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Abstract 

Demonstrating alternate mathematical practices is the essence of ethnomathematics, a pluralistic 
conception of mathematical practices that transcends the monolithic formal Eurocentric 
perspective.  Indigenous perspectives are rich in mathematical knowledge and their integration in 
academia and education can provide a holistic approach to mathematics.  This paper highlights 
mathematics curriculum focused on the construction of North American tipi structures through 
Eurocentric and indigenous perspectives.  Tipis appear to be simple conical structures made from 
wooden poles and a canvas material covering and the construction is traditionally considered a 
cultural process. Incorporation of the Nehiyawak (Cree) cultural process of mîkiwâhp/tipi 
construction in mathematics curriculum provides an example of decolonizing mathematics. 

 

Introduction 

The current Eurocentric approach to mathematics education requires an alternate paradigm 

that promotes decolonization and indigenization of the field; this paper offers an approach that 

strengthens these efforts through indigenous ethnomathematics.  Ethnomathematics, a discipline 

developed primarily by D’Ambrosio (1988), is about reclaiming the knowledge of “others” and 

is thus a political position in interrogating the status of other knowledges in the mainstream. 

Fundamentally, ethnomathematics celebrates human diversity in terms of the mathematical ideas 

and practices, such as weaving, whether baskets are made by coiling reeds or roots, or textiles 

made up of wool, by members of different cultural groups across the globe. A major 

commonality between these activities mentioned is that the rich mathematical thinking is not 

school based. Mathematics is learned to be highly academic rather than humanistic in the current 
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systems of education in America.  We are led to believe that all knowledge of mathematics is 

derived and transmitted at school. We also started laying stronger emphasis (and beliefs) on the 

fact that only smart people go to school and succeed in life, with the corollary that unschooled 

people are neither smart nor could be considered successful.  Without a doubt, ethnomathematics 

is a political stance that challenges the hierarchies of epistemologies. It thus promotes a more 

inclusive way of perceiving epistemologies as non-hierarchical that in turn creates mutual respect 

and better understanding between the groups (D’Ambrosio, 2006).   

Mathematics information embedded in traditional knowledge extends deeper into humanity 

than a modern equation.  The human contribution to mathematics is being diversified and 

valorized through research in ethnomathematics (e.g Zaslavasky, 1973; d’Ambrosio, 1988; 

Gerdes, 1998; Eglash 1999) and incorporation in education (e.g. Lipka, 2009; Fyhn et al., 2016).   

Through these efforts mathematics is recognized as academic, political, multicultural, and social 

knowledge (Ernest, 1999; Mukhopadhyay & Greer, 2012).  Framing mathematics with a holistic 

perspective creates space for increasing diversity awareness and educational inclusivity 

(Mukhopadhyay & Greer, 2012). 

Mathematics though has been narrowed to a Eurocentric perspective (Joseph, 1987).  

Anderson (1997) explicitly states “institutionalized Eurocentric curricula constantly reinforce the 

racial and sexual inferiority complexes among people of color and women.”  Global 

Westernization continues the dehumanization of the field of mathematics (Mukhopadhyay & 

Greer, 2012; Fasheh, 1997).  The field has fully been colonized and a single system of 

categorizing, describing, and creating knowledge and reality accepted; ethnomathematics is an 

avenue to decolonize the field. 

But what does decolonizing mathematics looks like?  A. Fryi offers his input: 
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“Scientific racism and blood quantum, phrenology, mathematical measurements of genetic 

variation, statistical surveys of residential patterns, etc., are all examples of how math can be a 

colonial endeavor, and can be used to ‘naturalize’ totally racist and stereotypical ideas by 

framing them as empirically measurable.  To me, a decolonization of math would have to disrupt 

these kinds of practices, and simultaneously demonstrate that alternate mathematical systems 

with totally different assumptions exist. (personal communication, April 29, 2017)” 

The latter is where our interest and focus of the paper: demonstrating alternate mathematical 

systems in middle/high school education.  As a Nimiipuu ayat (Nez Perce woman), I, Ciarra 

Greene, realized that I was merely deconstructing cultures with a Eurocentric perspective in the 

analysis of artifacts for my ethnomathematics course at Portland State University.  I was born 

and raised in the homelands of the Nimipuu (Nez Perce people), and was taught in school that 

mathematics was numerical, formulaic, abstract yet applicable (with assumptions endemic to 

Eurocentric perspective). 

