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Abstract 

There is a significant gap in the number of Indigenous students enrolled and successful in 

secondary school mathematics, which is partially due to the lack of cultural pedagogy and 

critical pedagogy in mathematics education (Nielsen et al., 2008). This is significant, 

because as Doolittle and Glanfield (2007) argue, mathematics education in mainstream 

society is an enabler (or disabler) of many opportunities. Many researchers and educators 

have worked toward the goal of improving Indigenous students’ success in mainstream 

education, however there is significantly less research focusing specifically on 

Indigenous students’ success in secondary mathematics education. This project explored 

major themes of Indigenous ways of knowing, two-eyed seeing and growth, and 

mathematical mindsets from an extensive literature review with the purpose of 

developing a handbook and strategies and sample activities for Intermediate and Senior 

mathematics teachers to implement in their professional practices. The handbook was 

designed to provide mathematics educators with research-based knowledge to aid them in 

developing inclusive strategies pedagogy and assignments that promote Indigenous 

student success as well as make mathematics education meaningful. Included in these 

strategies are project-based learning, place-based learning, and critical and social justice 

mathematics.   
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CHAPTER ONE: INTRODUCTION TO THE STUDY 

A common misbelief by mathematics educators is that math is a neutral subject 

that is absent of culture and context, and therefore does not contribute to oppression and 

inequity in society. This view results from a lack of awareness, critical thought, and 

examination of whose voices and knowledges are present in math curriculum and 

teaching. There are many ways in which mathematics education contributes to inequity, 

and it is important for educators to be mindful and aware of their own contributions as 

well as steps they could take in preventing education gaps among students, especially 

Indigenous students.  

The purpose of this project was to develop a handbook with strategies and sample 

activities for Intermediate and Senior mathematics teachers based on major themes of 

Indigenous ways of knowing, two-eyed seeing and growth, and mathematical mindsets. 

The handbook developed in this research project is intended to offer support for 

Intermediate and Senior mathematics teachers by providing them insights into effective 

teaching strategies for mathematics education (specifically, to promote Indigenous 

student success). However, a lot of the information presented in the handbook can be 

applicable to all subject areas and grade levels looking to improve their current teaching 

practices. The handbook has been developed based on a thorough literature review, and 

includes strategies, insights, and sample tasks that promote student—especially 

Indigenous student—success in mathematics.   

The main goal of the handbook is to aid educators in developing their awareness 

in Indigenous ways of learning, as well as strategies that could be implemented with the 

purpose of intertwining both Indigenous knowledge systems as well as necessary 21st 

century skills required for student success and meaningful learning. 
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Situating Myself 

I am the second of four kids who are a mix of half Ukrainian, and half Arabic 

(including Palestinian, Egyptian, Lebanese, and Syrian). I am a graduate student with a 

Bachelor of Education and Intermediate and Senior teachable accreditation in 

mathematics. I chose this research topic because I feel that there is a need for more 

research in mathematics success in high school for minority groups who have been 

oppressed by our traditional Westernized education system. Additionally, I chose this 

topic to investigate in more detail because growing up, I was not fully aware of the social 

inequities within the education system. Growing up, I had been unaware of the hardships 

that many Indigenous people face in education and society, and I previously viewed these 

oppressive situations as issues from the past. It wasn’t until I went to university, where 

there was more of a diverse demographic of peers for me to learn from their experiences 

and perspectives. This was the start of my journey into re-educating myself and 

challenging my previous unchallenged assumptions and biases. In this research, it is 

important for me to constantly reflect on my dominant worldviews and work to challenge 

my hidden biases.  I believe that reflexivity and collaboration are the most important 

parts of this paper because it will help to ensure the handbook benefits Indigenous 

communities and students through decolonizing the thoughts and development process of 

the handbook. Additionally, through reflecting on Indigenous perspectives and my own 

thinking I will gain further insight into how to deliver and teach mathematics to my 

students effectively, as well as work on decolonizing my thoughts and perspectives.   

Background 

A common misconception of mathematics education is that it is free of cultural 

influences and instead is viewed as a “universal” form of knowledge, which is not 
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entirely the case. Many Eurocentric values and contexts can unintentionally be projected 

through the nature, context, and practice of mathematics teaching and learning (Abrams 

et al., 2013; Gerdes, 1994; Gutiérrez, 2013). Nielsen et al. (2008) found that many 

Indigenous students enroll in significantly fewer high school mathematics courses and 

demonstrate a higher lack of enthusiasm for conventional schooling compared to their 

non-Indigenous counterparts. Nielsen et al. argue that this significant gap in mathematics 

achievement is partially due to the lack of Indigenous pedagogy, diverse context, and 

culturally relevant pedagogy within mathematics education. 

In addition to altering the mathematics curriculum to have cultural validity, 

teachers must work to promote authentic meaningful dialogue that fosters confidence and 

respect among students while also working to understand how Indigenous students come 

to know (Curwen Doige, 2003). The lower success rate among Indigenous students in 

science education is a strong indicator of a need for effective and ongoing professional 

development programs that work with teachers to develop holistic and meaningful 

methods of teaching and assessment for students (Ezeife, 2002).   

By focusing on Eurocentric approaches to learning (e.g., teacher-centered, 

abstract, lecture-style pedagogy), mathematics education has excluded minority students’ 

cultures and pedagogies in conventional schools. Many settler-educators are hesitant to 

incorporate Indigenous pedagogies and ways of knowing for various perceived reasons, 

including: their lack of knowledge (on Indigenous practices and knowledge systems), 

lack of support (from colleagues or administration) and resources, and fragile 

relationships with Indigenous parents, students, and communities (Ianniciello, 2014).  

Through the findings of an extensive literature review, I argue that Eurocentric and 

Indigenous pedagogies and ways of approaching mathematics could be achieved through 
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an intertwined (i.e., two-eyed seeing) methodology. This alternative approach to 

mathematics education would also serve to enhance 21st century skills necessary for 

future student success.  

Purpose 

The purpose of this project was to develop a handbook that outlines and discusses 

culturally relevant strategies for Intermediate and Senior mathematics educators that 

intertwine Indigenous and 21st century skills necessary for student success in today’s 

society. Through developing this paper and handbook, I hope to provide mathematics 

educators with strategies, insights, sample lesson plans, and additional resources that are 

easy to implement and replicate in their own classrooms. The handbook is aimed to equip 

educators with the foundational tools and knowledge to support and promote both 

Indigenous and settler-students’ success in high school mathematics. This study 

encourages all educators to become more aware of how their practices may 

unintentionally promote success among certain students while hindering the success of 

other students. Through critical reflection and adaptation of equitable and beneficial 

strategies discussed in the handbook, educators can work to promote deep understanding 

of mathematics for all students.   

Guiding Questions 

 The following questions were developed in order to create a clear focus for this 

study and the handbook: 

1.   What	  are	  the	  most	  effective	  ways	  of	  integrating	  Indigenous	  perspectives,	  

pedagogical	  practices	  and	  culturally	  relevant	  pedagogy	  into	  the	  Intermediate	  

and	  Senior	  mathematics	  curriculum?	  
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2.   What	  are	  the	  critical	  elements	  of	  Indigenous	  pedagogical	  approaches	  that	  

appear	  to	  promote	  the	  success	  of	  all	  students	  in	  21st	  century	  skills	  regarding	  

mathematics	  education?	  

3.   How can Indigenous education practices be incorporated into the everyday 

teaching and learning of mathematics in Ontario schools and curriculum 

expectations?	  

Rationale 

The world we live in today allows for privileged majorities to flourish, while the 

minorities are being oppressed in many ways. Our education system aids in the 

oppression of minorities and streamlining Indigenous education. I believe that by limiting 

exposure to these social injustices, we are expanding the gap between minority groups 

and majority groups. Allowing students and teachers to continue being ignorant of social 

issues that are happening with the help of our education system will negatively impact the 

lives of many students. When we ignore these issues, we are not doing our parts in 

bridging the gaps between the oppressed and the oppressors. As educators, it is our job to 

help bring light to issues that happen all around us, and help students understand how to 

deal with these issues as well as provide students with opportunities to succeed in 

(mathematics) education. There are many benefits that come out of enlightening students. 

Many students are unintentionally being silenced in class, and by ignoring these issues 

we are hurting our students.   

Although there are many resources on Indigenous ways of knowing, there are not 

many resources specifically for high school mathematics education. Additionally, the 

high school drop-out rate for Indigenous students is at an alarmingly high 66% compared 
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to 37% for non-Indigenous students (Kanu, 2006). Nielsen et al. (2008) argue that many 

Indigenous students enroll in significantly fewer high school mathematics courses and 

demonstrate a higher lack of enthusiasm for conventional schooling compared to their 

non-Indigenous counterparts, and that this significant gap in mathematics achievement is 

partially due to the lack of Indigenous pedagogy, diverse contexts, and culturally relevant 

pedagogy within mathematics education. It is not enough to change the curriculum to 

have cultural validity; teachers must also simultaneously work to understand how 

Indigenous students come to know, as well as promote authentic meaningful dialogue 

that fosters confidence and respect among students (Curwen Doige, 2003). 

Significance/Importance 

This study, along with the handbook that includes instructional strategies and 

sample lesson plans, puts the extensive literature and theory into practice. This study 

provides teachers with a research-based comprehensive manual that is easy to follow and 

implement in their mathematics classrooms, while also providing concrete examples of 

lesson plans and activities they could build on and adapt for optimal student learning.   

The Ontario secondary school mathematics curriculums have not been updated for 

over a decade, and continue to exclude many minority contributions, especially 

Indigenous mathematics and teachings. For this reason, it is important for educators to 

incorporate Indigenous strategies and mathematics while simultaneously meeting 

mathematics curriculum expectations.   

It is important for educators to be aware of how mathematics curricula and 

teaching strategies may project hidden values and belief systems onto their students 

within their classrooms and pedagogical practices. I believe this awareness is an 
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important step in aiding educators to provide students with social empowerment through 

mathematics and become critical math citizens. Critical math citizens are those who: 

critically understand the use of math in society and political activities; interpret and 

critique the math in social, commercial, and political claims in various media forms; and 

understand the limits of validity of the uses of mathematics as well as reject misleading 

claims (Ernest, 2000). 

The goal of this study is to provide (mathematics) educators, parents, and other 

school personnel with the necessary tools to help Indigenous students, as well as settler 

students, with a better understanding of how to incorporate Indigenous knowledge into 

school mathematics curricula and teaching techniques to promote success in high school.   

Additionally, the handbook takes a holistic approach to mathematics success by 

looking at Indigenous histories and relationships with schools, culture, poverty, and ways 

of knowing, while also examining how to intertwine both Indigenous and Western ways 

of learning in mathematics education. 

Scope and Limitations 

The scope of this study is intended for Intermediate and Senior Ontario 

mathematics teachers because a need for a handbook in these grades seemed necessary 

for promoting Indigenous student success in high school. Although the handbook targets 

these grade divisions, the issues and strategies addressed may be applicable for all levels 

of mathematics teaching. The decision to focus the handbook on Grades 9 through 12 

mathematics was made as a result of the limited resources and expressed teacher 

confidence in integrating Indigenous perspectives at these levels.  

As with all research studies, there are several limitations to this study. One 

limitation is that it may be hard to generalize this study, given the limited scope 
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specifically designed for Ontario secondary education and Indigenous communities in the 

Ontario region. Although the handbook could be used by any teacher, the lesson plans are 

designed specifically for Ontario secondary mathematics. Additionally, due to the limited 

time frame to complete this study, the handbook was not implemented, assessed, and 

altered for optimal Indigenous student success in mathematics classrooms.   

Although I sought guidance and insight externally while also incorporating 

reflexivity throughout the creation of the study and handbook, there still may be biases 

embedded in the study due to the impact of societal influences and socialization into 

Western perspectives.   

Theoretical Framework 

This study was founded on theories posited by influential scholars who developed 

and/or built upon constructivist (Dewey, 1916), critical pedagogy (Freire, 1971), and 

decolonization in education (Battiste, 2017) frameworks.   

John Dewey, an American philosopher in the 18th and 19th century, believed that 

education was supposed to serve the needs and interests of the students. Dewey (1916) 

believed that the school systems should abandon formal instruction, and instead create a 

learning space with meaningful interactions. Given that Dewey believed that education is 

the continuous reconstruction of experiences, educators can influence the beliefs, 

paradigms, and understandings of students by bringing awareness to social issues. In 

other words, because children are active, changing beings, educators must create a space 

and pedagogy that aligns with the growth and change of each student. For authentic and 

meaningful learning to occur, Dewey (1916) believed that students should be given the 

opportunity to learn what is relevant to their lives. Given that social norms have an 
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extremely influential role in shaping all people’s beliefs, social issues are extremely 

relevant to each student, and should be taught within classrooms. Dewey (1916) was a 

strong advocate for a cross-disciplinary curriculum that allows the transfer of knowledge 

through new experiences. He also believed that education is a reproduction of society, 

and so educators should work to promote a sense of moral and democratic responsibility 

regarding social issues to bridge the gap between minority and majority groups   

Seeing as educators are highly influential in students’ understanding of the world 

around them, it is important for educators to refine their abilities to understand power 

dynamics in society and through this, enact interventions within the school and 

classrooms that promote social justice and critical democratic life for their students. 

Society has a constant influence over people at a (sub)conscious level. For this reason, it 

is important for people to learn how to think critically in order to question societal norms 

and provide a voice to the students who do not have one. It is important to understand 

that education is the basis of knowledge, and therefore can work to promote either 

oppression or liberation depending on educators w’illingness to incorporate public 

pedagogy and critical thinking. 

If we were to teach children to think critically about what they are learning, we 

would be allowing for inclusion on fairness in the classroom. One of the most influential 

educators, Paulo Freire, advocated that the purpose of education is to liberate the 

minority groups being oppressed (Murphy, 2006). Freire (1971) believed that children 

learn by doing, and that traditional schools must be re-evaluated. So, when we teach 

students to be critical thinkers, we are creating a classroom environment that allows for 

equity and inclusion. We need to bring awareness to the hidden curriculum that teaches 
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students to follow orders, and respect authority (Darder & Torres, 2003). This could be 

done by creating a student-centered learning space where teachers provide open-ended 

opportunities that let students interact and constantly question class material (Brooks & 

Brooks, 1999). There are many students who resist learning. This could be done either 

unintentionally (e.g., day dreaming) or intentionally (e.g., skipping class). In many cases, 

students who chose to “not-learn” are often mistaken as students who have failed to learn. 

There are many reasons why students would practice not-learning (James, 1994). For 

example, if students have a poor self-image of themselves, they may not believe they are 

capable of learning a certain topic, and will therefore not attempt to learn it.  

Another reason why students would refuse to learn is if they fear the unknown. 

The most important cause of resistance to learn is because the student does not want to 

give in to oppression (James, 1994). For example, if Indigenous students were to learn in 

Grade 7 or 8 history class that they were seen as “savages” and “unintelligent,” they may 

begin to internalize these statements. Some students resist learning because they do not 

want to jeopardize their beliefs of their own culture and may feel uncomfortable when 

hearing people talk down about their culture (Giroux, 2010). When we have an open 

mind with our course material, and teach students to do the same, we will be able to help 

students and teachers understand each other’s cultural differences, and ultimately break 

through not-learning by creating spaces for minority voices to be heard and valued (Kohl, 

1991). Some ways teachers can improve students’ happiness is by reinforcing deeper 

thinking in students, relate class material to social issues, teach students how their actions 

affect society, and encourage students to become responsible citizens (Damon, 2008). 

Freire (1971) also believed that education should by based on dialogue and 
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problematizing to aid in the transformation of consciousness in both the educator and the 

students. If educators do not constantly reflect and critically examine their own histories 

and cultural lenses, they will be teaching students through a biased perspective, 

ultimately harming many students (Giroux, 2010). For this reason, it is important for 

educators to remain open and willing to learn and listen with an open mind and attitude. 

Decolonizing education centers on educators and students questioning who is 

privileged and who is “streamed” in “mainstream” education, while simultaneously 

working to reconstruct education that is not centered around Eurocentric methods and 

systems (Battiste, 2017). Battiste (2017) argues that students commonly passively 

memorize school content without examining and questioning its origins, practices, 

outcomes and inequities. Batiste (2017) defines decolonizing education through its 

relationship to colonialism, arguing: 

Colonialism as a theory of relationships is embedded in power, voice, and 

legitimacy. In Canada, it has racialized Aboriginal peoples’ identity, marginalized 

and de-legitimated their knowledge and languages, and exploited their 

powerlessness in taking their lands. … Decolonization then is a process of 

unpacking the keeper current in education: its powerful Eurocentric assumptions 

of education, its narratives of race and difference in curriculum and pedagogy, its 

establishing culturalism or cultural racism as a justification for the status quo, and 

the advocacy for Indigenous knowledge as a legitimate education topic. … 

Decolonizing Indigenous education first and foremost must be framed within 

concepts of dialogue, respect for educational pluralities, multiplicities, and 

diversities. (p. 107) 
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Battiste (2017) states that decolonizing education is about deconstructing curriculum and 

establishing methods and practices that focus education and knowledge in the context of 

students’ experiences and lives.   

Outline of the Remainder of the Document 

In Chapter 2, the literature review, I focus on Indigenous ways of knowing and 

two-eyed seeing. Chapter 2 also discusses different mindsets and the effects they have on 

student learning, and looks at both project- and place-based learning. Chapter 3 outlines 

the methods used to develop the handbook and summarizes the intended use of the 

handbook. Chapter 4, the completed handbook, encompasses the literature review and 

theories used, strategies for teachers, and sample lesson plans for improved student 

success in mathematics education. Finally, Chapter 5 summarizes the overall study and 

discusses future implications for research and teaching practices.    
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CHAPTER TWO: LITERATURE REVIEW 

In this chapter, I review the current literature on Indigenous ways of knowing and 

learning as well as various influences on Indigenous student success. I then examine 

relevant literature that proposes alternative teaching strategies and possible methods of 

integrating Indigenous and Western knowledge systems for optimal student success. 

Indigenous Ways of Knowing 

It is important to note that there are multiple Indigenous groups, each with their 

own unique cultures, traditions, and ways of learning. For this study, I focus on the 

teaching and learning practices that are commonly shared amongst majority of 

Indigenous groups. Generally, Indigenous ways of knowing are holistic, looking at the 

whole person: the physical, emotional, intellectual, and spiritual needs of each person 

(Toulouse, 2018). Additionally, Indigenous learning involves the student, educators, 

elders, community members, and parents. Indigenous methods of learning consist of 

apprenticeships, tangible materials, high-context culture integration, individual 

instruction, and oral traditions that involve listening, watching, doing, and imitation 

(Abrams et al., 2013; Ezeife, 2002); and traditionally, educators came in various forms 

(humans, land, animals, spirit; Toulouse, 2018). The holistic approach taken by 

Indigenous knowledge systems encompasses interconnectedness, life-long learning, and 

experiential, transformative (allowing learners to positively contribute to their community 

survival), individualized (interest and ability oriented, and self-passed), and spiritual 

(connecting intellect, morals, and values) realms (Curwen Doige, 2003; Munroe et al., 

2013; Toulouse, 2016).   

The medicine wheel is a useful tool in understanding Indigenous ways of 

knowing. There are many versions and applications of the medicine wheel, however, a 
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basic theme is the holistic approach—covering the spiritual, physical, emotional, and 

intellectual aspects of a person (Toulouse, 2016).  Following the model of the medicine 

wheel, the teacher’s role is to facilitate and support a student in their learning journey as 

well as encourage and foster ongoing reflection and development amongst students 

(Toulouse, 2018). One example of how Indigenous peoples learn is commonly referred to 

as seeing and revealing: Seeing involves observing with all human senses, and revealing 

involves awareness of our and others’ perspectives and working to challenge our own 

perspectives while also embracing other perspectives (Toulouse, 2018). Through the 

emotional part of the model, teachings are centered on care and respect. This part of the 

model demonstrates the importance of students having an emotional connection to the 

content and strategies in a classroom, both formal or informal (Toulouse, 2018). 

Additionally, for care and respect to grow, students need to be exposed to real-life 

experiences. The intellectual aspects of the medicine wheel focus on change and personal 

growth. Toulouse (2018) states that in order of personal growth to occur, Indigenous 

students need time to reflect and educators need to work to nurture students’ natural 

curiosity. Spirituality is another very important part in Indigenous ways of knowing and 

the medicine wheel. Spirituality in education refers to the process involved for 

Indigenous students to make connections between their knowledge, community values, 

and morals (Sterenberg & Hogue, 2011). 

Munroe et al. (2013) describe Indigenous mathematics knowledge systems as “all 

about developing and building up sophisticated, complex responses to complex 

phenomena such as the weather, animal migratory patterns, healing, and human 

behaviour” (p. 321). Moreover, Indigenous mathematics knowledge systems are 

embedded in Indigenous languages. Indigenous approaches to mathematics learning 
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emphasizes the importance of making meaningful, personal connections through the 

context and experiences of the individual (Munroe et al., 2013).   

