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Abstract
In this study | investigate the nature of digitathrematical performances (DMPs) produced by
elementary school students (Grades 4-6). A DMPhsiimodal text/narrative (e.g., a video) in
which one uses the performance arts to communmcateematical ideas. | analyze twenty-two
DMPs available at th®lath + Science Performance Festiwal2008. Assuming a
sociocultural/postmodern perspective with emphasiswultimodality, my focus is on the role of
the arts and technology in shaping students’ mattiead communication and thinking.
Methodologically, | employ qualitative case studi@eng with video analysis. | conduct a
descriptive analysis of each DMP using Boorstih®90) categories of what makes good films,
focusing on surprises, sense-making, emotionsyisgdral sensations. | also conduct a cross-case
analysis using Boorstin’s categories and the madlieal processes and strands of the Ontario
Curriculum. The multimodal nature of DMP is ondtefmost significant pedagogic attributes.
Mathematics is traditionally communicated throughtgbased texts, but the production of DMPs
is an alternative that engages students in comgeiultimodal narratives. The playfulness offers
scenarios for students’ collaboration, creatiwatyd imagination. By making DMPs available
online, students share their ideas in a publicsaeial environment, beyond the classrooms. Most
of the DMPs only explore Geometry and offer oppuaities to experience some surprises, sense-
making, emotions, and visceral sensations. Thedaédcus on other strands (e.g., Algebra) may
be seen as a reflection on what (and how) stu@deetér not) learning in their classes. The
production ofconceptuaDMPs is a rare event, although | acknowledgelthatlyzed only DMPs
of the first year of the Festival, that is, studestitl not have examples or references to produce
their DMPs. Some DMPs potentially explore concelptuethematical surprises, but they appear to
have gaps in terms of sense-making. The use @frte@nd technologies does not guarantee the
mathematical conceptuality of DMPs. This study dbotes to mathematics education with an
exploratory discussion about how mathematical idaasbe (a) communicated and represented
as multimodal texts at the elementary school lavel (b) seen through a performance arts lens.
The study also points out directions about the gedi& components for conceiving conceptual

DMPs in terms of the performance arts and the corapis of the Ontario Curriculum.

Keywords: mathematics education, digital technology, theqgreraince arts, multimodality,

curriculum.
ii



Acknowledgements

My sincerest gratitude to:

Dr. George Gadanidis for his exemplary mentorshigh support. Dr. Gadanidis helped
me in every single aspect of my doctoral enterpaise he was responsible for making my dream
of becoming a PhD at Western University comes traen extremely honoured to have had the
opportunity to work with Dr. Gadanidis.

Dr. Marcelo C. Borba for his support and for db&ing responsible for making my
academic dreams come true, by opening many doomsyf@cademic carrier.

The members of my supervisory committee and exarsifor their insightful feedback
and constructive suggestions for my dissertatianimmaculate Namukasa, Dr. Donna
Kotsopoulos, Dr. Allan Pitman, Dr. Alan Leschied, Dind Wahl, and Dr. Douglas McDougall.

Dr. Anne K. Borba, Dr. Janette Hughes, and Drn€ba Hoogland for their support.

The University of Western Ontario. (1) Faculty afu€ation. Especially: Linda Kulak,
Tina Beynen, Colin Cauchman, Ruth Burger, Karenrt&mean, Dave Bentley, Clint Bourdeau,
Dr. Bob Macmillan, and Elsie Chan. (2) The Schdabeaduate and Postdoctoral Studies for the
Western Graduate Research Scholarship.

CAPES Foundation (Ministry of Education of BraZdy the doctoral scholarship.

All members of the GPIMEMwww.rc.unesp.br/gpimejrand professors of PGEM and

the Mathematics Department at Sao Paulo State thitiyeCampus Rio Claro, Brazil.

My friend Adrienne Sauder for helping me along myrpey, mainly with my thesis.

Colleagues and friends who helped me with theidi(esg., transcriptions). Especially:
John Ndawe, Eugiene Stein, Michelle Gibson, ancigta Rice.

My friends in Canada who helped me in a varietways. Especially: J.P. Angkaw,
Alison Shaefer, Mark Shaefer, Robert Walker andh Walker, and Krys Jasinski.

My Brazilian friends. Especially: Andriceli Richivr her partnership and support since
the beginning of my enterprise.

My family and relatives: Maria Jose Salgado Scue@larcos Rodrigues da Silva and
Deise Almeida Rodrigues da Silva, Rafael Scucugbdrigues da Silva, Raquel Scucuglia
Rodrigues da Silva and Vitor Lessa, Anselmina Sidacucuglia, Jayro Rodrigues da Silva and
Irmgard Igeborg Rodrigues da Silva, Mauro RodriglesSilva and Maria Cristina Sentinello

Rodrigues da Silva.



Table of Contents

Certificate Of EXaMINATION ......cooiiiiiiiiiiii et e et e e e e e e e e e e ineeees i
ACKNOWIEAGEMENTS ... e s s snesnnnnene \Y
TaDIE Of CONLENTS.....ciiiiiiiiiiiei ettt e et e et e ettt ettt ettt et e eeeeeeseeaeeseeeeenaaaaaaaaaeaaaens %
Prologue: Digital Mathematical PerformancCe............ccooooiiiiiiiiiie s 1
=i [0] 0 F= 1L PP PP PPPPPPPPPP 5
Research Purpose and QUESTIONS ........uuuuuuuuuuueuitiiiiiiiiiiiiise s sssasssssnensnsnsnsnnnes 7
Structure Of the DISSEITAtION. ..........ii it ieeeeie et e e e 7
Chapter One: A Literature Review on Digital Mathematical Performance........................... 9
IMAENEMALICS ...eeeeeee ettt e et e e e et e e e e e e e e e s an b bn e e e e eaeee s 9
DT [ = I =Tel o] g o] (o V28PN 11
The PerformanCe AITS ... oottt e e e e et e et eeeeeeeeeeeeeeeeees 12
Making Mathematics Public: The Audience and ther&fares ..............ccccvvvvvviivinininensmmns 15
V18] LT g o Te F= 11 PP 18
Gesture and EMDOIMENT ..........oui i 19
Visualization and ViSual ProOfS.............oemeereeiiieiiiiiiiieieee e eee e e 20
PerfOrMANCE AIMS LENS .. .uiiiiiiiiiiiiiet s sttt e e e e e et b et e e e e e s sesnmne et e e e e e e e nnnbeneeeeeas 22
U IS ittt ettt 23
ClALIVITY oo 26
ABSTNETICS ... e 27
Final Comments oOf the Chapter .........oooii e 28
Chapter Two: A Theoretical Framework to Analyze Students’ Digital Mathematical
PITOIMANCES ... ittt e e et e e e e e e e b e e e e e e e e s b e e eeeeeas 29
SOCIOCUITUIAl PEISPECLIVES .....uvvvvviivirscmmmmmmse s s s s s s s s s s s s e ssas e sbenensnsnennnsnnnns 30
HUMANS-WItN-IMEOIAL ...ttt ettt ettt s e e e e e e e e e e e e eaeeeaeaeeeeeeees 35
1Y 18] LT g oo F= 11 Y PP PPUPPPPPPPPPP 40
A Performance Arts Lens to Interpret Students’ DMBPS...........uuvviviviiiiimiiiiiiiiieeiieenenee. 46
TRE VOYEUI @Y. ...t 46
TRE VICAINOUS BYB. ..o a7
TRE VISCEIAI BYE. ...uiiiiiiiiiiiiiiiiiiiiit ettt ettt eaaeseeteeses e rereeeeeeeeaeeeeeeeeeeeeeeeeees 48

\'



Mathematical Strands and Processes of the Ontami@oGIum..........ovenvenveniieeiiieeeaeees 50

The mathematical strands of the Ontario CUrfiCUlUML..............cooeeiiiiiiiiiiiiiiee e 51
The mathematical processes of the Ontario curmuUlU.............cccoeeeiiiiiiiiiiiiiee e eeeeen. 53
Final Comments of the Chapter ... 57

Chapter Three: A Qualitative Research Design for &tudy on the Nature of Students’

Digital Mathematical PerformManCes............uuuuiuiuiiiiiiiiiiiiiiiii e eeeeeeeeeeeeeeeeeeeeeeeenenes 58
QuAlItAtIVE RESEAICK ......cciiiiiiiii e s e e e e e e et e e e e e e e e e ee b e e ee e 58
(D= 12 W0 | [=To{ 1 o] o HEUURR PP PPPUPPPPPPPPPP 59

[ 1o PP PPPPPPPPPRTIN 63
DAL ANGIYSIS ... eee e et ettt etttk etttk stttk et bttt bttt m e R e Rt e £ttt ettt ettt et e eeeeeeeeenne e 63

RV 40 =T o = Vg =1 63

QualitatiVe CASE STUTIES. ....vviiiiiii i ceeeeee e e e e e e e e e e e e e e rr e e 69
The Interpretative / Descriptive / Analytic Lenstb& Study ...........coooeviiiiiiiiiiiiiiiiiceceeeeee. 70

