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Research Question: To what extent are geometric patterns and motifs distorted when transferred 

from a 2-D to a 3-D canvas; in the context of traditional Tla’amin Nation basket weaving. 

 

Introduction: 

The Tla’amin Nation of the Canadian Northwest has a rich history of basket weaving. 

Abstract, realistic, simple and complex patterns are passed down to the next generation of 

Tla’amin children along with the skills and techniques required to weave them into reality. 

Living on land of the Dakota people in Minneapolis Minnesota and browsing for summer reads 

at my neighborhood bookstore Birchbark Books owned by the Ojibwe author Louis Erdrich, I 

am surrounded by Native art, culture and history. Some stories of this history were told at the 

Minneapolis Institute of Arts’ (Mia) exhibit- Hearts of Our People: Native Women Artists - that I 

attended, where the works of Native craftswomen in a myriad of mediums were displayed. The 

works I was most impressed by were the woven baskets made from grasses, barks and many 

other materials. I take an AP Studio Art course at school where we experiment with pattern 

design and tessellation in paper cutting and printmaking. Seeing intricate geometric patterns with 

perfect symmetry reflected and rotated on circular and rectangular 3-D basket “canvases” was 

amazing. When I considered the lack of digital weaving machines, exact measuring tools and the 

use of purely natural materials when the exhibited baskets were woven a hundred years ago 

made them even more extraordinary. I also was impressed by the fact that the patterns’ scale and 

positionsing on each basket looked extremely intentional even though transferring a pattern from 

a 2-D concept design (planned out on paper for example) to a 3-D surface can often result in 
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some unintended distortion. The motifs on the baskets were at times purely geometric but also 

echoed the forms of plants and animals in a limited number of dyed colors and weaving styles. 

After seeing how identically these patterns were replicated over and over on baskets, I wondered 

how indigenous people could have possibly executed them without using geometry? The answer 

is they could not have. Though Native crafts like basketry have never been incorporated into my 

geometry curriculum at school as a life-based, applied mathematical teaching tool, indigenous 

weavers were and are master geometers who use geometry just as legitimate and relevant as 

Pythagoras did. In the following essay I will be exploring the enduring tradition of Tla’amin 

basket weaving, the Nation’s collaboration with Simon Fraser University (SFU) and its Math 

Catcher Outreach Program and the online Callysto program, as well as the extent to which 

Tla’amin basket motifs are distorted during transfer from a 2-D to a 3-D canvas using Jupyter 

notebooks.  

 

Exploration: 

In the following exploration, I will be diving into the history of basketry in the Tla’amin 

Nation, the Tla’amin people’s partnership with SFU and the Callysto program and the inner 

workings of Jupyter Notebooks.  

Firstly, the emblem of the Tla’amin Nation is pictured below: 
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    (Tla'amin Nation, "Culture", p. 1) 

 
 

Tla’amin basketmakers have joined and tessellated multiple simple motifs to create complex and 

realistic patterns for generations. Children of each generation are taught weaving techniques to 

keep the art form alive. Below are examples of Tla’amin basket weaving in action and the 

practice being taught to children: 

 
(Tla'amin Nation, "Culture", p. 1) 
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(Tla'amin Nation, "Culture", p. 1) 

 
 

 The Tla’amin people live on land in the Canadian Northwest. In that region, Cedar trees are 

abundant and therefore are central to Tla’amin culture and more specifically, Tla’amin baskets. 

During the basket-making process, “skilled gatherers will strip sections of bark of a cedar tree 

and harvest suitable cedar roots with great care being taken not to harm the tree or take excess. 

These are then prepared into strips used for weaving… baskets” (Tla'amin Nation, "Culture", p. 

1). By sustainably gathering basket supplies, the weavers and Cedar trees exist symbiotically. A 

similar relationship is maintained between Ojibwe basket makers in my home state of Minnesota 

with Birch trees so that Birchbark is not harvested to excess. In addition to Cedar bark being 

utilized by basket weavers of the Tla’amin Nation, geometry is also heavily utilized. The baskets 

are “examples of functional mathematics and art. Baskets of all shapes and sizes are built with 

the purpose of packing food, storing goods or even as baby cribs. Building a basket is a small 

bio-engineering project that requires mathematical thinking and math-related skills. These skills 

include precise measurement, the creation of appropriate shapes and adhering to certain 

well-established patterns.” (Jungic, "Indigenous basket-weaving makes an excellent digital math 

lesson", 2020, p. 1). By understanding the geometry of pattern transformation, Tla’amin master 
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basketeers are able to achieve almost flawless symmetry in their baskets like what I witnessed 

and was so impressed by at the Mia’s Native Women Arts exhibit. Below are two examples of 

the symmetry of the Tla’amin tesselated basket patterns: 