Indigenous languages and dialogues are extremely important in Indigenous 

knowledge systems because, through storytelling and other oral traditions, knowledge has 

been passed on through generations (Ezeife, 2002; Wilmot et al., 2013). Indigenous 

knowledge systems strongly rely on oral traditions, such as actively listening and 

participating in learning, which is rooted in Indigenous languages (Ezeife, 2002; Wilmot 

et al., 2013). Borba (1997) argues that language could be viewed as a code that is used 

and understood by people who hold common past experiences, and that “each language 

expresses a way of knowing developed by a group of human beings” (p. 40). These 

shared language expressions are communicated both explicitly (e.g., words) but also 

implicitly (e.g., through unconscious signs such as pauses, ways of walking or breathing, 

gestures, etc.). For this reason, Borba (1997) argues that words hold more meaning than 

what dictionaries limit them to. Most Indigenous languages in Canada are action or verb-

based languages, which contrasts to Eurocentric mathematics, which is noun-centered 

(Borden, 2011).   

In many Indigenous languages, there is a strong presence of verbs and preverbs 

(not present in the English language) which emphasizes a sense of motion (Noodin et al., 

2019). Additionally, verbs are the most important part of speech in many Indigenous 

languages, and are used to indicate actions, qualities and conditions of things 

(Anishinaabemowin: Ojibwe Language, 2015). This verb-rich characteristic of many 

Indigenous languages is significant because it may result in conflicts for Indigenous 

students to understand mathematics lessons which commonly use adjectives and nouns in 
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the language.  This difference in grammar causes confusion amongst many Indigenous 

students because it affects how they visualize and understand the concept taught by 

educators (Borden, 2011).   

In addition to barriers caused by structural differences in Indigenous languages 

and English (the common language taught in Ontario public schools), Indigenous 

languages are extremely important to Indigenous communities for cultural connections. 

Indigenous languages are connected to Indigenous identity, culture, and knowledge 

translation, and in recent years has experienced a resurgence due to energies and effort of 

elders to preserve the language (Anishinaabemowin: Ojibwe Language, 2015). This is 

significant because two strong predictors of Indigenous student success include access to 

traditional knowledge as well as culturally responsive pedagogy (Hodson & Kitchen, 2015).   

The Effects of Poverty on Learning 

As a result of the intergenerational trauma caused by residential schools and the 

ongoing false promises and broken treaties made by Canadians (settlers), Indigenous 

peoples living in Canada face higher threats of poverty compared to their settler 

counterparts. For example, Statistics Canada (2015) reported that 28% of on-reserve First 

Nations people and 30% of Inuit in 2011 lived in a crowded home (one or more persons 

per room) and one in four First Nations people (26%) were reported living in homes in 

need of major repairs. Additionally, among the homeless populations in Canadian urban 

centers, Indigenous peoples are overrepresented and represent an estimated 28% to 34% 

of shelter users (Canada Without Poverty, 2019). Canada Without Poverty (2020) also 

reported a significant number of Indigenous children in Canada living in poverty (40% 

off reserve and 60% on reserves).   
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These statistics on Indigenous peoples and poverty are significant to my study 

because poverty greatly affects a student’s success in school. Students of low 

socioeconomic status (SES) are constantly facing barriers in the education system, and 

understandably find themselves at a disadvantage within these systems. Barriers 

including, but not limited to, mental health, accessibility to resources, lack of support, 

and negative attitudes and thoughts towards people of low SES within education all 

contribute to this poverty cycle (Reay, 2001). For example, students are put into 

categories based on their test results (such as EQAO) to determine which students 

demonstrate the most potential (Lam, 2014). Unfortunately, these tests are usually done 

at young ages, and the students from SES households do not have the tools to prepare or 

prior prerequisites, resulting in lower test scores. This in turn causes the students, parents, 

and teachers to have lower academic expectations of them throughout their schooling, 

which results in them having less attention from their teachers, and causes them to not put 

in their full amount of effort into academic success. For instance, teachers are more likely 

to assign students from middle-class households to tables closest to them, allowing more 

attention and focus on these students. In addition to this, Lam (2014) argues that some 

characteristics of lower-income parents include depression, learned helplessness, low 

self-esteem, as well as a lack of goals and motivation. This has a great impact on their 

children because these parents are more likely to be neglectful, and not as confident in 

their children’s abilities (i.e., low developmental goals), which causes their children (and 

teachers) to gain the same lack of confidence for the students. 

Lam’s (2014) research shows that the conditions of a school contribute more to 

SES differences in learning rates than individual family characteristics. This is partially a 
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result of high concentrated low-SES areas having fewer library resources (i.e., fewer 

staff, less hours of operation per week, and the staff often being less well rounded and 

knowledgeable). Teachers with fewer years of experience and lower quality of training 

are more likely to work in low SES neighbourhoods, which also negatively correlates 

with students’ academic achievement (Reay, 2001). Additionally, Reay (2001) notes that 

for low SES students to fit in to the educational system, they must mimic how middle-

income students act and behave, which causes them to either lose their education or their 

authenticity and culture. In contrast, students from high SES backgrounds have higher 

self-efficacy for vocational aspirations and are better prepared for work as a result of their 

increased access to resources, such as: career offices, guidance counselors, better schools, 

high level “social actors,” familial experiences with higher education, connections, et 

cetera. This leads many students to perceive that they are not welcome or accepted in 

education due to their SES. Furthermore, students from low SES families are more likely 

to befriend other students who are disengaged in school, which is likely influenced by 

both their shared perceptions of school and their parents’ lack of involvement in their 

education (Farah et al., 2006). 

Another key issue among students in low SES households is that “poverty and 

income inequality relate negatively to mental health” (Tilleczek et al., 2004, p. 72). 

Students’ perception of their family’s economic stress and personal financial constraints 

result in increased depression and emotional distress among these students, and therefore 

negatively affect their academic achievement (Farah et al., 2006). Students from lower 

SES households experience higher vulnerability, anxiety, discrimination, and threats due 

to inequalities within and outside of schools as well as social comparisons with other 
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students (Tilleczek et al. 2004). It is important for educators to be mindful that chronic 

stress, which is quite destructive to learning, impacts children from lower SES homes at 

higher rates than other students (Farah et al., 2006). For example, if students are brought 

up in an overcrowded living environment due to lack of financial capital, this will have 

both direct and indirect effects on their academic success because these noisy conditions 

often make it hard for them to study and results in greater stress. Students from lower 

SES houses are also at greater risk of developing health problems (Farah et al., 2006), 

which leads to them having more absences from school when compared to their peers. 

According to Farah et al. (2006), stress among students is strongly linked, but not limited 

to: financial instability, dangerous and unhealthy living situations, perceptions of 

inferiority to those of higher SES, and feelings of not being in control of one’s life. 

Educators need to realize and address that these high levels of prolonged chronic stress 

among children from low SES households directly affect lower academic success rates 

(Tilleczek et al., 2004).  The physical symptoms of stress result in damages to the part of 

the brain that is responsible for aiding in learning and memory retention (Farah et al., 

2006). Furthermore, the “fight or flight” mode resulting from prolonged levels of stress 

lowers the amount of energy the body puts toward promoting the brain functions to carry 

out roles associated with learning. This in turn can negatively affect a child’s working-

memory capacity and success in education. 

Two-Eyed Seeing 

Two-eyed seeing is the act of taking an intertwined approach to (mathematics) 

education by acknowledging and embracing the strengths of both Indigenous and 

Western (or mainstream) knowledge systems (Sterenberg & Hogue, 2011). This approach 
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bridges the gap between the two different knowledge systems by recognizing the 

importance of both systems and viewing them as equally important rather than holding 

one system at a higher importance than the other. Two-eyed seeing in mathematics means 

learning 

to see from one eye with the strengths of, or the best in, Indigenous knowledges 

and ways of knowing, and from the other eye learning to see with the strengths of,  

or the best in, the Western (mainstream) knowledges and ways of knowing, but, 

most importantly, learning to use both these eyes together, for the benefit of all. 

(Bartlett & Hogue, 2014, para. 5) 

In a reflective piece, Doolittle and Glanfield (two Indigenous educators) discuss 

that conversations of issues related to Indigenous students’ success in mathematics 

education is often about Indigenous people rather than with Indigenous people. As 

Doolittle and Glanfield (2007) remind us, “We often talk about the value of math 

education, what the students gain from knowing math. A question that I have is, what is 

lost?” (p. 28). This question echoes the fear many Indigenous and other minority students 

face when participating in mainstream mathematics education—the fear of losing their 

cultures to some extent, and having to give up their innate, natural mathematics 

understandings. For this reason, many researchers argue that mathematics education 

should involve both formal mathematics in conjunction with Indigenous mathematics and 

ways of learning in order for all students to make connections to what they are learning 

and see their cultures reflected in the mathematics being taught (Doolittle & Glanfield, 

2007; Munroe et al., 2013; Presmeg, 1998; Sternberg & Hogue, 2011). Doolittle and 

Glanfield (2007) also discuss how, in addition to their own cultural mathematics, it is 
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important for Indigenous students to also gain a deep understanding of Eurocentric 

mathematics because it performs many questionable roles in society, including being an 

enabler or disabler of opportunities (i.e., controlling the number of students in a program 

or job position). For this reason, a two-eyed or intertwined approach to mathematics 

could serve to benefit all students because it makes room for diverse perspectives and 

ways of understanding and “coming-to-know” mathematics. 

Two-eyed seeing allows Indigenous students to be knowledgeable about their 

values and beliefs while also being exposed to mainstream mathematics, which in turn 

enables these students to consider different arguments, make wise and informed 

decisions, as well as equip them with the tools necessary to be successful in mathematics 

education (Munro et al., 2013). Presmeg (1998) argues that it is important for all students 

(both Indigenous and non-Indigenous) to participate in mathematics that allows them to 

make connections to their lives outside of the classroom. Through this approach, both 

knowledge systems are preserved and blended together to strengthen learning because 

students are able to realise the interconnectedness of concepts, ideas and experiences in 

their lives (Sterenberg & Hogue, 2011). One example of this approach would be to make 

mathematics teaching animate—that is, considering how Western mathematics could be 

responsive to community needs, as well as societal and community survival issues 

(Sterenberg & Hogue, 2011). This intertwining approach to mathematics education brings 

context and experiences into mathematics, and provides a way of humanizing Eurocentric 

mathematics.   

Although two-eyed seeing is important for both Indigenous and non-Indigenous 

student success, Bartlett and Hogue (2014) caution against neglecting the responsibilities, 
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accountabilities, relationships, and commitments that should be involved in this process. 

In other words, although it’s important to equally integrate Indigenous knowledge into 

mainstream mathematics, it is also important to seek guidance from Elders and 

Indigenous communities on how to successfully and properly integrate knowledges as 

well as what knowledges and cultural aspects are appropriate to incorporate.   

Culturally Responsive Pedagogy 

For two-eyed seeing to be successful, educators and mathematics education must 

address the discrepancies between Indigenous and mainstream mathematics education so 

the education process is informed by Indigenous epistemology, ontology, and philosophy 

(Gay, 2002). For the purpose of this study, culturally responsive pedagogy is defined as 

“using the cultural characteristics, experiences, and perspectives of ethnically diverse 

students as conduits for teaching them more effectively” (Gay, 2002, p. 106). Designing 

learning expectations, lesson plans, and teaching strategies that come from Indigenous 

perspectives and provide culturally relevant content will promote Indigenous student 

success by allowing these students to make meaning of the knowledge taught (Battiste, 

2008; Bell & Brant, 2015). For culturally relevant pedagogy to be successful, it is 

important for educators to avoid using an “add-on” approach to integrating Indigenous 

knowledge (Battiste, 2008; Kim, 2017). Another caution for implementing culturally 

responsive pedagogy is to avoid putting minority students on the spot to explain 

traditions of cultural knowledge so students do not feel singled out or uncomfortable 

(Bomberry, 2013). Additionally, Bomberry (2013) argues that educators should build 

lessons and their practices based on local Indigenous communities and cultures rather 

than generalizing lessons and knowledges for all Indigenous groups.   
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Critical (Mathematics) Pedagogy and Social Justice Mathematics Education 

Critical mathematics and social justice mathematics education are two approaches 

to mathematics education that could serve to benefit students who are disengaged from 

the Eurocentric approaches to education. The goal of these two approaches is to promote 

a critical and political awareness amongst students to help them recognize and situate 

themselves in society and history (Gutiérrez, 2013). It is important for both Indigenous 

and non-Indigenous students to make sense of mathematics in such a way that they could 

expose and analyze injustices in society. Ethnomathematics, the study of mathematics in 

in relation to culture, could serve as a useful component in reaching this critical 

mathematics education because it allows the inclusion of Indigenous cultures, voices, and 

ways of knowing. Through ethnomathematics and critical discussion, mathematics 

education could serve as a counter reaction to colonization of Indigenous people (Vithal 

& Skovsmose, 1997).  

In this approach, students should be active participants in the curriculum design, 

and therefore contribute to choosing what problems to solve in mathematics in order to 

foster a critical consciousness (Borba, 1997). This would serve to benefit Indigenous 

students because it allows students to choose problems that are meaningful and relevant 

to them, allowing for authentic problem-solving rather than having students solve 

“problems” that have no cultural of personal values or interests for students (Borba, 

1997). Another benefit of this approach is that it challenges power relations in 

mathematics education, empowers students to take ownership of their knowledge, and 

fosters respect for cultures, communities, and individuals (Mathews et al., 2005). Along 

with this approach, Wilmot et al. (2013) advocate that the optimal learning environment 
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for Indigenous students includes people (i.e., elders, community), traditional skills, 

culture, and spirituality. For this reason, it is fundamental to include Indigenous 

community members in these conventional educational settings to provide optimal insight 

into how to promote an optimal learning environment for Indigenous students, as well as 

foster critical consciousness in relation to mathematics education (Wilmot et al., 2013).  

Growth Mindset and Mathematical Mindset 

When discussing mathematics success, it is important to look at the mindset of all 

parties involved (students, teachers, parents, etc.), especially since mathematics education 

often emphasized fixed mindset beliefs. Carol Dweck (2010) distinguishes two main 

mindset types: fixed mindset and growth mindset. The type of mindset a person holds is 

an important indicator towards their attitudes and self-perception about learning (Boaler, 

2015). Growth mindset characteristics include: valuing effort and hard work to develop 

abilities, view challenges and mistakes as learning opportunities, and remain persistent by 

trying new strategies (Dweck, 2010). In contrast, fixed mindset characteristics include: 

avoiding risks, believing that intelligence is an inborn trait and that individuals have a 

certain unchangeable amount, and getting discouraged or defensive by setbacks (Dweck, 

2010). 

Mainstream mathematics commonly promotes negative perceptions on mistakes, 

resulting in an increase in math anxiety amongst many students (Boaler, 2015; Hajcak, 

2012).  It is important for mathematics educators to work to alter students’ negative 

perceptions about mistakes, not only to promote growth mindsets, but also because 

mistakes are important contributors to brain growth and learning (Boaler, 2016; Hajcak, 

2012). Boaler (n.d.) argues that mistakes result in brain growth regardless of if we are 
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aware of making them or not. This is because we go through the process of challenging 

our brain and struggling during this time. However, when students constantly obtain 

correct results without making and learning from mistakes, their brains do not grow or 

have increased activity.   

When providing students with group work, educators need to be mindful of how 

students may approach learning because this could have a strong influence of their 

willingness to learn from errors. For example, when students hold cooperative goals and 

view group interactions as mutually beneficial, they take on a problem-solving approach 

to group work, which results in deep reflection and discussion, and an openness to share 

and learn from their errors (Tjosvold et al., 2004). Cooperative group work, collaboration, 

and improving and helping the community are all aspects and goals of Indigenous 

pedagogies (Curwen Doige, 2003). However, when students hold competitive goals that 

are often projected by mainstream mathematics education (i.e., perceive that their goal 

achievements are negatively correlated to others’ achievements), they take on a blaming 

approach to group work. In this case, students are reluctant to share errors and fear 

embarrassment or blame from group members (Tjosvold et al., 2004). Further, a blaming 

approach may promote closed mindsets, and decrease students’ openness about mistakes.   

Interactions and experiences could help foster a growth mindset amongst students 

through various class activities and teacher actions such as encouragement (Sirois, 2014).  

Dweck (2010) found, through growth mindset interventions, that student performance 

increased, and lead to a decrease in achievement gaps between minority and majority 

students. Jo Boaler (2015) discusses how teacher attitudes and perceptions towards 

students strongly influences how a student will perform in mathematics; that is, if a 
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teacher holds fixed mindset beliefs and attitudes about student abilities and about who 

can succeed in mathematics, then this will in turn predict the mindset of the student. 

Educators need to be mindful of the hidden messages of mainstream mathematics, such 

as what values and identities are represented and who is capable of learning and 

succeeding in mathematics (Ernest, 2000).  

Tracking and ability grouping also sends fixed mindset messages of who can 

succeed in mathematics while also widening achievement gaps for racial and ethnic 

minority students as well as students from low SES households (Boaler, 2015; Gamoran, 

2010). Another problem with tracking is the potential for educators to track students into 

different levels based on their biases and assumptions of the student (based on gender, 

ethnicity, etc.; Gamoran, 2010). Students who have been grouped and/or perceived by 

educators as higher mathematics performers are often encouraged to participate in 

discussion-based learning which simultaneously challenges and engages students 

(Gamoran, 2010).   

In addition to growth and fixed mindsets, this study also draws on mathematical 

mindset literature. People with mathematical mindsets are those who are inquisitive, and 

search for patterns and relationships around them, as well as make connections within 

mathematics and other subjects (Boaler, 2015). This mindset resonates with the holistic 

approach of Indigenous ways of knowing and the encouragement of looking for 

connections and patterns. For success in mathematics, students must participate in 

meaningful tasks in which they could clearly identify how the mathematics will help 

them grow and learn, rather than be expected to complete a series of short and similar 

questions (Boaler, 2015). When students view mathematics as a puzzle or set of ideas and 



27 
 

 

relationships, they could then interpret their role in the classroom as making sense of the 

patterns and connections. Additionally, students need to be given opportunities to 

communicate and reason both within and outside of mathematics to become skilled 

problem solvers (Brendefur et al., 2013).   

To promote a mathematical mindset and number sense amongst students, it is 

important for educators to feel comfortable with the concepts being taught, as well as to 

have a deep understanding of how students may think about maths both informally and 

formally. Brendefur et al. (2013) argue that educators should be knowledgeable about 

how students learn maths, as well as possess instructional practices that support math 

inquiry. Educators must work to shift student beliefs from views of mathematics as 

procedures, rules and calculations toward a view of mathematics involving patterns, 

creativity and beauty (Boaler, 2015; Ernest, 2000). However, mathematics is not only 

about computations, procedures, proving, and problem solving; math education needs to 

promote an appreciation of maths as well (Ernest, 2000). For example, for students to 

make connections, they need to appreciate the relevance of maths in culture, art, society, 

as well as the history of mathematics.   

Project-Based Learning 

Project based learning (PJBL) is one method mathematics educators can adapt to 

promote Indigenous student success. PJBL is an inquiry-based learning approach that 

builds on the prior knowledge of students and uses student collaboration to investigate a 

real-world problem (Heyl, 2008). In contrast to traditional mainstream projects, PJBL is 

student-directed, focusing on relevant and meaningful projects for students to investigate 

in-depth (Larmer & Mergendoller, 2012). Some of the key features of PJBL include: 
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student interest and drive, in-depth inquiry, critique and revision, student choice and 

voice, 21st century competencies, and integration of multiple subjects (Larmer & 

Mergendoller, 2012). Through PJBL, students could make connections to their cultures 

and communities, as well as develop authentic products and gain perspectives and 

insights of other students (Karacalli & Korur, 2014). These features of PJBL, in 

addition to being student-centered, are key components associated to Indigenous ways 

of learning. Furthermore, PJBL fosters both a mathematical and growth mindset 

because it involves problem-solving, discussions, creativity, and often challenges 

students to solve a community issue with mathematics (Hung et al., 2012). Educators are 

a vital part of PJBL, and should provide students with appropriate levels of guidance and 

support throughout the projects to avoid low levels of student motivation and initiative 

(Bell, 2010).   

Miller (2011) recommends that educators incorporate various curriculum strands 

and subject topics when implementing a PJBL opportunity for students. Through real-

life, authentic mathematics projects, students gain a holistic and practical understanding 

of the abstract mathematics currently taught in Ontario schools (Heyl, 2008). 

Additionally, PJBL provides students with multiple perspectives of mathematics, which 

allows them to gain a deeper understanding of the concepts taught (Meyer et al., 1997).  

Educators could involve community members in PJBL to make the mathematics 

authentic and relevant, as well as to increase perceived usefulness and benefits of the 

mathematics concepts taught (Larmer & Mergendoller, 2012). For example, students 

could partner up with community members to determine a local issue that they could use 

math as well as other relevant knowledge to help fix the issue.   
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Place-Based Learning 

Along with project-based learning, educators could simultaneously incorporate 

place-based learning (PBL). PBL is rooted in local knowledge, culture, environment, and 

land, and is student-centered and personalized (Abrams et al., 2013). PBL also allows 

students to engage with the world and community through a social lens while also 

gaining a stronger appreciation of their community (Getting Smart, 2017).   

