcher reflective journal. In my journal, I reflected on the 

processes of developing the three critical mathematics lessons, what I noticed as I taught 

those lessons, and any ideas I had for improving the lessons. I wrote journal entries after 

I taught each lesson and after I viewed each video-recorded lesson. My reflective journal 

was also used to identify moments in the lessons which were interesting or for which I 

wanted alternative interpretations of what I noticed. It was these moments that informed 

the second data collection process- the process of condensing the video from multiple 

one-hour classes to fifteen minutes. 
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There were two iterations of each critical mathematics lesson: first in the 

undergraduate pre-service mathematics class (EMTH class) and second, in my high 

school grade twelve Workplace 30 class. In the EMTH class, each lesson was 

approximately one hour in duration. This occurred in the lab portion of the course where 

the professor and I wanted to provide a space for pre-service teachers to experience 

inquiry-based teaching and learning. In total, I facilitated eleven inquiry-based lessons, 

four of which were modelled using critical mathematics as a framework (three of the 

four were the research lessons used in this study). The three specific critical mathematics 

lessons: Wealth Distribution, Pipeline Debate, and Land Matters were based on the 

Workpalce 30 curriculum (Saskatchewan Ministry of Education, 2012).  

After teaching each lesson in the EMTH class, I made some adaptations before I 

taught them again in my high school classroom. Several of these adaptations involved 

adjustments to the duration of the lessons. Each EMTH lesson was taught during a single 

one-hour long class. In my high school classroom, two of the three research lessons were 

designed to be multi-class lessons. For Wealth Distribution (lesson 1), I taught it over 

five classes, Pipelines Debate (lesson 2) was taught over five classes and Land Matters 

(lesson 3) was taught in one class (see Appendix A for lesson descriptions). 

In total, there were nine hours and fourty minutes of video recordings. These 

video recordings were condensed to three videos of approximately 12-15 minutes each in 

duration, one on each lesson, which totalled forty-three minutes. As previously 

mentioned, the three condensed videos were viewed in two separate noticing sessions: a 

university group (Noticers 1-3) and a high school group (Noticers 4-6). In order to 

adhere to ethical processes and based on the availability of video footage of willing 
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participants, two condensed videos were created from the footage in my high school 

class and one from the University class. The two condensed videos from my high school 

class included footage from Wealth Distribution and Land Matters. The third video was 

created with clips from the Pipeline Debate with the EMTH class.  

The first noticing session with university critical friends took place at the 

University of Regina on May 6, 2017. The noticing session with high school critical 

friends took place at the University of Regina on May 7, 2017. I should note that all 

critical friends were individuals who I already had existing relationships with: primarily 

professional working relationships, many of them dating back many years. Each group 

viewed the three condensed videos together, following the INF process. The sharing of 

noticing notes and their interpretations were audio recorded. The audio recordings 

totalled two hours and fourty-two minutes of data. The audio recordings were analyzed 

by drawing on noticing in the same way critical friends did while viewing the videos. 

To summarize, there were three main data collection processes: (1) I wrote a 

researcher reflective journal, (2) video-recorded lessons were edited to create condensed 

videos (approximately fifteen minutes each) to be viewed during noticing sessions (see 

section 3.3 for why certain clips were selected), and (3) the noticing sessions followed a 

particular agenda to view, notice, and discuss their interpretations of selected video clips 

which were audio recorded. Thus, multiple forms of data were used to inform this study: 

researcher reflective journals (approximately twenty typed pages), initial video 

recordings (almost ten hours), edited videos from the recorded lessons (forty-three 

minutes) and audio recordings from the noticing sessions (two hours and forty minutes). 
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Next I discuss how the data was analyzed through a process of ‘noticing what was 

noticed,’ what I refer to as meta-noticing.  

3.3 Analysis 

As I drew on the theoretical construct of noticing to analyze the data, I found 

myself ‘noticing what was noticed,’ or what I refer to as meta-noticing: I noticed and 

interpreted what my critical friends noticed and interpreted. Through (re)reading my 

reflective journal, (re)listening to the audio recorded data and/or (re)viewing the video 

(raw and edited), I was constantly noticing-interpreting various aspects of the data. I 

constructed different themes as I interpreted the data, and reflected on those 

interpretations. Within each theme I noticed certain events which help to inform my 

research questions, I refer to each as ‘noticings.’ I noted several themes that I determined 

are not helpful in addressing my research questions and so I only include themes here 

which inform my two thesis questions: 

1. As a high school mathematics teacher, what do I notice as I use inquiry to enact a 

curriculum infused with ideas from critical mathematics educational research?  

2. How can I more effectively teach using inquiry methods informed by critical 

mathematics educational research? 

The first layer of analysis involved using my reflective researcher journal entries 

for two purposes: (1) to make adaptations and lesson plan changes between each 

iteration of the three designed lessons and (2) to help me to decide which video clips 

from the video recorded lessons I wanted to include in the condensed video. I included 

video clips which I found intriguing or sought alternative interpretations for; that is, I 

sought the interpretations of others to create a dialogic reflection as I attempted to post-
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pare different events (Mason, 2011). The reflective journal writing was my first layer of 

noticing where I used in-the-moment reflections to create spaces for others to notice and 

interpret events to inform an interspective reflective perspective.  

The second layer of analysis involved viewing and editing the full-class video-

recorded lessons. By editing the full-class videos by choosing specific clips for the 

condensed video was another lens used to inform my reflection. Video clips included in 

the condensed videos were based on what I noticed as I viewed the original footage, 

combined with what I noticed through my reflective journal. For example, I included a 

scene where Samantha is frustrated during the Wealth Distribution lesson and I react by 

telling her “it’s my fault”. There were multiple video clips that were intriguing or would 

provide interesting data for others to interpret; thus, I found the editing process difficult 

as I chose which scenes to include and which to exclude.  

At first I considered it problematic to have only three high school students 

interested in participating; however, viewing the videos and focusing my noticing on my 

interactions with the three students created a focused narrative. By focusing on my 

interactions with Samantha, Josephine, and Trudy, I was better able to understand my 

relationshps with those three students and how each student responded to the research 

and inquiry-based lessons in different ways.  

As previously mentioned, the three condensed videos were viewed in two 

noticing sessions which were audio recorded. After the noticing sessions, I listened to the 

audio recordings multiple times, during which time I attempted to construct themes.  For 

example, after listening to the audio recordings from the high school critical friends 

noticing session, I noticed that the teachers seemed interested in adopting similar 
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pedagogical approaches in their teaching, suggesting that the pedagogical content 

knowledge that emerged was worth their personal and professional reflection (Shulman, 

1986). My analysis of the audio transcriptions did not follow a rigourous framework or 

structure. After using the discipline of noticing with my critical friends, I thought it 

appropriate to draw on noticing in my analysis. By noticing what was noticed it created a 

form of meta-noticing.  

After the noticing sessions, I began analyzing the data by listening to the audio 

recordings. The first time I listened to the audio recordings I did not take any notes; I 

attempted to re-live the discussions with critical friends. The second time I listened to the 

audio recordings I took notes, recording what I noticed while listening to the audio from 

the noticing sessions. I listened to the recordings in their entirety twice, and subsequent 

analysis was done by re-listening to portions of discussions. Often I would (re)listen to 

the same comment attempting to interpret what a critical friend meant. I consructed 

themes from listening to the audio recordings and then I began to transcribe specific 

sections which informed my research questions. By transcribing the audio recordings I 

began to highlight the key noticings which informed my research questions.  

In my analysis there were three categories of themes that I constructed through 

analyzing the data and these are further elaborated on in Chapter 4: 

(1) The first theme related to the methodology drawn on and how the discipline of 

noticing and mathematical teacher noticing, through the INF, can provide 

mathematics teachers, teacher educators and researchers a unique, practical tool; 

a professional development tool, a research tool, and a tool used to spark teacher 

change. 
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(2) The second theme related to what I and critical friends noticed; though our 

interpretations may have differed, many of the same events were noticed. 

Additionally, the noticing sessions provided alternative interpretations to better 

understand why I may have acted in a specific way and to inform my future ways 

of acting. 

(3) The third theme related to what critical friends noticed and I did not. This is not 

to say everything critical friends noticed created profound insights, but there were 

a number of events noticed during noticing sessions which I did not notice. These 

findings serve as a humble reminder of the growth I still require as a researcher 

and a mathematics teacher and serve as “ah-ha” moments in my study. These 

findings confirm what Mason (2012) says about the subjectivity of noticing, and 

that there are as many noticing lenses as there are noticers. 

In summary, the reflective journal was kept for an introspective reflection where 

I continually reflected on classroom events. The journal helped me to identify significant 

events and give an intial interpretation of those events as they occurred in my practice. 

The context of my reflective journal impacted what clips I used in the condensed videos 

in implementation of the INF. In total, there were six audio-recorded discussions with 

critical friends, two based on each lesson, from our noticing sessions. These audio 

recordings were listened to multiple times and portions were transcribed. The audio 

recordings were analyzed through meta-noticing in order to construct themes; that is, I 

noticed what was noticed during the noticing sessions. There were three categories of 

themes that I constructed as previously noted and I present a detailed description and 

discussion in the next section.  	  
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CHAPTER 4: Data, Analysis and Discussion 

In this section, I present data, analysis and discussions which inform my research 

questions. To parallel the methodological approaches used throughout this thesis, I 

present my findings in the form of ‘noticings.’ Each noticing is arranged in one of the 

three themes I constructed through my analysis of the data. Each section includes what 

was noticed, including an attempt to present video data in its original form as a 

screenplay. In each section the discussion relates back to the original two research 

questions: 

1. As a high school mathematics teacher, what do I notice as I use inquiry to enact a 

curriculum infused with ideas from critical mathematics educational research?  