 
(Callysto, "Welcome to Callysto!", 2007-2017, p. 1) 

 
 

Despite the fact that math plays such a large role in Tla’amin basket weaving and by extension 

North American indigenous basketry as whole, lessons regarding the mathematical elements of 

basket weaving are rarely taught in school math curriculums. Even in schools with a 

predominantly Native student body, the story of the connection between Native arts, crafts and 

math is rarely told. Without acknowledgement of the mathematical significance of Native arts, 

both Native and non-Native students will believe math used and generated by indigenous peoples 

is nonexistent and irrelevant. This belief was something Principal Pat Seltzer of the 

predominantly Navajo highschool of Monument Valley was faced with. Seltzer said: ‘“We have 

a hard time motivating kids here because something like geometry has no relevance to them,’” 

she says. ‘“You don't really learn unless you're putting the information in your own terms, your 

own perspective.”’ (Hope, "Math in Indigenous Weaving - An Overview", 2004, p. 1). Navajo 

students at Seltzer’s school were being taught an Anglicized, linear curriculum that omitted all 

examples of existent Native applied mathematics (Hope, "Math in Indigenous Weaving - An 

Overview", 2004, p. 1). In response to the void that is Native culture in math curriculums, Simon 
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Fraser University’s (SFU) Professors Veselin Jungic, Cedric Chauve and a group of SFU 

graduate students partnered with leaders of the Tla’amin Nation and an online interactive graphic 

coding program called Callysto, to create an online platform where Canadian students and artists 

can digitally weave baskets. This partnership was fully approved by the Tla’amin community’s 

leader Hegus Clint Williams. Below are pictured the people who inspired the project, Professor 

Veselin Jungic and Betty Wilson of the Tla’amin Nation: 

 
(Pacific Institute & Mathematical Sciences, "Weaving A New Future For Indigenous Education", 

2019, p. 1) 
 

Using Callysto and its online program Jupyter Notebooks, “Profs Jungic and Chauve set out to 

create content that teaches basic geometric math concepts based on the intricate weaving of 

Indigenous basket patterns.” (Pacific Institute & Mathematical Sciences, "Weaving A New 

Future For Indigenous Education", 2019, p. 1). The professors created two notebooks, one 

entitled Atomic Motifs and another, Combining and Editing Motifs to create 3D Basket Models, 

which allow users to archive existing basket patterns or create new motifs and then translate 

these designs from a 2-D to a 3-D canvas. The program uses simple operations that help teach 

indigenous and non-indigenous students about tessellations and transformations in a creative, 
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interactive format. The Jupyter Notebooks are also very user friendly and transparent (all codes 

used to create graphics can be viewed and altered by the user). SFU decided to kick off this 

partnership in part because of SFU’s longtime collaboration with First Nation peoples in Canada 

through their Math Catcher Outreach Program. Below are pictured students and teachers in the 

Math Catcher Outreach Program (top image) and the program’s emblem (bottom image): 

 
                          (Simon Fraser University, "Math Catcher Workshops", p. 1)  

 
 

  
(Simon Fraser University, "Math Catcher / About", p. 1) 

 

SFU’s Math Catcher Outreach Program “is based on the belief that it is crucial that we engage 

Aboriginal students in mathematics and science at the early age.” (Simon Fraser University, 

"Math Catcher / About", p. 1). The program holds workshops and festivals to show that math is 
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an integral part of Indigenous cultures in Canada, Australia and the US. It also offers all learning 

resources in First Nations languages and uses a more circular, storytelling lesson style to teach. 

Below are all of the locations across Canada the Math Catcher Program has held workshops in: 

 
(Simon Fraser University, "Math Catcher / About", p. 1) 

 

In the following investigation, I will utilize the product of the partnership between SFU, the 

Tla’amin Nation and Callysto to create my own basket inspired by real Tla’ amin baskets. Creating 

my own basket motif on a 2-D canvas and then transfering the motif onto a 3-D basket motif will 

put me in the shoes of Tla’amin weavers. Just like these basketeers, I will be faced with pattern 

distortion. In the following investigation I want to discover the extent to which a pattern is 

distorted during the transfer to understand the vision Tla’amin basketeers must have to maintain 

their original pattern’s integrity with minimal changes. As an aspiring artist, understanding how 

designs are altered and adapted is fascinating, especially across cultures. 
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Investigation: 

As I mentioned before in my Exploration, during my investigation I utilized Callysto’s 

Jupyter Notebooks to create my own basket, inspired by a real Tla’amin basket. Below is a 

picture of the Tla’amin basket motif I was inspired by: 

 
(Pacific Institute & Mathematical Sciences, "Weaving A New Future For Indigenous Education", 

2019, p. 1) 
 

I chose this basket as a model for the digital basket I was creating because the motif reminds me 

of the beautiful symmetrical marking on the abdomen of a Black Widow spider. The pattern also 

looked simple enough to replicate digitally but used also was complex because it used four 

colors (dyes).  