Through PJBL, educators could incorporate PBL by including community 

members as well as the land and local problems needed to be fixed within their 

community. This approach encourages students to become active learners and to make 

connections between their cultural and community knowledge with mainstream 

mathematics concepts, which fosters an awareness and appreciation for their own and 

others’ math heritage and enables them to connect the mathematics knowledge to other 

topics and ideas (Munroe et al., 2013). Allowing students to make connections to their 

community and place is especially beneficial for Indigenous students because Indigenous 

knowledge is local and has many ties to the land (Hare, 2012). PBL is not only related to 

environmental education and community collaboration and traditions; it also includes and 

recognizes the significance of Indigenous mathematics, knowledge, and worldviews 

(Sterenberg & McDonnell, 2010). Both PJBL and PBL allow for a two-eyed seeing 

approach to mathematics education by allows students to gain an understanding of 

multiple worldviews simultaneously (Sterenberg & McDonnell, 2010).    
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CHAPTER THREE: METHODOLOGY 

In this chapter, I will discuss the research process used to develop the handbook, 

Promoting the Success of Indigenous Students in High School Mathematics: A Handbook 

for Educators. I first discuss the handbook’s personal relevance for me, followed by the 

process used to develop the handbook, then the task design, rationale for the handbook, 

implementation of the handbook, ethical considerations, educator feedback, and a chapter 

summary.  The completed handbook is presented in Chapter 4 of this study. 

Personal Relevance 

The concept of the handbook was developed from my experiences in various 

mathematics classroom settings as well as various equity and pedagogy focused courses 

in both my undergraduate and master’s programs. Unfortunately, even with the raise in 

awareness of social issues, there are still inequalities present within schooling. As a 

future mathematic educator, it is important to reflect on my own hidden prejudices and 

beliefs that contribute to the gap between minority and majority groups. As a young non-

Indigenous person entering the teaching profession, I wanted to gain tools and knowledge 

into teaching methods that serve to help both Indigenous and non-Indigenous students 

succeed in mathematics education. I have drawn on knowledge from a variety of 

resources including: journal articles, courses, books, workshops, classroom experience, 

and teacher feedback.   

Developing the Handbook 

The main intent of the handbook is to guide teachers in designing and 

implementing teaching techniques and activities that are inclusive and intertwine 

Indigenous and Western mathematics systems. The handbook was developed based on an 
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extensive literature review that focuses on Indigenous ways of knowing, project- and 

place-based learning, and two-eyed seeing. The handbook takes aspects of each of these 

themes that are complementary to each other and could be implemented to promote 

student success and appreciation of diverse knowledge systems and multiple perspectives 

of mathematics concepts. In addition to the strategies, the handbook also includes sample 

lesson plans for teachers to gain concrete examples of how to promote Indigenous student 

success; that is. putting theory to practice. Finally, I also included an annotated resource 

list for educators who are looking to gain more practical activities, information and 

understandings in related topics.   

Task Design 

The sample lesson plans were developed using a universal design approach, 

because this approach emphasizes the importance of including students’ linguistic and 

cultural backgrounds, experiences, and needs (Orkwis & McLane, 1998), which is also a 

key aspect of Indigenous ways of knowing. Orkwise and McLane (1998) list three 

essential aspects of universal design for learning: 

1.   Multiple Means of Representations: Having alternative models of presenting 

concepts and being able to adjust to different perspectives and ways of 

recognizing concepts. 

2.   Multiple Means of Expressions: Allowing students the freedom to choose their 

preferred methods to demonstrate their understanding and using a variety of 

strategies for teaching and learning. 

3.   Multiple Means of Engagement: Providing students with opportunities to engage 

in topics of interest to them for improved motivation; providing students with a 

balance of support and challenge. 
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The tasks were also designed using the backward design approach by first 

determining the desired outcomes (knowledge, values, and skills) to promote authentic 

and meaningful learning (Wiggins & McTighe, 2005). The next step in the backwards 

design is determining what evidence is needed to identify student understanding of the 

concepts learned, and finally, planning learning tasks, activities, and instruction that 

focus on working toward the final goal or outcome for the learning (Wiggins & McTighe, 

2005). 

Need for the Handbook 

Although it is beyond educators’ control to change the Ontario mathematics 

curriculum to be more inclusive and incorporate mathematics knowledge from diverse 

groups, educators still have a responsibility to use and produce teaching strategies, 

practices, activities, and assessment that are inclusive for all students. Educators are 

integral to determining the success of students (Boaler, n.d.), for this reason, it is 

important for educators to be aware of pedagogical practices that either hinder of aid 

student learning in mathematics. Considering the amount of literature on education and 

Indigenous student success, there are not many resources that focus on Indigenous 

student success in high school mathematics. This handbook is necessary for mathematics 

educators because it considers various components for educators to be aware of in 

promoting Indigenous student success.  

Additionally, as a result of settler treatment of Indigenous peoples, such as the 

legacy of residential schools that have resulted in intergenerational trauma amongst 

Indigenous communities, many Indigenous people are rightfully untrusting towards the 

Ontario school system. In accordance with the Truth and Reconciliation Commission of 
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Canada’s (2015) Call to Action 63iii: “We call upon the Council of Ministers of 

Education, Canada to maintain an annual commitment to Aboriginal education issues, 

including: Building student capacity for intercultural understanding, empathy, and mutual 

respect” (p. 331). Although this Call to Action is directed toward the Council of Ministers 

of Education, it is still the responsibility of educators to abide by this Call to Action as 

well. The handbook developed in this study provides mathematics educators with the 

foundations for working towards reconciliation within their classrooms. In addition to 

promoting mutual respect and an intercultural understanding, this handbook aims to 

empower Indigenous students in a subject that is commonly and inaccurately viewed as 

void of cultural influences.   

Implementation of the Handbook 

This handbook provides strategies and insights that could be implemented in any 

grade level or subject area. However, the handbook also includes mathematics specific 

strategies and high school specific activities that were designed with the Ontario 

mathematics curricula for Grades 9-10 in mind. Additionally, the handbook discusses 

general Indigenous ways of knowing and implementation strategies, however there are 

many different Indigenous and First Nations communities, each with their own unique 

teachings and cultures. For this reason, educators should research Indigenous ways of 

knowing and cultures that are local to where they teach in addition to implementing what 

is presented in this handbook.   

Ethical Considerations 

Being a settler (non-Indigenous) person, the ethical concerns are especially 

important as I am developing a handbook for groups of people who have historically and 
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presently been oppressed and betrayed by the Canadian education system. For this 

reason, I will participate in active listening, learning, and self-reflecting throughout the 

study. Smith (2013) argues that for Indigenous peoples, respect is shared, reciprocal, and 

expressed through all aspects of social conduct. Throughout the research process, I 

consulted with educational professionals (both Indigenous and non-Indigenous), and 

shared results and knowledge gained during the study to foster a relationship of respect, 

caring, and community. Throughout the research process, I constantly and critically 

reflected on my worldviews and embedded values to avoid the further imposition of 

Western colonial values and beliefs and therefore disempowering those who this 

handbook is intended to benefit.  

Educator Evaluation of the Handbook 

The handbook was evaluated by three professionals, who varied in knowledge. 

Two Intermediate mathematics educators and an Indigenous Knowledge expert were all 

sent an electronic version of the handbook along with three guiding questions to refer to 

when assessing the effectiveness of the handbook. The following are the guiding 

questions the three professionals used to make suggestions and provide feedback for 

improving the handbook: 

1.   What do you think of the following parts of the handbook and the ability to be 

implemented? 

a.   Strategies 

b.   Sample Tasks 

2.   Is there something you do not agree with or you would like to see changed? 

3.   Is there something you would like to see added? 

4.   Any other comments. 
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The professionals providing feedback were all connected to the author professionally and 

live in Ontario. All participants were aware that their responses were to remain 

confidential, and suggested changes were made to the first draft of the handbook.   

The contributions made by the three participants made the handbook more 

applicable because the feedback added to the practicality and validity of the final version 

of the handbook. Some feedback I that I received included adding more visuals such as 

charts and pictures to break up the text, and adding practical strategies that could be 

easily implemented. 

Summary 

With gaps between research and practice as well as between minority and 

majority student achievement in education, this handbook is one tool educators could use 

to improve pedagogical practices. In conjunction with the handbook, it is important for 

educators to actively participate in critical reflection of their hidden biases and values and 

how work to become aware of how these hidden values are presented in the teaching 

practices and interactions with students and colleagues.  	  
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CHAPTER FOUR: THE HANDBOOK 

 The following handbook was developed for mathematics teachers in the 

Intermediate and Senior divisions to help them provide inclusive mathematics for 

Indigenous students. The handbook stars with a background of the issues related to 

mathematics and Indigenous student success, followed by strategies to implement based 

on the discussed topics and issues. Next, the handbook covers sample tasks and an 

annotated bibliography of various additional resources available for educators.   
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Introduction	  and	  Overview	  
  

Ontario mainstream mathematics education often tends to neglect 

Indigenous mathematics and ways of learning, while focusing on 

Eurocentric mathematics pedagogy.  Mathematics education is not a 

neutral subject that is absent of values and hidden messages, and like other 

subjects, mathematics education also has potential to contribute to 

inequities in the education system.  Mathematics education is an enabler of 

opportunities and future jobs; for this reason, it is important for educators 

to be mindful of the hidden values they teach students through mainstream 

mathematics, and work to include strategies that improve the success of 

Indigenous and other marginalized students without forcing them to 

choose between success in mainstream mathematics and their cultural 

values and traditions.   

This handbook presents Intermediate and Senior teachers with the 

basic knowledge of Indigenous knowledge 

systems, negative impacts of mathematics 

learning, and finding a common ground 

between mainstream mathematics and 

Indigenous ways of knowing.  The 

handbook also provides teachers with 

strategies and sample tasks to implement 

into their mathematics classrooms.  To support educators in further 

professional development and learning, the handbook includes additional 

resources that educators to use for mathematics teaching.
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How	  to	  Use	  the	  Handbook	  

This handbook presents an approach to mathematics education, the 

intertwined approach, for educators to implement into their mathematics 

teaching.  The handbook also presents various strategies based on research 

that serve to promote an inclusive education environment.  Educators from 

any subject area or grade level could benefit from using these strategies, 

however the focus of the activities are directed towards Intermediate and 

Senior mathematics educators.  There are summary notes at the end of 

each section to highlight the most important “take-aways” for educators to 

be aware of.   

In addition to the content presented in this handbook, educators are 

encouraged to continue ongoing learning of Indigenous ways of knowing 

and cultures that are local to their schools, as well as participate in critical 

self-reflection of the various ways society and colonialism have shaped 

their values and thought processes.  The first sections of the handbook are 

meant to provide educators with a foundational understanding of why a 

handbook such as this one is necessary.  The following sections are then 

meant to guide educators into understanding pedagogical practices that 

are beneficial for student success as well as practical strategies to 

implement and sample lessons.  Finally, the handbook ends with additional 

resources to further their teaching practices and understanding of the 

topics covered in the handbook. 
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Background 

 

History—The Impact of Residential Schools 

 Prior to settler contact, traditional Indigenous societies took a 

holistic and individualized view on education, incorporating the emotional, 

intellectual, physical, and spiritual components of each person (Toulouse, 

2018).  Pre-settler contact, First Nations, Métis and Inuit (FNMI) people 

were self-governing and living in symbiosis with groups, animals and the 

land on Turtle Island with a plethora of 

knowledge within a complex and 

connected community.  However, the 

arrival of European settlers, bringing with 

them diseases and viruses that wiped out 

an estimated 90% of FNMI peoples, this 

began the ongoing traumatic experiences and hardships of FNMI. 

 In Bob Joseph’s book, 21 Things You May Not Know About the 

Indian Act (2018), he discusses the main “take-aways” of how Canada has 

oppressed and attempted to colonize Indigenous peoples through the 

Indian Act.  Listed below are some of the points touched on by Bob Joseph 

(2018): 

v  Denied women status—despite amendments to the Indian Act 

policies that denied Indian status to Indigenous women who 

married non-Indigenous men, the Federal laws continues to 

discriminate against Indigenous women

 

**Note: ‘Indian’ is only used 
when the references I refer to 
uses that term, Otherwise, the 
term ‘Indigenous’ or ‘FNMI’ will 

be used 
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v  Creation of Reserves—Reserves were established as a method to 

contain and control Indians before they became “civilised”, 

while also serving to provide settler Europeans with access to 

land (fishing, game, water, wood, etc.) 

v  Voluntary & Enforced enfranchisement (loss of status rights)—

with the goal to get “rid of the Indian problem” (p.27), Canadian 

laws were aimed at encouraging assimilation and didn’t 

recognize Indians as “people” (until later revisions) until they 

gave up their Indian status.  Amendments to the Indian act 

were made in 1880 to force enfranchisement for those who 

became clergyman or obtained a degree when Indians were not 

giving up their status as anticipated.  

Enfranchisement was also amended to 

include: those voting in federal elections 

and those who joined the military (Many 

WWII Indian veterans returned home to find they lost 

their Indian status while fighting in another person’s war). 

 In addition to these points (and many other acts carried by Canadian 

settlers), the legacy of Residential Schools were another huge factor that 

resulted in cultural genocide (the deconstruction of the practices and 

structures that allow a group to continue as a group) and intergenerational 

trauma (the transmission across generations of the effects of historical 

oppression) amongst FNMI peoples.  This intergenerational trauma has 

resulted in many FNMI’s

For more Information: 21 
Things You May Not Know 
About the Indian Act By 

Bob Joseph 
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understandable fearing and avoiding public school systems.  Residential 

Schools were established with the purpose of and resulting in (Battiste, 

2017; Truth and Reconciliation Commission of Canada, 2015): 

v  Destroying Indigenous languages, knowledge, and relationships 

with family and culture 

Forcing Eurocentric identities, values and beliefs with the goal 

of destroying the self-concept, self-esteem and positive 

relationships amongst each other, their families and their 

communities 

 

Reconciliation 

 The intended goal of reconciliation is to establish and maintain 

relationships built on mutual respect between Indigenous and non-

Indigenous people (TRC, 2015).  Reconciliation required listening, 

contemplation and critical self- and societal- reflection to be successful.  

With regards to education, reconciliation involves “building student 

capacity for intercultural understanding [and practices], empathy, and 

mutual respect” (Joseph, 2018, p.151).  
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Situating Self: Race & Mathematics Education 

 When reading this handbook, it is important to be aware of the 

author’s background so to take a critical stance to what and how 

information is being presented.   

 I am at the beginning of my mathematics education journey, and so I 

do not have an extensive experience teaching in Ontario schools.  With that 

said, I have completed various placements, am on the supply list with an 

Ontario school board and have years of experiences tutoring various 

students of different grades, abilities and life circumstances. 

 Another important note to be aware of when reading this handbook 

and considering the strategies and arguments being made is that this 

handbook is written by a non-Indigenous person about an issue related to 

Indigenous peoples.  Although all the strategies and tasks are developed 

based on an extensive literature review, I do not have the added insights of 

being an Indigenous student or experiences of living an Indigenous way of 

life and the intergenerational trauma resulting from cultural genocides, 

betrayal

“Getting to the Truth was hard, but getting to 
reconciliation will be harder.  It required that the 

paternalistic and racist foundations of the residential 
school system be rejected as the basis for an ongoing 
relationship.  Reconciliation requires that a new vision, 

based on commitment to mutual respect, be 
developed... Reconciliation is not an Aboriginal problem; 

it is a Canadian one.” –TRC, 2015 
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and oppression by Ontario Institutional systems.  To gain a better sense of 

the values and experiences within Indigenous communities, I have taken 

part in workshops, events, and visited a middle school on a nearby reserve.  

Additionally, I had the handbook assessed prior to completion by both 

Indigenous and non-Indigenous teachers and made revisions based on their 

feedback. 

 

Importance 

 This handbook puts theory to practice and provides educators with a 

research-based comprehensive manual to guide them in creating 

mathematics lessons and teaching practices that are inclusive to 

Indigenous peoples.  The Ontario Secondary School Mathematics curricula 

continue to exclude Indigenous and other cultural mathematics.  However, 

complying with reconciliation, educators must work to incorporate new 

methods, practices and material that serve to improve Indigenous student 

success in the Mathematics classroom.  Mainstream mathematics holds 

hidden values and belief systems that may hinder many minority students. 

 This handbook is a significant tool for providing educators with 

strategies and sample tasks that aim at empowering Indigenous students 

through mathematics.  Although there are many books educators could 

read related to Indigenous student success, this book is needed because it 

focuses on Intermediate and Senior mathematics, a topic not commonly 

covered in relation to Indigenous student success.  Additionally, this 

handbook uses a holistic approach when discussing Indigenous student 

success, covering
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culture, poverty, ways of knowing, and finding a common ground where 

both mainstream and Indigenous mathematics and ways of knowing could 

be taught in unison.   

Educators are a main determinant in student success (Boaler, n.d.), 

which is why we must critically reflect and bring awareness to the ways our 

teaching practices may hinder or aid in student learning of mathematics.  It 

is important to not only be conscious of and integrate cultural differences 

into mathematics education, but also reflect on the how different forms of 

mathematics reasoning are practiced in out-of-school communities, and 

how these mathematics ways of knowing are often illegitimated in schools 

(Yackel et al., 2011).   
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The	  Effective	  Teacher	  

 

Ethical Standards for the Teaching Profession 

 The Ontario College of Teachers’ (2016b) outlines 4 ethical 

standards for educators to incorporate into their teaching profession: Care, 

Respect, Trust and Integrity.  These ethical standards are important for 

promoting the success and well-being of all students, especially those who 

have been harmed, excluded or unintentionally silenced by Ontario school 

systems.   

The following chart outlines key points for each ethical standard (OCT, 

2016b): 

Care 

Compassion,	  	  
Acceptance,	  	  

Commitment	  to	  
Students’	  Well-‐Being,	  	  

Empathy	  

•   Guide	  students	  in	  their	  learning	  &	  
development	  
	  

•   Includes	  care	  for	  student,	  parents/	  
guardians,	  community	  members,	  etc.	  

 
•   Providing	  a	  safe	  learning	  and	  school	  

environment	  where	  students	  &	  
parents	  feel	  safe,	  welcome	  and	  
appreciated	  

 
•   Mindful	  of	  student	  experiences	  and	  

working	  to	  promote	  positive	  mental	  
health	  amongst	  students	  

Respect Fair-‐Mindedness,	  	  
Inclusiveness	  

•   Honour	  human	  dignity,	  emotional	  
wellness	  and	  cognitive	  development	  

 
•   Respecting	  and	  acceptance	  of	  cultural	  

and	  spiritual	  values	  
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•   Promoting	  inclusive	  environments	  
through	  fostering	  critical	  thinking	  and	  
social	  justice	  education	  

Trust 
Fairness,	  
Openness,	  
Honesty	  

•   Building	  relationships	  with	  students,	  
staff,	  community	  members,	  parents,	  
etc.	  

 
•   Support	  student’s	  in	  their	  education	  

and	  development	  
 
•   Establish	  open	  and	  honest	  

communications	  with	  students	  
 

Integrity 
Honesty,	  
Reliable,	  

Moral	  action	  

•   Continual	  reflection	  of	  practices	  and	  
hidden	  values	  

 
•   Taking	  responsibility	  and	  making	  a	  

commitment	  to	  providing	  students	  
with	  the	  tools	  needed	  for	  success	  

 

 

 
The	  Ethical	  Standard	  of	  Respect|	  Oji-‐Cree	  Artist	  Bruce	  K.	  Beardy	  (OCT,	  2016b)	  
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Standards of Practice 

 The Ontario College of Teachers (2016a) outlines five standards of 

practice for educators to follow throughout their teaching journey: 

Commitment to Students and Student Learning, Professional Knowledge, 

Leadership in Learning Communities, Professional Practice, and Ongoing 

Professional Learning.  When reviewing these standards of practice through 

an equity and social justice lens, these standards of practice are useful in 

guiding educators to develop their own critical awareness and reflections of 

inequities in education as well as encourage ongoing learning and 

commitment to student learning. 

The following chart outlines key points for each standard of practice (OCT, 

2016a): 

Commitment 

to Students 

and Student 

Learning 

Dedicated,	  	  
Sensitive,	  
Respectful	  

•   High	  Expectations	  coupled	  with	  
High	  support	  [For	  ALL	  students]	  

 
•   Treat	  students	  with	  respect	  and	  

equitably	  
 
•   Sensitive	  and	  responsive	  to	  factors	  

influencing	  individual	  student	  
learning	  

 

Professional 

Knowledge 

Self-‐	  Improvement,	  
Awareness,	  

Critical	  Reflection,	  
Commitment,	  

Current	  

•   Participate	  in	  workshops	  and	  other	  
forms	  of	  professional	  development	  
related	  to:	  mathematics	  education,	  
Indigenous	  student	  success,	  two-‐
eyed	  seeing,	  culturally	  relevant	  
pedagogy,	  critical	  pedagogy,	  social	  
justice	  pedagogy,	  etc.	  

