
The best way to learn mathematics is to follow the 
road which the human race originally followed: Do 
things, make things, notice things, arrange things, 
and only then reason about things.

WW Sawyer



Using	simple	items	found	in	most	classrooms	such	as	unsharpened	pencils,	
brown	construction	paper,	and	empty	coffee	cans	(small	and	large),	they	
investigated	mathematical	relationships	between	the	length	of	teepee	poles,	
the	angle	at	which	they	were	positioned,	and	the	circle	on	the	ground	that	
resulted.		
Students	investigated	variables	affecting	the	required	pole	length	and	teepee	
circle	as	Marilyn	challenged	students	to	consider	the	average	height	of	adult	
women	who	historially set	up	the	teepess and	lived	and	worked	inside.	
The	height	of	a	teepee	and	the	length	of	poles	needed	for	construction	was	a	
function	of	the	height	of	women!	Students	measured	and	then	graphed	the	
number	of	times	a	diameter	could	encirle its	circle.	Students	discovered	the	
universal	relationship	(π)	between	a	circle	and	its	diameter	through	Marilyn's	
facilitation	of	their	learning.	
(Dancing	Numbers)



Solving puzzles makes people feel smart, and we are 
evolved to like to feel smart. We don’t have sharp 
teeth and claws; our adaptation is our brain, and we 
are built to sharpen it. 

Paul Goldenberg



Nearly a century of research confirms the close connection 
between spatial thinking and mathematics performance. 

(Mix & Cheng, 2012). 

The connection does not appear to be limited to any one 
strand of mathematics. It plays a role in arithmetic, word 
problems, measurement, geometry, algebra and calculus. 
Research mathematics education, psychology and even 
neuroscience is attempting to map these relationships. 



Paper folding is a spatial reasoning task. 
Spatial reasoning has been identified to play a key 
foundational role in the development of thinking with specific 
impact on success in science, math and literacy. 



Studying knots is a spatial 
reasoning task. 
And it links to paper folding and colouring theorems, and networks 
and Jenga and Quickdraw and Picture This and a multitude of 
activities and ideas that I play with in my work… Visual spatial 
reasoning is the starting point, not counting and equations.....    
(Lorway, 2016)



Knots are mathematical objects, just like 
numbers and shapes are.
They have been studied for over one hundred 

years.  



Studying knots is an interesting way to build your 
spatial reasoning, perseverance and problem 
solving skills. (Numeracy, Mathematics)

Explaining how you see and understand the knot 
is a very important way to improve your 
communication skills (oral, written and symbolic) 
(Literacy)

Knots are aesthetically pleasing and in many 
cultures are considered an art form as well as 
useful and link to real world science, math and 
engineering problems. (STEM, STEAM)



Are these the same? What did you do to 
compare?



Mathematicians see knots in their minds as 
closed loops or paths that you can trace round 
and round with your finger. 
Try tracing some of these.... Are they knots? Are 
they made with one loop of string?



Mathematicians study  knots as made from a 
continuous loop.



You learn from reflection on experience. So making 
knots is the best way to learn about them. 
Make a knot with your rope. 
Any kind of knot, do not pull it too tight.



Now gently tease it apart.



How would you describe your knot. Compare to 
someone else, what do you notice?
** the two ends are side by side
** the two ends are not side by side
**there’s double strand places
**there’s overs, unders
**there’s loops or circles like a bow.
** it’s hard to tell if they are the same



If you want to understand something new, you should 
observe and describe it. That is what mathematicians do 
when we study knots.

We choose a few and make clear and precise 
observations about them. 

We notice the simplest things. 

We try to describe what they notice as clearly as we can 
so that when we talk to each other about them, each of us 
understands what the other one means and we don't get 
confused. 



When you take the time to make and collect 
observations, including in your lists even the most 
simple and easy things, other things begin occurring 
to you, and you notice things that are more 
complicated and interesting.

(Dr. M Fellows, University of Darwin)



Take your knot apart and make a different one.

How do you know it is different?



This is how mathematicians draw knots….. Which ones can 
you make?



When mathematicians draw knots they show the crossing 
points as broken lines or solid lines. The part of the rope 
that passes under is represented by a broken line and the 
part of the rope that goes over is a solid line.



This is the first knot  after the zero knot. It has 3 loops. 
It has been named a  “trefoil knot”.
tre is related to the word three
foil is related to the word leaf. 