This paper is derived from a middle/high school multicultural curriculum focused on both 

the indigenous perspective of Plains Indians and Western mathematical understandings of 

coqoycóqoy (tipi) structures.  Mathematics is rarely taught in a cultural context, yet the 

developed curriculum has multipurpose— it teaches students about the history, culture, language, 

and varied mathematical concepts of tipi construction, and promotes diversity, decolonizing 

education, and intergenerational learning.  I wanted to emphasize the mathematical knowledge 

embedded in indigenous cultures to supplement the current inequitable Eurocentric perspective 

of instruction in mathematics. 

Honoring both perspectives is vital in promoting authentic and holistic academic, political, 

social, and cultural progress, yet indigenous perspective is vastly absent in the current field of 
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mathematics.  The idea of “both” meaning Western and Non-Western demonstrates deeply 

rooted notes of a colonized society; you are either Western with a Eurocentric perspective or you 

are something else that is grouped with every other culture in the world.  How do we break this 

norm of perception?  To start, allow and encourage the voice of the diverse indigenous people to 

echo throughout the field of mathematics. 

Orey (2000) encourages diversifying the current field of mathematics.  He respects the 

perspective of the Plains Indian Culture, stating “mathematics as used by these peoples in their 

unique context… allow us to see a different reality (p. 14).”  Ethnomathematics principles utilize 

what Bishop (1988) has characterized as six pancultural mathematical activities, such as, 

counting, locating, measuring, playing, designing, and explaining.  Orey (2000) points out that 

these activities are exhibited in the traditional lifeways of North American indigenous people. 

Indigenous people of North America are comprised of distinct cultural groups (tribes), all of 

which have unique ways of knowing deeply connected to traditional landscapes.  Indigenous 

lifeways have been documented through oral history, making of artifacts, historical records, and 

cultural practices continued today (Welliever, 2014).  Aside from the indigenous knowledge 

keepers themselves, some of the traditional knowledge and lifeways publicly accessible in books, 

museums, academic literature, and the Internet.  The indigenous perspectives of mathematics are 

widely represented, yet rarely acknowledged and incorporated into mainstream education.  The 

developed curriculum is an example of how we can promote the representation of indigenous 

perspectives in mathematics. 

Laubin and Laubin (1977), Yue and Yue (1984), and Goble (2007) each have documented 

Native American living structures they call “tipis”.  The term tipi (teepee, tepee) is a 
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transliteration of the Lakota word tipestola1 for “she or he lives in a sharp pointed lodge (p. 9)” 

(Goble, 2007).  In Nimiipuutimpt (Nez Perce language), we say coqoycóqoy2; while the 

Nehiyawak (Cree) call her mîkiwâhp3 (LeClaire et al, 1998).  These sites are common in 

appearance— simple conical structures made from wooden poles with a hide or a canvas 

material covering.  Constructing tipestola, coqoycóqoy, or mîkiwâhp is traditionally considered a 

cultural process and differs among tribes.  Orey (2000) explored the ethnomathematics of Sioux 

(Lakota) tipestola, offering an extensive description of Native American ethnomathematics, 

including the importance of the circle in Sioux culture, and three-pole and four-pole designs of 

the tipis.  Furthermore, Orey (2000) analyzes the geometry of tipi structures by discussing the 

vertical angles between the base poles, the tipi height, the slanted cone shape of the structure 

with an oval base, and the surface area of the tipi covering.  His analysis is without the 

indigenous perspective of construction process, cultural values, etc., and is an example of the 

Eurocentric interpretation of a cultural structure.  This type of analysis was part of the developed 

curriculum, but is an incomplete lesson without incorporating the mathematics embedded within 

the cultures of tipi dwellers. 

This paper serves to supplement the work of Orey (2000) on the ethnomathematics of tipis, 

and focuses on the process of constructing a mîkiwâhp from the perspective of the Nehiyawak 

(Cree), First Nations people of Canada.  This research stemmed from the development of 

multicultural curriculum focused on both the Nehiyawak and Western mathematical 

understandings of mîkiwâhp /tipi structures.  The curriculum is multipurpose in that it teaches 

students about the history, culture, language, and varied mathematical concepts of tipi 

                                                

1 The Lakota word tipestola is pronounced “tee-PESH-toe-lah.” 
2 The Nez Perce word coqoycóqoy is pronounced “tsoh-qoy-TSOH-qoy.” 
3 The Cree word mîkiwâhp is pronounced “mee-kih-waap.” 
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construction, and promotes diversity, decolonizing education, and intergenerational learning. 

