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Abstract 
This paper describes learning in new forms of 
mathematical activity that involve multiple, moving 
bodies. It reports on initial findings from interviews 
with participants from various disciplines, who were 
asked to find and make sense of emergent 
mathematics in performances from the opening 
ceremony of the 2016 Rio Olympic Games. Findings 
from these interviews will inform future design studies 
of experimental mathematics teaching and learning.  
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Introduction 
All humans have bodies. Our bodies profoundly affect 
our perspectives and understandings of the world. 
However, today’s schools neglect the body as a 
resource for mathematical thinking and learning. 
Recently researchers are putting the body back into the 
equation [4], [8] and exploring changes in the modality 
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and scale of mathematical activity as whole body 
coordinated movements in open spaces [2], [5]. This 
paper presents early findings from a project building on 
this line of research and investigating the potential of 
choreographed ensemble performances as a context for 
expressive mathematical activity. We share initial 
insights from interviews with people from various 
disciplines, who were asked to find and make sense of 
emergent mathematics in performances from the 
opening ceremony of the 2016 Rio Olympic Games 
(Figure 1). Findings from these interviews will inform 
future design studies of experimental mathematics 
teaching and learning. 

Background and Framework 
During the opening ceremony of the 2016 Rio Olympic 
games, billions of people worldwide watched thousands 
of performers execute large-scale choreographed 
routines with dynamic geometric forms. In this 
emerging genre of theatrical production, viewers are 
invited to engage with a performance that is 
mathematically complex in design and appearance [4], 
[5]. Our research engages with this cultural form, 
under the premise that ensemble performances can 
hold rich relations to mathematics. As a first step to 
exploring this space, we aim to understand how groups 
of people with different disciplinary backgrounds might 
identify patterns, explain how these patterns are 
assembled in the performances, and use their own 
bodies and similar props to demonstrate their 
understandings. The opening ceremony of the Rio 
Olympic games (Figure 1) provides rich material for 
probing these understandings, as the video record 
involves hundreds of performers who create complex 
dynamic formations by using their bodies and large 
Mylar squares.  

To explore the expressive and mathematical potential 
of this approach, we have begun conducting extended 
interviews in which we provide similar Mylar sheets to 
groups of four participants, encouraging them to 
attempt to coordinate their movement with the prop to 
complete mathematically based tasks. This context 
disrupts the scale and modality used in traditional 
geometry practices. Giving a group of people an 
intrinsic perspective on dynamic shapes that they can 
manipulate, foregrounds different mathematical 
reasoning, learning, principles, and perspectives from 
paper-scale geometry [2], [5]. Coordinating multiple 
people as components of one shape becomes 
important. This involves organizing their positions and 
their perspectives in space and time. The change in 
scale and modality also involves recreating ideas and 
competencies familiar at the “paper-scale” and from the 
extrinsic perspective (e.g., notions of knowing 
measurement and straight). At this scale, embodied 
and social human resources such as talk, gesture, and 
gaze management are foregrounded as tools for 
coordinating group action, whereas they are 
backgrounded or suppressed in single-person paper-
scale geometry. The cognition of the group and prop is 
distributed across all of these constituent parts as these 
coordination resources become cognitive resources for 
the distributed system. 
 
In the course of our first four interviews of this kind we 
have seen many connections between participants 
activity and core geometric ideas, such as symmetries 
of geometric shapes, tessellations, and 
transformational geometry.  To guide future design 
work in this mode, we are eager to see how the context 
of ensemble performance changes the relation of 
learners to this content and potentially gives them new 

 

Figure 1: Rio 2016 Opening 
Ceremony 
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access to understandings. People’s physical intuitions 
about how their bodies relate to geometric forms are a 
rich resource that this work aims to tap into. Our work 
bears some similarity to the early “Star People” games 
conducted by Resnick & Wilensky [7] in providing 
access to the emergent behaviors of complex systems, 
in that we involve groups of people in physically 
enacting phenomena where the structure of the group 
is mapped onto the structure of the system being 
explored. Activities of this kind are also called 
Participatory Simulations [3], [9], enabling a group to 
use its own behavior as a means of investigating topics 
and themes of interest. This form of projection involves 
a group-level variant of a technique that Papert (1980) 
called “playing turtle.” Papert used the term “syntonic 
learning” to describe the affordances of environments 
where learners can make use of their own perspectives 
and bodies for inquiry; these group environments 
would offer a social syntonicity [1].   

Methods 
Our interviews are conducted in four parts. First, 
participants watch and discuss a clip from the 2016 Rio 
opening ceremony in which 824 performers manipulate 
large Mylar squares in groups of 4 performers per 
square (Figure 1). Second, the quartet of participants is 
given a 7’ x 7’ Mylar square and given two tasks: (i) 
fold the sheet into a triangle just like the performers do 
and (ii) flip (reflect) it in the same wave the performers 
do. Next participants are asked what they think 
mathematics is and prompted to describe both the 
performance and their experience with the prop, 
mathematically. The last part of the interview offers the 
participants the opportunity to create their own 
performance with the Mylar sheet. They are asked to 
explore what else they can do with the prop, to note 

any limitations of working with the prop, and finally to 
reflect on their experience.  
 