2. How can I more effectively teach using inquiry methods informed by critical 

mathematics educational research? 

The first theme I constructed comes from using the Integrated Noticing Framework 

process. After using the INF process I noticed that the process could be used as a 

professional development tool and as a researcher tool. The second theme I construct is 

what critical friends and I noticed. I discuss what was noticed and how the 

interpretations help me to understand and improve my teaching practice. The third theme 

I constructed identifies what critical friends noticed and interpreted during the noticing 

sessions that I did not. These noticings help have served as my ‘ah-ha’ moments of 

conducting this research and help to support my belief that key to improving, as a critical 

educator, is collaboration and reflection. 

The Integrated Noticing Framework process has helped me to better 

understanding my teaching practice, as well as identify areas of improvement. The INF 
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has helped me grow as a professional in a variety of ways, including my use of 

vocabulary and metaphors, my responses to students who become frustrated with tasks 

or activities, and the importance of collaboration and reflection in order to grow 

professionally.  

Following on this, in the first section, I will discuss how the data indicate that the 

INF can be used for two purposes: (1) as a professional development tool for teaching 

looking to improve their practice and (2) as a self-study researcher tool for data 

collection. Firstly, the INF has served as an avenue for educators to reflect in an 

intentional way. Using the INF, I noticed how critical friends engaged in professional 

discussions through the noticing sessions, often drawing on their own experiences as 

educators. Secondly, the INF offers teacher educators and researchers interested in 

creating teacher change (Cooney, 2001) a tool to use in considering alternative 

approaches to mathematics instruction.  

The second theme is what critical friends and I noticed. Critical friends offered 

their interpretations during our noticing sessions and I discuss how those interpretations 

have helped to improve my future practice. In this section, I include descriptions of 

scenes from the condensed videos, written in the format of a screenplay. Each screenplay 

is followed by blending journal entries, critical friends’ interpretations from transcribed 

noticing discussions, personal discussions, and drawing on other research in mathematics 

education. Scenes illustrated in this section were chosen because, as part of my data 

analysis of meta-noticing, they were noticed in my personal reflections and noticing 

sessions. I use specific fonts and formats as generally used (Carless, 2017) to present the 

scene as a screenplay, and I attempt to describe the scene as closely as possible to the 
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original video in order to provide a clear picture of what was noticed. These SCENES 

are written in courier new font due to the guidelines for screenplays 

(Carless, 2017).  

The third theme I constructed is what critical friends noticed and I did not. I 

include two particular “ah-ha” moments related to what I did not notice until my critical 

friends noticed. I conclude with a discussion on the importance collaboration and 

reflection had in helping me better understand and improve my practices.  

4.1 The INF Process 

In this section I offer a discussion on the methods used, specifically the 

Integrated Noticing Framework. The INF served as a professional development tool for 

me, as well as an effective way of collecting data, for this study and also for future 

similar studies. 

4.1.1 The INF as a professional development tool. As critical friends noticed 

and interpreted events, they often drew on their own experiences to share with the group. 

Sharing their experiences often meant verbalizing their own beliefs about teaching and 

learning mathematics. Throughout the discussions, the critical friends began to see how 

they could adopt similar teaching approaches in their mathematics classrooms. This 

created a community of professional development for me and, potentially, for my critical 

friends. 

I provide the following audio transcription from the high school critical friend 

noticing session on the Land Matters condensed video: 

Noticer 5: This activity may be a good one when we do scale factor. 
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Noticer 6: I was going to ask, did the kids calculate the scale factor when they 

calculated the area? 

The comments made by Noticer 5 and Noticer 6 serve as evidence of teachers who, using 

the INF, collaborate together and share ideas which might inform their future teaching. 

Furthermore, using the INF provided me with feedback on how to improve 

pedagogically, including my use of language, how I responded to specific students, and 

better instructional approaches to draw on. Below is an excerpt from the noticing session 

with university critical friends based on a dialogue between a student and myself. In the 

video, the student was working to convert the surface area of Canada expressed in square 

kilometers into hectares: 

Researcher: So… interpretations? 

Noticer 1: Did you want to start with one of yours? 

Researcher: I’d like to start with that scene of the dialogue between me and the 

student converting units. 

Noticer 2: I’d be interested to know if that student, the next day, was able to 

convert. I’m guessing not. I’m really curious about how we talk about dividing 

by 100, moving decimal places and adding zeroes. There’s a whole lot of words 

we use and sometimes they seem contradictory, and you drew my attention to 

something that I would think about differently if I taught that to students. I try to 

be more consistent with what I’m doing… For us the shortcuts make sense, but 

I’m not sure for students. If they’re not getting the movement [of the decimal] by 

themselves… whether us telling them is useful; it makes me question at what 

point it made sense to me and why I started to do it, and how I got there. 
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Researcher: I have to admit, I usually pride myself on teaching converting units 

using conversion factors. 

Noticer 3: Using proportionality? 

Researcher: Yes. I just went with [the shortcut], I can’t remember what started 

it, but I went with the shortcut. 

Noticer 1: Was it something that you felt you didn’t want her to be frustrated 

with-or you wanted her to get through that-so you gave her a short cut? 

Researcher: It’s hard to go back now and say why I went with that approach, it 

just happened. 

Noticer 2: I think you were hitting all the things we normally try, it’s just seeing 

them in such a short time span it’s like, “Whoa.” 

Researcher: I was trying to build from her… she had written 1 hectare=1 km2, so 

I just went with where she was at. I guess, “I’ll teach you a shortcut,” ‘cause 

that’s what good math teachers do. 

Noticer 1: That’s what struck me: “Turn it into.” I wrote down, It’s almost like 

magic… I thought I’m going to listen now and wait to hear the word convert… 

I’m wondering if they would have found that [to be] unusual language, or if you 

noticed the “turn it into” language after watching the video? 

Researcher: I don’t know, I guess that’s why I had to include this whole 

dialogue, for this conversation. 

Noticer 3: The one sentence that caught me, “it’ll either be multiply by 100 or 

divide by 100”… right there, that’s a stumbling block… maybe I didn’t notice it, 

even a discussion of the comparison… so what would a hectare look like in 



 

 

56 

comparison to a km2? Which one is bigger? 

Noticer 2: I still don’t know if they comprehend the difference between bigger 

and smaller and multiply by 100 or divide by 100. They’re still not quite…. 

Noticer 3: That whole part caught me, it’s like you want them to think about how 

many of one will equal another. 

Here we can see the critical friends interpret a situation that I noticed and they 

began to provide tangible ways for me to improve when I am in similar situations in my 

classroom. They identify a number of ways that I can improve in the future: (1) teach to 

a higher level of understanding for students by conceptualizing the notions of what the 

units mean and how they are related, providing a visual for students if required; (2) the 

importance of using mathematical vocabulary when discussing concepts with students 

(eg. “Turn it into” is not mathematical language, instead I should say “convert”); and (3), 

how mathematics teachers can often jump to shortcuts and tricks to get students over 

certain hurdles, even though such tricks can have negative implications in the learning 

and understanding of mathematical concepts. The INF provided the structure for 

professional discussions emanating from viewing condensed videos of classroom 

scenarios: helping me understand more about my teaching practice.  

It should also be noted how the noticers asked numerous questions to clarify what 

they noticed, and then proceeded to interpret the situation in certain ways. The noticers 

seemed to focus on how and why I acted in specific ways and the implications that those 

actions have on student learning. Through discussions, noticers sought clarification and 

attempted to better understand situations in my classroom and sometimes I was unable 

offer an explanation. This shows how sometimes, as a mathematics teacher, I can act 
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habitually rather than intentionally (Mason, 2011); this process can help a teacher 

recognize such situations and begin to formulate strategies for acting freshly in the 

future. 

4.1.2 The INF as a self-study researcher tool. With reference to the two 

noticing sessions, I noticed a difference between the discussions of the university critical 

friend group and the high school critical friend group. When listening to the audio of the 

high school noticing session I noticed that the teachers provided a practitioner’s 

perspective. The high school critical friends often drew on their experiences and beliefs 

about mathematics, as well as teaching and learning mathematics. When listening to the 

audio of the university critical friend noticing session I noticed that the university critical 

friend group provided a researcher’s perspective which includes experience in teaching 

but also in mathematics educational research. This illustrates how the INF can be used as 

a tool for researchers to collect data. 

University critical friend noticing sessions often provided discussions grounded 

in mathematics educational research. The following excerpt is from the university 

noticing session after viewing the Pipeline Debate video, interpreting the pre-service 

teacher educators’ response to the task and purpose of the lesson (which was how 

statistics can be manipulated):  

Noticer 3: Another thing about the [goal of the lesson], there was at no point 

anyone in the groups, when they started playing around with the data say, “We 

can just exclude this one because it was an outlier.” Even in their personal 

discussion… there was no questioning of whether or not that made sense to do… 

like [student name], “We’re going to trim it and get rid of that outlier.” Is it valid 
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to ignore that because it’s an outlier because of the size? Given the topic? 

Noticer 1: Nobody questioned it? 

Noticer 3: Nobody in any group questioned it? 

Noticer 2: I thought they did though, they wanted to include the zeroes because it 

made the number look better… 

Noticer 3: But it’s not questioning the validity, or the validness. They said it 

made it look better, but they weren’t saying that… but is it really saying 

something more truthful? … We talk about this, how statistics can be used to 

lie… there are a number of examples where they were blatantly using the stats to 

lie and they were perfectly okay with it and nobody was questioning it. 