Chapter Four: A Descriptive Analysis of Each of 2ZCases of Elementary School Students’

Digital Mathematical PerformManCesS............uuuuiuiiiiiiiiiiiiiiiiiiii e eeeeeeeaeeeeeeeesseeeeeeenenes 72
DAY R o] | YA o ] o = 74
DMP #2: GEOMELNCAl IO ........eeiiiiiiii e 82
DMP #3: SNAP@ SONGS ...ccoiiiiiiiiiiit ittt 90
DIMP £4: THANGIES ..eeeeiiiieiiieiieiieeeeees s ettt ettt et e eeeeeeaaeteeaeeseessesesteennaeaeeeeeaeeeeeeeeaeeeeeeeees 95
DMP #5: Little Quad’s Quest (Part 1 t0 Part 5).ccc....ueuiiiiiiiiiiiiieieeeees e e 102
DMP #6: Math Healing Wishes for Kyla.........ccco s 113
DMP #7: Math FACLS SNOW .......cociiiiiiiiii et e e e 117
DMP #8: 2D LANU ...eiiiiiiiiiei it eeeme sttt ettt e ettt e e e samne e e s beee e e s e nbbeeaenn 122
DMP #9: We are the POIYGONS .....cooi oo 126
DMP #10: FabUulOUS Fraction ..............oiiieeeeeeeiee et 130
DMP #11: Sphere 0N the LOOSE ......cooiiiiiieeeeeeeiiei s e aeneneees 133
DMP #12: RadiUS & DIAMELET ... ...uieiiiiiiis ettt e 136
DMP #13: SQUAIE THIAI .eeviiiiiiiiiiiiiiiiiitceeeeeeeeeeeeeeeeeeeeeeeeeeaeeeeeseeeessessessreneeeeeeeeseaeeeeeeeeeeees 140
DMP #14: POINACUIA ... 144
DMP #15: EQUIVAIENT FraCliONS......uuuiiiiiiuieiieessssess s s s s ss s e s e s s e e s s e e s s ssessnnnnennnnnnnes 149
AV G S g =T o 1= [0 [0 153



DMP #17: Square Base PYramid............oo et 158

DMP #18: WHO HUIt M. SQUAIE? .....uuieiiiiiiiiiiiiiiiitiiis s s s s snensnsnnnes 162
DMP #19: Are You Smarter than & Brader?...........ocoovovveeeveeoeeee e 166
DMP #20: Ricky's Metre Chocolate Bar ... 172
DMP #21: Grade 5 Math Al ........ooeeiiiiiiimmmm ettt e e e e e e e e 175
DMP #22: FraCtioNTaSTIC ......cooiiiiii ittt e e e e e e e e e e e e e e e e eaeeeees 176
Final Comments of the Chapter ..........ooii e 179
Chapter Five: A Cross-Case Analysis of the Elemenig School Students’ Digital
Mathematical PerfOrmManCES........o.oiiiiiiiiiiiiiiii ettt 180
a1 deTe [UTox 1 0] o NPT T TP TR PP 180

Chapter Five - Part One: A Cross-Case Analysis thragh a Performance Arts Lens... 181

Voyeur - New/Wonderful/SUrpriSing........ .. e s s sssesesenenenes 181
Conceptual Mathematical SUIPIISES. ........ie e 182
Multimodality: Technology and the Genre of the Barfance ArtS. .........cccccoviiiiiiiiiiiinnnns 188

VOYEUI - SENSE-MEAKING ....eveetritirttetesss s e eeeeeeeeeeeeeeeseeasessesessessssssssrananeseseeseeeeeeeeeeeeee 198

VICArIOUS EMOLIONS ... ..o et 204
Mathematical Emotions through Embodiment. ... 205
General Mathematical EMOLIONS. ............eommmceeeee e 208
Non-Mathematical EMOLIONS. ..........cooiiiiiiiiiiiiiiiiii ittt e e eee e 210

VISCEIAl SENSALIONS .....uuuiiiiiiiiiiitiits i ettt e e et ettt e et e et e et e et e et e e et aaaaaaaaaaaaaaaaaaaaaaaaaaaaaans 211
Sense of Mathematical Fit. ... 211
DramatiC EVENTS. ...ttt e e e e e e e e e e e s eas 213
Soundtracks and Other ASPECTS. .....oooe o i 214

Final Comments of Chapter FIVe — PArt ONE . eeeeeiieiiiiiiiiiiiiiiiiieiiiiiniieiemnemeeeeeeees 215

Chapter Five - Part Two: A Cross-Case Analysis thragh the Lens of the Mathematical

Strands and Processes of the Ontario CurriCulum..............cccoeeeee, 217

The Mathematical Ideas: Contents and Strands ideBts8’ DMPS.............ccccoovcivvveneenn. 218

The Curriculum’s Processes in the Students’ DMBES...........ccvvviiiiiiiniiiiiieee e 220
Problem-SOIVING. ... 221
Reasoning @nd PrOVING. .....c.cuuuiiiiiiiiiiceeeee et anae s 222
= =T 1 o O 223



Selecting Tools and Computational StrategiesS...ccae.uvuurrurrrriiriiiiiiiiiiiiiiiiieiieiemeeeeeeee 224

(0] o1 0 T=T o1 1T RSO RPR 225
REPIESENTING. ... e 226
(070] 00100101 g1 or= 111 o TR PP PP PP PPPPPPPPIN 227
Final Comments of Chapter Five — Part TWO .....ccoeoeeviiiiiiiiieeeeee 227
Epilogue: On the Nature of Students’ Digital Mathenatical Performances...................... 229
1110 o (8o (o] o HU PP TP POPPPPPPPRPPPT 229
Sociocultural Perspectives, Humans-with-Media, Buttimodality .......................c.oooo. 29
Performance Arts and CUrriCulum LENSES ... .cocemarunniniiee e e 231
Possible Contributions of the StUAY ...« oo s 235
Limitations Of the StUAY ......coooieieee e 236
FULUIE STUAIES . ...ttt m e e m e e e ettt e e et e eeeeeeseeeeeeneees 236
RETEIENCES. ...ttt e e e e e et e e e e et rre e e e e e e e e 240
Appendix A: The Four Dimensions of AffeCtVItY ..., 256
Appendix B: The RNIZOME..........ooiiiiie ettt 257
Appendix C: CUITICUIUM VITAE .......uuiiieiiieii i e s e eannsnssnsnnnnnns 258

viii



Prologue: Digital Mathematical Performance

In this study | analyze, from a performance artisipof view, how elementary school
students communicate mathematical ideas usingdtiermance arts. | investigate the nature of
studentsdigital mathematical performancé®BMPSs).

Traditionally, “mathematical performance” is conttegdized as pertaining to the domain
of assessment and evaluation (Lesh & Lamon, 1994 alternative view ofmathematical
performances as a process of communicating mathematics usingdtfermance arts
(Gadanidis & Borba, 2008). Gadanidis and Borba §2@®sit:

Performance takes place in the theatre, at poe&agimgs and on the screen. What if as

mathematicians, as math educators, or as studematbematics we moved outside of

the domain of assessment (where performance takasldferent meaning) and used an
artistic lens to look at how we ‘perform’ mathenca® If we view mathematics as
embodied performance, what do we see differenthiiking of mathematics and
mathematics teaching and learning as performangehela to destabilize and reorganize

our thinking about what it means to do and teacthemaatics with technology. (para. 1)

Digital technology plays a significant role in mathatical performance (Borba, 2007).
DMPsare multimodal texts (e.g., video files or regisjarsed to represent and communicate
mathematics through music, cinema, theater, pogtioyytelling, and so forth (Gadanidis, 2006;
Scucuglia & Borba, 2007), that are usually publigigseminated online (Borba, 2009).

Before introducing the research questions ofghigly, | present three examples of
DMPs. Figure A showk-Patterns(Gadanidis, 2007a). This DMP is a learning objkat
compiles videos, poem/lyrics, and a simulationXplere sequences and series of odd numbers.
L-Patternsconnects multiple representations (e.g., numezarfwetric), multiple modes of
communication (e.g., visual, audio, spatial, liregigi, and gestural) and different mathematical
strands (e.gGeometry and Spatial SensedPatterning and Algebia Through poems, video
clips, songs, sessions with students, and expetgyieRatternsexplores geometrically and
algebraically the notion that the sequence of addlvers (1, 3, 5, 7, . . .) can be represented by
“Ls” (2n — 1) and the series of odd numbers (1+#%3+ 7 + . . .) can be represented by squares

(n?), that is,zn:(Zi ~1)=n?.
i=1



Figure A: L-Patterns (Gadanidis, 2007a)

L-PATTERNS Performances

- Ken Lewis
| started with one block , then made it an L H T easianty
By adding 2 more to the one | had before
Howmany blocks do | need for each stage
Look at the answers, they're all odd numbers - yeah!
Playing wih blocks, making L patterns
I 3y them in a row, | ove to watch them grow

1,3,.5,7,9and 11
Each L needs 2 more than the one | built before
Howmany blocks | wonder, to make the first 10 stages
Howmany would | need, howmany blocks
in order to proceed
Chorus

Then my mind clicks, | see it in an instant
| slide the Ls around, There's a newv pattern | have found
The first S Ls make a perfect square
vhat about 10 Ls | wonder,isit 10 x 10 or 1007
Chorus

The sum of the stages is a perfect square
| can prove it, | can prove it, it's amazing %
all the Ls are groovin' [ 11

Look Mom look, the first N odd numbers
Have a neat sum, | declared, their sumis N X N
or N squared

1]

Chorus

Description:In this DMP, the audience may read a poem/lyritherleft side. On the right side (above)
the audience may watch four different videos sisch @deo-music clip and sessions with students in
which they explore the L-Patterns. On the righe glaklow), the audience may see a simulation in
which a sequence of Ls (1, 3, 5, 7, . . ., 2nis ffansformed inthe series 1 + 3+ 5+ 7 + ...#-{2)

forming a square fh See alsevww.fields.utoronto.ca/mathwindows/oddnumbers/inderl.

