
Mathematics of Dancing



What is Symmetry?



Types of Symmetries: 
Translational



Types of Symmetries: 
Reflectional



Types of Symmetries: 
Rotational
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We call this kind of symmetry rotational symmetry .

14. Can you imagine why we call it rotational? What is being rotated?

15. And around which point do we rotate?

16. By how many degrees do we rotate?

17. Classroom Discussion: Compare the di↵erent representation we used to describe symme-
try in dancing: actually moving, drawing movements, and describing movements in words.
What are advantages and disadvantages of each representation? Do you have a preference?

A student invented the following notation, which will make it easier to show the di↵erence
between reflectional and rotational symmetry. She assumed that both people are facing each other
and drew a circle for each foot and a rectangle for each hand. See Figure (2.3).

Reflectional Rotational

Figure 2.3: Reflectional and Rotational Symmetry Example

Practice with a partner again, this time one person (the follower) following the other (the
leader) in rotational symmetry. Use tape on the floor to mark the point of rotation. Be creative!

18. Which movements are easy for the follower to follow? Give a few examples.

19. Which movements are di�cult for the follower to follow? Give a few examples.

20. Why do you think some movements are harder to copy than others?

2.2.3 Switching between two kinds of Symmetry

Now that you know about two kinds of symmetry, we can practice using both. Start with re-
flectional symmetry, agreeing on a place for the mirror. After creating interesting movements for
some time, the leader says “switch”1. Now the follower has to follow in rotational symmetry. But
there is a problem: not in all positions can you switch smoothly between symmetries, meaning
you don’t have to quickly adjust your position.

1
This exercise is taken from www.mathdance.org, [13].
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Figure 2.4: Dance Example of a Glide Reflection

2.3 Symmetry Choreograhy

So far we have been using the dance structure to ask interesting mathematical questions. But the
aspect of choreography itself has similarities to mathematics. To explore those we will do a little
dance performance.

We will use the 4 symmetries we discussed above (reflectional, rotational, translational,
glide reflectional), but allow rotations of any degree. Get into groups of 4 dancers. Choose
3 of the above 4 symmetries. Now invent three di↵erent interesting dance poses that you all
like. Be creative!

For each pose choose one of the symmetries. One person will get into the pose and the
other group members will show a symmetric version of the pose. You could for instance stand
in a circle and each show a 90 degree rotation of the original pose. Or you could all be in
translational symmetry. You can also mix two symmetries and have two dancers in reflectional
symmetry and the other two showing a rotational version of the first two dancers.

When you have composed the three poses in symmetry find interesting transitions to move
between the poses. Make it easthetically pleasing to you. End your dance in an asymmetrical
pose (why?). You can arrange your dance to music if you like. Now perform the dance
sequences for each other.

39. What did you notice about the dance sequences? What did you enjoy? Why?

40. Describe the process of creating a dance, what did you do?

41. How is choreographing a dance similar to doing/discovering mathematics?
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What is a group?
A group is a set G together with an operation “•” that satisfies four 
properties. 

(1) The operation • takes elements of G to other elements of G.  
(If x and y are in G, so is x • y.) 

(2) Identity: There is a special element e in G (called the 
identity) such that for every x in G, e • x = x • e = x. 

(3) Inverses: every x in G has an inverse, an element y  in G for 
which x • y = y • x = e. 

(4) Associativity: for all x, y, and z in G, (x • y) • z = x • (y • z).
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An “Abstract” Group
Let Z denote the set of integers:

Z = {…, -3, -2, -1, 0, 1, 2, 3, …}.

Then Z is a group with operation “+”.

(a) The sum of two integers is an integer.

(b) Identity: the number 0 is the identity: 0 + n = n + 0 = n for 
any n.

(c) Inverses: the inverse of an integer n is -n.
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Mattress Flipping Problem



Mattress Flipping Problem
Goal: Find an “move” that we can do to a mattress to 
move it through every possible position. 



Mattress Moves



Activity:  
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What’s the Difference?

{T,M,R,G} and {I,R,P,Y} are isomorphic groups.
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Summary
• Composing symmetries naturally leads to the definition of 

a group.

• Groups arise from “real life” as well as from pure 
mathematics (like the integers Z).

• Different objects can have the same (isomorphic!) groups 
of symmetries

• Studying the group of symmetries of an object can help to 
obtain non-obvious properties of this object.  (Like the 
impossibility of constructing a simple mattress flipping 
schedule.)



Thank you!



 
For More Information 

 
 
 
 

Here is the link to a book about the mathematics of dancing: 
https://www.artofmathematics.org/books/dance 

 
 
Here is a link to lecture notes by P. Etingof, which is a 
fantastic introduction to group theory: 

http://www-math.mit.edu/~etingof/groups.pdf 