Researcher: I asked the question at the end about what do you think about a 

debate in a math class… I was hoping that would be drawn out like “oh ya, I 

totally manipulated that statistic to the nth degree so I could prove my point” then 

to ask what do you think would be the right way? what does, or how do we 

discuss pipelines quantitatively, with statistics… 

Noticer 1: But they wanted to come right back to if [Lesson 3: Pipeline Debate] 

fits in, only if there were outcomes for this…and then [researcher] stumbles that 

“there are a little bit of percentiles…” 

 This discussion begins a conversation about how to engage pre-service teachers 

in thinking about concepts central to critical mathematics: how mathematics can be 

manipulated to tell the story one wants to tell (especially because there is an assumption 

that the general public will not catch the lie or the manipulation because so few actually 

understand mathematics). This activity for pre-service teachers attempted to illustrate 
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this point, but there was resistance from the pre-service teachers. Perhaps engaging pre-

service teachers through the INF by creating and viewing a similar lesson might help 

them consider incorporating critical lessons into their classrooms. This discussion also 

illustrates the subtle resistances pre-service teachers have to embracing alternative 

pedagogical approaches and content in mathematics education (Nolan, 2012). 

Interestingly, my high school students recognized that mathematics is manipulative and 

not value-neutral. Below is an excerpt from one of my journal entries after one of the 

pipeline classes: 

The [high school] students were very respectful throughout the debate and many 

used statistics to back up their claims. While none ended up talking about the 

National Energy Board and their use of statistics, it was still great to see them 

connect statistics to something they care about. Even after the debate many 

students continued to discuss the issues and the rest of the class was spent 

discussing those topics. 

In the end many of them agreed that their stance on pipelines had changed (some 

supported, some did not) and all of them agreed that the assignment was 

worthwhile and interesting. There was a conversation about mathematics and 

mathematics teaching (Personal Journal Entry, April 27, 2017). 

My interpretation is that the high school students adopted critical perspectives because 

many of my Workplace 30 students are not as privileged as other students who take 

mathematics courses in different pathways. In Saskatchewan, the high school curriculum 

has three major pathways for students to choose between as they complete their 

secondary schooling: Workplace and Apprenticeship Mathematics, Foundations of 
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Mathematics and Pre-Calculus/Calculus Mathematics. While the original intent of the 

pathways was not to create streams of ability, in practice, often students who struggle 

with mathematics in grades 9 and 10 are advised to take Workplace and Apprenticeship 

Mathematics.  

In contrast, pre-service mathematics teachers are traditionally students who have 

found success in mathematics classrooms. I believe that successful students are often 

compliant with procedures; they do not question the nature of mathematics and therefore 

would not consider that mathematics is political and I propose that they are not likely to 

adopt critical perspectives about mathematics and mathematics education. Schoenfeld 

(2003) argues that as a result of procedural instruction students often lack problem 

solving and critical thinking skills. It is likely that as a result of their success in 

traditional settings, pre-service mathematics teachers are less likely to adopt critical 

perspectives. By contrast, my Workplace 30 high school students have not had as many 

positive experiences in their mathematics courses. As a result of some negative 

experiences, my high school students seemed more likely to adopt critical perspectives. 

Consider this excerpt from my reflective journal after teaching the Wealth Distribution 

lesson to my high school Workplace 30 class: 

I spent additional time on the “global rich list” as the [high school students] were 

engaged in discussions and critiquing the actual website (something the 

undergrads didn’t think of). I think it showed a high level of critique that they 

weren’t accepting the results of the website on the surface but rather wanted to 

test various values (like $0) and feel very unsatisfied with the results (Personal 

Journal Entry, April 3, 2017). 
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Students did not want to accept the authority of the website and the data it provided, as 

compared to the University students who showed less critical reflection during the same 

lesson. High school students engaged in the critique and I propose this was because they 

found this reform-based approach (a Before-During-After lesson), as an interesting 

change. 

In summary, in this section I used data and my interpretations to illustrate that the 

INF can be used by teachers as a tool for professional development. The INF can also be 

used by researchers to study student thinking, pre-service education, mathematics teacher 

change, or mathematics teacher noticing. The examples I provided here support notions 

that mathematics teachers and mathematics teacher educators notice and interpret in 

different ways; by drawing on those differing perspectives, the INF has helped me to 

notice and understand my practices. In the next section, I write about how my critical 

friends’ and my own noticing help gain an understanding of, and improve, my teaching. 

4.2 What I Noticed 

Through creating condensed videos as part of the Integrated Noticing Framework 

process, I made intentional choices regarding which clips to include based on events that 

caught my attention while viewing full video recordings for the first time. The three 

events I describe below were interesting to me and I wanted to hear how others might 

interpret the events. I title the three events: Interpreting Resistance and Ambivalence; 

It’s My Fault; and Relationships with Students. I will begin each section with a 

screenplay attempting to portray the original video footage which was noticed, and then 

provide portions of transcribed audio from the critical friend discussions and my 

interpretations, emphasizing how the data informs my thesis questions. 
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4.2.1 Interpreting resistance and ambivalence  

SCENE 1 (WEALTH DISTRIBUTION) 
SETTING: SAMANTHA is working at the board 

with a small group of fellow 
classmates. She is visibly 
frustrated. Enter MR. SUNDEEN. 

 
SAMANTHA 

I don’t even understand, mathematically, what you want us 
to do? How do you find the median? It just makes no sense 
at all…. 
 

MR. SUNDEEN 
Okay, well, what do you know? 
 

SAMANTHA 
I know you want me to find the median 
 

MR. SUNDEEN 
But, using the data, what does the data tell us? Forget 
finding the median for a second. 
 

SAMANTHA 
The data is confusing, it just doesn’t make sense, because 

it’s just so... ugh! 
 

MR. SUNDEEN 
Can you do something with the data to make it make more 
sense? 
 

SAMANTHA 
No… Why do we care? Why do we care what middle class is? 
 

It is not unusual for students to express frustration in mathematics, especially 

when inquiry-based or critical approaches are being used (Brantlinger, 2014; Gutstein, 

2003). Brantlinger (2014) studied secondary mathematics discourses in his classroom, 

and in his research he also experienced active and passive student resistance to reform-

based critical activities. He writes that “several vocal students were clear that they 

wanted access to the socially valued mathematics curriculum and that they resented the 

inclusion of sociopolitical issues in the curriculum” (p. 218). Brantlinger writes of his 
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students’ resistance in terms of the students’ desire to achieve their academic goals, 

whereas the inclusion of social issues was viewed as a distraction to those goals. I also 

experienced resistance to the inclusion of critical topics in my high school mathematics 

classroom, and below is an interpretation from the high school critical friends: 

Noticer 4 “It just doesn’t make sense” seems like they just don’t know what to 

ask or how to clearly ask for what they need. It’s like there’s a block in the way 

and they’re just like “oh well.” I think that’s common in a lot of high school kids. 

Noticer 6: You could tell some of them were a little frustrated ‘cause they 

wanted you to just feed them the answers; they were struggling at times to arrive 

at conclusions themselves. You just kept guiding them with questions here or 

there or used an analogy.  

Noticer 5: Yeah, like that one girl who said “I don’t know” then you started to 

use a physical analogy using a visual of walking down a line and where you 

would be. She started to understand it and you were able to pose questions and 

begin to answer them. That might be the type of learner she is. 

After viewing the video, the teachers expressed how they can relate to the 

experience and drew on their own beliefs to interpret why students react to the inclusion 

of social issues in mathematics, sometimes becoming frustrated. These high school 

critical friends interpreted the resistance as a lack of academic ability or confidence and 

therefore they resist. On the other hand, the university critical friends interpreted the 

scene differently: 

Noticer 1: I wanted to ask on the other level, there’s the “why are we doing this” 

but what about the “why do we care?” What does that do to you as someone who 
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is trying to introduce critical thinking on social issues… do you think they meant, 

why don’t you just tell us, so we can discuss that it’s unfair? Or why do we even 

care that it’s unfair? What do you think? 

Researcher: There was a great discussion I wish I could have included in that 

video. I turned it to the group and asked them “why do we care?” [a small portion 

left out where I described the conversation]. It was really great dialogue. She still 

didn’t buy in, she still didn’t enjoy that task… 

Noticer 3: I think that’s a defence mechanism. I often think those students who 

don’t come around still have a little part of them that has come around, but this 

math thing has been so foreign to them they have just found it a comfortable 

place to live- to say that “this stuff is crap” and it has nothing to do with me and 

it has become part of their persona. 

Noticer 2: I’m not sure they don’t care about the problem, I think they are 

exhibiting frustrating with the mathematics. Is this wealth [lesson] a part of the 

curriculum? Your choice to do wealth distribution, was that your choice to pull 

into the math? I think this is an important one to think about and you got them 

thinking about wealth distribution in Canada… 

University critical friends offer another interpretation to Samantha’s frustration; that she 

adopted a disposition of dislike for the task and therefore will not care about the social 

issue. Similarly, the high school teachers’ interpretation attributed the resistance to the 

student’s inability to communicate her misunderstandings. 

In my journal I reflect on some of the resistance experienced in the Wealth 

Distribution lesson: 
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Today we continued our lesson exploring wealth. To be honest, it didn’t go well. 

Students struggled to get motivated, students seemed to disengage with the 

material and complain more than normal that they “didn’t get it,” that the activity 

was stupid, and they didn’t care. My first reaction was to get defensive and 

second was to resort to direct instruction by telling them what to do, however, I 

tried my best not to do neither (Personal Journal Entry, April 4, 2017). 

There are a variety of factors influencing students’ resistance to inquiry and 

critical mathematics lessons. I interpreted Samantha’s resistance as emanating from her 

expectations of what mathematics lessons should include, the critical task was not what 

she expected and this may have influenced her attitude toward the inquiry-based critical 

lesson.  Since Samantha felt uncomfortable, she becoming agitated and frustrated. I 

interpreted some of her frustration as an expression of a discourse of ambivalence.  

Black, Mendick, Rodd, and Solomon (2009), using mathematical biographies, 

critique their experiences as students in mathematics classrooms using psychoanalysis. 