Flatland (Gadanidis, 2005) is another example of a DMBxfilores parallelism in
spherical geometry (see Figure B). This DMP hedpfiustrate how parallel lines do meet on
spherical surfaces. (For a discussion of “straigimid “parallel” lines on a sphere, see the

interview with mathematician Megumi Haradanatw.fields.utoronto.ca/mathwindows/sphgre

In this context, the performance arts and digaahhologies offer ways to communicate
mathematical ideas with creativity (Gadanidis, 200%is DMP presents many hyperlinked
videos about songs, students’ and teachers’ aesyskits, visual proofs, mathematical
applications in everyday contexts, live performan@ad digital stories. Surprisingly, it shows,
for instance, how parallel lines do meet on splaésarfaces, how the sum of values of the
angles of triangles has over 180 degrees, and wmidas involving spherical geometry (a non-

Euclidian geometry).



Figure B: Flatland (Gadanidis, 2005)

FLATLAND

The Earth m ; esian plane FEATIAND PERFORMANCE by Daryn Bee
Non-Euclide e e deemed

Flatiand music performed by Daryn Bee
Lyrics and video by George Gadanidis

Treer :
Chill, C s, Flatland slithering

Description:In this DMP, the audience may read a poem/lyrithenleft side of the object and click
on 19 different links to videos. Some of the expi@ss in the poems such as “Equator-wide” display
simulations when the user passes the mouse ovar thards. On the right side (above) the audience
may watch the sets of videos for each of the I&lifthese videos present music clips, sessions with
students, experiments and visual proofs, livesgperdnces in classrooms, and so on. Each of these
videos can also be considered a DMP. On the rigbt(below), the audience may visualize some

simulations, depending on the link the user cliwks

The third example | presentTie buttons get array3hat is a DMP in video format
produced by pre-service teachers and it is availablww.edu.uwo.ca/mpc/mpf2010/mpf2010-
106.html Through stop-motion animation, the DMP explotesrelation between the area and

the perimeter of rectangles, i.e., how the perimeftelifferent representations of rectangles

changes, considering a constant area. Figure Cssh@gquence of imagesTdfe buttons get

arrays.



Figure C: The buttons get arraysvww.edu.uwo.ca/mpc/mpf2010/mpf2010-106.Html

Description:In this DMP, the audience watches a stop-motiomation. The DMP shows, visually,
that representations of different rectangles, different perimeters, have the same area (16 units)
Three levels or stages are explored. First, thiamgte 16u by 1u has an area equal to 16u and a
perimeter equal to 34u. Second, the rectangle Rulhyas an area equal to 16u and a perimeter equal
to 20u. Finally, and surprisingly, the rectanglebfudu has an area equal to 16u and a perimeter
equal to 16u. The DMP also explores that a squagespecial case of rectangle.



In this study | analyze twenty-two DMPs producecelsmentary school students (from
Grade 4 to Grade 6). These DMPs are publicly avkslat the Math + Science Performance
Festival (Gadanidis, Borba, Gerofsky & Jardine,@0®n the website of this Festival

(http://www.mathfest.ca students submit their DMPs, the organizers effiastival make the

performance available, and every year a colleatigndges, comprised of Canadian artists,
educators, and mathematicians, indicate DMPs basédree aspects: (a) the nature of the
mathematical idea; (b) creativity and imaginatiand; (c) artistic and technological aspects.
Although more details about the Festival are prieseim chapter three (Methodology), it
is important to mention that most of the DMPs shased in the Festival are not virtual learning
objects likeL-PatternsandFlatland. The students’ DMPs are not very sophisticategiims of
digital design in comparison tePatternsandFlatland. Most of the DMPs in the Festival are
“single” video files (similar torhe buttons get array®r other types of files (e.g., power point).
L-PatternsandFlatland can be seen as DMPs formed by several DMPs, betlaeyg are formed
by many videos, poems/lyrics, and simulations. Hawvel would like to highlight thalt -
Patterns Flatland, andThe buttons get arrayare considered examples of some of the potential
affordances of DMPs, connecting multiple repredemta, modes of communication, and
mathematical strands. These DM#s0 potentially offer the audience a set of exgrares that
are used as the basis of analysis in this thesmely, mathematical surprises, emotional
moments, and visceral sensations (Boorstin, 1990)s, these three DMPs are (eventually)
referred to in this study within the analyticaldissions of students’ DMPs, offering a basis of

comparison/contrast to students’ DMPs.

Rationale
Gadanidis and Borba (2008) state that there isd fte investigate whether
mathematics itself is being transformed by thegrenince affordances of new media” (p. 50).
This dissertation is the first doctoral thesis iathematics education that focuses
specifically on the notion of DMP. Research prgjeadbout DMP have been conducted (e.g.,
www.researchideas.ras well as refereed articles and book chapters haen published in

journals and conferences focusing on that noti@mwéver, as the literature presented in chapter
one points out, there is a need regarding the dpustnt of an “extended academic work” such

as a doctoral thesis on DMP. Moreover, nowadayslesits use digital technology in their



everyday activities and the interdisciplinary dirsiem between mathematics and the arts has a
potential to provide contexts for students’ cragtiyGadanidis, Hughes, & Cordy, 2011). The
investigation conducted in this study about thesvstudents communicate ideas and use the arts
in a DMP can be seen as a windaw mathematical activity in classrooms involvirgygul,
public, and technological practices in pedagogenados.

Doxiadis (2003) discusses the role of narratimes@athematics. Traditionally,
mathematics “is the very prototype of a logico-detdie science . . . The main task of a
mathematical field is a full classification of @bjects of inquiry” (p. 7). In contrast, “stories —
like all art — speak to us only to the extent thatare touched by them” (p. 8). Doxiadis sees
“the invasion of storytelling into mathematics [asjevolution” (p. 6). According to Doxiadis,
narrative connects mathematics to the soul:

Mathematical narrative must enter the school culuim, in both primary and secondary

education. The aim is: a) to increase the appefleo$ubject, b) to give it a sense of

intellectual, historical and social relevance amdaze in our culture, c) to give students a

better sense of the scope of the field, beyondéoessarily limited technical

mathematics that can be taught within the congsahthe school system. . . .

Mathematical narrative must supplement and intexgttt technical mathematics

teaching . . . So, use some of the time to make what they are taught sticks. Save time

for narrative, use it to embed mathematics in the.gp. 20)

Considering the parallel between typical (e.g.idadgeductive, linear, cold, non-human)
mathematical representations, texts or discounsgsree emergence of mathematical narratives
or stories to communicate and represent mathem@atigs aesthetic and emotional human
experiences), this study focuses on ways studeayspnoduce multimodal mathematical
texts/narratives that offer the audience surpiiaess of seeing the new and wonderful in

mathematics), sense-making, emotional momentsyiandral sensations.

! Noss and Hoyles (1996) say, “[the] window metaghdmportant. Windows are for looking through, not
looking at. It is true that windows mediate whatsee and how we see it. Equally, windows cannpagi be
objects for design and study. But in the end, veoaits is whether we can see clearly beyond thdaviritself
onto the view beyond” (p. 10).



Research Purpose and Questions

This study takes place at the intersection of nrattiees education, digital technology,
and the performance arts. My purpose is to pro&tnogvledge about the nature of elementary
school students’ DMPs through the interpretatioogfa performance art point of view, of the
mathematical ideas explored by students in DMPshamdthese ideas are communicated
through the arts and the use of technology. As imeed, for this research, | will be
investigating twenty-two DMPs produced by elemenshool students, available at the Math +
Science Performance Festival.

The research questions of this study are:

* What is the nature of elementary school studemgfadl mathematical performances

in the Math + Science Performance Festival?
» What are the mathematical ideas explored and hostuttents communicate them

using the performance arts?

Structure of the Dissertation

In this prologuel introduced the notion of DMP and presented tleseemples of DMPs.
I mentioned that in this study | will be analyzielgmentary school students’ DMPs available at
the Festival and | presented the research questioosapter ongl present a literature review
about DMP. | discuss themes linked to the notioDMIP such as mathematics, technology, the
arts, audience and narrative, multimodality, embnaht, visualization, creativity, surprises, and
aesthetics.