Curriculum Overview 

A culturally responsive education unit for middle and high school students was developed to 

explore the mathematics of mîkiwâhp /tipi in the United States and Canada.  The curriculum is 

similar to other available tipi-focused mathematics curriculum (Indian Education Division- 

Montana Office of Public Instruction “Mathematics Model Teaching Unit: Tipi Geometry & 

Trigonometry” and the California State University Fullerton, and Turtle Mountain Community 

College partnership for Native American-based Mathematic Materials), which focus on the 

trigonometry and geometry of the tipi, but not the embedded culturally-based mathematics.  The 

mîkiwâhp/tipi mathematics curriculum fills this gap by introducing the counting and structuring 

through the Nehiyawak worldview.  The multidisciplinary curriculum engages learners through 

history and culture, providing the reasoning and process used to erect the mîkiwâhp. 

Implementation of the curriculum takes four 50-minute classes/session and can be taught in a 

formal or informal setting. 

There are two primary objectives of the curriculum unit: 1) Students recognize mîkiwâhp 

/tipi are constructed through a cultural process and understanding and that mathematics and 

engineering are prevalent in all cultures; 2) Students apply their understanding of surface area 

and volume to develop equations and complete calculations to describe their model mîkiwâhp 

/tipi structure.  Assessment can vary depending on the formal/informal nature of curriculum 

implementation with formative (participation, quality of work, depth of discussion engagement) 

and summative (worksheet calculations and discussion questions) options. 

The curriculum incorporates historical photos, mathematical diagrams, and cultural and 

architectural descriptions of construction processes.  The curriculum guides the learner through 
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making observations and inferences of mîkiwâhp /tipi construction, including developing a 

process, designing and constructing a model, making measurements, developing equations, and 

calculating surface area and volume. The process of construction determines surface area and 

volume, students explore this concept through their own experience and sharing their model 

mîkiwâhp /tipi calculations and conclusions with each other. 

All cultural information integrated into the curriculum is publicly accessible (Four 

Directions Teachings, 2006) and is only a sample of the ethnomathematics of tipi structures in 

North America.  This paper focuses on the first objective of the curriculum— students 

recognizing tipis are constructed through a cultural process and understanding and that 

mathematics and engineering are prevalent in all cultures 

Mîkiwâhp, Coqoycóqoy, Tipestola 

Mîkiwâhp, coqoycóqoy, tipestola refer to traditional living structures that many call tipis 

today.   The structures are traditional for people of the Great Plains, from Canada down to Texas, 

and seasonally used among Prairie tribes on the eastern periphery of the plains, and the Plateau 

(Nabokov & Easton, 1989).  Each tribe has unique names and protocols to the construction the of 

the site differing in materials, design, placement, erection process, and utilization.  The wooden 

poles are dependent on local resources, the branches of the trees stripped and smoothed of sharp 

notches (Laubin & Laubin, 1977). The hides of buffalo were traditionally sewn together to make 

the covering, which has been modernized and is made from canvas.  Hide coverings were heavy 

and difficult to transport before the introduction of the horse in the late 1600s (Nabokov & 

Easton, 1989).  After horses became part of tribal cultures, transporting the heavy covers from 

village to village was more feasible as they followed their seasonal rounds for hunting, fishing, 

and gathering of food and medicines.  Using the horses expanded trade routes and the ease of 
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cover transportation led to westward adoption of the structures, and three-pole and four-pole 

foundations were favored by individual tribes (Laubin & Laubin, 1977).   

 

Figure 1 A woman illustrated next to the tipi diagram demonstrates the magnitude of the structures, while below the 
diagrams of both three-pole and four-pole tipis are shown (Yue &Yue, p. XX, 1984). 

The process of constructing a tipi is different for many tribes, and is represented through 

diagrams such as that in figure 1.  Laubin and Laubin’s book, “The Indian Tipi: Its history, 

construction, and use” (1977) describes the structures of the Shoshoni, Cheyenne, Crow, 

Blackfoot, Yakima, and Cree nations, each having a diagram for the placement of pole bases and 

patterns of the cover.  The number and placement of poles, cover patterns, placement and 

number of lacing pins, door design, and interior utilization varied across the tribes and each had 

their own language to describe the process.  For example, the Lakota tipestola is constructed 
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using a tripod foundation with a total of seventeen poles (see figure 1 for placement order).  The 

Nimiipuu coqoycóqoy (Nez Perce tipi) has between fifteen and seventeen poles and three-pole or 

four-pole bases depending on the family.  The Yakima tipi, ts'xwilí, is also constructed using a 

tripod foundation, but instead uses only fifteen poles and a much different order for placing the 

poles (figure 2) (Laubin & Laubin, 1977; Beavert et al, 2009).   