The first step I took to create my Tla’amin motif inspired basket was using the Jupyter 

Notebook: Atomic Motifs. On this notebook I entered the dimensions (height and width) of one 

motif (I considered the following image one motif): 
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(Pacific Institute & Mathematical Sciences, "Weaving A New Future For Indigenous Education", 

2019, p. 1) 
 

I entered the dimensions in terms of the rectangles of woven Cedar bark. I counted the number of 

rectangles vertically and horizontally by eye based on the previous image. I call these rectangles 

Weaving Units (wu). Below is an image of the dimensions I entered into the notebook after 

counting the wu in the single motif Tla’amin basket image: 

 
(Callysto, "Welcome to Callysto!", 2007-2017, p. 1) 

 

After creating my canvas with the correct dimensions, I selected colors for the motif from a the 

dye menu which had dyes very close to the original basket’s colors. Below is an image of the dye 

menu: 

 
(Callysto, "Welcome to Callysto!", 2007-2017, p. 1) 
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I then digitally recreated the singular motif on my 2-D canvas as accurately as I possibly could 

using the program: 

 

 
(Callysto, "Welcome to Callysto!", 2007-2017, p. 1) 

 

Next, I noticed that my motif needed to be reflected to circulate the basket entirely. The original 

basket appeared to have the motif reflected eight times, but after creating a number of practice 

baskets using various motifs, I realized that reflecting a motif more than four times makes the 

wus so small they meld together and the basket’s motif becomes blurred. To avoid blurring, I 

decided to reflect the motif vertically to the left just four times. Below is a visualization of the 

action of vertically reflecting a motif using the Jupyter Notebooks program (top image) and the 

resulting motif reflected four times on the 2-D canvas (bottom image): 
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(Callysto, "Welcome to Callysto!", 2007-2017, p. 1) 

 

 
(Callysto, "Welcome to Callysto!", 2007-2017, p. 1) 

 

Once my motif was reflected four times, I was ready to use the other Jupyter Notebook: 

Combining and Editing Motifs to create 3D Basket Models. I selected the 3-D circular basket 

canvas based on my original basket image: 
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(Callysto, "Welcome to Callysto!", 2007-2017, p. 1) 

 

Though my model Tla’amin basket’s shape did not perfectly match the program’s circular basket 

canvas, I thought that the motif would be more accurately transferred on a circular canvas 

considering the original basket is circular. Below are two views of the basket I created: 

 

 
(Callysto, "Welcome to Callysto!", 2007-2017, p. 1) 

 

Now that I had a 2-D and 3-D canvas of the basket motif, I could begin my investigation 

into pattern distortion during transfer from a 2-D to a 3-D surface. I wondered: how, if at all 

would the surface area of one motif change during the transfer? I also noticed that on the 3-D 

canvas, the base wu appeared to be squished/reduced in size while the top wu’s looked relatively 
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un-distorted. In order to determine the extent to which the motifs were distorted, I started by 

calculating the surface area of a single motif on the 2-D canvas. After looking at the size of the 

wu on the 2-D canvas and the original basket, I determined that the area of each weaving unit 

was:  

 

 

Now having identified the area of a singular wu, I began calculating the surface area of one motif 

on the 2-D canvas. Below is the process I underwent: 

Diagram of 2-D Singular Motif  

 
 

Calculations 

 

 

 

 

I now had identified the surface area of one singular motif on the 2-D canvas: 
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The next step to determining the extent to which the original motif is distorted during transfer 

was to find the surface area of a single motif on the 3-D canvas (the basket). This process was 

more complex because the wu vary in terms of surface area on the 3-D canvas. Below is an 

illustration of how the motif reflected four times is assembled into basket form (the 3-D canvas): 

 

 
 

 

 

Due to the fact that each reflection of the motif is tilted outwards to make the basket’s form with 

a small base and a large opening at the top, it is as if discs of different circumferences are stacked 

one on top of the next within the basket. I imagined discs of increasing circumferences stacked 
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one on top of the other for each horizontal row of wu. Each disc has a beveled edge because the 

circumference of each disc is increasing within the row of wu. The beveled edge of the discs 

allow the basket’s sides to go on a smooth slant outwards. Below is a graph I created using 