 
•   Reflect	  on	  student	  development,	  

experiences	  learning,	  ethics,	  etc.	  
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•   Critically	  reflect	  on	  hidden	  values	  
and	  messages	  within	  policies	  and	  
legislations	  as	  well	  as	  curriculum	  
and	  pedagogy	  that	  foster	  colonial	  
thoughts	  of	  mind	  

 

Leadership 

and Learning 

Communities 

Inclusive,	  
Dialogue,	  

Collaboration,	  
Responsibility	  

•   Collaborate	  with	  parents,	  teachers,	  
students,	  community	  members,	  etc.	  
to	  promote	  safe,	  supportive	  and	  
inclusive	  learning	  communities	  

 
•   Recognize	  responsibility	  to	  

promoting	  inclusive	  school	  and	  
work	  environments	  that	  facilitate	  
student	  learning	  and	  voice	  

 
•   Commitment	  to	  ethical	  standards	  of	  

practice	  in	  learning	  communities	  
and	  amongst	  colleagues	  

 
•   Participate	  in	  dialogues	  with	  

colleagues,	  students	  and	  
community	  members	  

 

Professional 

Practice 

Knowledge,	  
Experience,	  
Adaptation	  

•   Use	  appropriate	  assessment,	  
evaluation,	  resources,	  pedagogy,	  
and	  content	  that	  applies	  to	  
students	  and	  responds	  to	  individual	  
student	  needs	  

 
•   Reflect	  and	  refine	  pedagogy	  and	  

content	  through	  ongoing	  inquiry,	  
dialogue	  and	  reflection	  to	  promote	  
student	  success	  

Ongoing 

Professional 

Learning 

Reflection,	  
Growth,	  

Dedication	  

•   Participate	  in	  life-‐long	  learning	  with	  
student	  interests	  in	  mind	  

 
•   Share	  and	  discuss	  experiences,	  

knowledge	  and	  research	  with	  other	  
professionals	  
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Commitment	  to	  Students	  and	  Student	  Learning|	  Oji-‐Cree	  Artist	  Bruce	  K.	  Beardy	  (OCT,	  2016a)	  

 

High Expectations & Support 

 Educators must hold high expectations for all students, especially 

marginalized students, while also providing students with high levels of 

support (Boaler, n.d.; Budge & Parrett, 2018).  Some ways educators can do 

this is by frequently interacting with their students to get a sense of the 

level of support each student needs, as well as provide students with 

descriptive feedback, encourage productive struggle, and providing students 

with opportunities both in and out of the classroom setting for practicing 

concepts, extra help and coaching. By recognizing the challenges each 

student faces and not using these challenges as reasons to lower 

expectations for their achievement or appropriate behaviour, but rather 

support them in their learning, this will provide students with the necessary 

environmental conditions to thrive in school.
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Poverty	  and	  the	  Effects	  on	  Learning	  
 

 

 Resulting from broken treaties, intergenerational trauma, cultural 

genocide and public school systems, many FNMI peoples face higher rates 

of poverty compared to others living in Canada.  In 2011, there was a 

recorded 28% of on-reserve First Nations people and 30% of Inuit living in 

a crowded home (one or more person per room); additionally, one in four 

First Nations people (26%) were reported living in homes that were in need 

of significant repairs (Statistics Canada, 2015).  Canada Without Poverty 

(2019) determined that Indigenous peoples are overrepresented with an 

estimate of 28% to 34% of shelter uses among the homeless populations in 

Canadian urban centers.  Significant numbers of Indigenous children (40% 

off reserve and 60% on reserves) were also reported to be living in poverty 

in Canada (Canada Without Poverty, 2019).  Resulting for these statistics, I 

have included this section on the effects of poverty on learning, as well as 

strategies and considerations educators could include in their teaching 

toolkits.   

Reay (2001) argued that our schooling system was developed by the 

dominant classes to ensure control over the working class, by indirectly 

teaching them to serve the middle and upper class.  For this reason, many 

low socioeconomic status (SES) students often drop out of school or fail 

courses because education is directed towards the achievement of middle 

and higher-class students (Reay, 2001).  The fact that low SES students are 

often faced with negative images of themselves in school often contributes 

to their lower test scores
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and academic performance, as well as results in teachers giving them less 

attention in class.  For example, based on standardized testing (such as 

EQAO), many educators unintentionally make assumptions and categorize 

students based on who they deem to demonstrate the most potential (Lam, 

2014).  This results in teachers, parents and students having inferior 

academic expectations of low SES students throughout their education 

journey.  This in turn results in less attention from teachers as well as leads 

students to put less effort into their own academic success.   

In general, low SES leads to less opportunities for students because 

these students are presented with less 

experiences that encourage development of 

fundamental skills.  For example, parents 

from low SES households often are unable 

to afford educational books and resources, 

as well as provide their children with less 

opportunities and cultural capital to help 

them succeed (Fransoo et al., 2005).  Building on this, many of these 

children have less access and exposure to extracurricular activities such as 

music, literature, libraries and museums, summer enrichment programs, 

tutoring, which further develop confidence and soft skills in students.  

School conditions have been found to be one of the leading 

contributors to SES differences in learning rates when compared to 

individual family characteristics (Lam, 2014).  This is especially

relevant to high concentrated low SES areas that have few library resources 

(i.e. fewer staff, less hours of operation per week, and often less well-

**Note: Capitalism strongly 
correlates to colonialism; 

capital also positively 
correlates to success in 

schools.  This is a conflict to 
consider when reflecting on 

decolonizing methods for 
FNMI student success.  
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rounded and knowledgeable staff).  Reay (2001) found that for low SES 

students to succeed in the education system, they must imitate the actions 

and behavior of middle-income students.  This results in these students 

either being unsuccessful in the education system or loosing their 

authenticity and culture.  Low SES students, as a result, may feel 

unwelcome or accepted in education.   

Another key issue among students in low SES households is that 

“poverty and income inequality relate negatively to mental health” 

(Tilleczek et al., 2004, p. 72).  Farah et al. (2006) found that a student’s 

perception of their family’s economic stress and personal financial 

constrains result in increased depression and emotional distress for these 

students, which in turn negatively affects their academic achievement.  

Chronic stress, which is destructive to learning, affects students from lower 

SES homes at higher rate than other students (Farah et al., 2006).  For 

example, an Indigenous student brought up in an over-crowded living 

environment will be both directly and indirectly effected by their living 

situation—the loud conditions result in unfavorable study conditions and 

may cause added stress for the student, which results in decreased 

academic success. Due to chronic stress, students from lower SES 

households are at greater risk of developing health problems (Farah et al., 

2006).  Farah et al. (2006) linked student stress to: financial instability, 

dangerous and unhealthy living situations, perceptions of

inferiority to those of higher SES and feeling of not being in control of 

one’s life.   
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Despite all the restraints for lower SES people in education (i.e. low 

human capital, discrimination, biased beliefs on abilities, etc.), they are still 

often viewed as solely responsible for their SES.  It is important for 

educators to challenge our inner assumptions and beliefs related to 

poverty, people who live in poverty, schooling and the role of a teacher to 

confront and eliminate barriers students face to learning.  As Carr (2008) 

states, “merely adopting an apolitical, neutral stance toward students, 

parents and communities would only serve to further entrench 

socioeconomic marginalization and disenfranchisement” (p.95).    

Educators must recognize how their expectations for students from 

low SES households influence the way their students feel, think and value 

both themselves and their education (Kumashiro, 2000).  There is a strong 

need for schools to provide students with safe spaces where they are free 

from verbal, cultural, and institutional oppression.  By becoming more 

aware of inequalities, educators can

be more critical of issues, and question why “some students are streamed 

into programs that will assure that they will be ineligible for university 

admission, and, therefore, be subject to low-skilled jobs that have limited 

High	  SES
•Higher	  self-‐efficacy	  for	  vocational	  aspirations	  (parental	  influences)

•Better	  prepared	  for	  work
•Access	  to	  resources:	  career	  offices,	  guidance	  counselors,	  etc.

Low	  SES
•More	  likely	  to	  befriend	  other	  students	  who	  are	  disengaged	  in	  school	  (Farah,	  Nomle,	  &	  Hurt,	  2006)

•More	  absences	  from	  school	  due	  to	  increase	  health	  problems	  caused	  by	  chronic	  stress
•Experience	  higher	  vulnerability,	  anxiety,	  discrimination,	  and	  threats	  (Tilleczek	  et	  al.,	  2004)
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income and opportunities” (Carr, 2008, p. 92).  For example, low SES 

students often get streamed into these programs, not because of their 

abilities, rather due to their limited knowledge of the dominant culturally 

appropriate behaviour in a classroom setting, and when speaking to 

teachers.  Safe spaces within schools, where students facing various forms 

of oppression can go to for support, help, advocacy, and resources will 

contribute to empowering marginalized and oppressed students 

(Kumashiro, 2000).  These spaces could help both educators and students 

acknowledge the realities of student experiences that hinder their abilities 

to learn. 

Additionally, teachers need to consider ways in which oppression is 

present at an institutional level, through the curriculum.  For example, 

educators and students need to be critical of how the “knowledge” 

presented in textbooks and curricula emphasize exclusion, silence, 

invisibility, and promote distorted 

ideas regarding marginalized 

students.  One way that educators 

may break down barriers caused by 

curriculum design is by integrating 

examples and voices from members 

of diverse groups to work towards 

creating a caring safe environment 

for all students

while disrupting mainstream ideas (Kumashiro, 2000). Furthermore, 

educators and students must reflect on how certain identities and groups 

Retrieved from: https:// 
i2.wp.com/vpasa.org.za/wp-
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are denigrated and marginalized while others are normalized, privileged 

and favored within society and schooling.  Both students and educators 

need to recognize, understand and critique social inequalities to work 

towards transforming ideologies and hegemonic structures. 

Another important factor educators need to consider with regards to 

inequalities based on socioeconomic status within education is the financial 

factors.  Educators need to be aware of how money influences access to 

and quality of education (Tilleczek et al., 2004).  For example, many low 

SES students are required to have part-time jobs during their schooling, 

which could greatly hinder their abilities to complete homework or study 

course material.  When educators take this into consideration, they are then 

able to develop equity centered practices regarding grading methods, 

homework assignments, forms of assessment, etc. that do not hinder 

students learning (Budge & Parrett, 2018).  In addition to this, educators 

and school personnel must to advocate for schools to be both financially 

and materially sound spaces for students (Kumashiro, 2000).  To ensure 

greater equity in education and learning, instructional material must be 

readily available for students and teachers, buildings must be safe, and 

programs and personal must be sufficiently funded (Kumashiro, 2000).  

Furthermore, due to higher levels of chronic stress found among students 

from low SES houses, it is also important for educators to provide students 

with a calm atmosphere

within the school and classroom environment (Lam, 2014). Additionally, 

educators need to integrate collaborative services, such as health and youth 

welfare personnel, communities, and parents (Fransoo et al., 2005; Tilleczek 
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et al., 2004).  Finally, educators and school personnel should work together 

to increase funding and resources for students, as well as reach out to 

families prior to school entry to aid them in educational resources and 

invite them to work together with the schools to aid in the child’s 

development.  Students from low SES families and communities would 

benefit greatly from small programs and budgets that provide them with 

long-term support with education and opportunities (Fransoo et al., 2005).   
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v  Give all students equal attention regardless of difference 

v  Show caring for all students 

v  Creation of an information-rich environment 

v   recognizing challenges each student faces 

v  Couple high expectations with high levels of support for all students 

v  Share academic knowledge, coping skills & human capital skills with 

students 

v  Recognize barriers to learning in the classroom & mind (i.e. beliefs, 

biases, and blind spots that form our mental maps, etc.) 

v  Establish calm atmosphere in class & school 

v  Provide opportunities for extra help or coaching 

v  Develop safe spaces in schools, where students facing various forms 

of oppression can go for support, help, advocacy & resources 
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Indigenous	  Ways	  of	  knowing	  
 
 
 Although each FNMI group has their own unique knowledge 

systems, this handbook focuses on the 

general learning practices and knowledges 

that are commonly shared amongst 

majority of FNMI groups.  Toulouse (2018) 

states that Indigenous knowledge systems 

(IKS) are holistic, focusing on the physical, 

emotional, intellectual and spiritual needs of 

each individual and involves the student, parents, community members and 

elders.  Indigenous ways of knowing include apprenticeships, tangible 

materials, high-context cultural integration, individual instruction and oral 

traditions, such as storytelling (Abrams et al., 2013; Ezeife, 2002) and 

various forms of educators (humans, land, animals, spirit) (Toulouse, 2018).  

Additionally, the goal of learning is transformation (growth and 

community survival), life-long learning and interconnectedness of subjects, 

land, community and spirituality (Curwen, 2003; Munroe et al., 2013; 

Toulouse, 2016).  In contrast, Western model of learning and education has 

traditionally been teacher-centered, secular, objective, fragmented (separate 

subjects and units), and aimed to 

discover ‘definitive truths’ (Curwen, 

2003).  The Eurocentric mathematics 

learning and education emphasizes 

control and manipulation of numbers 

and focuses on abstract, isolated concepts (Abrams et al., 

2013; Sterenderg & Hogue, 2011).   

**Note: There are multiple 
FNMI groups, each with their 
own unique cultures, traditions 

and ways of learning—I 
encourage you, become familiar 
and involved with local FNMI 

groups and their cultures! 

**Note: Spirituality in 
education refers to the ability 
and time to make connections 
between intellect, values, and 

moral qualities (Curwen, 2003). 
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The Medicine Wheel 

 In education, the Medicine Wheel is a 

symbolic tool for that represents the four 

important teachings or parts of learning: the 

spiritual, the physical, the emotional and the 

intellectual (Toulouse, 2016).  The circular 

feature of the Medicine Wheel represents that each part of an individual 

is equally important, balanced, interconnected and respected.  The 

Medicine Wheel is also cyclical, showing that learning is repeated and 

ongoing.  The role of the educator is to facilitate and support students 

through their learning journey and encourage ongoing reflection and 

development (Toulouse, 2018).  Toulouse (2018) discuses two examples of 

Indigenous ways of knowing: Seeing—observing with all senses; and 

Revealing—awareness of and working to challenge our own perspectives 

while embracing other’s perspectives.  Care and Respect are both key 

components to the emotional teachings of the model and are obtained to 

real-life experiences.  It is important for students to have an emotional 

connection to the content and strategies in education (Toulouse, 2018).  

Change and Personal Growth are demonstrated through the intellectual 

part of the model, which students need time to reflect on (Toulouse, 2018).  

Educators need to foster and encourage natural curiosity amongst 

students.  Through Spirituality, students go through a process of making 

connections between their knowledge, community values and morals 

(Sterenberg & Hogue, 2011).   

 

**Note: There are many 
versions & applications of 

the Medicine Wheel—Please 
refer to the Additional 

Resources section for more 
information! 
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Indigenous Knowledge Systems, Mathematics, and Language 

 Indigenous mathematics knowledge systems emphasize meaning 

making and personal connections between 

content and the experiences of the 

individual (Munroe et al., 2013, p.321).  

Additionally, Indigenous mathematics 

knowledge systems are embedded in 

Language. 

 Indigenous languages, dialogues and 

oral traditions hold a high importance in 

passing on knowledge and teachings through generations (Ezeife, 2002; 

Wilmot, Begoray & Banister, 2013).  For example, storytelling has been 

used by various FNMIs to to guide children in their learning and to 

transmit important information.  Additionally, storytelling aids in 

developing social, emotional and cognitive growth (Wilmot, Begoray & 

Banister, 2013).  Language is an 

important part of FNMI cultures 

and traditions.  Borba (1997) argues 

that language is like a code that is 

used and understood by groups of 

people who hold common past experiences.  

In other words, language expresses knowledge, that is expressed and 

communicated explicitly (e.g. words) and implicitly (unconscious signs—

such as pauses, ways of

**Note: Indigenous 
mathematics knowledge 

systems focus on “developing 
and building up sophisticated, 
complex responses to complex 

phenomena such as the 
weather, animal migratory 

patterns, healing, and human 
behavior” (Munroe et al., 2013, 

p. 321). 

**Note: Examples of oral 
tradition that are central to 

Indigenous Knowledge Systems—
active listening, participation and 

reflection on teachings 
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walking, breathing, guestures, etc.) developed and shared by a group of 

people (Borba, 1997). 

 Many FNMI languages differ from english used in mainstream 

mathematics because they are action-based or verb-

based languages, where as mainstream mathematics 

is noun-centered (Borden, 2011).  This is significant 

because the heavy presence of verbs and pre-verbs 

(not present in English language structures) give 

sentences a sense of motion (Noodin, Pitawakwat, & 

Sheldon, 2019).  However, in mainstream mathematics, the noun-based 

language structure emphasises a sense of fixed or absolutness.  In 

Indigneous languages, verbs are significant indicators of actions, qualities 

and conditions of items or concepts (“Anishinaabemowin: Ojibwe 

Language”, 2015).  Educators need to be aware of conflicts FNMI students 

may face when understanding mathemtics language that commonly uses 

adjectives and nouns, and work to alter their language so students could 

understand concepts taught.  

Mathematics taught in many schools 

tends to objectify objects, and turns 

“even processes such as multiplication, 

addition, and square root into things” 

(Borden, 2011, p. 11). One example 

could be found in the Mi’kmaw word 

pekaq, which translates to “it goes 

straight”,

**Tip: When teaching 
math add more action-
based descriptions of 
concepts rather than 

absolute facts or 
statements. 

**Note: two significant 
predictors if Indigenous student 

success (Hodson & Kitchen, 
2015): 

 
• Access to traditional 

knowledge 
• Culturally responsive 

pedagogy 
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which contrasts Eurocentric mathematics language, such as: “the line is 

straight” (Borden, 2011).  There is a sense of action (via the verb ‘to go’) in 

the language “it goes straight”, whereas “the line is straight” could be seen 

as a static object.  The contrast in gramatical structure may cause 

missinterpretation by affecting how Indigenous students visualize and 

understand concepts taught (Borden, 2011).   

 It is important for educators to understand the links between 

mathematics and languages to work against 

the influences of colonization that serve to 

oppress many minority students (Borden, 

2011).  In other words, language is a key to 

how students from various societies think.  

Mathematics educators should work to 

incorporate the grammatical structure of 

languages that their students use as a way to support their students 

transition from their cultural language to formal mathematics language.  

Munroe et al. (2013) argues that education could have a positive impact of 

minority students’ success in mathematics if educators respect and support 

their students’ cultures and languages.  Additionally, Sterenberg and 

Hogue (2011) argue that the language traditionally used in mathematics 

and science education is problematic because it uses a specialized language 

that is embedded and hidden in the mathematics and science; and this 

language makes the ideas and concepts unobtainable by those students 

who cannot overcome the language barriers.

  Indigenous Student Identity and Mathematics 

**Note: Language is 
extremely important for 
FNMI because they are 
connected to identity, 
culture and knowledge 

translation 
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 Each student has their own distinct identities within mathematics 

education; for Indigenous students (Gutiérrez, 2013; Yackel et al., 2011): 

•   Personal and Core Identities—includes how the student view 

themselves, who they want to be, and are developed and practiced 

through the participation in (or resistance to) activities of particular 

groups and communities, including those of mathematics education. 

•   Normative identities—the identity students would have to devleop to 

become successful in conventional school mathematics (e.g. what 

counds as an acceptable math argument, math understanding and 

reasoning). 

 

Many Indigneous students view conventional mathematics education 

as conflicting with their core and personal identities, in that they would 

have to give up their creativity, agency and culture if they wanted to 

become a ‘math person’, which could also be viewed as a form of 

colonization (Yackel et al., 2011).  In otherwords, by participating in 

mainstream mathematics education, Indigenous students may feel a denial 

of their cultureal ways of knowing and community values—a cost that is 

often viewed as too great, which results in the active disengagement by 

these many students (Borden, 2011).   

One of the purposes of the traditional Canadian school system has 

primarily been to instill European cultures, values, perspectives

and habits among students (Ezeife, 2002), causing many Indigenous 

students to consciously or unconsciously believe non-European cultural 

contributions do not have a place in mathematics education (Munroe et al., 
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2013).  Conventional mathematics education taught in schools, as Ezeife 

(2002) argues, is missing Indigenous and other marginalized students’ 

cultures and methods of presenting mathematics, and therefore lacks 

relevancy to the students’ life experiences.  Gutiérrez (2013) discusses that 

once educators recognize that “identity is something that an individual 

does, not is, [then this] opens the door for learners and educators to 

(re)produce, (re)signify and (re)use” (p. 52) mathematics tools and ways of 

knowing and understanding concepts.  Mathematics educators should work 

to incorporate Indigenous ways of knowing and culture into mathematics 

education to promote the success and engagement of FNMI students. 
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Indigenous	  
Knowlede	  
Systems

Culture	  &	  Tradition
• Spiritual	  Connections
• Morals
• Values
• Learning
• Identity

• Oral	  tradtion
• Listening,	  Watching,	  
Doing	  &	  immitation

Holistic
• Spiritual
• Emotional
• Intilectual
• Physical

Individualized
• Interest
• Ability
• Self-‐paced
• Personal	  
connections

Life-‐long

Meaningful
• Interconnected
• Interest
• Community
• Self
• Family
• Elders

Exeperiential
• Land
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Two-‐Eyed	  Seeing	  
 
 

 Two-eyed seeing, or the intertwined approach to (mathematics) 

education recognizes and embraces the strengths of both Indigenous and 

Western (or mainstream) knowledge systems 

(Sterenberg & Hogue, 2011).  Rather than holding 

one system as superior, this approach acknowledges 

the importance of both systems and views them as 

equally important for student learning.  Two eyed 

seeing is “to see from one eye with the best of 

Indigenous knowledges and ways of knowing, and 

from the other eye with the best of Western 

knowledges and ways of knowing…and LEARN to use both these eyes 

together for the benefit of all” (Bartlett & Hogue, 2014, para. 5).  