In chapter twal present the theoretical framework of the studyially, | locate myself
as a sociocultural/postmodern interpreter. Thelisduss the notions of humans-with-media
(Borba & Villarreal, 2005), cognitive ecology (Levi©Q93), and multimodality (Kress, 2003;
The New London Group, 1996; Walsh, 2011) to hidftligne role of digital technology in
shaping and reorganizing the production of mathemlgtnowledge. | also introduce (a)
Boorstin’s (1990) categories about what makes dibog as a performance arts lens and (b) the
mathematical strands and processes of the Ontamicalum (Ontario Ministry of Education,
2005). The performance arts lens in combinatioh wie curriculum components lens structures

the analysis and offers insights on the naturéuafents’ DMPSs in this study.



Seeking synergy between theoretical perspectivésrathodological procedures, in
chapter thred discuss qualitative research methodology. bidtice students’ DMPs to describe
the process of data collection and | discuss thiem® of video analysis and case studies to
highlight issues on data analysis in this studysdgleon these notions, | present and describe the
analytical procedures taken in the conduct of shusly.

In chapter fourl present a descriptive, single-case analysiaoh ©MP, based on
Boorstin’s (1990) categories: (pyeur — new/wonder/surprisinfp) Voyeur — sense-making
(c) Vicarious emotionsand (d)Visceral sensations

Consequently, ichapter five | present a cross-case analysis, comparing/&iimgathe
cases, and exploring similarities and patterns antibem. In chapter five, | use both the
performance arts lens constructed through Booss{it990) perspectives and the curriculum
component lens (Ontario Ministry of Education, 2005

Finally, | present aepilogueto indicate the main findings of the study as vasl|

limitations of it and possibilities for future stied on DMP.



Chapter One: A Literature Review on Digital Mathematical Performance

In this chapter | present a literature review agitdl mathematical performance (DMP),
considering the main issues pointed out in thidystiihe literature review is organized in
themes that are extended and linked to the datgsasmaresented in chapters four and five.
Initially, | present an overview about the threemthemes related to DMP: mathematics, digital
technology, and the performance arts. Then, | ptesight sections that are related to the three
main themes. These sections are: making mathenpatid: the audience and the narratives;
multimodality; gesture and embodiment; visualizatemd visual proofs; performance arts
lenses; surprises; creativity; and aesthetics.rEigul presents a diagram that represents the

themes explored in this literature review and waysonsider connections between them:

Figure 1.1: Themes of the Literature Revi
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Mathematics

Gadanidis (2006) argues that:

The answer to ‘What is digital mathematical perfance?’ lies initially with

‘mathematics’ and not with ‘digital’ and ‘performeai. The first question to answer is

not ‘How do we represent mathematics multimodatitg digital environment?’. . . and it

is not, ‘How do we perform mathematics?’ The fggestion needs to be ‘What

mathematics is appropriate or worthy of perform&h¢e. 1)

Gadanidis (2007b) posits that wonderful mathematqeeriences amare event§Noss,
2005), but DMP can offer a way for students andhees to talk abouiig mathematical ideas
(Gadanidis& Borba, 2008). By creating music or nesyinath performergan provide surprises
to their audiences and communicate rich mathenmadieas in creative ways. Gadanidis and
Hughes (2008) state thednceptuaDMPs: (a) connect mathematical ideas; (b) offeneso
surprise; and (c) express feelings and emotionsoiiing to Gadanidis, Hughes, and Cordy
(2011), it is important to emphasize that:

Students can add artwork to “decorate” procedunaltedge, thus adding a layer of

sugar-coating to otherwise dry mathematical ideasmathematical art, like art in

general, requires a deeper engagement and und#rgfamhus, for us, challenging

mathematics is a corequisite for artistic mathecaagxpression. (p. 424)

Gadanidis, Hughes, Scucuglia, and Tolley (2009)thiseexpressionléw floor and high
ceiling’ to refer to rich math ideas within DMP. It refdosthose ideas that explore mathematical
concepts or problems that one can engage with mimmathematical knowledgéyv floor) and
it can be extended to advanced mathematical idegis ¢eiling. The mathematics explored in
DMPs such a&latland andL-Patternshas low floor and high ceiling, as these ideas Heaen
explored by both Grade-2 students and by pre-sete@chers (Gadanidis, 2007b; Gadanidis,
Hughes & Borba, 2008). Hoyles and Noss (2006) igbhthe role of information technology in
opening windowsnto conceptual mathematical problems.

The key point is that expressive computational gageent on the part of students offers

observers avindowonto mathematical meaning under construction; oapother way,

while students use and construct tools to build efetb explore and solve problems,
their thoughts become simultaneously externalisebprogressively shaped by their

interactions with the tools. (Hoyles & Noss, 20063)
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Digital Technology

Digital technology is theoretically and pragmatigalignificant for DMP. Borba (2007)
positsthat “different media change the mathematics pcedu(p. 15). Borba and Villarreal
(2005) propose the notion of humans-with-mediar¢ua that technology is not neutral in
knowledge production. As I discuss in chapter tixassume the view that media shape and
reorganize mathematical thinking. Humans-with-méddrian thinking collectives in the
processes of producing a DMP (see Borba, 2007;8&rBadanidis, 2008; Gadanidis & Borba,
2008; Scucuglia & Borba, 2007; Scucuglia, Gadar8dBorba, 2011a).

Gadanidis, Hughes, and Cordy (2011) discusseddtiemof humans-with-media “in a
study of a short-term mathematics program for giaeBegifted students that integrated open-
ended mathematics tasks with the arts (poetry eatha) and with technology” (p. 397).

Technological tools may be seen as playing theabéemore knowledgeable other,

offering both choice in new directions for exterglknowledge as well as scaffolding for

developing a more complex conceptual understandinig. view is supported by Levy

(1997) and Borba and Villareal (2005), who sugdjest technology itself is an actor in

the collaborative process. The technological tomdy also be seen as catalysts, providing

opportunities and tools for collaboratively exphmgrimore complex mathematical ideas.

We noted earlier that humans-with-media may be asdorming a collective where new

media also serve to disrupt and reorganize humakitiy (Borba & Villareal, 2005).

The technological tools used by the gifted studemise not simply information or

representation tools; rather, they were tools thdents thought with. (Gadanidis et al.,

2011, p. 426)

Gadanidis and Geiger (2010) add that “when we irsmeurselves in using a technology
(and this immersion is a critical component), weurglly think with that technology” (p. 95).
Scucuglia and Borba (2007) conducted a workshomfservice mathematics teachers at the
Brazilian National Conference in Mathematics EdiacatThe authors describe how teachers can
produce DMPs using accessible and friendly softWeug ,Microsoft Photo-Story 3.@nd
Microsoft Moviemakgr Scucuglia and Borba argue that the design o$dfisvare shapes the
design of the DMPs. That is, the nature of the mstapes the ways DMPs are produced and
represented; it shapes the nature of mathematieahimg production in DMPs. By constructing

an immersive environment, mathematics teacher¢eean and teach “digital languages”
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proposing the production of DMPs as a mathemadicavity to be conducted in classrooms.
Borba and Scucuglia (2009) investigate how thegesf mathematical learning objects can
involve the use of digital media, modeling, and pleeformance arts. According to the authors,
within a scenario of in-service mathematics teaeueication, the collaborative use of DMPs in
online courses form communities of practice anérastipport and ways in which teachers can
(a) share their experiences online and (b) britg tineir face-to-face classrooms activities that
emphasize students’ use and production of DMPs.

Rosa (2008) used the notions of humans-with-mdhab@ & Villarreal, 2005) and
constructionism (Papert, 1980) as lenses to inyatgtihow teachers construct online identities
when they explore Calculus through a virtRale Playing GaméRPG). Rosa highlights the use
of RPG in teacher education and suggests thatctthstruction of online identities shows itself
in transformationin immersiorandin agencyto the teaching and learning. These three facets
consider the ‘being-with’, ‘thinking-with’ and thknowing-making-with™” (p. 1).

According to Borba (2007):

As access to Internet increases, and user frigndlg become more available, possibility

of collaboration and constant change in piecesgifall mathematical performance may

become even more real. Modeling and digital mathieadgperformance are in the
process of becoming not only alternatives for faeéace classroom, but also for online

classes. (p. 9)

Moreover, regarding the Web 2.0 affordances (engtant communication, video
streaming, high speed file exchange), studies pauged out the emergent relevance of DMP
and the use of digital technology in online diseeducation (see Borba, 2009; Borba &
Scucuglia, 2009; Gadanidis & Borba, 2008; Gadarédeiger, 2010; Maltempi & Malheiros,
2010).