 

Figure 2 

The Yakima ts'xwilí diagram shows where the base of each pole is placed.  Begin by placing 

the tripod foundation (labeled R (rear) and F (front)).  The remaining pole bases are labeled 

following placement order (1, 2, 3, etc.) and the cardinal direction the base is placed (N, E, S, 

W).  The pole tops lay atop one another as the natural progression of base placement provides.  

(Laubin and Laubin, 1977) 

Another approach to explaining tipi construction is a stepwise procedure: “1. Lay tipi cover 

on the ground with straight side on an east/west axis.  2. Place two poles on a north/south axis, 

with their butts projecting slightly from the edge of the cover.  Place another pole about 2/3 the 
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distance between south and east… (Goble, 2007).”  This process has engineering and 

architectural tones that strip the process of tipi construction from the cultural standpoints.  The 

applications of a numerical system onto a non-numeric cultural structure demonstrates the 

projection of Eurocentric perspectives.  Moreover, the lack of culture through these descriptions 

further promotes supremacist ownership and understanding of the structures which is a false 

representation.  These types of descriptions do have some value, but without the explicit 

statement and accountability of the Westernized projection, the documentation is merely another 

commodification of cultures. 

Construction of the Nehiyawak mîkiwâhp (Cree tipi) 

An indigenous explanation of tipi construction is much different from the previous 

examples.    The indigenous perspective provides the meaning of the structural components and 

process, giving life to the tipi.  The Nehiyawak (Cree) have shared their cultural values and 

process of mîkiwâhp construction and will be the focus of this analysis (Four Directions 

Teachings, 2006).   Nehiyawak Elder, Mary Lee, describes the mîkiwâhp as “the spirit and body 

of woman, because she represents the foundation of family and community.  It is through her that 

we learn the values that bring balance into our lives. That is why, when you construct a 

mîkiwâhp, it involves ceremony: because the ceremony of making a mîkiwâhp represents the 

value of women’s teachings” (Four Directions Teachings, 2006).  The embodiment of the 

mîkiwâhp as explained humanizes the structure, this is just the cusp of a non-Eurocentric 

understanding of tipis. 

In Nehiyawak culture, the mathematics of mîkiwâhp construction follows the progression of 

one’s life (figure 3).  All the cultural information for this analysis was obtained from “Four 

Directions Teachings” (2006).  Each pole represents a cultural value.  The cultural values of each 
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pole are associated with the stages of life (i.e. obedience and childhood).  Each stage of life 

(childhood, adolescents, adults, and elders) have three related cultural values. The poles are 

placed according to their grouping; the childhood poles are the tripod foundation, then the 

adolescent poles are placed to the right of the door, then the adult poles are placed to the left of 

the door, the elder poles are placed along the back, and then the lifting pole and smoke flap poles 

are added to the back of the structure to complete the construction.  A rope is used to bind the 

tripod poles together and after each pole is added, the rope is wrapped around all the poles.  

Elder Mary Lee explains, “That rope is a sacred bond, binding all the teaching together until they 

are all connected (Four Directions Teachings, 2006).”  Although the diagram in figure one shows 

a seventeen-pole structure; the numbered placement of poles is similar. 

Stage of Life Pole 

Number 

Cultural Value (English) 

Childhood 

(foundation) 

1 Obedience 

2 Respect 

3 Humility 

Adolescents 4 Happiness 

5 Love 

6 Faith 

Adults 7 Kinship 

8 Cleanliness 

9 Thankfulness 

Elders 10 Share 
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11 Strength 

12 Good Child Rearing 

 13 Hope 

14 Ultimate Protection 

15 Control Flaps from 

Wind 

 Figure 3: The cultural values associated with each pole is also related to a stage in life. (Four Directions Teachings, 
2006). 

 

The following are descriptions of cultural value for each pole as relevant to the life stage it is 

associated to.  This is the essence of the indigenous perspective of mîkiwâhp construction. 

Childhood: The poles that form the tripod represent childhood and are placed so the door can 

face the east; this is where the day begins, new life is represented, and people emerge and are 

“born” out of the woman (mîkiwâhp).  For the person to have a balanced life, they must learn 

obedience, respect, and humility.  For the mîkiwâhp to be structurally balanced, these poles serve 

as the foundation and also represent a family- the mother, father, and child. 

Adolescents: The fourth pole added represents happiness, and completes the doorway.  

Happiness is understood as showing “enthusiasm to encourage others,” and the doorway 

placement demonstrates the openness and connection to others.  The fifth represents love and is 

described as living in harmony with others through acceptance.  Love is a binding cultural value 

of the three previous (obedience, respect, humility, and happiness), and is the pole that directs 

the way the rest of the pole lay atop one another.  The sixth pole represents faith, which is near 

the center of the mîkiwâhp construction.  Faith is foundational in understanding cultural values 

and lifeways; it provides cohesion throughout the mîkiwâhp.  This grouping of poles are added to 
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the north of the eastern tripod pole, which means the tops of the poles are pointing to the south.  