Mirror Images
If you hold a mirror up to one trefoil knot and look at its 
reflection, what you see in the mirror is the other trefoil knot! 
The two trefoil knots are called mirror images of each other.

The two trefoil knots are different,                                                                 
but not all knots are different from their mirror image.



They both have one over and two 
under. That is considered a crossing 
number of 3. 



This is called a figure-8 knot. 
It is the only knot with a crossing number of four. Try 
making it or drawing it.... 



What do we do with data?

We organize it.... Organizing can sometimes 
helps keep you engaged.... It is also a skill you 
need to learn so here we go...



There is only one knot with crossing 
number three (ignoring mirror 
reflections), the trefoil or cloverleaf 
knot.

The figure-8 knot is the only knot 
with a crossing number of four. .

There are two knots with a crossing 
number of five. Why? What 
changed? 

There are three knots  with a 
crossing number of six, and seven 
knots with a crossing number of 
seven. 

There are 12,965 knots with 13 or 
fewer crossings in a minimal 
projection and 1,701,935 with 16 or 
fewer crossings. 



And now some people are hooked... What’s going on?
Pattern seemed to emerge, but then it left
This task allows for full engagement for a bit.
It is physical, mental, puzzling.

Some of us want to be the knots, some of us want to make the 
knots, some of us want to study the pattern, guess, check, 
predict.

I got you started... My goal was to capture your interest but 
the affect was on your brain: Mental rotations, positional 
language, directional language, trying to be logical, 
generalizing
https://news.usc.edu/63368/knot-a-problem/



Knots	are	changing	our	understanding	of	the	
world......
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DNA and Knot Theory Today
When most of us think of deoxyribonucleic acid
(DNA), we picture something like the graphic at the
right - the neat, tidy double helix. In reality, this
double helix consists of two very long curves
intertwined millions of times. The DNA strand is
only a few molecules wide, but several centimeters
long, tightly coiled inside the nucleus of every cell
in our bodies.

To give you a more accurate picture of what real
DNA looks like, imagine the nucleus of a cell
scaled up to the size of a basketball. The DNA
strand then scales to the width of thin fishing line -
about 200 km (120 miles) in length - packed inside our basketball
nucleus. In this tremendous scale, we can easily imagine that the DNA
strand could become tangled and knotted in such a cramped space.

In reality, that is exactly the case. The problem comes when it is time
for the DNA to replicate to form another cell. If you remember from your
health class, the double helix of DNA has to split in two to complete the
process of cell division. When the strand becomes knotted, the DNA
cannot separate intact at crossings in the knot (just as you cannot
completely untangle a trefoil knot without cutting it). In order for the
DNA to separate, replicate, and recombine, special enzymes in the
nucleus actually "cut" the DNA strand so replication can occur and then
reattach the loose ends once the crossing is resolved.

The particular fascination in this process for geneticists is the fact that
chemical changes occur in the DNA strand as a result of this process.
Changes in the DNA structure due to the actions of these enzymes
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Massachusetts Institute of Technology

An MIT team has discovered the most complicated knot ever seen in a
protein, and they believe it may be linked to the protein's function as a
rescue agent for proteins marked for destruction.
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MIT researchers recently found that human ubiquitin hydrolase, shown here, has
the most complicated knot ever observed in a protein. The simplified diagram,
inset, shows the knot in the protein, which crosses itself five times.

n MIT team has discovered the most complicated knot ever seen in a
protein, and they believe it may be linked to the protein's function as
a rescue agent for proteins marked for destruction.

"In proteins, the three-dimensional structure is very
important to the function, and this is just one example,"
said Peter Virnau, a postdoctoral fellow in physics and
an author of a paper on the work that appears in the
Sept. 15 issue of the Public Library of Science,
Computational Biology.

Knots are rare in proteins - less than 1 percent of all
proteins have any knots, and most are fairly simple.
The researchers analyzed 32,853 proteins, using a
computational technique never before applied to
proteins at this scale.

Of those that had knots, all were enzymes. Most had a
simple three-crossing, or trefoil knot, a few had four crossings, and the most
complicated, a five-crossing knot, was initially found in only one protein - ubiquitin
hydrolase.

That complex knot may hold some protective value for ubiquitin hydrolase, whose
function is to rescue other proteins from being destroyed - a dangerous job.

When a protein in a cell needs to be destroyed, it gets labeled with another protein
called ubiquitin. "It's a death mark for the protein," said Leonid Mirny, an author of the
paper and an associate professor in the MIT-Harvard Division of Health Sciences and
Technology.