In their biographies they experience ambivalence with mathematics as they “frequently 

deal with our often painful/pleasurable relationship with mathematics and the institutions 

that deal it out to us by invoking splittings” (p. 29). In their discussion, Black, et al. 

outline ‘good’ mathematics and ‘bad’ mathematics: as students, they experienced both 

pleasure and pain and they suggest this contributes to students’ resistance. Using 

psychoanalytics as a lens, Black et al. write that discourses of ambivalence may be in 

response to feelings of anxiety, and help to construct students’ mathematical identities. 

Samantha (and other students) expressed frustration with the critical mathematics lessons 
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and I interpret their frustration as their view that the critical lessons were ‘bad’ 

mathematics.  

Black, et al. (2009) write that it is problematic to assign students a fixed 

judgement explaining their resistance, and that teachers should resist judging student 

resistance. In my experience it is common for students to ‘enjoy’ certain lessons and 

‘dislike’ others. I want to be clear that my interpretation of student resistance is not a 

fixed judgement, but rather something that is identified and understood in context: 

students display discourses of ambivalence, sometimes they display positive discourses 

and at other times negative discourses. In the next subsection I write about how I 

responded to Samantha’s (and other students) resistance by drawing on an analogy. 

4.2.1.1 Analogies in mathematics education. The analogy I developed asked 

student’s to visualize every Canadian standing in a line in ascending order of income and 

then walking down the line (for the 5th percentile, 5% down the line). Knowing that 

students would struggle to start the Wealth Distribution task I anticipated using an 

analogy to help students begin the task. My analogy attempted to give students a visual 

understanding of percentiles. I had pre-rehearsed that analogy as a way of helping 

students overcome one of the major hurdles of the lesson; that is, being able to transition 

from a cumulative table to representing the data with ranges. In anticipating student 

struggles, I brainstormed ideas to create an opportunity where students could construct 

their own understanding and I arrived at the analogy. 

Analogies in mathematics classrooms have been empirically researched. One 

study conducted by Richland, Holyoak, and Stigler (2004) studied twenty-five randomly 

selected video recorded lessons from the Third International Mathematics and Science 
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Study (TIMSS, 2003), in an attempt to understand naturally occurring analogies in 

United States mathematics classrooms. Richland, et al. (2004) identify different contexts 

and target audiences when teachers used analogies to teach concepts and procedures. The 

way I used the analogy was consistent with the trends Richland, et al. found through 

their research in that I addressed the students’ need for help, and I maintained control 

over the analogy (students did not develop it). Richland, et al. suggest that “teachers may 

be failing to provide an important learning opportunity for students by maintaining 

control over the reasoning process rather than distributing the thinking more 

substantially for each analogy” (p. 58). The university critical friends discussed my use 

of an analogy in a manner which was consistent with Richland, et al. during our noticing 

session and I provide the following excerpt: 

Noticer 1: I’m going… to start with something, the reason I shared a few of 

those things about how far and closer to. I thought it was interesting; I wanted to 

talk about the language of closer and farther and distance… I am wondering if 

you noticed that there was a language of linear measurement when talking about 

numbers. 

Researcher: Quite a few of the student went with a physical line drawn on the 

board. You see it when one of the students at the board is teaching. She drew a 

physical line and marked on it the incomes and was trying to figure out … we 

started to talk about the distance between certain people… 

Noticer 1: If you’re doing that and it’s not to scale, you talk about distance 

between numbers… I wonder if you sensed that a few of them wondered… is 
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there a confusion between a difference between numbers and distance on a 

visual? 

I need to be cautious when I use analogies and ensure I am drawing students towards a 

mathematical understanding of the topic being studied. There were moments in the 

lesson when I focused on the analogy and not the mathematics; Richland, et al. (2004) 

warns against such analogies.  

I should clarify an aspect of the discussion above before I go further. My 

response to the first question by Noticer 1 where I explain my use of distance language 

as responsive to the students is not entirely accurate. In reality the students drew a line 

on the board because of the analogy I provided them: viewing a physical line-up of 

Canadians in ascending order of income. I should have used more accurate mathematical 

language leading students to a deeper understanding of percentiles. I should have used a 

phrase such as “difference in income” instead of using language around distance like 

“distance between” or “how far in between.” Upon reflection, I believe if I used more 

mathematically appropriate language, I would have drawn their attention to the proper 

context and helped them build a deeper level of mathematical understanding.  

As Noticer 1 accurately interpreted, there was confusion from students as they 

attempted to understand the distribution of income in Canada. Initially, the analogy 

helped students visualize the cumulative table, but after they understood the data I should 

have stopped referencing the distribution through distance language.  It is important, as a 

critical mathematics teacher, to create experiences where students can develop a deep 

level of understanding, while using an analogy might be a good starting place, it 

certainly should not be the focus or the end point. 
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4.2.2 It’s my fault… 

SCENE 3 
SETTING: SAMANTHA is working independently 

on a white board at the back of 
the classroom. She is trying to 
figure out the 10th percentile 
income based on the data provided 
by MR. SUNDEEN.  

 
MR. SUNDEEN 

Where would they be? How much farther from here would it 
be? 
 

SAMANTHA 
I don’t know? I don’t know? What…? Sigh. This is so 
useless… 

 
MR. SUNDEEN 

I know, I’m making you think, it’s awful. 
 

SAMANTHA 
No, it’s just, I don’t even know what to do, I just don’t 
get this whole thing. 
 

MR. SUNDEEN 
Well, I know, it’s my fault… 
 

The two INF groups interpreted this excerpt from the video quite differently. 

Before providing the interpretations, I should note that I did not intentionally respond in 

this way, I have been working to respond “in fresh ways” (Mason, 2011, p. 38) to certain 

discourses that arise with students who are frustrated. In this situation I told the student 

to blame me for her frustration. During the University noticing session the following 

discussion took place: 

Researcher: I’m interested in everyone’s interpretation of the “it’s my fault.” 

Noticer 3: I didn’t like it. 

Noticer 2: I wouldn’t have done that either, not that I didn’t like it or that you 

can’t take responsibility… I think, or, it’s just… “Why don’t we talk about this 
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differently?” Taking on blame for something when someone is trying to 

understand, I just found it an interesting thing to do… I’m not sure I’d ever take 

on blame, I’d just try “Why don’t we try thinking about it differently”… or start 

over… it’s an interesting comment… do you do that frequently? 

Researcher:  I don’t know, it just happened. 

Noticer 1: When you’re doing this kind of inquiry or critical math… the idea of 

apologizing for their frustrations … because somewhere in there it says I’m not a 

competent teacher, or they don’t think I’m competent here. 

Noticer 3: Also they’re not used to being pushed there, and if we accept blame 

for putting them there. It even started just before that with… “I’m making you 

think” that was the start of it, that’s how you got to that point. 

Noticer 1: Like “I’m a mean person.” 

Noticer 3: I know I do that often… But I think reframing it to be… This is how 

you know when you’re actually working with something meaningful, you are 

feeling this...”Man, I have to think…” and you’re probably looking at me 

thinking, “How come you’re making me do this?” But this is what’s 

worthwhile… 

Noticer 1: It’s that whole discourse of ‘learning is supposed to be fun…’ it kind 

of seeps in. If the students are frustrated I know this is a good learning 

experience. 

The critical friends interpret (and judge) my action of taking the blame for the student’s 

frustration. Through their interpretations critical friends comment on why the student 

appears frustrated, why I acted the way I did, and offer alternative ways to act in the 
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future.  

On the other hand, the high school critical friend group interpreted the video 

recording in a different way. High school critical friends interpreted me taking 

responsibility for student learning as empathetic because I care. I provide the following 

excerpt from the high school noticing session: 

Researcher: What do you think about the comment, “It’s my fault?” 

Noticer 4: I thought there might have been something before that, I mean, I don’t 

know if we’re allowed to ask, but where did that come from? 

Researcher: It just came out. 

Noticer 5: You didn’t want her to feel bad. 

Researcher: She’s been the type of student who has said things like “I don’t 

know” and when she doesn’t get it, she gets frustrated. I don’t know if that was 

my reaction of like, “Don’t blame yourself, blame me…”  

Noticer 6: Trying to keep her engaged? 

Researcher: I’ve never said that before, I wanted her to keep trying. It just sort 

of happened. I didn’t want her to give up, I wanted her to keep trying. 

Noticer 4: When you said it, it sounded sincere… like maybe you did something 

where it was your fault. I’ve said it before sarcastically to kids like if they didn’t 

hand in an assignment, it was my fault, right? Sarcastically being like “What the 

hell are you thinking?” But you were genuinely, like, sorry. Maybe you taught 

her something incorrectly?  

Noticer 6: Maybe because you were guiding her with questions through the 

experience, you were trying to pose questions to move her to the next step up the 
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ladder, since she didn’t get there, you needed to rephrase a new question. 

Noticer 4: But maybe that says something more about teachers who care, it’s 

almost like maybe I did something wrong, maybe I should have… or teachers are 

willing to take on the blame and the shortcomings rather than have them 

overcome their own. Maybe if she’s a sensitive student… you keep them trying. 

The high school critical friends shared a variety of interpretations; for example, they 

interpret that I had mis-taught something prior to the inquiry-based lesson, and that I 

took on blame to keep her motivated and/or my own poor questioning led me to take on 

blame. This excerpt is important to discuss here because by pre-paring for this lesson I 

acted freshly, and after post-paring and through the dialogue about the event, I can now 

share a few of my own interpretations on how I might better pare (notice in the moment). 