Desmos’s graphing calculator to illustrate the circumferential changes of each disc as the number 

of rows of weaving units increases: 

Graph of Disc Circumferences as # of Weaving Rows Increases 

 
 

In order to start the process of calculating the surface area of a single motif on the 3-D canvas, I 

identified an equation to calculate the lateral surface area of a frustum cone. A frustum cone is a 

section of a cone between two parallel planes and lateral surface area is the surface area of the 

sides not the top or bottom of the shape. The lateral surface area of a frustum cone equation is: 
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For clarification: the “r” value represents the radius of the smallest (bottom) disc, the “R” value 

represents the radius of the largest (top disc) and the “l” represents the slant height. 

After examining this equation, I realized I had to first find the radius of the smallest 

(base) disc. To find this value I started by estimating the circumference of the base disc so I 

could then find the diameter which would bring me to the radius value. Below is the equation to 

find diameter: 

 

For clarification: the value “c” represents circumference and the value “d” represents diameter.  

Since I now had an equation, I noticed I needed to plug in my estimated value for circumference 

to find the unknown diameter. Since the Jupyter Notebooks program offered no way to find the 

circumference of the base of a circular basket, I estimated the circumference of the base disc 

after examining my digitally created basket. I estimated the circumference to be 35 cm based on 

the scale of other Tla’amin baskets I had studied. I then plugged this value into my equation for 

“c” and discovered the diameter to be approximately 11.14 cm (rounding to the nearest 

hundredth place): 

 
 
 

Base Disc Diagram 
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After comparing the circumference size of the base versus the opening at the top of the basket, I 

assumed that the circumference of the opening of the top was twice the circumference of the 

base. Therefore, to find the circumference and diameter of the top disc (the opening) I doubled 

the values from the base disc: 

Circumference 

 
 
 

Diameter 

 
 

 
 
 

Since I now knew the diameter and circumference values for the largest and smallest discs, I 

could find the radius of each disc: 

Largest Disc Radius (in cm) 

 

 
Smallest Disc Radius (in cm) 

 

19 



 

 

With the radius values now identified, I moved on to calculating the slant height of my frustum 

cone by constructing a conical diagram (on the diagram, the basket shape is upside down). On 

the diagram, I created right triangles that would allow me to evaluate the slant height of the 

basket/3-D canvas using trigonometry and the Pythagorean Theorem. Also, to clarify, I assumed 

that during the transfer from a 2-D canvas to a 3-D canvas, the height of the basket remains the 

same (28 cm) because for basket makers in general, height is a principal factor that is rarely 

altered. This is due to the fact that height determines a lot about where the basket can be stored 

and the height of objects it can contain. Below is the diagram I created that includes theta- the 

angle of the outward slant - in the lower left corner of the the cone: 
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Since I had now created a right triangle on my diagram with two side measures known, I decided 

to use trigonometry to find the angle of the basket’s slant. This angle would allow me to find the 

slant height (the hypotenuse). Below is a diagram of one of the right triangles with arrows 

pointing to the opposite (opp.) and adjacent (adj.) side lengths of theta: 

 

 

Using these known side length values, I calculated the inverse tangent of theta to find the angle 

value. The angle value I calculated was approximately 78.75 degrees (rounding to the nearest 

hundredth place). Below are my calculations: 

 

 
 

Using my now known angle value of 78.75 degrees, I found the sine of the angle using the 

opposite and hypotenuse side lengths. Below is a labeled diagram with the known angle, 

opposite (opp.) and adjacent (adj.) sides labeled, and the unknown hypotenuse (hyp.) labeled “x” 

as well as my calculations to find the “x” value: 
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Take Sine value of angle 

 
 

“x” value isolated 

 
 

From my above calculations, I discovered that my hypotenuse- otherwise known as my basket’s 

slant height/edge -measured approximately 28.55 cm (rounding to the nearest hundredth place). 

As a precaution, I checked my slant height value using an alternative method: the 

Pythagorean Theorem. On the following diagram I labeled the hypotenuse “c” and the other 

sides “a” and “b” and then plugged the known side length values into the theorem: 

 

 

22 



 

 
 

Pythagorean Theorem 

 
 

Side Length Values Plugged in 

 
 

Simplified 

 
 

Isolate “c” value 

 
 

 
 

I rounded the hypotenuse’s side length to the nearest hundredth place which left the slant height 

to be approximately 28.55 cm which is an identical value to the one I calculated using 

trigonometry. After using two different methods, I decided my slant height value checked out. 
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Since I now knew the values of the radius at the basket’s opening and its base as well as 

the height and the slant height of the basket, I could plug all of these values into the equation for 

the lateral surface area of my frustum cone. Below is a diagram of the form of my basket with 

both radii labeled (“r” and “R”) and the basket’s height (“h”) and slant height (“l”) labeled.  

