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We define mathematical performance as the process of communicating mathematics using the 
performance arts. By highlighting the role of technologies in shaping mathematical thinking, we 
present two episodes of a qualitative case study. First, considering the use of songs, lyrics, video 
clip, manipulative blocks, and online applet, we illustrate how thinking collectives of students-
teacher-media investigated the L Patterns (sequence and series of odd and even numbers) and 
conjectured a new sequence of numbers called F pattern. Then, we describe how these collectives 
created a digital math performance for the Math Performance Festival based on their conjecture. 
We believe that digital media and the performance arts are helping to create transformative means 
of mathematical communication and learning.  

 
Traditionally, “mathematical performance” is conceptualized as pertaining to the domain of 

assessment and evaluation. However, we see mathematical performance as the process of 
communicating mathematics using the performance arts (Gadanidis & Borba, 2008). “Exploring 
mathematical ideas through performance can offer a way to challenge some of the most limiting 
stereotypes around mathematics learning” (Gadanidis, Gerofsky & Hughes, 2008 p. 19). By 
creating music or movies, math performers can provide surprises to audiences and communicate 
mathematical ideas in an imaginative way. Moreover, digital mathematical performances are 
digital media (e.g., video and audio files, flash animations, and virtual objects) used to 
communicate math through music, cinema, theatre, poetry, storytelling, etc. We do not suggest 
all mathematics should be taught using performance arts. However, thinking about mathematics 
as performance may lead to new ways for (a) student to produce knowledge with technologies 
and (b) sharing mathematics beyond classrooms (Gadanidis, Gerofsky & Hughes, 2008).  

Since 2008, students and teachers have been submitting digital mathematical performances to 
the Math Performance Festival (MPF) (Gadanidis, Borba, Gerofsky & Jardine, 2008). The MPF 
is based on a virtual environment where digital performances are published. Every year, 
Canadian celebrities (e.g., musicians, poets, TV presenters) and mathematicians select their 
favourite performances in terms of: (a) depth of the mathematical ideas; (b) creativity and 
imagination; and (c) quality of the performance. The participants of these performances are 
awarded with medals. Gadanidis and Geiger (2010) have referred to the MPF as “one example 
that helps bring the mathematical ideas of students into public forums where it can be shared and 
critiqued and which then provides opportunity for the continued development of knowledge and 
understanding within a supportive community of learners” (p. 102). 

In this paper, we present a qualitative case study to illustrate how Brazilian students 
investigated and created a digital mathematical performance for the MPF. We suggest math 
performance can offer ways for transformative teaching and learning mathematics. 
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Theoretical Framework 
Vygotsky (1978) investigated children’s development and how development is conditioned 

by the role of culture and language. According to Vygotsky, higher mental functions are 
historically developed within particular cultural groups, through social interactions with 
significant people of children’s life, particularly parents and teachers. Through these interactions, 
children learn the habits of the culture, including patterns of speech, verbal and written language, 
and other symbolic representations. Thus, Vygotsky emphasized (a) the social interaction with 
more knowledgeable others in the zone of proximal development and (b) the role of culturally 
developed sign systems and languages as psychological tools of thinking (Cobb, 1994). In this 
sense, socioculturalism highlights the role of activity in mathematical learning and development, 
by linking activity to participation in cultural practices, taking the individual-in-social-action as 
their unit of analysis (Cobb, 1994). Thinking develops from practical and object-oriented 
activity, that is, “human action is mediated by cultural tools and is fundamentally transformed in 
the process” (Goos, Galbraith, Renshaw & Geiger, 2000, p. 306). 

Tikhomirov (1981) claims that computers reorganize human activities in diverse levels. 
Tikhomirov suggests computers do not replace, substitute, or merely complement humans in 
their intellectual activities. Processes mediated by computers reorganize thinking. According to 
Tikhomirov, computers play a mediating role as language does in Vygotsky’s theory. 
Considering the nature of human-computer interaction in terms of feedback, the dimensions 
involving computational mediation provide new insights for learning and development.  

Levy (1998) claims “as humans we never think alone or without tools. Institutions, 
languages, sign systems, technologies of communication, representation, and recording all form 
our cognitive activities in a profound manner” (p. 121). Levy uses the term thinking collectives 
to discuss the collaboration between human and non-human actors in the cognitive ecology.  