 In the first iteration of Wealth Distribution with the EMTH class, the pre-service 

mathematics teachers struggled with the way the data was displayed in a cumulative 

table as opposed to a table displaying the frequency between two values. I debated 

whether or not I should give the high school students a different style of table. I decided 

not to change the way the data was displayed, I am not supportive of simplifying tasks 

for students based on my perception of their mathematical abilities or based on the 

stigmas associated with the different pathway of mathematics. However, some tension 

exists for me between setting students up for failure and giving them opportunities to 

build mathematical power. I want to create opportunities for students to attempt 

challenging, complex tasks and to have opportunities of success in completing them. I 

believe, with a little guidance, students can successfully complete complex tasks 

regardless of their previous learning experiences in mathematics. As I reflect on this 
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video scene, I recognize that my apologist discourse stemmed from the tension I 

experienced between challenging the students and setting them up for failure.  

 I believe that I adopted an apologist discourse for several reasons. Firstly, I made 

the intentional decision to assign a complex task where I anticipated students would 

struggle. Like Noticer 1 pointed out, I may have felt like her frustration was suggesting I 

was an incompetent mathematics teacher because learning mathematics is supposed to be 

fun. Secondly, I also acknowledge that I felt some guilt by creating an atmosphere where 

this student, exhausted with the task, did not know what she should do. Thirdly, I may 

have adopted an apologist discourse because I was feeling empathy for her and wanted 

her to have someone to blame for her frustrations, and not to blame mathematics or 

herself. In my experience teaching mathematics, students often discuss their disdain for 

learning mathematics; sometimes this results in a discourse that blames themselves for 

not having a ‘math brain’ or being a ‘math person’ (Boaler, 2015) at other times, they 

blame the mathematics. I want students to believe in themselves and their abilities to 

learn mathematics, so a part of the apologist discourse emerged from an empathic place: 

wanting each student to still believe they can learn complex mathematics. However, this 

apologist discourse suggests that I had fallen back into a non-inquiry based pedagogical 

approach, acting as an all-knowing teacher who is in direct control of students’ thinking. 

 By apologizing for setting up the Samantha’s struggles, I was assuming a 

position of control where I viewed her as a dependent thinker; I viewed myself, as the 

teacher, in complete control of how she should think and reason through the activity. In 

apologizing for the situation, I think I acted in a way that viewed the power relationship 

between student and teacher as the dominant approach in mathematics education 
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(Frankenstein, 1983). The university critical friend group disagreed with the apologist 

discourse and offered alternative ways to act in the future. In the future, I would like to 

establish with students that it is okay to struggle with mathematical concepts, and that in 

order to understand mathematics on a deeper level, struggle is an essential aspect of 

learning. I also want students to develop a mindset where they believe they can learn and 

a mindset that wants to be challenged in their mathematics courses. 

4.2.3 Relationships with students 

SCENE 2- LAND MATTERS 
SETTING: Students are sitting in groups at 

tables, MR. SUNDEEN is sitting at 
his desk. The bell rings and MR. 
SUNDEEN begins the Lesson... 

 
 
 

MR. SUNDEEN 
Okay kids. Today we’re going to do a 3-Act task. Does 
everyone remember what a three act task is? 

 
(Numerous Students share answers, Mr. Sundeen shows the 
students a map of Canada with a variety of markings) 

 
SAMANTHA 

Why? 
 

MR. SUNDEEN 
Why what? 
 

SAMANTHA 
Why? Why are we doing this? Why are we doing social in 
math? I just failed my social test, I didn’t remember a 
thing. This isn’t math. 
 

MR. SUNDEEN 
Okay, who else has the same question as SAMANTHA? 
 

JOSEPHINE 
(Giggles, smiles and looks at MR. SUNDEEN. Then raises her 

hand) 
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I provide the above scene as evidence that positive relationships are being built in 

my classroom. Gutstein (2008) emphasizes the importance of critical educators to build 

political relationships with students. If I want students to engage in critical issues, then 

they must trust me. I work to establish positive relationships with the students in my 

classroom, including conversations around current and political events. Below is an 

excerpt from one of the university critical friends during the noticing session:  

Noticer 2: I think there’s something to be said for the giggling, which happened 

throughout. There was giggling that wasn’t related to you. The giggling didn’t 

sound like nervous [laughter], it was kind of… it felt like it was safe to giggle. I 

think that was a nice piece to see. That the girl, says, “what does this have to do 

with math?” and then she just cracked a big smile, it wasn’t like an “I got you 

now smile.” It was almost like she was messaging to me that she doesn’t know 

yet, but she knows it’s going to come. I think that’s something to be celebrated- 

that they are feeling comfortable in expressing that, emotionally to you. Often we 

ignore the emotion in mathematics. I think that’s what I was noticing in the other 

one as well, the emotionality that you can get out of peoples’ voices. We say they 

just have confidence, but there’s more than just confidence… 

One of the central roles I want to play as an educator in establishing relationships with 

students is to create a classroom where they feel safe and comfortable in my mathematics 

classroom. I agree with the interpretations made by Noticer 2 in that the relationships I 

have with the students creates a comfortable place for them. The critical mathematics 

lessons helped to establish those relationships by opening up personal dialogue about 

events in class, both critical and mathematical.  
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However, beyond creating a comfortable space, I also believe in the importance 

of creating an environment where students reflect critically on controversial issues. It is 

important that students examine their own stances on critical issues and that many issues 

should not be presented through dichotomies: either/or, black/white, or two sided issues. 

Below is an excerpt from my personal journal after the Pipeline Debate in my high 

school classroom: 

Today was the debate day. It’s been pretty incredible to see the transformation of 

the students this week. Many students at the start were reluctant and didn’t like 

the idea behind the assignment. Once engaged, they researched a variety of 

different sides of the argument in order to establish their position on pipelines… 

In the end many of them agreed that their stance on pipelines had changed (some 

supported, some did not) and all of them agreed the assignment was worthwhile 

and interesting. (Reflective Journal, April 27, 2017). 

Even though the Pipeline Debate lesson was presented as a dichotomy, many students 

engaged with the debate process and recognized that the issue was more complex. It was 

interesting, as many students would waiver back and forth on whether or not pipelines 

should be used to carry crude oil; many who were previously against pipelines 

recognized there is value to them (safer than other methods of transportation) while 

others who were pro-pipelines learned of the negative consequences pipelines can have. 

Additionally, students reflected on their use of statistics through the activity. 

The critical lessons also gave rise to many political conversations on topics 

including: No Dakota Access Pipeline (NoDAPL) Movement (McPherson, 2016), the 

Truth and Reconciliation Commission Report (Truth and Reconciliation Canada, 2015), 
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Land Rights in Canada (Vowel, 2016), and the Government of Saskatchewan raising the 

PST (Langenegger, 2017). Throughout these conversation I attempted to challenge 

students’ views as well as ensure they did not merely adopt my views on the issues; I 

wanted students to critically reflect on critical issues and realize that often there are more 

than two sides to any debate.  

Important to the critical mathematics lessons was ensuring that students felt 

comfortable and safe to share their thoughts, both critical and mathematical. Noticer 2 

picked up on the relationships in my classroom and also mentioned the importance of 

noticing the emotionality in mathematics classrooms. Moving forward, I want to 

continue to develop and nurture those relationships, aiming to create a classroom climate 

that opens dialogue with students. Establishing political relationships is key to critical 

mathematics educators. Gutstein (2006) writes of building those relationships so that 

students view “themselves as capable of substantive academic work, engage the ideas, 

and delve into real-world projects using mathematics to investigate injustice in the 

world” (p. 162). By establishing those relationships, students are free to engage with 

complex mathematics and critical issues. 

4.3 What Critical Friends Noticed 

In this section I discuss how the noticing sessions with critical friends opened my 

eyes to two events that I did not notice. The first stemmed from the noticing session with 

high school critical friends and how our beliefs about the teaching and learning of 

mathematics permeated our discussions and what we notice. The second event was 

noticed by a critical friend during the noticing session with university critical friends. 

Through using the Integrated Noticing Framework and analyzing the data following a 
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similar process I constructed this theme, reinforcing the notion that collaboration and 

reflection with critical friends played a central role to helping me understand and 

improve my practices as a critical mathematics educator. 

4.3.1 The rabbit hole 

Noticer 4: So how much, like… how far can you take the social justice or the 

social awareness issue of the lesson? How far can you go beyond the math in a 

math lesson or math classroom? 

Researcher: I don’t know, I’m still negotiating that  

Noticer 4: Ya… I think that’s the value in it 

Noticer 6: Or is it just sparking that social justice view. You’re just sparking that 

conversation and then hoping they go further. Maybe not in your class. 

Noticer 4: Maybe they take it to the social class and say hey we figured this out, 

maybe that’s the place for the debate. I think it’s so hard, it’s the way the system 

is set up; you spark this idea, “K math class is over, we can’t talk about this 

anymore, we gotta move on to percentiles tomorrow,” or whatever it is… you 

can’t continue on and I guess that’s going down the rabbit hole… it would be 

beneficial if we could [incorporate social justice]. 

The above excerpt from the noticing session with the high school critical friends 

occurred after viewing the Land Matters lesson. All three critical friends saw value in the 

activity. However, they perceived certain limitations on mathematics teachers as they 

incorporate social issues into the mathematics classroom. This excerpt serves as evidence 

that critical friends considered, but did not believe they should, incorporate critical issues 

in a mathematics classroom.  
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It is not uncommon for pre-service and practicing mathematics teachers to draw 

on certain popular or dominant discourses to justify not adopting more inquiry based 

approaches. Nolan (2012) outlines five such dominant discourses based on her research 

with beginning teachers (former undergraduate students): “time constraints, discomfort 

with creativity and innovation, traditional classroom structures, reliance on tests, and 

mathematics strength” (p. 206). Nolan recognizes that the discourses are interconnected 

but presents the discourses separately to critique the underlying themes sustaining the 

discourses. 

High school critical friends draw on the discourses Nolan (2012) identifies. 