We position four cameras throughout the room to 
record the interactions; thus we record views from 
above, from two adjacent sides of the rectangular 
room, and from the table where participants sit for 
discussions throughout the interview. In particular, the 
top view and side views have been helpful in analyzing 
these sessions from the perspective of their relation to 
the large-scale performances of the 2016 Rio Olympic 
opening and closing ceremonies. The figures in this 
paper utilize these multiple views. 
 
We are conducting these interviews (a) to understand 
the cultural importance of a new theatrical genre 
composed of units of props plus bodies, (b) to explore 
what is compelling about this cultural form, and (c) to 
ask participants to discover their own “powerful ideas” 
[6] and use shared tools (e.g., mathematics, their 
bodies) to interpret these performances and explore 
the generative capabilities of these mathematical 
props. This paper will focus on the third line of inquiry, 
sharing two cases that we think are extremely 
mathematically generative, accessible, and describing 
the unique affordances of these props. 

Preliminary Analysis and Findings 
Our interview-based research is at an early stage, yet 
we can already discern the outlines of the design space 
for activities using this context to explore mathematics 
in new ways.  For instance, one group attempted to 
convince themselves that their constructions were “the 
same as” (congruent or similar to) those of the Rio 
performers.  Another group questioned the basic nature 
of the prop (e.g., proving it was a square), and whether 

 

Figure 2: All let go of their 
corners 

 

Figure 3: Tyrone suggesting that 
only two participants cross 
underneath the Mylar 
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other shapes (e.g., rectangles or various kinds of 
triangle) could generate the same shapes as the 
square.  Finally, all of the groups exhibited an interest 
in the ways that the square could be transformed and 
manipulated through maneuvers that began and ended 
in square form.  In mathematical terms, that is, all of 
the groups explored aspects of the symmetry 
transformations of the square. 
 
All of the groups we have interviewed (including two 
quartets of 8th graders and one quartet of their 
teachers), have explored the billowing properties of the 
lightweight Mylar prop that have allowed participants to 
cross under the square and switch positions with 
partners at the opposite corner of the sheet. The 
interviews suggest that the discovery of this property of 
the prop has an important role in encouraging the 
group to explore generative mathematical and 
performance properties of the situation and prop. .   
One quartet of 8th graders first produced this floating 
phenomenon at the beginning of the interview while 
they were engrossed in trying to inflate the prop like it 
is done at the end of the Rio performance. Raising the 
Mylar above their heads in unison was their initial 
attempt to “catch air in it.” At the end of the interview 
when trying to choreograph their own performance this 
group raised the sheet above their heads, holding on to 
their corners as they all walked in towards the center. 
As the group executed this maneuver, one member, 
Tyrone, suggested that they switch sides by walking 
underneath the prop. They attempted to have 
participants at opposite corners release their corners 
and cross underneath the sheet at the same time. In 
their first attempt to do this they let go of their corners, 
but found that the Mylar floated away, making it almost 
impossible for them all to grab their new corner after 

crossing underneath (Figure 2). They then tried to raise 
the Mylar slowly, hoping to have it stay over their 
heads as they all crossed under. This configuration 
allowed Tyrone to see Sarah across from him and 
suggest that only two members of the group should 
cross under at a time (Figure 3). Using this symmetry 
proved the most reliable way for the group to exchange 
places under the prop.   
 
The billowing property of the prop was extremely 
salient to both groups of 8th graders when given the 
time to investigate what they could do with it. Both 
groups discovered that if they raised the Mylar above 
their heads, it would float above them and allow two 
opposite participants to let go and cross under to switch 
corners. Their intuitive understandings of symmetry 
allowed them to choreograph ways to move underneath 
the sheet while it billowed above them. The billowing 
materiality of the Mylar thus seemed to open up a 
performative space and opportunity that the different 
groups could fill with various movements and 
transformations of their own devising.  
 
While also working on the third part of the interview, 
the group of adults produced a 180-degree rotation by 
simultaneously conducting two reflections across the 
two diagonals of the square. Although this group 
consisted of adult participants, we see strong 
continuities with the affordances of the prop explored 
by the other groups; thus, we argue that these kinds of 
exploration could be supported in many groups with 
appropriate scaffolding or prompting. In terms of the 
mathematics of the symmetries of the square, this 
equivalence (two reflections equal a rotation) is a non-
trivial result.  And yet the group generated this 
outcome spontaneously through group play with the 
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prop.  After producing it, they spent the remainder of 
their choreography session attempting to reproduce 
and understand this outcome. 
 