Borba and Villarreal (2005) argue the notion of regulation by computers is qualitatively 
different when compared to the mediation by verbal and written languages. Borba and Villarreal 
argue (a) humans-with-media are thinking collectives in constant reorganization of mathematical 
thinking and (b) media transform mathematics. That is, mathematics produced with paper and 
pencil is qualitatively different from the mathematics produced with computers.  

Therefore, we notice that our research interest is focused on how students-teacher-media 
form thinking collectives when they create digital math performances. Regarding notions within 
socioculturalism, we are interested in understanding the role of technologies in shaping students’ 
thinking and learning when they communicate mathematics using the performance arts.  

 
Methodology 

Stake (2003) argues qualitative case studies are specific and bounded, they have patterns, and 
the focus is on the understanding of the complexity of the case. Yin (2006) claims “the strength 
of the case study method is its ability to examine, in-depth, a case, within its ‘real-life’ context” 
(p. 111). Case study “is best applied when research addresses descriptive or exploratory 
questions and aims to produce a firsthand understanding of people and events” (p. 112).  

In this paper, we analyze data produced through the Students as Performance Mathematicians 
project (Gadanidis, Borba, Gerofsky, Hoogland & Hughes, 2008). Over a period of two years, 
part of the research team of this project worked in partnership with a state public school in Rio 
Claro, Sao Paulo, Brazil. These activities engaged middle school students (and some teachers) in 
a number of activities with the goal of producing digital mathematical performances. These 
performances were submitted and published at the MPF. Thus, our data consists of several 
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resources produced from these activities. These resources are: (a) field notes; (b) students’ 
writings; (c) video recordings of semi-structured interviews with students and teachers; (d) video 
recordings of teaching and learning sessions with students; and (e) digital mathematical 
performances. We use data resources from 4 learning sessions (4 hours each). Eight students 
participated in the first, second, and third sessions. Four students participated in the fourth 
session. The first author of this paper played a role as a teacher. In this paper, we first highlight 
how students-teacher-media conjectured their own sequence of numbers, based on an initial 
investigation. Then, we describe how this thinking collective created a new digital mathematical 
performance for the MPF. 

 
Results 

Barton (2008) states “mathematics is created in the act of communication … An educational 
perspective asks whether this implies that mathematics is learned through communication. This 
perspective also focuses on the nature of the communication, and the role played by different 
people in it” (p. 144). That is our focus in describing the episodes, that is, our focus on 
mathematical thinking emerges through our analysis of how communication through 
performance happened and how media were non-human actors in this scenario. 

 
Episode One 

At the beginning of the first learning session, the teacher engaged all students in investigating 
the “L patterns” using several materials as such as songs, lyrics, video clip, manipulative blocks, 
and online applets. The L patterns (see Figure 1) refer to the study of sequence and series of odd 
and even numbers. L patterns have the potential to offer surprise in generalizing patterns. 
Working with manipulative and applets, students can construct sequences of numbers and they 
can connect blocks (or simulate the connection) to have a geometrical representation for the 
series which works as a visual proof. Playing with L patterns becomes a surprising and visceral 
experience when students connect L’s forming squares (odd numbers) and rectangles (even 
numbers).  

 
 
From the humans-with-media perspective (Borba & Villarreal, 2005), experimentation-with-

technologies and visualization play fundamental roles in mathematical thinking. Students-
teacher-media were involved in figuring out a generalization for Sn = 1 + 3 + 5 +…+ (2n – 1). By 

Figure 1. L Patterns (Applet, video clip, and lyrics) 
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investigating the algebraic sum at each stage (writing, singing, and watching a video) and 
articulating it to the connections of Ls forming a square (constructing with blocks and simulating 
with an applet), the students-teachers-media identified a new pattern together, as thinking 
collectives. They also worked with algebraic representations.  