Comments about using a social studies class for the debate, or suggesting that math class 

should spark the interest but students might do more outside of math class, questioning 

how far a math teacher should go with social issues or how mathematics teachers can 

only spend a certain amount of time on these types of lessons before moving on, resonate 

with Nolan’s discourses. The conversation ends with Noticer 4 mentioning “going down 

the rabbit hole.” Going down the rabbit hole is a reference from Alice in Wonderland and 

according to The Free Dictionary it means, “to enter into a situation or begin a process 

or journey that is particularly strange, problematic, difficult, complex, or chaotic, 

especially one that becomes increasingly so as it develops or unfolds” (Farlex, 2017).  

I cannot be entirely certain what the critical friend meant by “going down the 

rabbit hole,” but my interpretation of the comment is if we go down the rabbit hole we 

would need to discuss our beliefs about mathematics and mathematics education. The 

pedagogical discourses Nolan (2012) identifies appear in the comments made by critical 

friends and I think that exploring mathematics teacher beliefs about mathematics can be 
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compared to going down a rabbit hole: exploring our beliefs can, at times, be strange, 

problematic, difficult, complex, or chaotic, especially one that becomes increasingly so 

as it develops or unfolds (Farlex, 2017).  

Beswick (2006), in her study which surveyed twenty-five mathematics teachers, 

found that it is important for teachers and pre-service teachers to explore and establish 

their beliefs prior to engaging in professional learning. Beswick (2006) writes that: 

Findings concerning the importance of teachers’ beliefs to the kinds of 

classrooms that they create highlight the importance of individual mathematics 

teachers, and providers of professional learning or preservice teacher education 

related to mathematics, reflecting carefully on the beliefs that they hold about the 

nature of mathematics and about mathematics teaching and learning (p. 21). 

I believe it would have been beneficial for the critical friend groups to discuss 

their beliefs about the teaching and learning of mathematics. By not going down the 

rabbit hole, I believe there was an assumption that we all held common beliefs about 

teaching and learning mathematics. Either prior to engaging in discussions with the 

critical friends or at some point within the discussions, we should have identified our 

beliefs about the nature of mathematics and what we believe about the teaching and 

learning of mathematics (Beswick, 2006). I noticed, after analyzing the data, that we 

were all working on particular, but varied assumptions, we could have grown more 

through the critical friend discussions had we articulated those beliefs. I noticed that our 

conversations as critical friends seemed to be superficial at times, and if we had 

discussed our beliefs we may have had deeper conversations. 

I interpret Noticer 4’s comment about the rabbit hole coming from two places: 
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first, it appears that frustration exists with the school system and its structure of one-hour 

teaching periods, and second, while it is important to connect students to social issues, 

mathematics classrooms may not be the appropriate place for those conversations. My 

interpretation of Noticer 4’s questions (“how far can you take the social justice or social 

awareness issue of the lesson? How far can you go beyond the math in a math lesson or 

math classroom?”) is that he/she believes that mathematics is apolitical or value-neutral 

(Tutak, Bondy, & Adams, 2011). Had I articulated my beliefs that mathematics is 

political, we may have been able to discuss how that belief has influenced the creation of 

the lessons and how they are enacted.  

Future studies might explore the relationships between mathematics teachers’ 

beliefs and how those beliefs influence what mathematics teachers notice and interpret. 

Cooney (2001) discusses both pre-service and current teacher change in the context of 

their dispositions and beliefs. Central to changing dispositions and practices is an 

exploration of mathematics teachers’ beliefs (Cooney, 2001). Potential future studies 

might examine how the INF can be used as a tool to create teacher and pre-service 

teacher change. As a critical friend group, integrating discussions which explore our 

beliefs about the nature of mathematics and the teaching and learning of mathematics 

might have further enriched our interpretations and discussions.  

4.3.2 The importance of becoming a reflective practitioner. Through the 

noticing sessions with critical friends, I become more aware of the value in becoming a 

reflective self-study researcher. The university critical friend group noticed a gender 

issue after watching the Pipeline Debate lesson. I provide the following excerpt from the 

university noticing session: 
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Noticer 1: I wanted to go last because I wanted to see if anybody else noticed 

what I noticed. Because I was stuck noticing this, it was all I noticed, I wrote 

down other things, but it was all I noticed. … The males are the ones who speak 

in this class. Although I noted a few times, it was a female, it was kind of 

interesting… There were males talking in the groups and were mainly the only 

voices in the group heard, presentations were both males, then there was a 

woman, who presented the rebuttal, then [female student name] at one point, in 

one part offered to a conversion.  Without trying to put an interpretation or a 

judgement: the male voices were heard, the males were seen and the females 

were seen but not heard. I’ve got other things that I wrote, it was the main thing I 

noticed. 

Noticer 2: Was it brought to their attention throughout the semester? 

Researcher: I noticed something nobody has said yet, [female student name] 

made a comment and I interpreted it differently. She said, “How do you make a 

group so that everyone has a say, [female student name] and I didn’t have a 

say…” I thought she was saying, how do you make sure everyone does an equal 

amount of work, that wasn’t what she was saying; she was saying, “I wasn’t 

heard.” 

This dialogue illustrates my lack of awareness surrounding the issue of gender and how 

the male voices dominated class discussions. Not until a critical friend noticed this did I 

become aware of issues of gender inequality. Noticer 1, who initially noticed the gender 

issue in my classroom, went on to discuss her interpretation: 

Noticer 1: To me it’s a social justice issue; it’s a community issue. Anyone can 
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sit and say I’m introverted I don’t need my voice heard out loud but it needs to be 

heard in a community: whether it’s through a paper response or… so, those are 

the things I’m trying to figure out, how can I have a discussion where everyone 

gets a chance to have their voice heard. 

The university critical friends tended to notice and interpret through a variety of lenses, 

including gender and equity, and their perspectives helped shed light on an issue I did 

not notice. Critical friends interpreted events through a gendered lens which identified 

gender privileges in the university EMTH class, and this helps to inform how I, as a 

critical mathematics educator, can improve.  

I should note that by pointing out the gender disparity displayed in my data, I am 

not blaming the individual students. Gender issues are complex, but as a critical 

mathematics teacher educator, I believe I have a responsibility to attend to them. As a 

critical mathematics teacher educator, I have a responsibility to ensure all students’ 

voices are heard in all classrooms I work in, and this data serves as evidence of my 

further need to be sensitive to how I am attending to, interpreting, and responding to 

issues of equity. 

This discussion with the University critical friends raised my own awareness of 

issues of gender and equality. I believe that I did not notice such issues because what I 

notice is distorted by a lens of privilege. Being male and being a mathematics high 

school teacher, I have adopted an identity consistent with the dominant norms of 

secondary education and, as such, I may not recognize when other voices are being 

ignored or silenced (McIntosh, 1988). By pre-paring to notice equity issues, such as 

gender, I might better attend to those issues in order to act freshly around social justice 
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and community issues. Connected to these realizations around my lack of awareness 

concerning gender inequity, I wonder how often I have had events occur around race, 

sexual orientation and/or class privileges where I have failed to notice, or have 

misinterpreted, the event.  

 Later in the discussion during the noticing session with university critical friends, 

the following suggestion was made: 

Noticer 2: You know who would take this on though, someone to actually talk 

male to male. They’re not going to take this from a female educator and it’s 

important that students understand what they’re doing. 

The discussion with University critical friends helped to identify gender as an issue and 

also provided interpretations which identified how I might consider responding in future 

situations. Recognizing one’s own privileged position and using that to create more 

equitable classroom environments is an important aspect of becoming a critical 

mathematics educator. In the future, I should pre-pare to notice and recognize that 

certain voices are not being heard so as to pare (that is notice in the moment) and then 

respond to those issues. 

 An interesting note is that what university critical friends noticed was not directly 

related to the content of the lessons or the pedagogy used, but rather to relationships 

within the classroom. School mathematics privileges students with characteristics 

consistent with being male (Boaler, 1997). Boaler (1997) says “I have attempted… to 

show the importance of giving voice to girls’ concerns, because what they are saying 

appears to make a lot of sense” (p. 304). Ensuring all voices are heard in a classroom is 

an important aspect of becoming a critical mathematics educator. What the critical 
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friends noticed served as a humble reminder of my continued work to become a more 

reflective practioner. As I work to notice and interpret critical issues, I need to reflect on 

my own privilege and the injustices I may serve to (unintentionally) reproduce.  

Tutak, Bondy, and Adams (2011) discuss three emerging domains of critical 

mathematics education: ethnomathematics, equity in mathematics education and 

culturally responsive pedagogy. These three domains can serve as fields of further 

research to inform my practices in becoming a better critical mathematics educator. 

Ethnomathematics recognizes the use of mathematics in culturally diverse ways, 

including how different cultures learn and use mathematics both historically and 

contemporarily. Equity in mathematics teaching, and teaching mathematics for social 

justice, recognizes that traditionally there have not been equitable opportunities for 

specific groups such as women and indigenous groups and that mathematics educators 

must recognize and change those traditions. Culturally responsive pedagogy recognizes 

the diversity of students within the classroom setting and draws on the students’ 

experiences, characteristics, and perspectives to create an engaging learning 

environment. I am interested in future work that will analyze how my practices align 

with those three emerging domains.  

In concluding and summarizing the data, analysis and discussion, I present the 

three different themes that I noticed:  

(1) The methods of data collection, specifically the use of the INF and noticing 

sessions with critical friends served as a practical tool to grow professionally and 

to collect data to inform this self-study. During the video viewing and discussion 

with critical friends, they noticed from a personal perspective, serving as 
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evidence that there are as many noticing lenses as noticers. Also, I have shown 

that the INF is a tool which teachers and researchers could draw upon to 

understand and improve their practices or to explore a variety of other research 

questions. 