Doolittle’s question — ‘what is lost?’— regarding mathematics education 

is a fear shared by many FNMI and 

other marginalized students hold 

when participating in mainstream 

mathematics education (Doolittle & 

Glanfield, 2007).  Many students 

fear, to some extent, losing their 

cultures and having to give up their 

innate, natural mathematics understandings.  Therefore, mathematics 

educators should incorporate Indigenous ways of learning mathematics as 

well as guide students in making connection

“We often talk about 
the value of math 

education, what the 
students gain from 
knowing math.  A 

question that I have 
is, what is lost?”—

Doolittle & Glandfield 
(2007, p.28) 

Mainstream mathematics is 
important for Indigenous students 

because of the significance it 
holds in enabling opportunities in 
society (Doolittle & Glandfield, 

2007). 
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between Ontario mathematics concepts and their cultures, traditions and 

teachings (Doolittle & Glanfield, 2007; Munroe et al., 2013; Presmeg, 1998; 

Sternberg & Hogue, 2011).   

 

 

 
 

 

 

 

First Nations Holistic Lifelong Learning Model | Canadian Council 
on Learning (2007) 

• In	  the	  center	  of	  this	  model	  are	  both	  Indigenous	  and	  Western	  
knowledge	  and	  traditions—both	  equally	  important,	  neither	  
overpowering	  the	  other	  
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 The intertwined approach to education allows all students to gain 

diverse perspectives, knowledges, values and beliefs, which fosters the 

ability of students to consider separate 

arguments, make informed decisions and 

gain tolls necessary to succeed in 

mathematics education (Munro et al., 2013).  

Additionally, these diverse ways of knowing 

and viewing concepts fosters a mathematical mindset amongst students 

(Discussed in in the next section).  In doing so, it is important for educators 

to aid students in making connections to their lives outside of the 

classroom for them to realize the applicability of the mathematics taught 

(Presmeg, 1998).  Through two-eyed seeing, students gain insight into the 

interconnectedness of concepts, ideas 

and experiences in their lives (Sterenberg 

& Hogue, 2011).  For example, 

educators could design mathematics 

tasks that incorporate Ontario 

curricular expectations while also aim at 

improving the local community by responding to societal and community 

issues (Sternberg & Hogue, 2011).  This approach would improve FNMI 

student success in mathematics by bringing mainstream mathematics to 

live through context and experiences.   

 When integrating Indigenous and western knowledges in 

mathematics education, it is important for educators to seek guidance

Retrieved from: http://asd-n.nbed.nb.ca/first-nations-
education/gallery/blms-graphic-arts-two-eyed-
seeing-reconciliation  

**Note: It is important 
to consider colonialism, 

racism, and unequal power 
dynamics when working 

towards two-eyed seeing 
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from Elders and Indigenous communities to successfully incorporate 

Indigenous knowledges and cultural aspects appropriately.   

 Bartlett and Hogue (2014) discuss four key essentials to two-eyed 

seeing, which has been outlined in the following chart: 

Co-Learning 

•   Learning	  together—both	  with	  and	  from	  each	  other	  
(*teachers	  are	  included	  in	  this	  point	  and	  could	  learn	  from	  
students)	  
	  

•   Growing	  relationships—nurturing	  respect,	  collaboration	  and	  
collective	  understanding	  

 
•   Requires	  compassion	  and	  caring	  

 
•   Encouragement	  and	  support	  for	  trans-‐disciplinary,	  inter-‐

cultural,	  and	  community-‐based	  learning	  
 

Knowledge 

Scrutinization 

•   Fostering	  ability	  to	  “see	  the	  strengths”	  in	  various	  ways	  of	  
knowing	  and	  knowledges,	  and	  building	  on	  these	  systems	  to	  
aid	  society	  and	  community	  growth	  

 

Knowledge 

Validation 

•   Include	  Indigenous	  languages	  and	  language	  structures	  
within	  mathematics	  language	  

 
•   seek	  insight	  from	  peer	  reviews	  and	  community	  members	  on	  

mathematics	  teaching	  strategies	  and	  tasks	  
 

Knowledge 

Gardening 

•   Walking	  our	  talk—applying	  two-‐eyed	  seeing	  
 
•   Bringing	  Indigenous	  and	  Western	  knowledges	  together	  and	  

finding	  a	  common	  ground	  
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v  Allow and help students make connections between mathematics 

concepts, their cultures and experiences 

v  Provide students with multiple ways of knowing and viewing 

mathematical concepts 

v  Create a Caring & Respectful learning environment that welcomes 

new insights and traditions (See Ethical Considerations and 

Standards of Teaching section) 

v  Create cross-curricular tasks that incorporate multiple concepts and 

fields  

v  Create tasks that have real- life applications and respond to 

community and societal needs 

v  Seek guidance from Elders and Indigenous communities with 

incorporating Indigenous knowledge and cultures 

                              

Retrieved from: 
https://abmitch.wordpress.com/2014/10/06/week-
of-september-29th-homework/  
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Growth	  Mindset	  &	  Mathematical	  Mindset	  
 

 By now, most teachers have heard of the terms growth and fixed 

mindset.  However, this topic is extremely important for mathematics 

educators because math is a subject that often promotes a fixed mindset 

amongst students.  It is also important for discussing in relation to 

Indigenous students because, by not seeing their cultures and values 

projected within the curriculum they may internally begin to believe that 

they are not able to perform mainstream mathematics.  Additionally, 

knowing that poverty affects FNMI students at greater levels, it is 

important to recognize that poverty indirectly effects how a teacher and 

students view these students’ abilities to preform, resulting in fixed mindset 

messages.   

 The type of mindset a person holds effects their self-perception and 

attitude towards learning (Boaler, 2015).  Mindset characteristics (Dweck, 

2010):
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 Math anxiety is common amongst students due to the negative 

perceptions mainstream mathematics promotes 

regarding mistakes (Boaler, 2015; Hajcak, 2012).  

Students often avoid risk taking because of the fear 

of making mistakes and possibility of failure 

(Ernest, 2000).  This perceived threat affects the 

need for safety—the second step in Maslow’s 

Hierarchy of Needs (Ernest, 2000).  This is significant given that 

mistakes foster brain growth, regardless of is a student is aware of making 

them; this is because our brain goes through a process of struggling and 

challenge (Boaler, n.d.).   

 

Fixed	  
Mindset

Growth	  
Mindset

Like any other tissue 
in the body, when we 

work out and challenge 
the brain it grows— 
“No pain, No gain”  
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Avoiding risk is rational in the face of threat! [Maslow’s Hierarchy of Needs] Ernest, P. 

(2000) 

 

 Ability grouping and tracking is a significant factor in establishing 

fixed mindsets amongst mathematics students (Boaler, n.d.).  Ability 

grouping results in the potential of educators tracking (or encouraging) 

students to specific courses (applied or academic) based on their biases and 

assumptions of student abilities (Gamoran, 2010).  Additionally, the 

perception and intentional and/ or unintentional grouping of students 

based on ability results in educators holding different levels of expectations 

for students.  In turn, this indirectly effects how educators act towards 

students based on their (the teacher’s) perception of the students’ 

abilities—for example, they may ask questions that challenge and engage

Self-‐
Fulfilment

Self-‐Esteem

Social	  needs-‐-‐love,	  
acceptance

Need	  For	  Safety	  -‐ Avoid	  Threat/	  
Risk/	  Possibility	  Of	  Failure

Physiological/	  bodily	  needs
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students who they perceive to have higher mathematics abilities, while 

providing students who they perceive to have lower mathematics abilities 

with answers and not allowing them to struggle and find their own 

solutions (Gamoran, 2010).   

 

 
  

To promote a growth mindset in education, it is important for 

educators to encourage cooperative group work (Tiosvold et al., 2004).  

Cooperative group work involves collaboration a working towards a shared 

goal of mutual benefit and growth—all of which are important 

characteristics of Indigenous pedagogies (Curwen, 2003).  Tiosvold et al. 

(2004) discuss two different goals in group work—cooperative goals and 

competitive goals—which educators need to

Mistakes
• Important	  contributors	  to	  brain	  growth	  and	  learning	  (Boaler,	  2016;	  
Hajcack,	  2012)

Challenge	  &	  Struggle
•Results	  in	  brain	  growth
•Absence	  of	  strugle	  results	  in	  lower	  brain	  activity

Tracking	  &	  Ability	  grouping
• Sends	  fixed	  mindset	  messages	  of	  who	  can	  succeed	  in	  mathematics	  
(Boaler,	  2015)

•Widens	  achievement	  gaps	  for	  racial	  and	  ethnic	  minority	  students	  &	  
students	  from	  low	  SES	  families	  (Gamoran,	  2010)

• Results	  in	  	  less	  opportunities	  for	  students	  to	  obtain	  higher-‐education	  
and	  jobs	  when	  tracked	  into	  lower	  tracks	  and	  ability	  groups
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 be mindful of and work to steer students away from competitive goals and 

towards a cooperative mathematics classroom atmosphere.   

 

 
 

Cooperative	  
Goals

Mutually	  beneficial

Problem-‐solving	  approach	  to	  
group	  work

Positive	  team-‐work

Deep	  reflection	  and	  discussion

Opennes	  to	  share	  and	  learn	  
from	  eachoer	  &	  errors

Competitive	  
Goals

percieve	  goals	  are	  negatively	  
correlated	  with	  others'	  

achievements

Reluctant	  to	  share	  errors

Fear	  embarrassment	  or	  
blame	  from	  group	  members

Decreased	  opennes	  about	  
mistakes

Promotes	  fixed-‐mindsets
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Mathematical Mindset 

 
A mathematical mindset is also important in mathematics education 

for both Indigenous and non-Indigenous students because it encourages 

students to make connections between mathematics concepts and within 

subjects and personal experiences (Boaler, 2015).  Additionally, this mindset 

shares many commonalities with the holistic approach taken by Indigenous 

ways of knowing by encouraging connection and meaning making as well 

as

Mathematics	  
Mindset

Inqusitive

Search	  for	  
Patterns	  &	  
relationships

Make	  
connections	  

within	  
mathematcs	  &	  
other	  subjects

Rich	  
communications	  
and	  dialogues

CollaborationProblem-‐solvers

Math	  =	  Beautiful

Appreciation	  of	  
challenge

Connections	  to	  
culture,	  art,	  

society,	  history,	  
survival
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collaboration, rich dialogues and pattern seeking.  To promote success in 

mathematics, students should be encouraged to participate in rich and 

meaningful mathematics tasks in which they 

could identify how the mathematics will help 

them grow and learn (Boaler, 2015).  

Educators should also be knowledgeable 

about the various ways students learn 

mathematics, and provide instruction for 

students to support math inquiry and the 

learning of various strategies and methods of learning a mathematics 

concepts (Brendefur et al., 2013).   

Educators should work to shift students’ beliefs and views of 

mathematics from procedures, rules and calculations towards views of 

mathematics involving patterns, creativity and beauty (Boaler, 2015; 

Ernest, 2000). 

  

Mathematics is about 
recognizing patterns, 

making connections and 
appreciating the relevance 
of maths in society—not 
just about computations, 
procedure, proving and 

problem-solving (Ernest, 
2000)  
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v  Encourage	  mistakes	  &	  a	  positive	  learning	  environment	  where	  

mistakes	  are	  valued	  
v  Foster	  a	  cooperative	  learning	  environment	  
v  Encourage	  ALL	  students	  to	  participate	  in	  deep	  learning	  activities	  

and	  discussions	  
v  Encourage	  curiosity,	  questions	  and	  connection	  making	  

(between	  Mathematics	  &	  other	  subjects/	  personal	  experiences	  
and	  within	  mathematics)	  

v  Create	  meaningful	  mathematics	  tasks	  that	  allows	  students	  to	  
see	  how	  mathematics	  is	  present	  in	  society	  

v  Opportunities	  to	  communicate	  &	  reason	  (inside	  &	  outside	  
mathematics)	  to	  become	  problem-‐solvers
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Strategies	  for	  Any	  Math	  Class	  
 

 

Culturally Relevant Pedagogy 

 Culture, traditions, language, and shared experiences and 

perspectives are important components in 

Indigenous learning and student success.  For this 

reason, mathematics educators should work to 

incorporate and design culturally relevant 

pedagogies, lessons and tasks in their classrooms 

that focus on Indigenous perspectives, content, 

knowledge and ways of knowing to promote 

Indigenous student success (Battise, 2008; 

Bell & Bran, 2015).  However, I caution 

educators to avoid using FNMI knowledges 

as an ‘add-on’ to Ontario mathematics 

expectations as well as avoid singling out 

minority students to explain traditions or 

cultural knowledge (Bomberry, 2013).   

 

Culturally Relevant Pedagogy strategies (Ladson-Billings, 2014; 

Ukpokodu, 2011): 

 

Culturally Responsive 
Pedagogy—“using the cultural 
characteristics, experiences, 
and perspectives of ethnically 
diverse students as conduits 

for teaching them more 
effectively” (Gay, 2002, 

p.106)   

Rather than generalizing 
Indigenous knowledges in 

lessons, build lessons 
based on local Indigenous 
communities and cultures. 
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Empower 

students 

•   To	  share	  thoughts,	  experiences,	  knowledge	  
•   Establish	  inclusive	  &	  safe	  learning	  environments	  
•   Learn	  about	  students:	  

o   Know	  their	  learning	  needs,	  styles	  and	  cultures	  
o   Build	  rapport,	  trust	  and	  positive	  relationships	  
o   Integrate	  word	  problems	  relevant	  to	  student	  interests	  
o   Incorporate	  open	  discussions	  

 

Make learning 

social 

•   Bring	  diverse	  guest	  speakers	  (or	  use	  video	  conference	  calls	  
with	  other	  classes)	  

•   Develop	  project	  ideas	  with	  students	  
•   Peer	  teaching	  
•   Allow	  for	  more	  student	  interactions	  and	  learning	  about	  and	  

with	  each	  other	  
•   Cooperative	  based	  groups:	  

o   Group	  seating	  (+	  switch	  seating	  for	  each	  unit	  to	  allow	  
students	  to	  interact	  with	  all	  classmates)	  

o   Review	  lessons,	  address	  other	  student	  questions	  
 

Language 

•   Story	  telling	  
•   Use	  student	  vocabulary	  (e.g.	  verbs	  rather	  than	  nouns)	  
•   Include	  FNMI	  languages	  in	  math	  (e.g.	  consider	  teaching	  

students	  how	  to	  count	  to	  10	  in	  a	  local	  FNMI	  language)	  
 

Include 

community & 

parents/ 

families 

•   Listen	  to	  concerns	  &	  seek	  parental	  suggestions	  
•   Seek	  guidance,	  feedback	  &	  resources	  from	  your	  school	  

boards	  Indigenous	  relations	  and	  programming	  support	  staff	  
•   Represent	  real-‐world	  problems	  and	  community	  applications	  

Provide equal 

access & 

opportunities 

to learn 

•   High	  expectations	  +	  high	  levels	  of	  support	  
•   Provide	  students	  with	  TIME	  to	  reflect	  on	  concepts	  &	  make	  

connections:	  
o   Math	  journals	  
o   Negotiation	  of	  meaning	  
o   Math	  debates	  
o   Open	  learning	  tasks	  

•   Gamify	  math	  lessons:	  
o   Employs	  many	  oral	  traditions	  such	  as:	  repetition,	  

problem-‐solving,	  encouraging	  connections	  between	  
concepts	  that	  don’t	  seem	  related	  
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Critical & Social Justice Mathematics 

 Critical and social justice mathematics aims at developing critical 

and political awareness amongst students (Gutiérres, 2013).  This form of 

mathematics empowers students, both Indigenous and non-Indigenous, to 

gain tools and skills necessary to analyze and expose injustice in society, 

while also serving to decolonize mathematics education (Vithal & 

Skoysmose, 1997).  Both critical and social justice mathematics empowers 

students to take ownership of their knowledge as well as encourages them 

to challenge mainstream mathematics and commonly held beliefs 

associated with mathematics education (Mathews, Watego, Cooper & 

Baturo, 2005). 

 

Critical and Social Justice Mathematics Strategies (Caswell et al., 

2010; Ernest, 2000): 

 

Students as Active 

Participants in 

Curriculum 

•   Allow	  students	  to	  contribute	  to	  choosing	  what	  
problems	  to	  solve	  in	  math	  

•   Foster	  critical	  consciousness	  
 

Setting where maths 

are not absolute 

•   Discuss	  controversies	  in	  mathematics	  &	  math	  
philosophies	  

•   Hold	  math	  debates	  
•   Allow	  for	  open-‐ended	  questions	  
•   Encourage	  students	  to	  question	  methods	  &	  topics	  

taught	  
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Social 

Empowerment 

through Math 

•   Awareness	  of	  how	  math	  is	  used	  in	  social	  &	  political	  
activity	  

•   Awareness	  of	  how	  math	  is	  used	  in	  society	  
•   Use	  math	  to	  interpret	  &	  critique	  math	  in	  social,	  

commercial	  &	  political	  claims	  (via	  adverts,	  headlines,	  
blogs,	  reports,	  etc.)	  

•   Scrutinize	  financial	  sector	  &	  government	  systems	  and	  
producers	  

•   Understand	  limits	  of	  validity	  of	  math:	  
o   What	  decisions	  are	  concealed	  &	  rejecting	  

misleading	  claims	  

Social math projects 

•   Use	  community	  &	  critical	  knowledge	  to	  examine	  (for	  
example):	  

o   Environmental	  issues	  (water	  consumption	  &	  
conservation,	  climate	  change,	  deforestation,	  
ecological	  footprint,	  recycling,	  etc.)	  

o   Racial	  profiling	  
o   Safe	  neighborhoods	  
o   Teen	  drug	  use	  
o   Voting	  fraud	  
o   Wage	  disparities	  
o   Lottery	  &	  gambling	  
o   Statistics	  analysis	  
o   Inequitable	  distribution	  of	  world	  (or	  school	  or	  

local)	  resources	  
o   Cultural	  contributions	  to	  maths	  
o   Community	  revitalization	  

 

Place-Based Learning 

 Place-based learning is an important teaching strategy that is rooted 

in local knowledge, culture, environment and land and is student-centered 

and personalized (all important components of FNMI 

knowledge systems) (Abrams, Taylor & Guo, 2013).  

Similarly to social justice mathematics and culturally 

relevant mathematics, place-based learning provides 

students with the opportunity to gain a strong

Learning is embedded 
in land, history, 

stories, memories, 
knowledge & shared 

experiences   
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appreciation of their community while simultaneously engaging, through a 

social lens, with the community and world (Staff, 2017).  Place-based 

learning is beneficial for allowing students to make connections to 

mathematics concepts and community applications, which in turn fosters 

and appreciation and awareness of mathematics (Munroe et al., 2013).  

This approach is especially successful for Indigenous student 

understanding because it allows them to appreciate and make connections 

to their community, cultural mathematics heritage, as well as make 

connections both within mathematics concepts and across subjects (Hare, 

2012).   

 

Community-Based Learning strategies (Fly, 2010; Pasiechnyk, 2018; 

Showalter, 2013): 

 

Include the 

Community & 

Land 

•   Discuss	  local	  problems	  &	  use	  math	  to	  solve	  them	  (3-‐D	  
printers	  are	  great	  for	  these	  types	  of	  projects)	  

•   Discuss	  local	  mathematics	  topics	  
•   Seek	  local	  experience	  &	  expertise	  
•   Connect	  with	  experts	  virtually	  or	  locally	  
•   Partner	  with	  local	  community	  organizations	  
•   Connect	  mathematics	  and	  local	  Indigenous	  knowledge	  

 

Inquiry & 

Investigations 

•   Encourage	  observing	  &	  asking	  relevant	  questions,	  making	  
predictions,	  and	  data	  collection	  for	  the	  understanding	  of	  
ecological,	  socio-‐political	  and	  economic	  world	  

•   Incorporate	  problem-‐solving	  that	  is	  connected	  to	  cultural	  
practices,	  stories	  and	  place	  relevant	  to	  local	  communities	  

•   Examples:	  measuring,	  locating,	  counting,	  playing,	  designing,	  
explaining,	  investigating	  
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The Land is 

Your 

Classroom 

•   Step	  out	  of	  traditional	  classroom	  settings	  (which	  have	  
negative	  associations	  for	  FNMI	  students)	  

•   Take	  math	  related	  field	  trips	  
o   Allow	  for	  reflection	  and	  time	  to	  make	  connections	  

•   Service-‐learning	  

Examples of 

Math in Place 

•   Games	  (local	  games,	  card	  games,	  organized	  sports,	  etc.)	  
•   Nutrition	  
•   Environment	  
•   Travel	  &	  navigation	  
•   Seasonal	  cycles	  (e.g.	  moon	  calendar)	  
•   Patterns	  within	  nature	  &	  the	  weather	  

Sample 

Activities 

•   (refer	  to	  Critical	  &	  Social	  Justice	  mathematics	  for	  some	  
topics)	  

•   School	  (or	  local)	  garden	  designing	  &	  planning	  
•   Water	  conservation	  
•   Plan	  rural	  &	  urban	  centers	  or	  plan	  parks	  &	  recreations	  from	  

analyzing	  census	  data	  
•   Examine	  patterns	  and	  geometry	  found	  in	  local	  art	  or	  music	  

 

Problem-Based & Real-Life Authentic Learning 

 In problem-based learning, educators present students with a 

problem prior to teaching them how to solve it 

(Roh, 2003).  The problems used should be 

real-life problems and they should be 

introduced to students in such a way that 

required the students to investigate and gain 

knew knowledge to solve the problem.  