Once the "death mark" is applied, proteins are shuttled to a cell structure called a

Related Topics

Plants & Animals

Matter & Energy

MIT Finds Most Complex Protein Knot Ever Seen

Save/Print:            Share:  

Breaking News:
Oldest Stone Tool Ever Found in Turkey

Related Stories

Slip Knot Key to Creating World's Toughest
Fiber
May 20, 2014 — A new way of making super tough
fibers could be realized by a simple knot, according
to new research from a materials scientist. A new
article suggests the new method could make
ordinary polymers -- ...  full story

Möbius Strip Ties Liquid Crystal
in Knots to Produce
Tomorrow's Materials and
Photonic Devices
Aug. 20, 2013 — Scientists have
shown how to tie knots in liquid

crystals using a miniature Möbius strip made from
silica ...  full story

Nanotechnology and the Secret
Life of Knots
June 10, 2013 — Nanotechnologies
require a  detailed knowledge of the

molecular state. For instance, it is useful to know
when and how a generic polymer, a long chain of
polymers (chain of beads), knots. The study
...  full story

Innovative Technique Pinpoints
Protein Locations, Helping
Scientists Figure out Their
Functions

Feb. 12, 2013 — An innovative technique which
pinpoints protein locations and helps researchers
unravel the protein's functions has just been
...  full story

Nanotechnology: Scientists Construct
Molecular 'Knots'
July 20, 2010 — Scientists have constructed
molecular "knots" with dimensions of around two
nanometers -- around 30,000 times smaller than the
diameter of a human ...  full story
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SPATIAL REASONING The	main	goals	of	mathematics	education	are	
to	prepare	students	to:	
•	use	mathematics	confidently	to	solve	
problems	
•	communicate	and	reason	mathematically
•	appreciate	and	value	mathematics
•	make	connections	between	mathematics	
and	its	
applications	
(POS,	1997,	2004,	2016)
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Visual	images	and	visual	reasoning	
are	important	components	of	
number,	spatial	and	measurement	
sense.	Number	visualization	occurs	
when	students	create	mental	
representations	of	numbers.	
Being	able	to	create,	interpret	and	
describe	a	visual	representation	is	
part	of	spatial	sense	and	spatial	
reasoning.	(POS,	1997,	2004,	2016)
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Spatial	sense	involves	visualization,	
mental	imagery	and	spatial	
reasoning.	These	skills	are	central	
to	the	understanding	of	
mathematics.	(POS,	1997,	2004,	
2016)
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Mathematics	is	used	to	describe	
and	explain	relationships.	As	part	of	
the	study	of	mathematics,	students	
look	for	relationships	among	
numbers,	sets,	shapes,	objects	and	
concepts.	The	search	for	possible	
relationships	involves	collecting	
and	analyzing	data	and	describing	
relationships	visually,	symbolically,	
orally	or	in	written	form.	(POS,	
1997,	2004,	2016)



Mix and Cheng found that practicing spatial 
reasoning tasks improved Grade 2 students’ 
ability to solve questions like these...

5 + ? = 8



And these:

6 + 7 = ____ + 8



This is the side I am on:

“Learners can be harmed in their progression in 
mathematics due to lack of attention to spatial 
reasoning and geometry” 
(Casey and Erkut 2005, Clements & Sarama, 2011) 

Walter Whitely, Grayson Wheatley, Geri Lorway



The western worldview: 
• teaches us to think in straight lines where discreet points matter 

most. 
• emphasizes knowing the world mainly through the mind in a setting 

organized in time and space. 
• describes the world in terms of dualities of either/or and where only 

human beings are “really” alive.

In comparison, an indigenous worldview: 
• has us thinking in circles rather than lines where interactions create 

meaning. 
• emphasizes us knowing the world through the mind and our heart 

in time, space, place, and spirit. 
• describes the world in terms of relationships where everything has 

life. 
•



In discovering something for ourselves, we have a 
sense of freedom and conquest. In memorizing 
something that another person tells us and that 
we do not understand, we are slaves.

WW Sawyer



	 “Will you help my child develop 
problem solving skills, or will 
you teach him that school is 
where you try to guess the 
answer the teacher 
wants??  Respect my child. He 
is a person. He has a right to 
be himself.” 
Maria Cardinal, Aboriginal Parent 