(2) Critical friends noticed many of the same events as I noticed; however, often they 

provided alternative interpretations which helps to inform how I might act freshly 

in the future. It is not unusual for students to resist inquiry-based mathematics 

teaching approaches or the inclusion of social issues in a mathematics classroom 

(Brantlinger, 2014) and critical friends offered a variety of different 

interpretations on why (see pages 60-63 for the discussions). I interpret resistance 

as part of a discourse of ambivalence; thus, sometimes their resistance to critical 

mathematics lessons emanate from their ‘bad’ experiences in mathematics 

classes. I drew on an analogy in the Wealth Distribution lesson in order to get 

students to start the task. In the future I need to be careful how I use analogies in 

my classroom; I do not want to teach the analogy but rather use the analogy to 

teach the mathematics. Critical friends also offered a variety of interpretations 

when I took the blame for a student’s struggles. In the future I will engage the 

students in a discussion on why struggling in mathematics is to be expected 

because it helps to build mathematical power. Noticer 2 interpreted the 

emotionality in my mathematics classroom as a safe and trusting place. This 

serves as evidence for my attempts to build political relationships with my 

students (Gutstein, 2008). I hope to create an environment where students are 

comfortable to explore mathematical topics and adopt critical perspectives. 
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(3) Critical friends noticed a variety of events which I did not notice; some of these 

events I think I should have noticed and they serve as my “ah-ha” moments in 

this study. In the future, when drawing on the INF, I think that asking critical 

friends to share their beliefs about the nature of mathematics and the teaching and 

learning of mathematics might offer additional valuable insights to inform our 

discussions. Noticer 1 offered an interpretation while viewing the lesson from the 

EMTH class that “the male voices were heard, the males were seen and the 

females were seen but not heard” (Noticer 1, May 6, 2017). In the future, I will 

work to ensure all voices are heard and I must pre-pare myself to notice these 

issues in the future. I know that an important tool in helping me recognize future 

issues of equity in my classroom is by collaborating with critical friends and/or 

colleagues possibly using the INF, and post-paring through reflection, this way I 

might better pare (that is to notice in the moment).  
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CHAPTER 5: Concluding Remarks, Study Limitations and Moving Forward 

In section 5.1 I offer my concluding remarks by summarizing and synthesizing 

the findings of this study. In section 5.2, I discuss some limitations of the study and how 

there were methodological and technological limitations. In section 5.3, I outline future 

research I might conduct as a result of this study.  

5.1 Concluding Remarks 

Before making my concluding remarks I will return to the two thesis questions 

explored: 

1. As a high school mathematics teacher, what do I notice as I use inquiry to enact a 

curriculum infused with ideas from critical mathematics educational research?  

2. How can I more effectively teach using inquiry methods informed by critical 

mathematics educational research? 

I noticed a lot through this self-study as I attempted to understand and improve my 

practices of becoming a critical mathematics educator. The Integrated Noticing 

Framework process and the noticing sessions provided me with a variety of noticing 

lenses which helped me to reflect on aspects of my teaching. In this section I write about 

those noticings and how my practices might change in the future. 

Critical friends noticed a number of the same events as I noticed; however, their 

interpretations offered additional insights into the events that unfolded in my classroom. 

In the future, I need to be more aware of how I draw on the use of analogies in my 

mathematics classroom and how I respond to student resistance. I used an analogy in the 

Wealth Distribution lesson to help students start the task, hoping that it would lead them 
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toward building their understanding of percentiles and percentile ranks. However, using 

the analogy to help students build their understandings can fail when the analogy 

becomes the focus instead of the mathematics concepts. By focusing on an analogy, I am 

limiting my students’ opportunities to build mathematical power. One such example I 

noticed was the use of an analogy comparing a line-up of people in ascending order of 

their annual income to the distribution of incomes. These tricks can limit students’ 

understandings; instead, I should ask students to reflect on the mathematics and thus 

potentially create their own analogies. As a critical mathematics educator, I need to be 

more aware of how I am using such strategies so that I do not focus students on the 

analogy itself, but rather use the analogy to focus students on the mathematical concept 

being explored.  

Another example of when critical friends offered interpretations different from 

mine was through interpreting students’ resistance during the critical lessons. It is not 

uncommon for mathematics teachers incorporating social justice issues into their 

classroom to experience student resistance (Brantlinger, 2014; Gutstein, 2006). Critical 

friends interpreted student resistance emanating from the fact that students were 

comfortable living in that space, and the resistance was not necessarily linked to learning 

about social issues, but rather with the difficulty they have experienced in past 

mathematics classes. In the future, I might discuss with my students that struggle is an 

essential part of learning; getting students to reflect on the mathematical concepts 

explored, and the implications of the social issues. 

In my research, I noticed how important it is for students to form trusting, 

political relationships with critical mathematics educators (Brantlinger, 2007). One 
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critical friend in particular noticed and interpreted those relationships by identifying 

specific events: students smiling, giggling, teasing the teacher, and the emotionality of 

their voices throughout the video clips. As a developing critical mathematics educator, I 

must continue to work on forming relationships built on trust and honesty. By building 

such relationships, I hope to create a classroom climate which will facilitate student 

explorations into social issues using mathematics, and through those explorations 

encourage students to consider critical perspectives.  

Critical friends noticed and interpreted a number of events that I did not. In the 

high school critical noticing session Noticer 4 made reference to “going down the rabbit 

hole” and I compared the comment with mathematics teachers exploring their beliefs 

about teaching and learning mathematics. In future self-studies, and/or professional 

learning opportunities, I plan to discuss my beliefs about mathematics and the teaching 

and learning of mathematics. An interesting future study might explore what 

mathematics teachers believe about teaching and learning mathematics and how those 

beliefs shape what mathematics teachers notice.  

A second event noticed by my critical friends but not by me, related to a gender 

equity issue where the male students dominated classroom discussions. Noticer 1 stated 

that “the male voices were heard, the males were seen and the females were seen not 

heard” (Noticer 1, May 6, 2017). Critical friends interpreted the lack of female voices 

being heard in a variety of ways and made suggestions for how I might address the 

gender issue. Since I did not notice this event, it serves as an “ah-ha” moment for me. In 

the future I want to notice issues of inequity and this study has played a key role in 

raising my own awareness. The critical friends noticed that male voices dominated 
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classroom conversations and through this research I have shown that through a 

community of critical friends working collaboratively and through reflection I might 

continue to grow, better pre-paring and become more aware of such issues. By pre-

paring to notice and post-paring through reflection, I hope to pare in the future; that is to 

notice in the future so I might act freshly. 

Through this study, I have a better understanding of my role as a critical 

mathematics educator. I have enjoyed the process of formalizing my learnings in a thesis 

which required additional reading, research and making sense of what I was noticing. 

Moving forward, I will continue to reflect on events in my classroom and aim to become 

a reflective critical mathematics educator. 

5.2 Limitations 

Here I outline some of the limitations of this self-study. There were two technical 

challenges that I experienced as I recorded, edited and viewed videos of my classroom 

teaching. There was also one research challenge encountered due to a lack of 

participation in my high school mathematics class.   

I had difficulty obtaining good quality video. I used a “Flip HD Video Camera,” 

where the “HD” was a little misleading. I used a flip camera to ensure that the size of the 

video files created would be small; unfortunately, the video quality was not as good as 

the quality of a “Go Pro” or professional camera.  Also, in my high school classroom, I 

was unable to secure a person to video record my teaching and so there were numerous 

situations where I set the flip camera on a tripod in a stationary position in the room 

during classroom activities. When the camera was set up on a tripod there was often poor 

audio quality as I interacted with students at a distance from the camera; thus, certain 
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moments were difficult to see and/or hear. I attempted to overcome this limitation by 

including subtitles in condensed videos to help critical friends hear and follow the 

conversations.  

Occasionally I would hold the camera in my hand as I circulated while students 

worked during the lessons, but I found teaching and focusing the camera to be difficult to 

do at the same time. Many of these first-person clips provided excellent audio; however, 

the video footage was of my feet or the board and not on the student-teacher interaction. 

This was noted by one critical friend who noticed, “I had a hard time hearing this one, so 

video/picture problem” (Noticer 2, May 6, 2017).  

I also experienced technical problems with the internal storage of the flip camera, 

which should have been able to hold at least one hour of footage. During the third 

Pipeline Debate lesson in my high school classroom, the internal storage dropped from 

sixty minutes to twenty-five minutes. This became problematic because I was forced to 

download the footage mid-way through a lesson onto my laptop then re-start the video 

camera. Unfortunately, this also meant there were moments that were not captured. On 

two separate occasions the batteries died and I ended up using my phone to capture some 

moments during the lessons. In future studies I would use multiple cameras set up on 

tripods around my classroom to video record lessons or have a designated videographer 

in the classroom. 

Future studies using the INF might benefit from the use of multiple cameras set 

up in my classroom. If I was interested in studying how students understand or interact 

with critical mathematics lessons, it would be interesting to place cameras or audio 

recorders at each table to see and hear how they negotiate activities and topics when I am 
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not present. The use of a videographer would also have been effective in recording 

moments in the lesson I was unable to record, the videographer could record both 

student-teacher interactions and student-student interactions.  

Sherin, et al. (2011) discuss a variety of limitations facing researchers who use 

video and mathematics teacher noticing. In their study, which uses video clips that were 

self selected in-the-moment by the teachers, they recognized two limitations: “we were 

unable either to capture the noticing itself or to access teachers’ thinking about their 

noticing” (p. 86). My study had similar limitations in accessing in-the-moment events 

since some moments may not have been captured due to the technical problems. While 

capturing the moment was one challenge, another was accessing my own thinking about 

what was noticed. There was, at times, a significant gap in time between the teaching of 

the critical lessons and the noticing sessions with critical friends.  This limited my ability 

to interpret in-the-moment events that the critical friends noticed. I attempted to use my 

own reflective journal to alleviate this limitation but not all events critical friends noticed 

had been reflected on in my journal. It is not uncommon for researchers to have trouble 

accessing mathematics teachers’ thinking about events that are noticed (Sherin, et al., 

2011) and my study was no different. 