At the second session, students conducted an investigation in pairs. They were focused on the 
use of both manipulative blocks and online applet, but they were also regarding links with other 
materials as such as the lyrics. By instructing the pairs of students, the teacher was interested in 
hearing conjectures from them. The teacher proposed to students to speak their ideas and/or write 
them all on their paper-notes. From the analysis of the video recording and field notes, we 
highlight that Student 3 came up with an interesting conjecture asking: “But, if we think about it, 
there are even numbers in rectangles, are there not?” The teacher said: “Perfect. What is the 
shape related to the series of even numbers?” Student 3 then argued: “A rectangle, right? I can 
see it with the applet.” With the intention of negotiating the meaning of this idea with all 
students, the teacher brought Student 3’s conjecture to the whole class. However, no further 
discussion happened at this moment involving all students collaboratively. Students were 
focused on their investigation in pairs. Even though students did not engage in a collective 
meaning negotiation, we suggest Student 3 did an important articulation involving several 
representations and media in investigating the L Patterns. Thinking-with-Applet-song-lyric-
video-blocks-and-other-media, Student 3 was able to conjecture a visual representation for both 
the sequences and series of odd and even numbers. Students did not have developed an 
investigation about even numbers until that moment, but Student 3 was able to visualize and 
manipulate the applet and the blocks, relate it to the lyrics, images and sounds, recognize an 
approach on even numbers, relate it to the investigation of odd numbers, and communicate that 
the series of even numbers can be geometrically represented by rectangles. This moment 
revealed a significant role of information technology in shaping student’s thinking and learning. 
Other students came up with interesting ideas along the first session as well, but these students’ 
conjectures and ideas toward odd and even numbers will be addressed in other papers. 

At the third session, students were still working in pairs. Based on the investigation of the L 
patterns, Student 1 and Student 8 decided to create a new sequence of numbers using the 
manipulative blocks. These students created a first F using 6 blocks. They discussed the growth 
of the sequence and they decided to add 3 blocks each stage, forming the sequence (6, 9, 12, 
15,…) (see Figure 2).  The teacher brought up this discussion of F pattern to all students. He praised 
students’ conjecture and imagination in creating a new pattern. He proposed that they could develop 
a similar investigation on the F pattern as they had made to L patterns. “What could be a 
generalization for the sequence? What would be the series? Would be possible to connect the blocks 
and create a visual proof to the series? Could we create a performance about F pattern?” Student 8 
said they were trying to figure out the series, but they did not find a regular shape (as a rectangle) to 
express an algebraic formula for the series. Figure 3 shows students’ tentative of creating a visual 
proof for the F pattern series. The teacher asked them if they had already found a formula to the 
sequence. After fifteen minutes of dialogue between Students 1 and Student 8, where they used 
blocks, and paper and pencil, Student 1 said: “I found it! It is n times 3 plus 3.” The teacher said the 
generalization 3n + 3 seemed to be a good candidate. Focusing on negotiating that meaning 
collectively, the teacher proposed to the class to test it for several stages, and they confirmed 
students’ conjecture. Student 1 and Student 8 celebrated the confirmation of their conjectures 
greeting each other. This moment revealed students’ pleasure in thinking mathematics. It shows the 
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beauty of mathematics as an emotional, visceral, and surprising experience in learning (Gadanidis, 
Hughes & Borba, 2008).  

Student 1: The F pattern is composed by 6, 9, 12, 15, 18, and so on. We are adding three 
blocks each stage. So, what would be the n stage? Here, at the first stage, we have 1 times 3 
plus 3 equals 6. At the second stage, 2 times 3 plus 3 equals 9. At the third stage, 3 times 3 
plus 3 equals 9. And so on. So, at the nth stage, we have n times 3 plus 3. 
Teacher: Great! Congratulations for your discovery!  
 

 
 
Episode Two 

Four students participated in the fourth session. After a teacher’s suggestion, Student 1 and 
Student 8 came up with the idea of creating a new performance based on the theme of TV News. 
Their idea was: to present an interview with a mathematician who had discovered the F pattern. 
That was nicely accepted by the other two students, who indicated important suggestions to the 
script as such as provide humour, use specific songs and sound effects, what kind of images we 
should portray about reporters and mathematicians, how to explain the series of numbers, and so 
forth. “Biased” by his interests as a researcher, the teacher tried to create a parallel between the 
students’ conjecture on F pattern and a performance about a new math discovery. This parallel 
was intentionally related on the performative dimension of students creating identities as 
performance mathematicians (Gadanidis, Hughes & Borba, 2008). Student 1 and Student 8 wrote 
the words they would like to say. Student 3 wrote a description of each scene as a draft of a 
script. Student 5 collaborated with script suggestions and technical support. Students-teacher-
media recorded the scenes at the same order they would like to present it. The process of playing 
and recording involved students’ speech repetition and improvisation through many takes of 
scenes. These actions revealed a significant aspect of improving communication and imagination 
in learning mathematics trough creating a digital skit performance.  