 
 

Next is the equation for the lateral surface area of a frustum cone which I plugged all the values I 

had calculated into (the equation uses the same variables as are labeled on the above frustum 

cone diagram): 

 

 

 
 

Since I had now discovered the total lateral surface area of the frustum cone, I knew I needed to 

isolate the surface area of a single motif on the basket. Due to the fact that I reflected four motifs 

on my 3-D basket canvas, I decided to divide my total lateral surface area by four. Below is a 
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visualization of the area of one motif (shaded area) on the net of the circular basket with the base 

excluded, and my calculations regarding single motif’s lateral surface area: 

 
 

 

 
 

After having discovered the surface area of one motif on the 3-D canvas, I compared this value 

to the surface area of a single motif on the 2-D canvas. The surface area of one motif on the 2-D 

canvas is: 

 

The surface area of one motif on the 3-D canvas is: 

 

In order to understand how, if any the basket’s motifs were distorted in transfer from a 2-D to a 

3-D canvas, I wanted to discover if there were any differences in surface area. These differences 

would tell me if the motif on the 3-D canvas was primarily stretched or swished. Below are my 

calculations for the surface area difference between the 2-D and 3-D canvases: 
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During the transfer of the basket motifs from a 2-D to a 3-D canvas (the basket), the surface area 

of a single motif was decreased by the following value: 

 
 

The surface area of the a single motif decreased drastically during the transfer leading me to infer 

that the surface area of each individual wu at the base of the basket was drastically reduced from 

their original surface area. Below is a visualization of the reduction in surface area of wus: 

 

 

 

In conclusion, since I discovered the difference in surface area after the canvas transfer, 

in the following Analysis I will delve into how the reduction in surface area during the transfer 

of the motif from a 2-D to a 3-D surface relates to the indigenous artistic and mathematical world 

as well as my life. 
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Analysis: 

From my Investigation, I learned the extent to which patterns and motifs are distorted 

when they are transferred from a 2-D to a 3-D canvas. The extent of the distortion is great 

leaving the motif on my digitally generated basket looking very different than my original 2-D 

concept design. I worked hard to make my digital motif adaptation look as similar to the original 

basket’s appearance as possible but my basket ended up looking very different. Despite the fact 

that my digital basket is not an exact replica of my model basket, I still learned a lesson in the 

struggles of a Tla’amin basket weaver. Master weavers are skilled at looking many steps ahead 

like a chess player, anticipating the reductions of surface area of exposed cedar bark wus and 

how these surface area reductions will affect the integrity of their motifs. By using the product of 

SFU and the Tla’amin Nation’s collaboration in the form of their Jupyter Notebooks, I was able 

to appreciate and be inspired by the strong role geometry and transformations play into Tla’amin 

baskets. Though I estimated and approximated the lengths and surface areas of many of the 

geometric shapes in my investigation because not all dimensions were available on the Jupyter 

program, I still was able to takeaway how in general, Tla’amin artists distort the size of wu more 

at the base of a basket than nearer to the basket’s opening. I wonder if weavers chose to let the 

wu at the base of the basket be distorted more because they most likely to be shadowed by the 

large circumference of the basket’s opening looming over? From my Investigation I also learned 

how my discoveries relate to my life, in particular, my artistic life. Learning about distortion in 

this investigation has given me tools and insight to use when trying to transfer a 2-D pattern 

concept I have onto a clay sculpture or a doll I am sewing while retaining the motif’s integrity. 

Exploring the mathematical art form of a different culture has made me appreciate the role of 
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math in producing consistent, replicable art in any medium and how native art, specifically 

Tla’amin basket weaving has the capability to be used as a life changing visual, engaging 

teaching tool that can dispel the schema of math in indigenous and non-indigenous communities. 
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Appendices: 

Appendix 1: More complex and realistic Tla’amin basket inspiration used during my Exploration 

of Tla’amin basket weaving. 

 
 
 

Appendix 2: My own 2-D canvas adaptation of the above basket’s central bird motif. 

 
 

 
Appendix 3: Additional 3-D basket (3 basket perspectives included) created based on the basket 

in Appendix 1 to further investigate pattern tesselation and transfer (from a 2-D to a 3-D canvas) 

in more complex and realistic Tla’amin basket motifs. 
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