5.3 Moving Forward 

In this section I synthesize what I learned through this study, highlighting how 

this study has moved me towards becoming the critical mathematics educator I strive to 

be, and how I might continue to work towards those goals. In this section I write about 

future research topics that I might explore. Future studies might use the INF to explore 

different research questions, such as another self-study exploring and improving my 
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practices, exploring mathematical teacher noticing, or understanding students’ thinking. 

As previously mentioned, through this study I have learned about and improved 

my practices as a critical mathematics educator. Through this study I have reflected on 

different aspects of my teaching and have come to realize that I need to continue to pre-

pare by being mindful of a number of contexts including classroom dynamics, my use of 

vocabulary, how I draw on metaphors, and my use of shortcuts. This study was an 

exercise of post-paring by intentionally reflecting on my classroom experiences. My 

desire is to co-create a classroom where students are engaged in high-level mathematics, 

while learning about critical issues, which might raise their critical consciousness, and 

where students might reflect on what they are learning. I plan to design and teach more 

inquiry-based critical lessons and I must pre-pare and post-pare in order to pare during 

those lessons; that is to notice in the moment so I might act freshly (Mason, 2011).  

Through this self-study, I noticed other research topics which could be explored. 

For example, an interesting future study might draw on the INF, blending lesson study 

and mathematics teacher noticing, to explore one of three emerging domains in critical 

mathematics education identified by Tutak, et al. (2011): ethnomathematics, equity in 

mathematics, and culturally responsive pedagogy. This future study might draw on the 

original INF process developed by Nolan (2017) by co-creating lessons following a 

lesson study approach. By co-planning lessons with colleagues this future study might 

contribute to what Tutak, et al. (2011) identify when they write “[t]he mathematics 

education field needs to produce empirical research and curriculum support for teachers” 

(p. 72). Such a contribution to the field might help to make empirical research and 

curriculum supports for teachers more accessible. I hope to identify other teachers and 
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researchers interested in the three emerging domains identified by Tutak, et al. in order 

to make a contribution to research in mathematics education. 

In my current employment, I am a core leader in my school, in which one of my 

responsibilities is to help plan and facilitate professional development for my colleagues. 

I am motivated by the words of Schoenfeld (2016) who states:  

[mathematics education researchers] have made great progress in understanding 

teacher thinking and learning, but there is much to be done in supporting teacher 

growth—in developing and researching professional learning communities, for 

example, or in learning about practices such as lesson study (see, e.g., Fujii, 

2014; Lewis, 2002; Takahashi, 2008) in ways that would enable more widespread 

use (p. 518). 

By using my role as a core leader, I have opportunities to facilitate professional learning 

groups and communities of practice amongst teachers. I am interested in studying 

teacher noticing through the INF with these colleagues. With the discipline of noticing as 

a foundation, mathematical teacher noticing could serve as an avenue to facilitate 

professional development through a collaborative study which might examine how 

teachers understand their own practices or enact curriculum.  

Additionally, a follow-up study to this one might research students’ perspectives 

and responses to critical and inquiry-focused lessons. It became apparent in my study 

through enacting the developed lessons that students shared different responses during 

the inquiry-based critical mathematics lessons. Their perspectives are ones which my 

study did not explore and I believe it would be a valuable perspective to study.   

I chose teaching as a career because I wanted to make the world a better place; I 



 

 

96 

hope this contribution to educational research will contribute to that same goal. This self-

study has helped me better understand and improve my practices of becoming a critical 

mathematics educator. In the future, I want to continue to grow professionally as a 

critical mathematics educator to create situations for my students to critically reflect on 

the world they live in and believe they can create change. For this reason, my future 

research and teaching will be to fight for a place where “inequality, arrogance, and 

bigotry have no place” (D'Ambrosio, 2016, p. 25).  
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APPENDIX A: Lesson Plans 

6.1 Critical Lesson 1 Wealth Distribution 

Outcome Demonstrate understanding of percentiles. 
 

 
Targeted 
Indicator(s) 

Explain, using examples, percentile rank in context 

 
Big Idea Data can be represented using various statistical measures, some of which 

are more appropriate than others in certain circumstances. 
 

 
Before  
 
 
 
 

What does it mean to be rich?  
 
Show them the global rich list calculator based on a variety of wages 
(include minimum wage).  
 
For the median income use $1687 annual net income, see figure below. 
 
Found at: http://www.globalrichlist.com/ 
 
 

 

Figure 2.1. Global Rich List. An image displaying the median income 

percentile rank (POKE, 2012). 

 
During 
 

Working in small groups (2-3) students will figure out the median income 
in Canada based on the table. They will present their work with 
justification to the class.  
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Figure 2.2. Individuals by total income level, by province and territory 
(Canada), Median not visible and data segregated to display only 2014 data 
(Statistics Canada, No date) 
Students will, using a stats Canada table (figure 2.2), create a classroom 
percentile rank where each student will determine a specific income based 
on a given percentile rank.  
 
For example, if there are 20 students in the class each student will represent 
every 5th percentile rank, with additional students exploring percentile 
ranks such as the 99th percentile or the 1st percentile. 
 
Students will record the income based on their assigned percentile rank on 
a mini-white board and stand in ascending order.  
 

 
 
After 
 

Students will participate in a class discussion about the distribution of 
annual income in Canada. If not calculated yet students will determine the 
99th percentile of the data given in the table and briefly reflect on how they 
felt about the top 1% earners in Canada, handing in a journal response and 
their work that leads to the calculation.    
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6.2 Critical Lesson 2 Pipelines Debate 

Outcome Extend and apply an understanding of measures of central tendency to 
solve problems including: mean, median, mode, weighted mean, and 
trimmed mean. 

 
Targeted 
Indicator(s) 

To calculate various means for a given data set and justify the reason why.   
This will include critiquing media releases displaying data and get 
students to understand and use data in a specific context. 

 
Big Idea Data sets can be represented using a variety of measures, each measure has 

an appropriate and inappropriate use. 
 
Before Begin with a discussion on pipeline and whether or not people should use 

them. 
 
Share with students the article, Donald Trump approves TransCanada’s 
Keystone XL pipeline after eight years of haggling	(Morgan,	2017) and 
discuss with students their thoughts towards pipelines. 
 
Randomly assign students a side to the debate and introduce the debate 
format 

 
During 
 
 

Create two groups of students (one for and one against) and pose the 
proposition: 
 
Be it resolved the right honourable prime minister Justin Trudeau should 
approve the keystone pipeline and line one pipeline 

1. One group will argue for the approval of the pipelines 
2. One group will argue against the approval of the pipelines. 

 
Each group will be given time to construct statistical arguments: trimmed 
means, weighted means, and measures of central tendency, not to mention 
potentially drawing on the probability of oil spills.  
 
Each group will be required to present their side of the debate in the 
following format:  

1. Initial arguments (11 minutes) 
a. Affirmative initial arguments (3 min) 
b. Negative initial arguments (3 min) 

(5 minute break to plan rebuttal and summary) 
2. Rebuttal and Summary (8 min) 

a. Negative arguments (3 min) 
b. Affirmative arguments (3 min) 

 
Class discussion about pipelines and how each group manipulated statistics 
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to prove their point. 
 
After The students’ presentations will wrap up the activity as well as an in-depth 

conversation about issues around using mean, median and mode around 
measures of central tendency. Potential discussion starters: 
-Should quantities of zero count towards the median and mean of a data 
set? 
-Is mode the most accurate measure? 
-How do the three measures of central tendency change if we exclude 
“outlier” data points when nothing was spilled? 
-How do those three measures change if we exclude the outliers at the high 
end of the range? 

 

6.3 Critical Lesson 3 Land Matters 

Outcome Demonstrate understanding of “area” using uncertainties and precision. 
 

 
Targeted 
Indicator(s) 

Solve a contextual problem involving uncertainty, accuracy and precision. 
Solve a contextual problem involving 2D objects (area) and scales.  

 
Big Idea Visual representations of information help to create a deeper level of 

understanding. 
 
 
Before 
 
 
 

Show the image up of the Canada map (with the dots representing each 
reserve). Have students brainstorm questions related to the image. 
 
Potential questions: 
-How big are the territories? 
-Why did the territories even start? 
-how much land is in the national parks? 
-Why does Alaska dip so low? 
-How much off shore land does Canada own? 
-How much land do Indian Reserves occupy? 
-Why are there so few reserves in Ontario, Quebec and the Maritimes? 
-How much area is Canada? 
-What is the population of Canada? 

 
During 
 
 
 

Ask students to create a visual representation on their desk of the land 
currently held in “sovereignty” by Indigenous peoples in Canada. Ask 
them to cut out a precise piece of paper which will represent all the areas of 
the reserves combined. 
 
After they finish, get them to cut the piece into the total number of reserves 
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(600 for the purposes of this activity). When they complain get them to 
create a larger scale using the area of the classroom as the area of Canada. 

As a class have them spread the reserves around the room to visualize the 
impact colonization has had on indigenous communities. 

Suppose the table is 1800 in2, this means that the area currently occupied is 
approximately 6.3 in2 or a square which is approximately 2.5”x2.5”.  

If a classroom is 1600 ft2, this means that the area currently owned is 
approximately 5.6 sq ft or a square which is 2.4’x2.4’ 

After Potential discussion points: 
Discuss with students the connection between wealth and income, and how 
land is a form of wealth.  
How has mathematics fit within a larger context of colonization and critical 
mathematics? 
Discuss with students how land is owned in Canada (Fee simple) and other 
types of land ownership in Canada (sui generis). 
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