After the recordings, based on other students’ suggestions, the teacher edited the video called 
The F Pattern News (see Figure 4). A theoretical lens on cinema was fundamental to create the 
video. It refers to Boorstin’s (1990) categories about the pleasures we have when we watch a 
film. Here, there is an emphasis on the audiences’ feelings, which in fundamental in terms of 
narrative and identity. Boorstin argues about three different categories: voyeur, vicarious, and 
visceral. The voyeur pleasure refers to the mind's eye and not the heart. It is a more rational 
aspect about the reality or the consistency of the world that is portrayed, but it involves surprise 
and making-sense-of-something. The vicarious pleasure puts our heart into the body of the 
actors. It is when we feel what the actors feel. While the voyeur’s eye requires a more opened-
close, the vicarious requires a close-up on the actors’ faces. The visceral pleasure is when we fail 
to feel what the actors are feeling and began to feel our own emotions.  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  

	   Figure 2: The F-Pattern constructed with blocks by the students 
Figure 3: Students’ visual 

proof with blocks. 
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The F Pattern News video plays a lot with voyeur’s and vicarious’ pleasures. The close 
parallel with TV News creates a good sense of reality. It involves a lot of surprise in terms of a 
“new mathematical discovery” and making-sense-of the mathematical ideas presented: sequence 
of numbers, use of manipulative materials, explanation on the board, experimentation and test of 
hypothesis, generalization, etc. The sense of humour, the sound effects and music used, the 
reporters’ and mathematician’s actions and speeches allow us to fell a vicarious pleasure. If you 
feel your own feelings in watching this video, if you feel you want to enjoy creating your own 
digital math performance, it means that the F pattern News also works at the visceral level.  

Moreover, the teacher worked with Portuguese/English translations to create subtitles and 
some students were interested in learning how to speak in English the words they said in the 
video. Students agreed that the mathematical idea was been communicated clearly. Then, the 
thinking collective created a final draft at the school’s Lab and one of the administrators of the 
school submitted the video to the MPF. It is available at www.edu.uwo.ca/mpc/mpf2010/mpf2010-
134.html. We suggest that by creating a digital mathematical performance, students can talk about 
mathematics using multiple modes of communication and languages as such as the arts, gestures, 
sounds, words, visual and symbolic elements, and others (Kress, 2003).  

Following, we present a transcription of the video: 
Reporter 1: We are interrupting the TV show to tell you terrific news! One just discovered that 
beyond the L patterns, there is an F pattern! 
Report 2: F pattern? What are you talking about? 
Reporter 1: Our reporter has more information about it. 
Reporter 2: Hey, can you hear us? 
Reporter 3: Yes. I am here with Hypotenuse. She knows 
everything about math. 
Reporter 2: What is this story about F pattern? 
Hypotenuse: The F pattern is here represented by blocks  
Reporter 1: Could you please ask her what would be the 
sequences? 
Reporter 3: Sure. What would be the sequence for the F 
pattern?  
Hypotenuse: As we can see, the sequences increase three 
blocks each stage. 
Reporter 3: Look, at the first stage you used 6 six blocks. At the second stage you used nine 
blocks. At the third, twelve blocks. And so on. What about the hundredth stage? How many 
blocks do you need to construct the hundredth stage? 
Hypotenuse [using the whiteboard and the blocks]: We have a simple formula to figure it out. 
You can notice the result each stage is equal the index of the stage times three plus three. That is, 
3N + 3. At the one hundredth stage we have one hundred times three plus three. It is equal three 
hundred and three.  
Report 2 [with a surprising sound on the background]: I am getting the information that the 
series was discovered. What would it be?  
Reporter 1: In other words, what would be six plus nine plus twelve and so on? 
Reporter 3: Hypotenuse, what would be the series? 
Hypotenuse [in fast motion and using the whiteboard]: I am going to use Gauss’s ideas. The 
series would be the sum of these numbers. Gauss did it twice. Once from the beginning to the 
end, that is, S = 6 + 9 + 12 + … + 3n-3 + 3n + 3n+3. And once from the end to the beginning, 

	  

	  	  	  
Figure 4: The F Pattern News 

Video 	  
	  

PME-NA 2011 Proceedings

Wiest, L. R., & Lamberg, T. (Eds.). (2011). Proceedings of the 33rd Annual Meeting of the North 
 American Chapter of the International Group for the Psychology of Mathematics Education.  
Reno, NV: University of Nevada, Reno. 
 