The Performance Arts

Performance art is generally defined as a “multi@adt form originating in the 1970s in
which performance is the dominant mode of expres$erformance art may incorporate such
elements as instrumental or electronic music, sdagge, television, film, sculpture, spoken

dialogue, and storytelling’hftp://encyclopedia2.thefreedictionary.com/Perfanoestarty. More

specifically:
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Performance art is art in which the actions ofratividual or a group at a particular place
and in a particular time constitute the work. Ih ¢eppen anywhere, at any time, or for
any length of time. Performance art can be anysdn that involves four basic
elements: time, space, the performer's body aethianship between performer and
audience. Http://dictionary.sensagent.com/performance+artsten

There are many studies focusing on links betweeratts and mathematics through the
notion of aesthetics, symmetry in geometry, geoimptiojection and space in painting, parallels
between the history of mathematics and the histbthie arts, patterns and sequences of
numbers in music theory, fractal geometry, etc.déimour, 1999; Presmeg, 2009; Sinclair, 2001;
Sinclair, Pimm & Higginson, 2006). Some studiesufoon artistic-cultural issues through the
notion of ethnomathematics (D’Ambrosio, 2006; Gerd@910) and others on interlocutions
involving the arts and digital technology (Banch&f€Cervone, 1998; Louro & Fraga, 2008).
Specifically, some studies focus on the use afditee, narratives, comics, and storytelling in
teaching and learning mathematics (Altieri, 200@&nz & Pope, 2005; Goral & Gnadinger,
2006; Kinniburgh & Byrd, 2008; Shatzer, 2008; Vandeuvel-Panhuizen & Van den
Boogaard, 2008;Ward, 2005; Wilburne, Napoli, K&ale, Trout & Decker, 2007) and on
learning (mathematics) through drama, dance, masit role playing games (Cooper & Barger,
2009; Jehen, 2008; Johnson, 2009; Kynyon, 2008d&n000; Spielman, 2007; Tselfes &
Paroussi, 2009). There are also some studies fagosi mathematical learning through role
playing games or narratives considering the ushgifal technology (Herbst, Chazan, Chen,
Chieu, & Weiss, 2011; Rosa, 2008; Sinclair, He&lyales, 2009). A few studies mention links
between performance arts and mathematics (Browdy;ZDuatepe-Paksy & Ubuz, 2009;
Kishore, 2006), but the theorization on these sidoes not emphasize the same issues
highlighted in DMP, which focuses simultaneouslytiba performance arts, teaching and
learning mathematics, and the use of digital tetdgyo Seeing mathematics (education) as
performance, Brown (2007) states:

Mathematics must surely join art in seeing its dionag transcending singular notions of

beauty. Mathematics, like art, can teach us aborgadves, but not necessarily through

didactic means. That is, the student may be allawéearn their own lesson rather than
the one supposed by their teacher or some othleogytabout what constitutes beauty

or correctness. (p 759)
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Contemporary art has long since moved on from netaf art objects being admired by
independent observers. Similarly, practitionersyathematics education, insofar as they
see themselves sharing some of art education’sagispis, (such as attending to aesthetic
qualities, self expression, learning about onese#)potentially locked into a similar time
warp as regards how we should understand matheahabgects. In mathematics
education there is much benefit to be gained franeustanding the discipline’s aesthetic
qualities and in finding ways to enable our studeatshare these pleasures. (p. 763)
Gerofsky (2006) presents some foundations of tilpeance artso theorize DMP,
highlighting the trans-disciplinary characteristicperformance studies and how it has been
related to the use of digital media:

Performance studies draw together notions of pexdoice from such diverse sources as

theatre, literature, visual arts, anthropologyjaogy, linguistics, artificial intelligence

and cultural studies. The kinds of activities irgd as “performances” are tremendously
varied ... In recent years, theorists of performamnee expanded the notion of
performance to include digitally-mediated perforwes) especially since these can now
have a strong interactive, ‘live’ component ratthem simply acting as an archive of an

ephemeral live performances. (p. 1)

Gerofsky (2006) then proposes a view of DMP thattioes the relevance of the use of
digital media in combination with other elementstsas embodiment, audiences, variety of
spaces, imagination, and complex mathematical pnafl She suggests that it “would not be
solely digital, but would move easily between oalionscreen experiences, physically-present,
kinesthetic embodied experiences with other pempéevariety of spaces, and quietly conceptual
individual imagining, working and thinking” (p. L0According to Gerofsky:

It is unusual (and energizing) to link mathemaéing math education with performance,

in no small part because many of the things th&tenaaperformance distinctive and

interesting go squarely against many of the long-traditions of mathematics. [It is
important to] explore the human necessity of penémce in mathematics, [suggesting]
some of the varieties and features of performamnaemight be offered to mathematics

education from other fields. (p. 2)
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Making Mathematics Public: The Audience and the Naratives

Cyberspace is usually the locus that makes DMPBgWshen DMPs are published at
the Math + Science Performance Festival, for irc#astudents and teacher are communicating
and sharing their ideas beyond the classrooms. aleegommunicating them to the world
(Gadanidis & Geiger, 2010). Then, the Internet $€@nario and a protagonist that makes DMPs
social and cultural artefacts. It is a nexus witkeptial for collective intelligences (Levy, 1997).
According to Gadanidis and Borba (2008):

If we think of art and the Internet as being diffier actors, in the same anthropomorphic

eyes that Borba and Villarreal (2005) use to seemedia, it is reasonable to expect that

they will interact with and influence and changetmeanatics. (p. 50)

Gadanidis and Geiger (2010) have referred to thi#n M&cience Performance Festival
as “one example that helps bring the mathematigals of students into public forums where it
can be shared and critiqued and which then prowgdesrtunity for the continued development
of knowledge and understanding within a support@@munity of learners” (p. 102). Gadanidis
and Geiger (2010) also posit the Festival “offegdimpse into how collaboration in
mathematics learning might be extended to includéhmperformance, or perhaps how
collaboration in a media-rich digital environmeright be reconceptualized as collaborative
performance” (p. 101).

Gadanidis, Hughes, and Scucuglia (2009) preseas@ study to show how a first nation
community was engaged in creating and presentigitatiperformanceabout both mathematics
and their culture and history. The authors distiegpedagogic relevance of making
mathematics public to the community and to theuairtvorld. They emphasize this process was
relevant to (a) students’, parents’, teachers’,r@seéarchers’ mathematical learning, (b) see
mathematics differently, (c) raise expectationg/bét students can do, and (d) build new
relationships in the community and between mathiesiatducators and professional artists.

The role ofaudiences fundamental in performance arts. At same tone, of the goals
of the research projects on DB to bring mathematics to the public (a varidtpadiences),
beyond the classroom. Gadanidis, Hughes, ScucagldaTolley (2009) mention the parallel

between one’s favourite book or new movie and of@/surite mathematical idea. By using the

2 Digital Mathematical Performancenw.edu.uwo.ca/dmp Students as Performance Mathematicians
(www.edu.uwo.ca/mpc/students.hyml
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notion of Boal’s (1985Theatre of Oppressdd challenge the traditional view of students as
spectators, Gadanidis and Borba (2008) suggesbti&és can offer ways for the emergence of
students aspect(actors)These authors emphasize students’ active anelctiok role in
producing DMPs in learning. Gadanidis, Hughes, Barba (2008) do not suggest that all
mathematics should be taught using performancetdoisever, thinking about mathematics as
performance may lead to new ways for students)tteéan with technology, (b) disrupt
traditional power and authority structures in atlassms, and (c) share mathematics beyond the
classroom (Gadanidis, Gerofsky & Hughes, 2008).

The very notion oharrative also highlights issues surrounding the role ofahdience.
DMPs can be understood @digital narratives(Gadanidis, Borba, Hughes & Scucuglia, 2010;
Gadanidis, Hughes & Scucuglia, 2009). As mentidndtie prologue, Doxiadis (2003) sees
“the invasion of storytelling into mathematics [asjevolution” (p. 6). Based on Bruner’s
(1994) perspectivesGadanidis et. al. (2010) argue that (a) narratiresundamental media of
communication, and (b) there is a dialogical relaship between narrative/identity and
community. Narratives are social artifacts and ‘tlaerated self is constructed with and
responsive to other people” (Miller & Goodnow, 1995172). The creation of a narrative
involves the process of thinking about #&fand theother, and about how to portray an image
of the self to an audience. Thus, by producing DMRslents and teachers construct identities
asperformance mathematiciali®adanidis, Hughes & Borba, 2008; Scucuglia, 2@&klcuglia,
Borba & Gadanidis, 2010).

Bruner (1996) makes distinctions between narrative paradigmatic modes of thinking.
According to Sinclair, Healy and Sales (2009),Bouner “paradigmatic thinking is logical,
deductive, and timeless; it deploys warranted ésssrand justified reasoning. In contrast, the
narrative mode strives to put its timeless miraoiés the particulars of experience and to locate
the experience in time and place” (p. 442). Intiémgdy, like Doxiadis (2003), Sinclair, Healy
and Sales (2009) point out the combination or sgsibibetween paradigmatic thinking and
narrative in mathematics education.