The direction the poles are pointing is significant, as the south represents the summer, a time of 

rapid growth and reflective of adolescents. 

Adulthood: Kinship is the seventh pole and is the structurally begins to complete the 

mîkiwâhp structure.  Kinship “includes our parents, brothers and sisters… extended family… and 

[those that] give us a sense of belonging to a community.”  The eighth pole represents (spiritual) 

cleanliness and the ninth pole, thankfulness.  Both of these cultural values are achieved through 

years of learning and understanding a deep sense of peace (through “clean minds”) and privilege 

in experiencing the bounty the Creator has provided.  These poles are not as structurally 

foundational, but do serve significance in completing the full circle/oval.   

Elders:  The thirteenth pole is the lifting pole that raises the cover.  This pole represents 

hope, and “moving toward good things,” which literally is moving towards the each of the 

previous poles- the good things.  The numerical system continues to exhibit indigenous 

epistemologies by defining what is good and valued.  As the canvas is secured around the 

mîkiwâhp structure, the fourteenth pole (a smoke flap pole) represents ultimate protection, a 

point of “achieving balance and well-being of the body, mind, emotions, and spirit…”  Likewise, 

the mîkiwâhp has structurally achieved the final form.  Lastly, the final pole is added to control 

the flaps for smoke.  This represents the connectedness of us all and “creates and controls 

harmony and balance in the circle of life.”  Both the fourteenth and fifteenth poles (smoke flap 

poles) control both smoke and light, and structurally without control over the flaps, there is chaos 

within the mîkiwâhp.  Elder Mary Lee explains “When we don’t know how to use the flaps, it 

gets all smoky inside the [mîkiwâhp], and you can’t see, which is like life—because if we can’t 

live in balance, we can’t see clearly where we are going.” 
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Learning the perspectives of the Nehiyawak provides a distinct form of counting, designing, 

and explaining (cf. core ethnomathematics principles) that previously is not represented in the 

study of tipi structures.  Instead of counting using numbers and cardinal directions, the concepts 

reflect a lifestyle, belief system, the heart of a culture.  The mathematics expand beyond the 

realm of numbers as features of counting, it pushes into the metaphysical aspects, categorizes 

social status, and how people relate to each other spatially.  Thus, culturally, mîkiwâhp structure 

is a whole being; the poles, cover, rope, pins, etc. each have a purpose and demonstrate a way of 

life.  The numerical system embeds an epistemology.  Exploring Nehiyawak language related to 

mîkiwâhp construction would further uncover mathematical concepts and deepen our 

understandings of complex cultural knowledge, but this is beyond the realm of this paper. 

Conclusion 

Ethnomathematics is a field with an equal collaboration of apparently disparate fields – 

mathematics, culture, and history, yet it continually imposes Eurocentric views and analyses onto 

cultural practices.  The authors cited in this paper – Laubin and Laubin, Yue and Yue, Goble, 

and Orey– have each documented different aspects of tipi structures, yet none of them are of 

indigenous origin.  Rather than analyzing the tipi structure with mathematical equations, 

respectfully explaining the Nehiyawak perspective of mîkiwâhp construction has introduced a 

new way of understanding the related mathematics.  Learning from cultures is more important 

than learning about cultures.  Continued projection of a Western worldview onto cultural 

structures promotes the commodification of those cultures, detrimentally diminishing the 

sacredness and knowledge associated. 

To move the field of ethnomathematics forward, consider what Elder Mary Lee said, “…if 

we can’t live in balance, we can’t see clearly where we are going (Four Directions Teachings, 
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(2006).  This quote should echo throughout the field and encourage researchers to continue their 

Eurocentric analyses, but more importantly seek out the associated cultural perspectives.  

Indigenous perspectives have long been silenced, and the knowledge that is deeply connected to 

our landscapes and functioning societies can teach us abundant information about the world we 

live in.  “We [the Nehiyawak] have to recapture our peoples’ language, history and 

understanding of the world, take and live those teachings which will support us in this attempt to 

overcome oppression and reach mino-pimatisiwin, the good life (Hart, 2002).”  The global 

efforts in promoting indigenous perspectives are unfolding in research and education. This paper, 

coupled with the work by Fyhn et al. (2016) on Sami tipi-like structures, are examples of how we 

can decolonize our understandings of what mathematics are. 
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