Through problem-based learning, students develop problem-solving, 

creative thinking and critical thinking (Arviana & Dewi, 2019).  To make 

mathematics learning authentic for students, educators should focus on 

creating and introducing mathematics problems that focus on real-life 

In problem-based learning, 
students interpret the 

problem, gather information, 
investigate possible solutions, 
discuss and evaluate options 
and present their findings  
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contexts and uses.  Educators should first introduce a captivating problem 

that

it multidisciplinary and relevant to students’ lives, and after investigation 

and discussion, present mathematics concepts that may help students in 

solving the problem. Educators may consider designing problems that 

require the collaboration with experts in certain fields, as well as present 

problems through case studies, problem-based activities and role-playing 

exercises (Reddy & Bruyns, 2015).   

 

Problem-based and Authentic mathematics learning strategies 

(MacMath, Wallace & Chi, 2009; Sinay & Nahornick, 2016): 

 

Teacher = 

Facilitator 

•   Student-‐centered	  
•   Allow	  for	  some	  struggle	  
•   Demonstrate	  &	  remind	  students	  of	  prior	  knowledge	  
•   Allow	  time	  for	  reflection	  
•   Ask	  guiding	  questions	  

 

Teach for 

Conceptual 

Understanding 

•   Encourage	  students	  to	  connect	  procedures	  to	  concepts	  and	  
justify	  processes	  

•   Encourage	  students	  to	  use	  multiple	  representations	  and	  
possible	  solutions	  

•   Compare	  and	  discuss	  incorrect	  procedures	  
•   Teach	  reasoning	  skills—identifying	  similarities	  and	  

differences	  and	  predictions	  of	  possible	  solutions	  
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Collaborative 

small group 

work  

•   About	  2-‐4	  students	  per	  group	  
•   Ensure	  equal	  distribution	  of	  work	  and	  assign	  roles	  
•   Plan	  opportunities	  for	  groups	  to	  share	  progress	  and	  present	  

questions	  or	  concerns	  
•   Maintain	  positive	  attitudes	  about	  math	  
•   Promote	  student	  interaction	  
•   Foster	  a	  collaborative	  and	  self-‐directed	  learning	  

environment	  
 

Problems 

•   Present	  the	  problem	  at	  the	  beginning	  of	  the	  unit—to	  create	  
enthusiasm	  and	  engagement	  in	  learning	  new	  knowledge	  
and	  skills	  

•   	  Present	  the	  end	  of	  the	  unit—to	  check	  for	  student	  
misconceptions	  after	  the	  unit	  is	  completed	  

•   Example	  topics:	  
o   Recipes	  
o   Proportions	  
o   Shopping	  
o   Environmental	  issues	  
o   Planning	  a	  trip	  
o   Above	  topics	  listed	  in	  Culturally	  relevant	  pedagogy,	  

Social	  justice	  mathematics	  and	  Place-‐based	  learning	  
 

Authentic 

Math context 

•   Meaningful	  context	  to	  students	  (may	  be	  school,	  family	  or	  
community	  related)	  

•   Refer	  to	  example	  topics	  in	  social	  justice	  mathematics,	  
culturally	  relevant	  pedagogy	  and	  place-‐based	  learning	  

•   Use	  problem-‐based	  learning	  as	  a	  minds-‐on	  mini	  question	  
prior	  to	  lesson	  

•   Interdisciplinary	  topics	  
•   Incorporate	  guest	  speakers/	  experts	  and	  field	  trips	  
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Project-Based Learning 

 Problem-based learning could be 

introduced to students through project-

based learning, which centers around 

inquiry, prior knowledge of students and 

collaboration to investigate a real-world 

problem (Heyl, 2008).  Educators could 

use project-based learning and 

assignments as a method of making 

connections to student cultures and the community 

(Karacalli & Korur, 2014).  Project-based 

learning involves collaboration, creativity, 

discussions, and problem-solving—all 

important features of promoting a 

mathematical and growth mindset (Hung, 

Hwang, & Huang, 2012).  This form of learning in 

mathematics allows students to gain a practical understanding of abstract 

mathematics concepts taught in Ontario schools (Heyl, 2008). 

 

Project-based learning strategies (Larmer & Metndoller, 2012; Zafirov, 

2013): 

 

Key features of Project-Based 
Learning (Larmer & Mergendoller, 

2012): 
• Student interests & student-

directed 
• In-depth inquiry 
• Critique, discussion and 

revisions 
• Student choice and voice 
• 21st century competencies 
• Multi-disciplinary 

Consider having students 
work on projects that 

challenge students to solve 
a community issue or need 

using mathematics 
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Use 

Technology 

•   3-‐D	  printers	  (cheap	  and	  very	  effective	  for	  constructing	  tools	  
using	  mathematics)	  

•   Seek	  expert	  involvement	  
•   Develop	  projects	  using	  computer	  programs	  
•   Collaboration	  

o   Blogs,	  Google	  Docs,	  videoconferencing,	  etc.	  
•   Virtual	  manipulatives	  
•   Research	  

 

Involve the 

Community 

•   Allows	  for	  connections	  to	  real-‐world	  application	  
•   Projects	  that	  benefit	  the	  community,	  learning	  and	  student’s	  

future	  success	  (building	  their	  portfolios)	  
•   Talk	  with	  community	  members	  who	  use	  math	  in	  their	  work	  

 

Preparing 

Students  

•   Prepare	  students	  for	  student-‐centered	  approach	  to	  learning	  
o   Establish	  a	  classroom	  environment	  that	  promotes	  self-‐

regulation	  amongst	  students	  
§   e.g.	  goal	  setting	  ability,	  planning,	  self-‐monitoring,	  

self-‐evaluation	  and	  self-‐advocacy	  of	  their	  own	  
learning	  and	  

 

Summary 

 In the 21st century, there is a push towards digital, financial, 

multicultural, informational and environmental literacy, as well as a need 

for students to have skills such as collaboration, creativity, innovation, 

problem-solving and inquiry (Munroe et al., 2013).  Culturally relevant 

pedagogy, critical and social justice mathematics, place-, problem- and 

project- based learning are all tools educators could implement both 

together of individually to promote Indigenous and non-Indigenous student 

success in mathematics.  These teaching tools provide educators with a 

method of integrating Indigenous knowledge systems, cultures and values 

into mathematics—such as holistic approach to learning, considering and 

challenging diverse perspectives and cultures, interconnectedness,
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community involvement and improvements, and reflection—all of which 

align with the 21st century curriculum needs (Munroe et al., 2013).  

Additionally, Munroe et al. (2013) argue that the intertwined approach 

“requires that all students begin to see with multiple perspectives, by 

coming to know one another in ways that do not treat one knowledge as 

the knowledge and all other knowledge as other (p. 325).  In other words, 

students should be exposed to different cultural views, ways of learning, 

and be exposed to different ideas and phenomena, which could be achieved 

using these various methods of learning and teaching.   

Not only do these approaches solidify students’ learning, but they 

also empower students as well as develops necessary 21st century skills such 

as inquiry, skepticism and collaboration. This approach to mathematics 

education would benefit both Indigenous and non-Indigenous students by 

fostering a growth mindset amongst students in various ways, through: 

inspiring students to be mathematicians and researchers, opening the math 

up to all students (through multiple ways of seeing math and encouraging 

questions), facilitating connection making to the world and communities 

and encourages intuition, creativity, deep understandings and freedom of 

thought (Boaler, 2015).  In the intertwined, or two-eyed seeing approach to 

mathematics education, the teacher takes the role as a facilitator, allowing 

students to take ownership of their own activities, projects, and 

mathematics learning (Presmeg, 1998).  
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Sample	  Tasks	  
 

  

 In this section, I have adapted, modified and created sample 

mathematics lessons, projected for mathematics educators to implement in 

grades 7 through 12 math courses.  Each task has been included in this 

handbook as a result of its relevance to the themes presented earlier.  These 

tasks serve as a starting point for educators to implement practices and 

topics that promote both Indigenous and non-Indigenous student success 

in high school mathematics.  Educators could adapt and modify each task 

to serve their teaching styles and classrooms. 
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Task 1—Let’s Grow a Garden! 

Task Description 

 Students design and grow a garden with the intent of harvesting the 

fruits and/ or vegetables to sell at a local food market (or for school 

cafeteria, or to donate to a local food bank or organization).  Students 

could collaborate with science students to determine which plants to grow 

together as well as when, where and how to grow them.  This activity could 

be adapted in various ways to focus on a variety of mathematics topics and 

levels.  Students investigate and determine the best options and procedures 

to use based on data collection, modeling and collaboration with local 

experts and or classes from other 

disciplines (i.e. science, home economics, 

cooking classes, geography, etc.). 

Rationale 

•   Students-directed, hands on and 

land-based learning (student need 

to investigate land quality and 

the types of vegetables to grow in 

local weather conditions—may consult an expert for this)

Topic/ Unit:  Linear Relations (or systems of equations); Functions; Data 

Management; Profit, and Optimization 

Task type:  Project-Based; Problem-Based; Place-Based 

Grade(s): Grade 7-12 (Depending on math focus) 
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•   Problem-solving, and real-world 

authentic applications of 

mathematics 

•   Fosters appreciation and 

acceptance of challenge and 

struggle 

•   Students draw from knowledge of 

local experts 

•   Make interdisciplinary connections 

•   Allows for rich communications, 

dialogues and debates amongst 

students 

•   Promotes a collaborative group environment (working for the benefit 

of their group) 

•   Project- Based and Place-Based mathematics learning 

•   Meaningful learning 

o   Collaborating with other students, community members, elders 

(and other experts) to determine the best growing strategies, as 

well as considerations when growing and selling the crops 

 

Materials needed 

•   Land to grow crops at 

•   Seeds or sprouts 

•   Basic gardening tools

•   Access to resources (online, hard copy, or community experts) 
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•   Additional math material based on adaption to activity (i.e. graph 

paper, Excel, measurement tools, etc.) 

 

Possible Activity Adaptions: 

Grade 7 

•   Number Sense & Numeration 

o   Students work with fractions when determining the optimal 

way to divide their land for crops based on how much space is 

required for each crop type, the number of desired crops, and 

the land layout (Fractions, squares & square roots, etc.) 

•   Geometry & Spatial Sense 

o   Construct a blue print of their garden designs and later 

enlarge their drawings to fit the space provided for the garden 

(Similar and congruent shapes) 

Grade 8 

•   Patterning & Algebra AND Data Management and Probability 

o   Measure plant growth throughout growth process and record 

data to plot on a graph and analyse data to see if there is a 

pattern in growth 

o   Determine basic equations for the cost and profit of the 

garden: price of each plant type, fruit & veggie yield, price of 

each item, etc. 

Grade 9 & 10 

•   Measurement & Geometry
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o   Investigate the optimal values of the area of a rectangle that 

would use the least amount of fencing for the garden 

•   Linear Relations & Quadratic relations of the Form y= ax^2 + bx + 

c 

o   Investigate a basic profit function for the garden 

Grade 11 

•   Mathematical Models 

o   Students could represent their data and calculations of area, 

growth and sales in multiple representations (numeric, graphic, 

algebraic, etc.) 

Grade 12 

•   Derivatives and Their Applications 

o   Have students develop a profit equation and optimize it using 

derivatives to determine the price they should be selling their 

produce
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Task 2—Environmental Issues & Sustainability 

Task Description 

 The teacher starts by leading a class discussion on environmental 

issues (locally and/ or globally).  Students then research, collect data and 

statistical analysis of a specific environmental issue approved by the 

teacher (sample topics:  Water 

consumption and conservation, 

climate change, deforestation, 

ecological footprint, carbon and 

greenhouse gas emissions, water 

levels—based on glaciers melting, 

garbage production, etc.).  Another 

option is for students to 

investigate the price and hidden 

costs of a car, including the 

amount of pollution they would 

produce with their car based on factors such as fuel efficiency, frequency 

and speed they could be driving, etc. 

Topic/ Unit:  Exponential Function (Carbon Emissions), data collection and 

statistics, Number sense and Algebra 

Task type:  Project-Based, Problem-Based, Social Justice Mathematics 

Grade(s): 9-12 (Could be adapted & changed for other grades/ courses) 
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Rationale 

•   Problem-solving, real-world authentic application 

•   Social Justice/ Critical Mathematics—Students use mathematics to 

investigate a global issue 

•   Project-Based and Problem-Based mathematics learning 

•   Seek collaboration and knowledge of local and global experts in 

various subject areas (interdisciplinary) 

•   Meaningful learning 

o   Students make connections between mathematics and 

improving society, interest driven and personal 

 

Materials needed 

•   Access to experts & resources (both online and in person) 

•   Graphing paper, excel (or another spreadsheet application) 

  

Possible Activity Adaptions: 

Grade 9 & 10 

•   Analytic Geometry, Measurement and Geometry 

o   Students could investigate topics such as deforestation to 

determine the rate and percentage of trees getting deforested 

vs. initiatives to plant new trees.  With this, students could also 

calculate the estimated amount of years until a certain 

percentage of trees remain, as well as the effects of carbon in 

the atmosphere, and how much of that carbon is due to 

deforestations and the lack of trees
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Grade 11 & 12 

•   Exponential and Logarithmic Functions 

o   Students examine greenhouse gas and carbon emission rates 

over a couple decades, and determine an exponential equation 

that closely resembles the data 

•   Counting and Probability, Organization of Data for Analysis, 

Statistical Analysis 

o   Have students collect and analyse data on a specific topic 

(deforestation, climate change, etc.) and then predict likely 

outcomes/ probabilities in 5 years if rates continue 

•   Personal Finance 

o   Students investigate all the costs associated with owning a car 

(insurance, car price, fuel, etc.) based on how long they plan to 

drive and other factors.  Students also look at the carbon 

emission of a certain car based on their estimated use of the 

car and its fuel efficiency rate 
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Task 3—Patterns in Beadwork and Basket Weaving 
 

 

Task Description 

 The teacher shows students pictures of produces of Indigenous 

beadwork patterns and basket weaving (or other forms of art work with 

intricate patterns that are relevant to local FNMI cultures).  The teacher 

proceeds to discuss with students the cultural significance of these 

artworks, and then gets students to discuss in smaller groups possible 

patterns within the designs.  After a group discussion and class discussion, 

the teacher then presents students with a pattern they’ve designed on 

https://apps.mathlearningcenter.org/pattern-shapes/ or any other math 

manipulatives site, and have students work together to discover the 

pattern.  Students represent the pattern in multiple ways (graph, table, 

equation, etc.).  

 

Rationale 

•   Problem-Based and Culturally Relevant 

Topic/ Unit:  Patterns (ex. Arithmetic series & sequences); area and perimeter 

Task type:  Problem-Based, Place-based, Culturally Relevant Pedagogy 

Grade(s): 7-12 
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o   Opportunity for students to discover the math present in 

certain cultures

•   Interconnected—

connects mathematics 

with art 

•   Interest driven and 

allows students to make 

personal connections 

•   Demonstrates the 

applications and beauty 

in mathematics 

•   Collaboration, 

communication and rich 

discussions—students 

could work in groups to 

determine the pattern or 

to determine the number of beads of each color needed for their 

designs 

•   Promotes inquisitiveness and problem-solving abilities 

 

Materials needed 

•   Online (or physical) manipulatives—such as blocks—to allow 

students to build patterns 

•   Graphing paper 

•   Beads & string – if students choose to create their own beadwork 

Picture taken at WOODLAND CULTURAL CENTRE 
MUSEUM (located at 184 Mohawk Street in Brantford, 

Ontario, Canada) 
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Possible Activity Adaptions: 

Grade 7 - 9 

•   Geometry and Spatial Sense, Patterning and Algebra, analytic 

geometry, Measurement and Geometry 

o   Option for students to design their own patterns and shapes 

on a grid with 4 quadrants and determine the area (or number 

of beads that should be used to make each shape 

Grade 11 - 12 

•   Discrete Functions 

o   Students work through arithmetic sequences and series related 

to the patterns provided by the teacher
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Task 4—Canoe Crossing River 

Task Description 

 Various FNMI clans used canoes for hunting, traveling and fishing 

on rivers and lakes.  When using canoes, and not jet boats as well, 

Indigenous people must account for the currents and wind when 

attempting to cross waterways.  FNMI people must adapt to the currents 

and wind when crossing waterways to get directly across the river from 

there they started.  To gain student interest, teachers could start by telling 

the Beaver story (found on page 45 of FNESC, 2012).   

 Students will be using a fan, container of water 

and a toy canoe to investigate how current or wind 

determines the path a canoe takes to cross a river or 

lake. 

 In groups (3-4), get students to determine the distance the canoe 

travels (hypotenuse of triangle).  Get students to set up the container with 

water and place the fan on one end.  Conduct this

Adapted from (FNESC, 2012). 

Topic/ Unit:  Pythagorean Theorem 

Task type:  Problem-Based, Culturally Relevant Pedagogy 

Grade(s): 8- 12 
 

Consider showing 
students a video clip 

of someone crossing a 
river on a canoe 
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experiment a couple times—option to use different fan strengths and place 

pebbles in canoe for 

variation in distance 

(hypotenuse). 

 Using diagrams, 

charts, graphs, etc., get 

students to determine the 

Pythagorean theorem. 

Extension option—Get 

students to determine what angle the canoe would need to face to end up 

directly across from where it started. 

 

Rationale 

•   Problem-Based, Culturally Responsive and an Authentic real-life 

problem 

•   Promotes mathematical mindset—curiosity, appreciation of 

challenge, connections to culture, rich communications and 

dialogues, and problem-solving 

•   Includes aspects of Indigenous Knowledge Systems 

o   Individualized—Interest-driven, self-paced, student-centered, 

personal connections 

o   Meaningful—Interconnected (to culture and land) 

o   Utilizes Oral traditions—listening, watching, doing and 

imitation, and storytelling 
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Materials needed 

•   Large plastic container (for river) filled with water 

•   Toy canoe 

•   Erasable marker (to mark where canoe lands at end of container/ 

“river”) 

•   Fan (for current/ wind) 

•   Ruler or metre stick for measuring 

  

Possible Activity Adaptions: 

Grade 12-- Calculus 

•   Rate of Change; Derivatives and Their Applications 

o   The teacher could adapt the problem to make it an 

optimization problem, similar to the problem presented in the 

following video: 

https://www.youtube.com/watch?v=7bFSjr9lOhE  
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Task 5—Bow Hunting 

Task Description 

 Hunting is a very important part of 

FNMI traditions and cultures.  Hunting 

carried out by FNMI peoples are beneficial 

to the environments they occupy because, 

through generations of teaching and 

learning, they have become aware of the 

types of animals, quantity, 

and other factors to 

consider, to ensure the 

environment and 

biodiversity of wildlife 

thrives. 

 Students will investigate 

the relationship between the 

Adapted from (FNESC, 2012). 

Topic/ Unit:  Algebra, Linear Relations, Derivatives (Possible application) 

Task type:  Problem-Based, Culturally Relevant Pedagogy, Place-Based 

education 

Grade(s): 8-12 
 

Prior to this activity, the teacher 
is encouraged to research 

hunting traditions and knowledge 
of local FNMI clans, as well as 

local stories they could bring into 
the class to introduce the lesson 
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force needed to pull a bow string a certain

distance (using a force meter) and the distance the bow is pulled back.  The 

question students will be investigating 

is Hooke’s Law, 𝐹 = 𝑘𝑑, where F—

force applied (measured in Newton’s), 

k—the spring constant [physics 

application], and d—distance the bow 

is pulled back. 

 Students will record their data in a 

table, making sure to record the force, and distance each time.  Students 

will then graph the relationship and determine the spring constant, k, of the 

bow.   

 

Rationale 

•    Draws on Culturally Relevant 

content, Place-Based, 

Problem-Based and Project-

Based (optional) 

•   Incorporates aspects of 

Indigenous Knowledge 

Systems: 

o   Culture and tradition—

storytelling, morals, and 

values 

Consider inviting an Elder to 
visit the class and talk about 

hunting, and the roles and 
responsibilities of young men 
and women in the community 
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o   Knowledge of land and animals—population, sustainability

 

o   Meaningful—interconnected, option to include teachings from 

Elders 

•   Promotes Mathematics mindset: 

o   Rich communication 

o   Search for patterns and relations and make connections 

between the math and other subjects 

o   Appreciation of challenge and real life applications of 

mathematics 

o   Problem-solving 

 

Materials needed 

•   Archery Bow (*Arrows not required*) 

•   50 N force meters (may need to ask the science department) 

•   Graph paper 

•   Rulers  
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Possible Activity Adaptions: 

Grade 10 & 11 

•   Quadratic Relations 

o   Students could take a field trip to use and record the path of 

bow and arrows.  Students record the distance, time and path 

of the bows and then return to class to determine the 

quadratic equation of the path of the arrow. (choosing either 

to calculate the time-height graph or vertical distance-

horizontal distance graph).   

Grade 12 

•   Derivatives and their Applications 

o   The teacher could introduce students to the Predator-Prey 

model and differential equations (Lotka-Volterra Equations), 

and have students investigate the growth rate of prey and 

predators based on certain parameters (option to use 

simulations found online)
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Task 6—Clean Water Placement 

Task Description 

 The teacher facilitates a classroom discussion of the importance of 

access to clean drinking water, and then proceeds to discuss how many 

FNMI reserves do not have a clean 

water source.  At this point the teacher 

could either lead a class discussion on 

the relationship between FNMI and 

Canadian-Settler governments, and the 

history of broken treaties and how this 

relates to living situations and access to 

quality drinking water.  Students 

investigate communities (either local 

reserves or communities globally) to 

determine the best placement of a clean 

water source or a factory that produces 

water filters.