In sum, both the narrative and the paradigmatieamndamental roles in the

construction and [organization] of knowledge, ey have different motivations: while

% Here, the notion adigencyis fundamental. It refers to “the capacity foramous social action. Agency
commonly refers to the ability of actors to opeliattependently of the determining constraints afaostructure”
(Oxford Dictionary of the Social ScienceX)02). This notion is also central within socidatalism.
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the paradigmatic is concerned with what is, givendonstraints of the system in

question, and with identifying and proving geneéradi that [characterize] objects and

relations in the system, the narrative focusesastiqular activities of these objects as
they are played out in time, on what might be belre events in question and on how
they resemble or remind us of other things we kabaut . . . [in our research] narrative
modes of thinking will emerge quite strongly asigtiots interact with mathematical

objects and relationships. (Sinclair, Healy, & Sal009, p. 443)

It is also important to notice that mathematics da@soblem with its public image.
Gadanidis and Scucuglia (2010) present a literaewiew to argue that many studies (e.g., Lim.
1999; Frank, 1990; Furinguetti, 1993; Picker & Be2000; Rensaa, 2006; Rock & Shaw, 2000)
highlight that “both students and adults hold negastereotypical views of mathematics and
mathematicians” (p. 22). Gadanidis and Scucugld @? argue that virtual learning objects
produced based on the notion of DMP may suppaetredte ways of displaying the work of
mathematicians. Video recordings of activities amtdd by mathematicians may be seen as

performative in the learning objects availablétip://www.fields.utoronto.ca/mathwindows/

Watching different mathematicians in different waldces, using different materials, exploring
different ideas, helps people to disrupt negatwages they potentially hold about
mathematicians. Consequently, it also has an ingrabibw people see mathematics.
Gadanidis, Gerofsky, and Hughes (2008) add “expipmathematical ideas through
performance can offer a way to challenge someehthst limiting stereotypes around
mathematics learning” (p. 19). Through DMP, leagynmathematics can be viewed as an
aesthetic and human experience (Higginson, 20@6¢rghan an impersonal and unpleasant
activity. Gadanidis and Borba (2008) argue thaingemathematics through performance lenses
offers ways to realize that: (a) mathematics isi@din experience rather than a cold science; (b)
mathematics is about gaining insights on the conritylef mathematical ideas rather than
learning procedures for getting correct answepsa (@ood teacher creates situations where
students have to think hard rather than makinglegreasy; and (d) teaching should start with

what a child can imagine rather than with what igdciready knows and understands.
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Multimodality

Pahl and Rowsell (2005) posit that the wordltimodal“describes the way we
communicate using a number of different modes tkenmeaning” (p. 27). Rowsell and Walsh
(2011) state that “multimodality is the field thakes account of how individuals make meaning
with different kinds of modes” (p. 55-56). Accordito Walsh (2011 )nultimodalityis “a study
of the communicative process, particularly how nireguis communicated through different
semiotic or meaning-making resources and in diffesecial contexts” (p. 105).

Multimodality as in comprehension and competendé l@nguage through a variety of

modes such as image, sound, touch, multi-dimengsistise principle upon which digital

environments work. This principle of multimodalitgeds to be understood for educators
to apply and assess new modes of learning as afpareryday classroom practice.

(Rowsell & Walsh, 2011, p. 54)

Barton (2008) posits that “mathematics is createtthé act of communication ... [and]
mathematics is learned through communication” 4d)1Kotsopoulos (2007) states that “the
legitimization of communication has important sbaiad pedagogical implications” (p. 7) and,
thus, communication is a fundamental element irheragtics curricula.

Gadanidis, Gerofsky, and Hughes (2008) argue tMR®offer ways to communicate
mathematics using different modes. Gestures, imagég, sounds, and verbal language are
fundamental modes of communication in learning miaétics. DMPs combine multiple modes
of communication (Gadanidis, 2006, 2007b; Gadaniisghes & Borba, 2008). Besides
writing, DMPs are composed of videos, images, dnga;i flash simulations, sounds, speeches,
gestures, and other elements that compose multidedegns. DMPs can be seen as multimodal
texts/narratives (Scucuglia, 2012).

According to Gadanidis, Hughes, and Cordy (201the tise of multimodal expression
changes the feel of the learning environment” gh)41n online environments, students and
teachers can use text, drawings, and images, amaligdools and representations.

Different modalities - aural, visual, gestural, tglaand linguistic - come together in one

surround in ways that reshape the relationship éatvprinted word and image or printed

word and sound. Thinking with and communicatingtlgh multiple representations is a

* Although my focus is on learning and pedagogig inportant to notice the socio-educational diniems
of multimodality.Klein andKirkpatrick (2010) clarify that research on multida representations “exemplifies the
contemporary effort to democratize education by @wgring students{p. 89).
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common expectation in current mathematics curriouleform documents. (Gadanidis,

Hughes & Cordy, 2011, p. 425)

Evans, Feenstra, Ryon, and McNeill (2011) argueahaultimodal approach:

Aims to take into account the range of cognitiieygcal, and perceptual resources that

people utilize when working with mathematical ideas The ability of students to

effectively use gestures, as an additional forraomhmunication, can be further refined

through the implementation of both physical anduar manipulatives, and whether these

manipulative forms differently elicit gesture anth@ forms of communication. If

differences were detected, then the design, impi¢éatien, and use should follow suit.

(p. 258)

Radford (2009) highlights that in a “multi-modaéw of thinking, the problem is not
focused on gestures only” (p. 123), but the litemin mathematics education usually links
multimodality to the notions of gestures and embedit in mathematical learning. Interestingly,

gestures and embodiment are also important asipettts performance arts (Gerofsky, 2006).

Gesture and Embodiment

Most of the DMPs analyzed in this study are vidsmordings of students’ playful
(mathematical and theatrical) activities. The notd gestures is thus a significant aspect of
students’ communication in DMPs. Gerofsky (2010)rass gestures “as movements of hands,
face and other parts of the body employed in &lgirgnconscious way for non-verbal
communication” (p. 322). According to Gerofsky, étiries of embodied learning take for their
starting point the fact that people experiencenbdd as situated, sentient, emotive
mind/bodies” (p. 322). Gerofsky also states thatliedied learning theory rejects the notion of a
split between mind and body or reason and sengatiation and explores pedagogies that
integrate somatic, sensory and intellectual engagéion the part of learners” (p. 322). Gerofsky
highlights that:

In mathematics education, embodiment is particplateresting because of the abstract,

disembodied nature of disciplinary goals in thisjeat area. Researchers have begun to

pay attention to the fact that, even in mathemgdtesners’ abstract conceptual knowledge

draws on bodily experience, the use of concreteatdpnd engagement with imagined or
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virtual objects and actions that recall actual pdafeexperiences. These bodily experiences

ground the abstractions of language and matherhagic@olism. (p. 322)

Researchers have discussed the relations betweealspnd gestures in mathematical
activity and cognition (Arzarello, Paola, Robu&iSabena2009), including the use of
technology Borba & Scheffer, 2004Radford (2009) mentions that the point in emphagithe
role of gestures in mathematical activity

[Is not to] diminish the cognitive role of the wiah. It is rather an invitation to entertain

the idea that mathematical cognition is not onlyiated by written symbols, but that it

is also mediated, in a genuine sense, by acti@suiges and other types of signs. (p. 112)

Gerofsky, Savage, and Maclean (2009) explore thiemof “being the graph” to discuss
the multimodal and gestural-kinesthetic dimensibstoedents using their bodies to represent the
dynamicity of graphs of functions and its coordioatwith algebraic and table representations.
Nufiez (2006) highlights that there is a diversitperspectives about speech and gesture in
mathematics education. Some of these issues are:

(1) Speech accompanying gesture is universal2).Gestures are less monitored than

speech . . . (3) Gestures show an astonishing synicity with speech . . . (4) Gestures

can be produced without the presence of interlasuto. (5) Gestures are co-processed
with speech . . . (6) Hand signs are affected bystime neurological damage as speech...

(7) Gesture and speech develop closely linked8). Gesture provides complementary

content to speech content . . . (9) Gestures aprantuced with abstract metaphorical

thinking. (Nufez, 2006, p. 175-176)

Visualization and Visual Proofs

Visualization is a very significant aspect of matiatical thinking and reasoning and it is
commonly explored though the use of technology athmmatics. DMP offers ways to explore
visual aspects (visual modality of communicationjriathematical learning.

Presmeg (1986) states that visualization involvesatal scheme that represents visual
or spatial information. It is a “kind of reasoniagtivity based on the use of visual or spatial,
either mental or physical, performed to solve peais or prove properties” (Gutiérrez, 1996, p.
9). Borba and Villarreal (2005) point out that ‘wédization has been considered as a way of

reasoning in mathematics learning” (p. 79), becausders to “a process of forming images ...
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and using them with the aim of obtaining a bettathramatical understanding and stimulating
the mathematical discovery process” (p. 80; see Zlmmermann & Cunningham, 1991).

Bishop (1989) argues that “there is a wide rangésafal imagery used by individuals
even when restricted to mathematical activity”8p.Presmeg (1986) identifies five types of
students’ visual imagery. They are: (i) concretetguial (pictures-in-the-mind); (ii) pattern
imagery (pure relations in a visual-spatial schertig) memory images of formulae; (iv)
kinaesthetic imagery (involving muscular activigyg., fingers “walking”); and (v) dynamic
(moving) imagery (Bishop, 1989).