1763



that is, S = 3n+3 + 3n + 3n-3 + … + 12 + 9 +6. Then, we can add these two expressions. So, we 
have 2S = (3n+9) + (3n+9) + (3n+9) + … + (3n+9). Therefore, we have 2S = n times (3n+9). It 
gives us the following formula… [Showing it on the board]. With this formula we can calculate 
the total number of blocks we need until the stage we wish. 
Reporter 1: Last time we talked about the L patterns. Today, we talked about the F pattern. What 
about you? Which one is your favourite pattern?  
Reporter 2: Which one will be our next pattern? 
Report 1: Your local show is coming up next. 
Reporter 2: Good night… have a good day… good afternoon. 
 

Conclusions 
This paper deals with the learning of mathematics and how students can use both digital 

technologies and the performance to communicate mathematics. We suggest mathematical 
performance offers ways for transformative teaching and learning mathematics. Students 
interacted with could be called a new ‘language”, that is, by using multiple modes of 
communication that emerge from the digital world in which videos, pictures, drawings, songs 
and animations are linked to usual printed-based text. In discussing this, we believe that our 
paper is relevant for some of the main topic of the PME-NA 2011 discussion.  

Noss, Hoyles, Geraniou, Gutierrez-Santos, and Pearce (2009) clarify that the difficulties that 
mathematical generalization and algebraic expression pose for students have been thoroughly 
studied. For these authors, the difficulties students face when dealing with generalization 
activities are in some measure due to the way in which they are presented and the constraints of 
the teaching approaches used. Usually, teachers tend to teach the techniques isolated from all 
context to help their students find the rule. There is a need to introduce students to different 
approaches involving generalization of patterns (Noss et al., 2009).  

We do see mathematical performance as one more pedagogical tool to address this need. Two 
students who participated in the creation of the F patterns News were interviewed. They said: 

 
Student 1: I was learning doing something that I love: theatre. To create a performance we 
have to know the content, you have to understand it. If you don’t, it doesn’t work very well. It 
also makes things different. You have to know what you are talking about to create 
something natural. There are interesting things and with performance I realized it is not so 
hard. I love the performance about F pattern. To figure out the formula is something big. It is 
cool because you visualize something and you have to figure out the generalization to know 
the number for any stage, and what is going to happen. You have a set of numbers and the 
formula shows how it is growing up. There is a pattern in this process and I realized that by 
using blocks and seeing the applet. It was a way to learn enjoying. We can use performance 
to make this transformation.  
 
Student 8: Many colleagues asked me what math performance is or what we do to perform 
math. First, they said they did not what to do that, because they hated math. They already 
have too much math classes, and do a drama about math sounded wired.  But I started to 
explain to them exactly what we were doing and the purpose of it. Then, they started to 
change their opinion, seeing math performance as something different. I tried to convince 
and encourage them saying that I was playing what I was learning. 
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Finally, we highlight that, even though meddle-grade students explored different 
representations for the sequence and series of numbers they created (e.g., )
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recognize the mathematics explored in the learning sessions could have gone further. For example, 
the F pattern (6,9,12,15...) can also be seen as the sum of natural numbers (3,4,5,6,...) and odd 
numbers (3,5,7,9,...) (that is, 3+3, 4+5, 5+7, 6+9, ...). This could be represented as two separate 
visual patterns to get a visual picture of the series in a similar way as the L-patterns. On the other 
hand, by creating a digital math performance, we did see interesting ways for mathematical 
exploration. “Mathematical exploration and play is always possible, at any level. Within the 
environment of existing mathematics there are (have always been) educational resources full of 
wonderful open questions … It is nearly always possible to change some basic assumption of 
mathematics, and to genuinely explore or play in a new environment” (Barton, 2008, p. 150).  
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