Adapted from (Harper, 2018). 

Topic/ Unit:  Analytic Geometry 

Task type: Social Justice Mathematics, Project-Based, Place-Based, Problem-

Based 

Grade(s): 10 
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 Students research which option is best for providing safe water to a 

community of their choice: Building a well (or 

other water treatment source) or building a 

factory that produces water filters.  Students 

then determine the best placement of said 

factory or water source.  Students use 

properties of triangles and geometry (calculating: 

Incenter, Circumcenter, Centroid and Orthocenter) to help them help them 

determine the optimal placement of their water system.  Students then 

present their findings to the class, as well as local experts and/ or 

community members within the community they researched.   

 

Rationale 

•   Incorporates Place-Based 

Learning, Problem-Based 

Learning, Project-Based 

Learning and Social Justice 

Mathematics 

•   Promotes mathematical 

mindset: 

o   Connections to 

society and social 

issues

 

Sample worksheets 
could be found at: 

https://francesharper.c
om/lesson-

plans/geometry/triangle
-centers-clean-water/  
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o   Collaboration, problem-solving and viewing math as useful for 

improving society 

o   Promotes rich communication and dialogue between students 

and their peers, as well as with experts and community 

members 

•   Incorporates Indigenous knowledge systems: 

o   Learning is meaningful—interconnected, serves to improve 

community circumstances 

o   Holistic—ties to spiritual (community improvement), 

intellectual, physical and emotional 

 

Materials needed 

•   Online resources and hardcopy resources—for researching the topic 

•   Access to local experts and 

community members 

•   Paper and maps to trace 

triangles and circles 

around specific areas 
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Task 7—Graduation Plans and the Exponential Function 
 

 

Task Description 

 Students investigate various potential pathway options for them to 

consider for post high school, taking 

into account the annual incomes that 

different pathways (degrees) offer and 

the cost of attending university or 

college.  Students model real-world 

scenarios and possibilities using 

exponential functions data collection 

and analyses and Excel (to sum 

annual incomes and costs each year) 

for the purpose of determining 

potential advantages and 

disadvantages for each pathway.

Adapted from (Harper, 2018). 

 

Topic/ Unit:  Exponential Functions, Data management and analysis 

Task type: Social Justice Mathematics, Project-Based, Place-Based, Problem-

Based 

Grade(s): 10- 12 
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    In this activity, students create an exponential equation modeling 

their data and research, as well as 

investigate how to efficiently 

calculate the total amount earned 

each given year.  Students use Excel 

for taking annual income sums.  

Students then analyze their data—

presented in Excel, tables and 

graphs (looking at intersections 

between multiple functions).   

 

Rationale 

•   Incorporates Project-Based 

learning, Problem-Based learning, Place-Based learning (researching 

local costs and post-secondary education), and Social Justice 

Mathematics 

•   Promotes Indigenous Knowledge Systems: 

o   Meaningful learning—students research for their future 

success, Interconnected, life-long learning and interest-focused 

o   Individualized—Interest-focused, self-passed, personal 

connections and relevance 

•   Promotes mathematical mindset: 

o   Connections to other subjects, including livability, economics, 

life-long learning, finance, etc.



116 

78	  

o   Appreciation of challenge, viewing mathematics is empowering 

and personally useful/ beneficial 

 

Materials needed 

•   Access to online and hardcopy data and resources 

•   Excel 

•   Graphing paper (or online graphing tool) 
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Additional	  Resources	  

 

 The following section is a list or resources that can be used by 

teachers and other educational administrators looking for guidance and 

deeper understandings of topics covered in this handbook.   

 Included with each resource are brief notes that provide the reader 

with a description of the useful material available.  Additionally, the 

following legend with be used to identify the type of topic(s) each resource 

focuses on. 

 

 
 
 

  

 

First Nations, Métis and Inuit  
[cultures, experiences and ways of knowing] 

Mindset  
[growth, mathematical] 

Two-Eyed Seeing  
[methods, practices and math activities] 

Project, Problem and/or Place –Based Learning  
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Books 

 

Battiste,	  M.	  (2015).	  Decolonizing	  education:	  nourishing	  the	  learning	  spirit.	  
Saskatoon:	  Purich	  Publishing	  Limited. 

       

•   This	  book	  outlines	  the	  impact	  Eurocentric	  educational	  models	  have	  had	  on	  
Indigenous	  knowledge 

•   Battiste	  discusses	  the	  impact	  and	  presence	  of	  racism	  colonization	  and	  assimilative	  
education	  had/s	  of	  Indigenous	  peoples,	  as	  well	  as	  outlines	  decolonizing	  methods,	  
reconciliation	  in	  education	  and	  the	  significance	  of	  culture	  and	  Indigenous	  
languages	  for	  success 

 

 
	  
	  
Boaler,	  J.	  (2016).	  Mathematical	  mindsets	  unleashing	  students	  potential	  

through	  creative	  math,	  inspiring	  messages	  and	  innovative	  teaching.	  
San	  Francisco:	  Jossey-‐Bass.	  

       

•   Must-‐read	  book	  for	  all	  mathematics	  teachers,	  providing	  detailed	  and	  clear	  
descriptions	  of	  mathematics	  mindsets	  and	  growth	  mindsets,	  as	  well	  as	  practical	  
and	  easily	  implementable	  strategies	  and	  practices	  

 

 
	  
	  
James	  Lorimer	  &	  Company	  Ltd.,	  Publishers.	  (2015).	  Final	  report	  of	  the	  Truth	  

and	  Reconciliation	  Commission	  of	  Canada.	  summary:	  honouring	  the	  
truth,	  reconciling	  for	  the	  future.	  Toronto.	  

       

•   This	  is	  an	  informative	  book	  that	  all	  educators	  should	  read	  to	  truly	  understand	  the	  
impact	  of	  Residential	  Schools,	  and	  the	  importance	  of	  reconciliation	  through	  
adhering	  to	  the	  Commissions	  94	  Calls	  to	  Action	  
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Joseph,	  R.	  P.	  C.	  (2018).	  21	  Things	  you	  may	  not	  know	  about	  the	  Indian	  Act:	  
helping	  Canadians	  make	  reconciliation	  with	  indigenous	  peoples	  a	  
reality.	  Vancouver,	  British	  Columbia:	  Page	  Two	  Books.	  

       

•   Clear	  and	  detailed	  book	  to	  help	  non-‐Indigenous	  people	  understand	  the	  ongoing	  
and	  lasting	  effect	  The	  Indian	  Act	  had/s	  on	  Indigenous	  communities	  and	  people 

•   This	  is	  an	  important	  read	  for	  all	  educators	  and	  educational	  staff	  to	  gain	  awareness	  
of	  the	  repercussions	  caused	  by	  colonization	  and	  work	  towards	  reconciliation 

 

	  
	  
	  
	  
Kanu,	  Y.	  (2011).	  Integrating	  Aboriginal	  perspectives	  into	  the	  school	  

curriculum:	  purposes,	  possibilities,	  and	  challenges.	  Toronto:	  
University	  of	  Toronto	  Press.	  

       

•   This	  resource	  discusses	  the	  importance	  of	  integrating	  Indigenous	  perspectives	  into	  
the	  school	  curricula	  as	  well	  as	  addresses	  the	  challenges	  of	  integration	  of	  
Indigenous	  cultures	  and	  knowledges	  in	  all	  levels	  of	  classroom	  practices	  

	  
	  
	  
	  
	  
	  
Stevens,	  J.,	  &	  Vaudrey,	  M.	  (2016).	  The	  classroom	  chef:	  sharpen	  your	  lessons,	  

season	  your	  classes,	  make	  math	  meaningful.	  San	  Diego,	  CA:	  Dave	  
Burgess	  Consulting,	  Inc.	  

       

•   Provides	  strategies,	  tools	  and	  useful	  activities	  aimed	  at	  making	  mathematics	  (k-‐12)	  
interesting	  and	  engaging	  for	  students	  

•   Embedded	  throughout	  the	  book	  are	  innovative	  websites	  and	  mathematics	  
teacher’s	  online	  accounts	  for	  educators	  to	  refer	  to	  when	  searching	  for	  engaging,	  
minds-‐on	  math	  activities,	  lessons	  and	  projects	  
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Talaga,	  T.	  (2018).	  All	  our	  relations:	  finding	  the	  path	  forward.	  Toronto:	  
Anansi.	  

       

•   Talaga,	  the	  author	  of	  Seven	  Fallen	  Feather,	  discuses	  a	  pressing	  issue—the	  rise	  of	  
youth	  suicide	  amongst	  Indigenous	  people	  

•   This	  book	  could	  help	  educators	  gain	  perspective	  on	  the	  devastating	  impact	  
colonization,	  cultural	  genocide	  and	  resulting	  intergenerational	  trauma	  have	  on	  
Indigenous	  youth	  

•   This	  book	  could	  guide	  educators	  in	  understanding	  the	  need	  to	  providing	  safe,	  
inclusive	  and	  caring	  learning	  environments	  for	  Indigenous	  youth	  in	  their	  schools	  

 

 

	  
	  
Toulouse,	  P.	  R.	  (2016).	  Achieving	  indigenous	  student	  success:	  a	  guide	  for	  

secondary	  classrooms.	  Winnipeg,	  MB,	  Canada:	  Portage	  &	  Main	  
Press.	  

       

•   This	  resource	  discusses	  Indigenous	  pedagogy	  and	  ways	  of	  learning	  in	  depth,	  while	  
also	  comparing	  Indigenous	  ways	  of	  learning	  and	  teaching	  to	  Bloom’s	  Taxonomy	  

•   This	  resource	  also	  provides	  sample	  lesson	  plans	  for	  various	  course	  subjects	  in	  
secondary	  school	  settings	  (including	  science	  and	  mathematics)	  

	  
	  
	  
	  
	  
	  
Toulouse,	  P.	  R.	  (2018).	  Truth	  and	  Reconciliation	  in	  Canadian	  Schools.	  

Portage	  &	  Main	  Press.	  
       

•   In	  this	  book,	  Toulouse	  discusses	  the	  legacy	  and	  impact	  of	  residential	  schools,	  as	  
well	  as	  provides	  a	  brief	  description	  of	  First	  Nations,	  Inuit	  and	  Métis	  traditions,	  
cultures,	  values,	  and	  learning	  systems	  

•   Additionally,	  this	  resource	  outlines	  various	  contributions	  of	  Indigenous	  peoples,	  
and	  how	  educators	  could	  incorporate	  discussions	  and	  lessons	  on	  these	  
contributions	  through	  science	  courses	  	  
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Vowel,	  C.	  (2018).	  Indigenous	  writes	  a	  guide	  to	  First	  Nations,	  Métis,	  and	  Inuit	  

issues	  in	  Canada.	  Brantford,	  Ontario:	  W.	  Ross	  MacDonald	  School	  
Resource	  Services	  Library.	  

       

•   This	  is	  a	  very	  educational	  book	  on	  the	  significance	  of	  culture	  and	  Identities	  to	  
FNMI	  peoples,	  as	  well	  as	  addresses	  the	  impact	  of	  cultural	  appropriation,	  common	  
myths	  non-‐Indigenous	  people	  hold	  and	  project	  (including	  taxation,	  housing,	  
authenticity,	  ‘the	  Drunken	  Indian’	  etc.),	  and	  state	  violence	  Indigenous	  peoples	  
experience	  

•   This	  resource	  also	  discusses	  the	  impact	  Canadian	  school	  systems	  have	  on	  
Indigenous	  cultures	  and	  learning	  
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Websites	  

 

 

https://libguides.lakeheadu.ca/indigenouseducation	  
 

•   This	  site	  has	  many	  resources	  to	  aid	  educators	  integrate	  FNMI	  experiences	  and	  
perspectives	  in	  K	  -‐	  12	  education	  

•   On	  the	  left	  side	  of	  the	  site	  are	  tabs	  to	  guide	  educators	  in	  exploring	  teacher	  
guides	  on	  Indigenous	  cultures,	  values,	  knowledge,	  worldviews	  and	  traditional	  
protocols,	  as	  well	  as	  additional	  references	  to	  help	  teachers	  understand	  and	  
teach	  using	  Indigenous	  perspectives	  and	  ways	  of	  knowing	  

•   The	  site	  also	  includes	  a	  tab	  for	  additional	  websites	  and	  resources	  foe	  educators	  
to	  explore	  as	  well	  as	  a	  tab	  on	  Indigenous	  lesson	  plans,	  where	  educators	  could	  
search	  for	  lessons	  by	  subject	  

	  

 
	  
	  
	  
http://mathcentral.uregina.ca/index.php	  
 

•   Included	  on	  this	  site	  is	  a	  wide	  variety	  of	  teaching	  resources,	  outreach	  programs,	  
mathematics	  problems	  beyond	  school	  work,	  and	  more	  

•   One	  of	  the	  main	  tabs	  educators	  could	  explore	  is	  "Aboriginal	  Perspectives"	  -‐	  
http://aboriginalperspectives.uregina.ca/	  

o   Included	  on	  this	  site	  are	  videos,	  lessons	  and	  games	  that	  integrate	  
Indigenous	  perspectives	  for	  middle	  school	  level	  mathematics	  

•   Another	  useful	  sub-‐site	  is	  
http://mathcentral.uregina.ca/RR/database/RR.09.00/treptau1/mathcontent.ht
ml	  

o   This	  link	  contains	  Indigenous	  games	  related	  categorized	  by	  different	  math	  
subjects	  (i.e.	  Patterns	  and	  Relations,	  Probability,	  Data	  Management,	  
Numbers	  and	  Operations,	  Problem	  Solving,	  Critical	  thinking,	  Geometry	  
and	  Coordination)	  

 

 

 



123 
 

85	   	   	  

	  
http://www.fnmieao.com/	  
 

•   The	  First	  Nations,	  Métis	  and	  Inuit	  Education	  Association	  of	  Ontario	  (FNMIEAO)	  
provides	  educators	  with	  resources,	  events,	  news	  and	  Initiatives	  to	  include	  
Indigenous	  knowledge	  in	  the	  Ontario	  education	  system	  and	  schools	  as	  well	  as	  
promote	  Indigenous	  student	  success	  

•   Resources	  could	  be	  searched	  based	  on	  the	  curriculum,	  however	  there	  is	  a	  $50	  
membership	  fee	  to	  access	  all	  the	  resources	  

 
 

 
	  
	  
	  
https://francesharper.com/	  
 

•   Solving	  World	  Problems:	  Equity	  &	  Social	  Justice	  In	  Mathematics	  Education	  is	  a	  
site	  created	  by	  Frances	  Harper	  to	  provide	  educators	  with	  mathematics	  resources	  
centered	  around	  equity	  and	  social	  justice	  

•   In	  addition	  to	  rich	  mathematics	  projects	  and	  lessons,	  this	  site	  also	  provides	  
educators	  with	  recommended	  readings	  and	  resources	  to	  help	  educators	  in	  
creating	  lessons	  and	  providing	  students	  with	  complex	  mathematics	  instructions	  
and	  tasks	  

 

 
	  
	  
	  
	  
https://thelearningexchange.ca/projects/dr-‐susan-‐dion-‐historical-‐timeline-‐
listening-‐stone-‐year-‐4/	  
 

•   Understanding	  Relationships:	  Learning	  From	  First	  Nations	  Peoples’	  Experiences	  
and	  Perspectives	  is	  a	  video	  clip	  that	  helps	  non-‐Indigenous	  people	  understand	  the	  
Indigenous	  knowledge	  shared	  through	  oral	  histories	  
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http://www.trcm.ca/multimedia/lets-‐talk-‐treaty/	  
 

•   Let’s	  Talk	  Treaty	  is	  a	  15-‐minute	  podcast	  radio	  series	  that	  discusses	  treaties	  and	  
treaty	  relationships	  with	  the	  aim	  to	  help	  people	  gain	  deeper	  understandings	  of	  
treaties	  (with	  a	  focus	  on	  Manitoba	  treaties)	  

o   This	  podcast	  series	  discusses	  a	  wide	  range	  of	  topics	  related	  to	  treaties	  
and	  Indigenous	  cultures,	  the	  significance	  of	  land	  and	  language	  to	  
Indigenous	  cultures,	  reconciliations,	  etc.	  

o   The	  podcast	  also	  includes	  various	  guests	  who	  have	  great	  knowledge	  on	  
specific	  topics	  covered	  

•   The	  tab	  TEI	  provides	  educators	  with	  resources,	  information,	  educational	  videos,	  
etc.	  about	  treaties	  and	  Indigenous	  ways	  of	  knowing	  and	  experiences	  

 

 
	  
https://www.oise.utoronto.ca/deepeningknowledge/Teacher_Resources/C
urriculum_Resources_%28by_subjects%29/Math/index.html	  
 

•   Deepening	  Knowledge:	  Resources	  for	  and	  about	  Aboriginal	  Education	  is	  a	  site	  
that	  contains	  resources	  such	  as	  blogs,	  lesson	  plans	  and	  mathematics	  games	  that	  
center	  around	  Indigenous	  (mathematics)	  knowledge	  	  

•   http://www.fnesc.ca/math-‐first-‐peoples/	  
o   Math	  First	  Peoples	  Resource	  Guide	  for	  Grades	  8	  and	  9	  is	  one	  example	  of	  a	  

resource	  listed	  on	  this	  site	  that	  educators	  could	  use	  to	  integrate	  
Indigenous	  knowledges	  to	  promote	  mathematical	  thinking	  and	  student	  
success	  in	  mathematics	  

 

 
	  
https://sd73aboriginaleducation.weebly.com/math-‐-‐physics.html	  
 

•   This	  site	  provides	  educators	  with	  secondary	  mathematics	  (along	  with	  other	  
subject	  specific)	  resources	  to	  implement	  in	  their	  classrooms	  

•   Some	  examples	  of	  resources	  listed	  include:	  “Integrating	  Aboriginal	  Perspectives	  
on	  Math	  ideas”,	  More	  statistics	  on	  Aboriginal	  populations”,	  “Show	  Me	  Your	  
Math”,	  and	  “Community	  based	  Secondary	  Math	  problems”	  

 
	  



125 

87	  

	  

References 

 
Abrams,	  E.,	  Taylor,	  P.	  C.,	  &	  Guo,	  C.	  J.	  (2013).	  Contextualizing	  culturally	  relevant	  science	  

and	  mathematics	  teaching	  for	  indigenous	  learning.	  International	  Journal	  of	  
Science	  and	  Mathematics	  Education,	  11(1),	  1-‐21.	  

Anishinaabemowin:	  Ojibwe	  Language.	  (2015).	  Retrieved	  from	  
http://weshki.atwebpages.com/index.html	  

Arviana,	  R.,	  &	  Dewi,	  M.	  P.	  (2018).	  Problem	  Based	  Learning	  in	  Mathematics	  Education	  
and	  Its	  Effect	  on	  Student’s	  Critical	  Thinking.	  Advanced	  Science	  Letters,	  24(1),	  
211-‐213.	  

Bartlett,	  C.,	  &	  Hogue,	  M.	  (2014).	  Two	  eyed	  seeing.	  Education	  Canada,	  54(3),	  25-‐27.	  
Retrieved	  from	  https://www.edcan.ca/articles/two-‐eyed-‐seeing/	  

Battiste,	  M.	  (2008).	  Constitutional	  reconciliation	  of	  education	  for	  Aboriginal	  Peoples.	  
Directions:	  Research	  and	  Policy	  on	  Eliminating	  Racism,	  5(1),	  81-‐84.	  Retrieved	  
from	  http://www.crrf-‐fcrr.ca/images/stories/pdf/directions/directionsVol5No1-‐	  
Sys_Racism-‐AboriginalPeoples.pdf	  

Battiste,	  M.	  (2017).	  Decolonizing	  education:	  Nourishing	  the	  learning	  spirit.	  UBC	  press.	  

Bell,	  N.,	  &	  Brant,	  T.	  (2015).	  Culturally	  relevant	  Aboriginal	  education.	  Toronto,	  ON:	  
Pearson.	  

Boaler,	  J.	  (2015).	  Mathematical	  mindsets:	  Unleashing	  students'	  potential	  through	  
creative	  math,	  inspiring	  messages	  and	  innovative	  teaching.	  John	  Wiley	  &	  Sons.	  

Boaler,	  J.	  (n.d.).	  Mistakes	  grow	  your	  brain.	  Youcubed	  at	  Stanford	  University	  Graduate	  
School	  of	  Education.	  Accessed	  April,	  14,	  2016.

Bomberry,	  M.	  (2013).	  Negotiating	  two	  worlds:	  Learning	  through	  the	  stories	  of	  
Haudenosaunee	  youth	  and	  adults.	  Canadian	  Journal	  of	  Education,	  36(2),	  248-‐
283.	  	  

Borba,	  M.	  (1997).	  Ethnomathematics	  and	  education.	  Ethnomathematics:	  Challenging	  
Eurocentrism	  in	  mathematics	  education,	  261-‐272.	  

Borden,	  L.	  L.	  (2011).	  The'verbification'of	  mathematics:	  Using	  the	  grammatical	  structures	  
of	  Mi'kmaq	  to	  support	  student	  learning.	  For	  the	  learning	  of	  mathematics,	  31(3),	  
8-‐13.	  