Hanna and Sidoli (2007) state that “visualisatan be most useful to the aspects of
mathematical proof important to mathematics edooagparticularly those connected with
explanation and justification” (p. 77). Zwicky (200explores visual proofs from an aesthetic
point of view, writing poems formed geometric dersipations of series that converge
absolutely. Hanna (2000) posits that “in the classr the key role of proof is the promotion of
mathematical understanding” (p. 6) and some ofuhetions of proofs are: verification,
explanation, discovery, communication, construgtaomd exploration. On the one hand, “a
number of mathematicians and logicians are nowsitigating the use of visual representations,
and in particular their potential contribution tatimematical proofs” (Hanna, 2000, p. 15). On
the other hand, it is important to recognize thate is a lot of controversy about the topic.

A key question raised by the intensified studyistialization is whether, or to what

extent, visual representations can be used, ngtasnévidence for a mathematical

statement, but also in its justification. Diagraamsl other visual aids have long been used
to facilitate understanding, of course. They haserbwelcomed as heuristic
accompaniments to proof, where they can inspirb tia theorem to be proved and

approaches to the proof itself. In this sensewad accepted that a diagram is a

legitimate component of a mathematical argumenerfEmathematics educator knows

that diagrams and other visual representationalacean essential component of the
mathematics curriculum, where they can convey hisag well as knowledge. They have
not been considered substitutes for traditionabfprieowever, at least until recently.

Today there is much controversy on this topic, #redquestion is now being explored by

several researchers. (Hanna, 2000, p. 15)
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Performance Arts Lens

Gadanidis and Borba (2008) argue DMPs can be agdlyrough a performance arts
lens. These authors use Boorstin’s (1990) lensardtyzeFlatland. Boorstin (1990) states:

We don’t watch movies one way, we watch them thwvags. We derive three distinct

pleasures from watching a film, which | call theyear’s, the vicarious, and the visceral.

Each demands a different set of filming techniqoé®gn in contradiction with the others;

it has its own sort of content, its own rules, timee compete within us. (p. 9)

These three lenses — voyeuristic experience afi¢ine wonderful and surprising;
vicarious emotional moments; and visceral sensatiorefer to what makes good movies or
films. Gadanidis and Borba (2008) make a paraBelgithese lenses to discuss what makes
good mathematical experiences and good DMPs. Bo@rgerspective is discussed within the
theoretical framework of this study and these lsrisem the main body of analytic categories in
this research. Gadanidis and Borba (2008) poinfieeireasons to use Boorstin’s (1990) lens:
(a) this task is exploratory and studies of thiurarepresent a first step to looking at
mathematics education through a performance lethsvaiat differences this lens might make;
(b) it allows one to transcend movies and openipiisies to analyze the design of DMPs to
identify “patterns of meaning” involving mathemati¢hinking; (c) movies, besides being
entertainment, have an important role as a stotgrms of education experience and sense-
making; (d) the sense of story is important in depeg mathematical thinking and,
consequently, in developing the engagement andrstagieling of students; and (e) there is a
convergence between the interpretative perspedéveloped on performance and the aesthetics
of (mathematics) teaching and learning.

Gadanidis (2009) argues:

Using Boorstin’s analysis of what makes movies warld paraphrasing his ideas to suit

our mathematics education context, school maitkswhen: (1) it helps us experience

the new and the wonderful in mathematics (as l®gsit (2) it engages us with these
ideas in a way that keeps surprising us (unlikeediptable plot, where we can easily
guess what will happen next); (3) it provides opaities for us to connect emotionally

with our math experiences; and (4) it helps ussemathematical beauty. (p. 45)

According to Gadanidis, Hughes, and Borba (2008):
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Boorstin suggests that we experience three digpieetsures from watching a movie,
which we will paraphrase: (1) the pleasure of eigoming the new, the wonderful, and
the surprising in mathematics; (2) the pleasurexgieriencing emotional mathematical
moments (either our own or others); and (3) theerial pleasure of sensing mathematical
beauty . . . The L pattern activity offers a numbesurprises: As a representation of the
odd numbers, it reveals that the sums of thesenadtbers are square numbers, which
can be represented physically as squares . . elsia/ho work on this activity become
excited about the patterns they see, and they si@rddeas and their excitement with
others. Students may also experience moments stfdition or anxiety and share these
emotions, as well . . . Zwicky (2003) commenteditda square pattern formed by the Ls,
stating that such patterns draw our attention awitiel us to look at things like this . . .
We are drawn to forming such patterns . . . Sin¢@001) notes that an aesthetic

mathematics experience often involves a sensettdrpar a sense of fit. (p. 171-172)

Surprises

The literature in mathematics education has diszl#®e role of surprises in
mathematical activity. Watson and Mason (2007)dtemsee surprise as a positive emotion
[and] mathematics as full of philosophical and dbge surprises; surprise as motivating
curiosity and effort” (p. 4).

Floyd (2011) states that the concepsofprisingis “centrally important ... for the
philosophy of mathematics” (p. 128). The authouasgthat mathematics is dependent on
surprises, on the unexpected, on the beauty, rdodcapture our interest in practicing
mathematics. Floyd contextualizes the senses pfisunrg, wonderfulness, and admirableness
mentioning the long-term engagement of a mathematio proposing and proving a new
theorem (or corollary). Focusing on the work of \g#instein, Floyd (2011) argues:

The concepts of the surprising, the interestingd,the change adspect of things are

centrally important, both for Wittgenstein and foe philosophy omathematics . . . the

surprising may be accommodated within our discussad mathematics without forcing
us to adopt either Platonism or eliminative antigimlogism about the phenomena at

issue. [Floyd’'s arguments highlights] the usefutnesWittgenstein’sapproach to the
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investigation of surprise in mathematics, whichstssconstruing theotion as

everywhere indicating the discovery of new objextfacts. (p. 128)

Floyd’s perspectives help me to see and understensignificance of surprises in DMPs
on two levels: (1) when students play roles asguerdnce mathematicians to produce a DMP,
and (2) when DMPs offer mathematical surprisetié@atidiencethat is, surprises are
significant to students’ mathematical engagemedtaativity when they produce a DMP and to
the audiences’ engagement and curiosity in thinkiaghematically. Interestingly, Adhami
(2007) highlights a pedagogical dimension of sg®iin exploring mathematics.

Surprise implies facing something unexpected, béptare, counterintuitive, or

somewhat ‘not fitting.” It implies that the learneas met the elements of the situation

separately before, but is now associating thenthifirst time, as in much of learning.

(Adhami, 2007, p. 34)

Beyond seeing surprises from a personal/cognitbietf view — that is, surprise as
causing cognitive conflict and re-shaping mentatieis in order for the achievement of
equilibrium — Adhami (2007) also explores a so@malpedagogical) dimension of mathematical
surprises to discuss settings such as classroodismi states that a requirement for increasing
the chance of surprise is to structure a task ve ladow floor and high ceiling, which is also a
significant aspect pointed out by Gadanidis, HugBesicuglia, and Tolley (2009). Moreover,
Adhami argues that there are three significant @hasen considering the development of tasks
and emergence of surprises in the mathematicsrotass They are: (a) engagement with the
task; (b) probing, playing, groping for patternsl éesting; and (c) sharing, formalization, and
proof.

Capitalising on students’ surprise in the classréas a few requirements. An initial

motivational requirement is of generating mininmrdkrest to engage with the activity,

often linked in younger students with a story atrange disagreement to be resolved. To
sustain engagement, however, the activity mustroetsred to allow more than one

‘puzzling-out’ route towards some worthwhile indigihproviding also that some of these

routes are accessible to most of the studentghbr avords, the activity should he

structured to have a ‘low floor’, ‘high ceiling’ dra number of routes and steps in

between. (Adhami, 2007, p. 35)
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Although a DMP can be considered a “digital proti{idte the final proof of a theorem),
each DMP reveals some aspects of its creation. dereauthors such as Scucuglia, Gadanidis,
and Borba (2011) discuss the process of produciIR as a classroom activity. The process is
based on students’ engagement with a task, plagmjsharing, and it involves an engaging
process of communicating and representing matheatd#iarning by using digital technology as
a computational strategy. It may be seen evenpascaess of problem-solving. In addition, the
arts are used as a linguistic expression, whichllysunvolves creativity, repetition, and practice.
Thus, the aspects of mathematical and pedagogigatises pointed out by Floyd (2011) and
Adhami (2007) are inherent to some DMPs analyzatigresearch. The most significant
aspects concerning mathematical and pedagogiqaiises in a DMP refer to (a) the conceptual
nature of the mathematical idea and (b) the moded to communicate the idea
(multimodality), which are shaped by the arts amgital media affordances.