The quartet began, like the other groups, by exploring 
different billowing properties of the sheet. Similar to 
the 8th graders, they used this floating quality to cross 
underneath to opposite corners of the square and 
switch positions. In contrast to their students, however, 
this group continued to expand on the idea of crossing 
under the floating sheet. One of the participants, 
Damien, suggested, “now let’s do it, but we don’t 
switch corners, we just switch places. So it will twist, it 
will fold over as we” and he gestured, raising his corner 
of the Mylar and his other hand up and over in front of 
his body, simulating the beginning of a reflection about 
the opposite diagonal of the square. Kathy, his partner 
opposite him in the square, indicated that she 
understood the plan. The quartet all raised their 
corners, and Damien and Kathy crossed underneath the 
Mylar. They were not able to walk all the way to the 
desired end points, however, because the square 
became twisted (Figure 4). Damien turned to face the 
kink in the Mylar, pointed to it and says “oh wait, we 
don’t have a go-under for that.” Here he acknowledged 
that in order to reflect this sheet over the diagonal, one 
corner (which is attached to a person) would need to 
pass under the sheet while another corner (also 
attached to a person) would need to pass over the 
sheet. That is, having both corners cross under the 
Mylar led to the twisted outcome they faced. In 
contrast to working with paper-scale geometry in which 
flipping a small rigid square can be done easily by going 
out of the plane, this set up makes it salient to the 
quartet that going “out of the plane” cannot be taken 
for granted.  

Kathy and Damien then unfolded the Mylar, returned to 
their original square position, and tried to debug what 
happened. Another group member, Monica suggested 
that they could try switching each diagonal 
simultaneously, prompting the quartet to clarify a 
complex sequence involving people going “under” each 
other, in which Kathy needed to go under Damien, and 
Monica needed to go under both Kathy and Damien, as 
well as the participant opposite her, Tanesha. In 
planning this interaction, the group was describing two 
reflections, each about a different diagonal of the 
square. After clarifying these plans, the quartet raised 
the sheet and everyone enacted their role (Figure 5). 
Tanesha and Monica were the first to enter, walking 
along their diagonal. Kathy walked to the outside of 
Tanesha, and Damien hung back so that he passed 
through the center after Tanesha and Monica had 
passed each other (Figure 6).  
 
From the top view, it is clear that the transformation 
that occurred as a result of this maneuver was a 180-
degree rotation (left column of Figure 5). The camera 
footage shows the Mylar sheet ballooned up, spun 
around, and then was drawn back down into a square. 
This view also shows that the Mylar never actually 
flipped over: the side that was initially facing the 
ground stayed facing the ground for the entire time. A 
rotation occurs when these two reflections occur 
simultaneously; thus, conducting these two reflections 
simultaneously did not entail the sheet flipping over, as 
occurred in single reflections.   
 
The side camera gives a contrasting view of the 
performance, clearly showing the participants’ 
individual trajectories. It shows Tanesha and Monica 
traversing the diagonal that was between them when 

 

Figure 4: Twisted kink in the 
Mylar 

 

Figure 5: Above view and side 
view of adult quartet conducting 
two reflections simultaneously  
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they started. It shows Kathy walking around the 
outside of Tanesha and it also shows Damien and Kathy 
passing each other along the diagonal between them 
after Tanesha and Monica passed each other. This 
diagonal walking pattern cannot be seen from above 
and reveals an entirely different perspective on the 
action. Both these patterns of movement and the 
group’s verbal and nonverbal communication before the 
enactment indicate that the members of the quartet 
were thinking about conducting two reflections in quick 
succession so that they would happen almost 
simultaneously. The above view, however, gives away 
that they also produced a rotation as a result.  
 
We believe that there is rich potential to design 
mathematical experiences for quartets working with 
this prop. The desire to create something aesthetically 
interesting, in the spirit of the Rio performance, led 
these quartets to generate all of the symmetries of a 
square, as well as to explore sequences and 
combinations of them. Each of the groups began to 
develop operations on the prop that produced 
reflections along lines of symmetry (both diagonals and 
vertical/horizontal symmetry lines). The groups 
exhibited different procedures for enacting these 
symmetries and different interests in sequencing and 
repeating them, while producing the same end state. 
We find this interesting from a design perspective 
because it allows participants to gain multiple 
perspectives on the operations, as well as to discover 
and explore the relations that exist among them.  
 
The performance unit of people and prop made rich 
mathematical opportunities both accessible and social, 
introducing a materiality to geometric concepts that is 
not present in paper-scale geometry. The quartet’s 

exploration with the prop generated physical, logistical, 
and mathematical challenges that do not exist at a 
smaller scale; and exploration of the prop’s abilities 
within a quartet system led these groups to discover 
some of the mathematical affordances of this billowing 
system. 
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Figure 6: Participants’ 
pathways to complete two 
reflections underneath the 
Mylar  
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