Brendefur,	  J.	  L.,	  Thiede,	  K.,	  Strother,	  S.,	  Bunning,	  K.,	  &	  Peck,	  D.	  (2013).	  Developing	  
mathematical	  thinking:	  Changing	  teachers’	  knowledge	  and	  instruction.	  Journal	  
of	  Curriculum	  and	  Teaching.	  



126 
 

88	   	   	  

Budge,	  K.	  M.,	  &	  Parrett,	  W.	  (2018).	  Disrupting	  poverty:	  five	  powerful	  classroom	  
practices.	  Alexandria,	  VA:	  ASCD.	  

Canadian	  Council	  on	  Learning.	  (2007).	  (Refining	  How	  Success	  Is	  measured	  in	  First	  
Nations,	  Inuit	  and	  Métis	  Learning.	  Ottawa,	  ON.	  	  

Canada	  Without	  Poverty.	  (2019).	  Just	  the	  Facts.	  Retrieved	  from	  http://www.cwp-‐
csp.ca/poverty/just-‐the-‐facts/	  

Carr,	  P.	  R.	  (2008).	  "	  But	  What	  Can	  I	  Do?"	  Fifteen	  Things	  Education	  Students	  Can	  Do	  to	  
Transform	  Themselves	  In/Through/With	  Education.	  The	  International	  Journal	  of	  
Critical	  Pedagogy,	  1(2),	  81-‐97.	  

Caswell,	  B.,	  Stewart	  Rose,	  L.,	  &	  Douara,	  D.	  (2010).	  Teaching	  mathematics	  with	  a	  social	  
justice	  focus.	  C.	  Rolheiser,	  M.	  Evans,	  &	  M.	  Gambhir,	  M.(Eds.),	  Inquiry	  into	  practice:	  
Reaching	  every	  student	  through	  inclusive	  curriculum	  practices.	  Toronto:	  Ontario	  
Institute	  for	  Studies	  in	  Education.	  

Curwen	  Doige,	  L.	  A.	  (2003).	  A	  missing	  link:	  Between	  traditional	  Aboriginal	  education	  and	  
the	  western	  system	  of	  education.	  Canadian	  Journal	  of	  Native	  Education,	  27(2),	  
144-‐160.	  	  

Doolittle,	  E.,	  &	  Glanfield,	  F.	  (2007).	  Balancing	  equations	  and	  culture:	  Indigenous	  
educators	  reflect	  on	  mathematics	  education.	  For	  the	  Learning	  of	  
Mathematics,	  27(3),	  27-‐30.	  

Dweck,	  C.	  S.	  (2010).	  Even	  geniuses	  work	  hard.	  Educational	  Leadership,	  September.	  
http://www.ascd.org/publications/educational-‐
leadership/sept10/vol68/num01/Even-‐Geniuses-‐Work-‐Hard.aspx	  

Ernest,	  P.	  (2000).	  Why	  teach	  mathematics.	  Why	  learn	  maths,	  1-‐14.	  

Ezeife,	  A.	  N.	  (2002).	  Mathematics	  and	  culture	  nexus:	  The	  interactions	  of	  culture	  and	  
mathematics	  in	  an	  Aboriginal	  classroom.	  International	  Education	  Journal,	  3(3),	  
176-‐187.	  

Farah,	  M.	  J.,	  Noble,	  K.	  G.,	  &	  Hurt,	  H.	  (2006).	  Poverty,	  privilege,	  and	  brain	  development:	  
Empirical	  findings	  and	  ethical	  implications.	  Neuroethics:	  Defining	  the	  issues	  in	  
theory,	  practice,	  and	  policy,	  277-‐288.	  

Fly,	  M.	  J.	  (2010).	  A	  place-‐based	  model	  for	  K-‐12	  education	  in	  Tennessee.	  Department	  of	  
Forestry,	  Wildlife,	  &	  Fisheries	  College	  of	  Agriculture	  Sciences	  and	  Natural	  
Resources	  The	  University	  of	  Tennessee–Knoxville,	  TN.	  

Fransoo,	  R.,	  Ward,	  T.,	  Wilson,	  E.,	  Brownell,	  M.,	  &	  Roos,	  N.	  (2005).	  The	  Whole	  Truth:	  
Socioeconomic	  Status	  and	  Educational	  Outcomes.	  Education	  Canada,	  45(3),	  6-‐10.	  

Gamoran,	  A.	  (2010).	  Tracking	  and	  inequality.	  The	  Routledge	  international	  handbook	  of	  
the	  sociology	  of	  education,	  213.	  

Getting	  Smart.	  (2017).	  What	  is	  place-‐based	  education	  and	  why	  does	  it	  matter.	  Retrieved	  
March,	  4,	  2017.	  



127 

89	  

Gutiérrez,	  R.	  (2013).	  The	  sociopolitical	  turn	  in	  mathematics	  education.	  Journal	  for	  
Research	  in	  Mathematics	  Education,	  44(1),	  37-‐68.

Hajcak,	  G.	  (2012).	  What	  we’ve	  learned	  from	  mistakes:	  Insights	  from	  error-‐related	  brain	  
activity.	  Current	  Directions	  in	  Psychological	  Science,	  21(2),	  101-‐106.

Hare,	  J.	  (2012).	  “They	  tell	  a	  story	  and	  there's	  meaning	  behind	  that	  story”:	  Indigenous	  
knowledge	  and	  young	  Indigenous	  children’s	  literacy	  learning.	  Journal	  of	  Early	  
Childhood	  Literacy,	  12(4),	  389-‐414.  	  

Harper,	  F.	  (2018).	  Solving	  world	  problems:	  equity	  and	  social	  justice	  in	  mathematics	  
education.	  Retrieved	  from	  https://francesharper.com/.	  	  

Heyl,	  A.	  (2008).	  Fostering	  engagement	  for	  students	  from	  low-‐socioeconomic	  status	  
backgrounds	  using	  project-‐based	  mathematics	  (Unpublished	  doctoral	  
dissertation).	  Dominican	  University	  of	  California,	  CA.	  	  

Hodson,	  J.	  A.,	  &	  Kitchen,	  J.	  (2015).	  A	  strategy	  for	  change.	  Thunder	  Bay,	  ON:	  Northern	  
Policy	  Institute.	  	  

Hung,	  C.-‐M.,	  Hwang,	  G.-‐J.,	  &	  Huang,	  I.	  (2012).	  A	  project-‐based	  digital	  storytelling	  
approach	  for	  improving	  students’	  learning	  motivation,	  problem-‐solving	  
competence	  and	  learning	  achievement.	  Educational	  Technology	  &	  Society,	  
15(4),	  368-‐379.	  	  

Joseph,	  R.	  P.	  (2018).	  21	  Things	  You	  May	  Not	  Know	  about	  the	  Indian	  Act.	  Indigenous	  
Relations	  Press.	  

Karacalli,	  S.,	  &	  Korur,	  F.	  (2014).	  The	  effects	  of	  project	  based	  learning	  on	  students’	  
academic	  achievement,	  attitude,	  and	  retention	  of	  knowledge:	  The	  subject	  of	  
“electricity	  in	  our	  lives”.	  School	  Science	  and	  Mathematics,	  114(5),	  224-‐235.	  	  

Kumashiro,	  K.	  K.	  (2000).	  Toward	  a	  theory	  of	  anti-‐oppressive	  education.	  Review	  of	  
Educational	  research,	  70(1),	  25-‐53.	  

Ladson-‐Billings,	  G.	  (2014).	  Culturally	  relevant	  pedagogy	  2.0:	  aka	  the	  remix.	  Harvard	  
Educational	  Review,	  84(1),	  74-‐84.	  

Lam,	  G.	  (2014).	  A	  theoretical	  framework	  of	  the	  relation	  between	  socioeconomic	  status	  
and	  academic	  achievement	  of	  students.	  Education,	  134(3),	  326-‐331.	  

Larmer,	  J.,	  &	  Mergendoller,	  J.	  R.	  (2012).	  8	  essentials	  for	  project-‐based	  learning.	  Novato,	  
CA:	  Buck	  Institute	  for	  Education.	  	  

MacMath,	  S.,	  Wallace,	  J.,	  &	  Chi,	  X.	  (2009).	  WHAT	  WORKS?	  Research	  into	  Practice.	  

Matthews,	  C.,	  Watego,	  L.	  A.,	  Cooper,	  T.	  J.,	  &	  Baturo,	  A.	  R.	  (2005).	  Does	  mathematics	  
education	  in	  Australia	  devalue	  Indigenous	  culture?	  Indigenous	  perspectives	  and	  
non-‐Indigenous	  reflections.	  MERGA.	  

Munroe,	  E.,	  Borden,	  L.,	  Murray	  Orr,	  A.,	  Toney,	  D.,	  &	  Meader,	  J.	  (2013).	  Decolonizing	  
Aboriginal	  education	  in	  the	  21st	  century.	  McGill	  Journal	  of	  Education/Revue	  des	  
sciences	  de	  l'éducation	  de	  McGill,	  48(2),	  317-‐33.	  



128 
 

90	   	   	  

Noodin,	  M.,	  Pitawanakwat,	  A.,	  &	  Sheldon,	  S.	  (2019).	  The	  Language	  of	  the	  Three	  Fires	  
Confederacy.	  Retrieved	  from	  https://ojibwe.net/	  

Ontario.	  (2005).	  The	  Ontario	  curriculum,	  grades	  1-‐8.	  Toronto:	  Ontario,	  Ministry	  of	  
Education.

Ontario.	  (2005).	  The	  Ontario	  curriculum,	  grades	  9-‐10.	  Toronto:	  Ontario,	  Ministry	  of	  
Education.	  

Ontario.	  (2007).	  The	  Ontario	  curriculum,	  grades	  11-‐12.	  Toronto:	  Ontario,	  Ministry	  of	  
Education.	  

FNESC.	  (2012).	  Teaching	  Mathematics	  in	  a	  First	  Peoples	  Context:	  Grade	  8	  and	  9.	  
Vancouver,	  BC.	  

Ontario	  College	  of	  Teachers.	  	  (2016a).	  	  Anishinaabe	  graphical	  representation	  of	  the	  
standards	  of	  practice.	  Retrieved	  from	  https://www.oct.ca/eservices/home/-‐
/media/E2FDD68B877543C4B237D57B53463EDB.ashx	  	  

Ontario	  College	  of	  Teachers.	  	  (2016b).	  	  Exploring	  the	  Ethical	  Standards	  for	  the	  Teaching	  
Profession	  through	  Anishinaabe	  Art.	  Retrieved	  from	  https://www.oct.ca/-‐
/media/PDF/Exploring%20Ethical%20Standards%20through%20Anishinaabe%20A
rt/2015%20Ethical%20Stndrds%20and%20Anishinaabe%20Art_en%20web_accssb
le.pdf	  

Reay,	  D.	  (2001).	  Finding	  or	  losing	  yourself?:	  working-‐class	  relationships	  to	  
education.	  Journal	  of	  education	  policy,	  16(4),	  333-‐346.	  

Pasiechnyk,	  C.	  (2018).	  Place-‐Based	  Education:	  Improving	  Learning	  While	  Connecting	  
Students	  to	  Community	  and	  Environment.	  

Presmeg,	  N.	  C.	  (1998).	  Ethnomathematics	  in	  teacher	  education.	  Journal	  of	  Mathematics	  
Teacher	  Education,	  1(3),	  317-‐339.	  

Reddy,	  L.,	  &	  Bruyns,	  J.	  (2015)	  THE	  EFFECT	  OF	  AN	  AUTHENTIC	  LEARNING	  ACTIVITY	  ON	  
THE	  PERFORMANCE	  AND	  GRATIFICATION	  OF	  FIRST-‐YEAR	  ENGINEERING	  
STUDENTS	  IN	  MATHEMATICS.	  

Roh,	  K.	  H.	  (2003).	  Problem-‐Based	  Learning	  in	  Mathematics.	  ERIC	  Digest.	  

Sinay,	  E.,	  &	  Nahornick,	  A.	  (2016).	  Teaching	  and	  Learning	  Mathematics	  Research	  Series	  I:	  
Effective	  Instructional	  Strategies.	  Toronto	  District	  School	  Board.	  

Showalter,	  D.	  A.	  (2013).	  Place-‐based	  mathematics	  education:	  A	  conflated	  
pedagogy.	  Journal	  of	  Research	  in	  Rural	  Education,	  28(6),	  1-‐13.	  

Statistics	  Canada.	  (2015).	  Aboriginal	  Peoples:	  Fact	  Sheet	  for	  Canada.	  Retrieved	  from	  
https://www150.statcan.gc.ca/n1/pub/89-‐656-‐x/89-‐656-‐x2015001-‐eng.htm	  

Sterenberg,	  G.,	  &	  Hogue,	  M.	  (2011).	  Reconsidering	  approaches	  to	  Aboriginal	  science	  and	  
mathematics	  education.	  Alberta	  Journal	  of	  Educational	  Research,	  57(1),	  1-‐15.	  



129 
 

91	   	   	  

Tilleczek,	  K.,	  Ferguson,	  M.,	  Campbell,	  V.,	  &	  Lezeu,	  K.	  E.	  (2014).	  Mental	  health	  and	  
poverty	  in	  young	  lives:	  Intersections	  and	  directions.	  Canadian	  Journal	  of	  
Community	  Mental	  Health,	  33(1),	  63-‐76.

	  	  

Tjosvold,	  D.,	  Yu,	  Z.	  Y.,	  &	  Hui,	  C.	  (2004).	  Team	  learning	  from	  mistakes:	  the	  contribution	  of	  
cooperative	  goals	  and	  problem-‐solving.	  Journal	  of	  Management	  Studies,	  41(7),	  
1223-‐1245.	  

Toulouse,	  P.	  R.	  (2016).	  Achieving	  Indigenous	  Student	  Success:	  A	  Guide	  for	  Secondary	  
Classrooms.	  Portage	  &	  Main	  Press.	  

Toulouse,	  P.	  R.	  (2018).	  Truth	  and	  Reconciliation	  in	  Canadian	  Schools.	  Portage	  &	  Main	  
Press.	  

Truth	  and	  Reconciliation	  Commission	  of	  Canada.	  Canada's	  Residential	  Schools-‐Missing	  
Children	  and	  Unmarked	  Burials:	  The	  Final	  Report	  of	  the	  Truth	  and	  Reconciliation	  
Commission	  of	  Canada.	  Vol.	  4.	  McGill-‐Queen's	  Press-‐MQUP,	  2015.	  

Ukpokodu,	  O.	  N.	  (2011).	  How	  do	  I	  teach	  mathematics	  in	  a	  culturally	  responsive	  way?:	  
Identifying	  empowering	  teaching	  practices.	  Multicultural	  Education,	  19(3),	  47-‐
56.	  

Vithal,	  R.,	  &	  Skovsmose,	  O.	  (1997).	  The	  end	  of	  innocence:	  a	  critique	  of	  
'ethnomathematics'.	  Educational	  Studies	  in	  Mathematics,	  34(2),	  131-‐157.	  

Wilmot,	  R.,	  Begoray,	  D.,	  &	  Banister,	  E.,	  (2013).	  Aboriginal	  Adolescents,	  Critical	  Media	  
Health	  Literacy,	  and	  the	  Creation	  of	  a	  Graphic	  Novel	  Health	  Education	  Tool.	  	  
Education.	  19(2).	  

Yackel,	  E.,	  Gravemeijer,	  K.,	  &	  Sfard,	  A.	  (2011).	  A	  journey	  in	  mathematics	  education	  
research.	  Dordrecht:	  Springer.	  

Zafirov,	  C.	  (2013).	  New	  challenges	  for	  the	  project	  based	  learning	  in	  the	  digital	  age.	  
Trakia	  Journal	  of	  Sciences,	  3,	  298-‐302.	  

 

  



130 
 

	   	   	  

CHAPTER FIVE: SUMMARY, IMPLICATIONS, CONCLUSION 

In this chapter, I summarize the handbook and discuss the implications of this 

study for policy, practice, and future research within mathematics education. There will 

then be a concluding summary of the entire study.   

Summary of the Handbook 

The handbook was designed for Intermediate and Senior mathematics teachers 

looking to integrate Indigenous knowledge systems and cultures into their professional 

practice with the aim of improving Indigenous student success in secondary mathematics 

settings. The handbook was developed based on a thorough literature review on 

significant topics related to Indigenous student success in mathematics and possible 

methods of successfully integrating Indigenous knowledge into mathematics. The themes 

reviewed in the handbook include: Indigenous ways of knowing, two-eyed seeing (or an 

intertwined approach to education), growth and mathematical mindsets, the effects of 

poverty on learning, project-based learning, place-based learning, problem-based 

learning, and critical and social justice mathematics. Additionally, the handbook provides 

educators with some sample Intermediate and Senior mathematics lesson ideas they could 

implement in their classrooms. Finally, the handbook also provides educators with 

additional resources they could explore to gain further knowledge on Indigenous ways of 

knowing and cultures as well as resources they could implement in their classrooms to 

promote an intertwined approach to learning and understanding mathematics. The 

handbook has been revised based on formative feedback from mathematics educators and 

Indigenous educators and school staff. 
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Implications for the Handbook 

There are many studies on Indigenous ways of knowing and Indigenous 

knowledge systems, however, there are not many related to Indigenous ways of knowing 

and secondary mathematics. There is a pressing need for studies on the application of 

theories such as two-eyed seeing and integrating Indigenous knowledge systems in 

secondary mathematics. In other words, there is currently a large gap in studies focusing 

on applying two-eyed seeing to secondary mathematics classroom environments to help 

educators improve education for both Indigenous and non-Indigenous students. 

Additionally, although there are many studies and theories related to Indigenous student 

success in (mathematics) education, there are not many studies that take a holistic 

approach and look at all the factors that influences success and how they relate and 

interact together. In other words, there is a need for theories and studies that examine all 

aspects that determine Indigenous student success, such as: culture, values, poverty, 

living situations, teacher perceptions and attitudes, student mindset, and intergenerational 

trauma.   

Implications for Policy 

There is evidence that the Ontario Ministry of Education (OME) has recognized 

the necessity to address equity issues within education—for example, Ontario’s 

Education Equity Action Plan (OME, 2017) and the Ontario First Nation, Métis, and 

Inuit Education Policy Framework (Aboriginal Education Office, Ministry of Education, 

2007), as well as various school board initiatives to provide safe and inclusive 

environments for all students. However, even with these initiatives, there is still a 

widening achievement gap between Indigenous and non-Indigenous students in 
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secondary mathematics. There are recognizable limitations in the Intermediate and Senior 

mathematics curriculum documents that fail to include Indigenous mathematics 

contributions and knowledges as mandatory learning expectations.   

Implications for Practice 

The development of this handbook was motivated by the desire to provide 

educators with a tool begin bridging the gap between theory and practice and 

to demystify the inaccurate beliefs that mathematics education is a neutral subject that is 

absent of projecting Eurocentric values and beliefs. This handbook is meant to act as the 

building blocks to steer mathematics education towards being more inclusive and 

equitable for Indigenous students. In other words, the aim to promote awareness amongst 

educators of important issues related to Indigenous student success in secondary 

mathematics, and foster a desire to gain deeper knowledge and participate in professional 

development for educators to improve their professional practices.   

It is important for mathematics educators to constantly participate in critical self-

reflection on their practices and to identify and discover hidden beliefs, values, and biases 

that may unintentionally be projected onto their students. In addition to uncovering 

hidden messages that mainstream mathematics education projects on students, it is also 

important for educators to gain a deeper understanding of the local cultures and shared 

experiences Indigenous students hold in order to make the necessary adjustments to their 

pedagogical practices. Educators should immerse themselves in workshops, courses, 

events, et cetera that help them gain deeper understandings of Indigenous knowledge 

systems as well as collaborate with Indigenous community members and share resources 

and initiatives to taking an intertwined approach to mathematics education. 
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Implications for Future Research 

The information presented in this research paper, from both the literature review 

and the handbook itself, has potential to impact future research in culturally responsive 

and Indigenous mathematics. Research into connections between mainstream 

mathematics and alternative instructional practices, procedures, and content should be 

studied, while also investigating the experiences and thoughts of what students believe to 

be positively influential teaching strategies and activities in Intermediate and Senior 

mathematics.    

Further research should focus more in-depth on integrating Indigenous knowledge 

and mathematics equally with mainstream secondary mathematics as well as research 

into identifying successful initiatives and strategies to improve Indigenous student 

success in secondary mathematics settings. Furthermore, research could be conducted to 

investigate specific teaching strategies, settings, and content (such as lesson plans, tasks, 

activities, forms of assessment, etc.) to identify specific initiatives that are successful in 

promoting Indigenous student success in secondary mathematics.    

Concluding Statement 

The main focus throughout the development of this research paper and the 

embedded handbook has been to provide educators with a resource to assist them in 

developing professional practices and content with the aim of aiding Indigenous students 

toward success in intermediate and senior level mathematics. The topic for this paper was 

established out of personal desire and then developed into a pressing need in the field of 

mathematics education. The handbook was built through a holistic approach, looking at a 

variety of factors that influence Indigenous student mathematics success in mainstream 
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education. This handbook is not meant as a stand-alone tool for educators to incorporate, 

but rather as a foundational tool with a wide range of information and sample activities 

for educators to begin their professional learning journey in this important topic.   
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