Scucuglia (2011a) explored the notiorcohceptual mathematical surprisesDMPs,
which refer to ideas that offer to the audience sMaysee the new and wonderful in mathematics
through aspects such as: (a) connections betwetrematical ideas, concepts, and strands; (b)
connections between representations and modeswhuaaication; (c) creativity and
imagination; (d) experimentation with technologylamsualization; (e) mathematical modeling;
(f) exploration of the foundations of mathematiosl #éhe revelation of its crisis; and so forth.

Surprises are then related to creativity as wallvis (2006) states that:

Creativity is an act that produces effective swgri. . the surprise associated with

creative accomplishment often has the quality ei@lsness after the fact. The creative

product or process makes perfect sense—onceavéaled. For the creative person,
surprise is the privilege only of prepared minds-raisi with structured expectancies and

interests. (p. 36)

Originality is also an aspect related to both ¢vésitand surprise. Hallman (1963) posits:

Originality means surprise. Just as novelty dessrihe connections that occur in the

creative act, unpredictability to the setting a# tiew creation in the physical

environment, and uniqueness to the product wheardegd as valuable in its own right,

so surprise refers to the psychological effectafal combinations upon the beholder.

Surprise serves as the final test of originality,Without the shock of recognition which
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registers the novel experience, there would beagasion for individuals to be moved to

appreciate or to produce creative works. (p. 20)

Creativity

Mathematical surprises emerge with creativity (Gadia, 2007b). The combination of
digital media and the arts can offer ways to enbatedents’ and teachers’ creativity in
communicating mathematics (Scucuglia, Borba & Gatian2011b). Gadanidis, Hughes and
Borba (2008) argue that “engaging students’ [cvégiiis a key element of learning” (p. 169).

Creativity can be generally defined as the phenomenon inhndnadndividual creates
something new that has some kind of value. PluakdrBeghetto (2004) claim “creativity is the
interplay between ability and process by whichratividual or group produces an outcome or
product that is both novel and useful as defingtiiwisome social context” (p. 156).
Dictionary.com defines creativity as “the abilitytranscend traditional ideas, rules, patterns,
relationships, or the like, and to create meaningéw ideas, forms, methods, interpretations,
etc.; originality, progressiveness, or imaginatithre need for creativity in modern industry;
creativity in the performing artshitp://dictionary.reference.com/browse/creatiyity

Runco (2007) posits:

Creativity is, in a phrase, a vital form lmfiman capital Creativity both contributes to the

information explosion and helps each of us copyadapt to it . . . Creativity plays a role
in many everyday activities . . . Creativity playsignificant role in language, for
example, and in fact this may be the best exanmipdeeryday creativity. (p. ix-x)
According to Hallman (1963), the notion@nnectednesds central to a definition of
creativity. The author states:
Creativity is both a combination of elements ineaurelations, and a re-combining of
them. This means that creativity is not merelydapacity to connect elements in a new
way, but to transplant these new combinations prewiously unrelated materials. It is
the capacity to regard life metaphorically, to exgece even orderliness as plastic, to
shift intellectual processes. (p. 18-19)
It is also important to notice “the woadeativityis ‘fuzzy’ and lends itself to a variety of
interpretations” (Sriraman, 2005, p. 20). Speclicem mathematics education, there is a variety
of discussions (see Beghetto & Kaufman, 2009; RluékZabelina, 2009; Sriraman, 2009).
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Selter (2009), for instance, highlights a distiontbetweertreativity, flexibility, andadaptivity.
According to Selter, “creativity is the ability tovent new or modify known strategies.
Flexibility is the ability to switch between diffent strategies. Adaptivity is the ability to use
appropriate strategies the individual has creatideleloped or flexibly selected” (p. 620).

Aesthetics
Lockhart (2011) states that “the first thing to arstand is that mathematics is an art . . .
Mathematics is the purest of the arts, as welhasiost misunderstood . . . Mathematicians sit
around making patterns of ideas” (p. 3). Lockh&so &ighlights that “the art is not in the ‘truth’
but in the explanation, the argument. It is theuargnt itself which gives the truth its context,
and determines what is really being said and mééatthematics ishe art of explanation{p.
5). Thus, the notion of aesthetics is also highédhn the literature in mathematics.
Webster’s dictionary (1993) defines aesthetic as:
1. The branch of philosophy dealing with such nugias the beautiful, the ugly, the
sublime, the comic, etc., as applicable to the &rs, with a view to establishing the
meaning and validity of critical judgments concamworks of art, and the principles
underlying or justifying such judgments.
2. The study of the mind and emotions in relatmthe sense of beauty. (p. 19)
Pimm and Sinclair (2006) mentions that:
Contemporary views of aesthetics often attempbtobine elements of pleasure with
aspects of sensory perception. We are well awarethle notion of aesthetics by itself is
far from synonymous with that of ‘pleasure’, espéigiperhaps when speaking of
mathematics. But it nonetheless seems to us wekih@what are some potential
sources of pleasure for mathematicians. (p. 224)
Sinclair (2000) talks about a sensamdthematical fias an aesthetic sensation, a sensing
of mathematical beauty. The author posits that:
[Aesthetics] is partially about discerning patteonperceiving relations, and taking note
of how things relate to one another and how theysi® fit together. When we
experience things fitting together, they often |ld@&autiful to us, and they often bring us
a sense of pleasure. (p. 4)
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Sinclair (2006) adds that “the phase of playingiacbor ‘getting a feel for’ is aesthetic in
so far as the mathematician is framing an arexbeation, qualitatively trying to fit things
together and seeking patterns that connect orretegg(p. 95). According to Sinclair (2006),
“mathematicians can be attracted by the visual @pgfecertain mathematical entities, by
perceived aesthetic attributes such as simplicity@der or by some sense of “fit’ that applies to

a whole structure” (p. 99).

Final Comments of the Chapter

The literature review presented in this chaptehlngts the diversity of perspectives
explored around the notion of DMP. These perspestare important to inform and provide
directions for the focus of this doctoral studyv&=l aspects explored in this chapter are linked
to (and expanded in) the analysis presented intetsafour and five, guided by the following
research questions: What is the nature of elementdnool students’ digital mathematical
performances in the Math + Science Performancevieé€atWhat are the mathematical ideas
explored and how do students communicate them tisengerformance arts?

Given the increasing digital nature of studentsicgs and everyday experiences, DMP
has great potential to become a trend in mathematiacation, which emphasizes the
interlocution between the arts and the use ofaliggichnology in mathematics teaching and
learning, and considers the nature of the mathealatiassroom as digital, multimodal, and
playful (Scucuglia, Gadandis, & Borba, 2011b). Tétisdy then contributes to that direction:
opening some windows toward the notion of DMP miefy some of the perspectives already
explored in the literature, and discussing, fropegormance art point of view, the ways

students communicate ideas, use the arts, and itiatikematically in DMPs.
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Chapter Two: A Theoretical Framework to Analyze Students’ Digital

Mathematical Performances

There are five intersecting theoretical themesrinfog this study. These are: (1)
sociocultural perspectives, (2) humans-with-me@amultimodality, (4) a performance arts
lens, and (5) the Ontario curriculum lens. The tinsee bodies inform the research goal to
explore how (mathematical) knowledge is producesy btudents think and communicate ideas,
and how they use technology to explore mathematios.last two lenses offer ways to interpret
students’ digital mathematical performances (DMRsn a performance arts point of view, but
also considering the components of the mathematicahds and processes of the Ontario
curriculum. These lenses offer interpretive waysxplore insights on the nature of students’
DMPs. Figure 2.1 illustrates and summarizes sonbeokey ideas discussed in this chapter:

Figure 2.1: Summary of the Theoretical Framework

Sociocultural Perspectives Humans-with-Media Multimodality
Knowledge and meaning are socially Technology shapes mathematical Digital technology affordances offer
and culturally constructed through knowledge production. ways to use multiple modes of
language and power relations. Students-with-technology. commttmlclatlon t(llrllgU|scjt|c, \élgual,
Postmodernism. Classroom as a N o gestural, spatial, and audio).
sociocultural setting. Focus on Cognitive Ecology: Thinking DMPs as Multimodal Text
production of texts, conversation, Collectives; Collective Intelligence, S as Mulumoadal Texts.

playfulness, and knowledge diversity.| HYPertext Metaphor, Cyberculture.

Insights on the nature of students’ DMPs

Performance Arts Lens Ontario Curriculum Lens
What makes good films / Mathematical Strands: Number Sense
What makes conceptual DMPs and Numeration, Measurement, Geometry
and Spatial Sense, Patterning and Algebra,
Voyeur — new/wonderful/surprising. and Data Management and Probability.
Voyeur — sense-making. Mathematical Process:Problem
Solving, Reasoning and Proving,
L . Reflecting, Selecting Tools and
Vicarious emotions. Computational Strategies, Connecting,
Representing, and Communicating.
Visceral sensations.
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Sociocultural Perspectives
Sociocultural perspectives point out that reaktypwledge, and meaning are socially,
historically, and culturally produced through laage. They connect activity to participation in
cultural practices (Cobb, 1994). Instead of focgsin the learner as a biological/genetic being
and on the individual processes of meaning-makmgkamowledge construction (e.g., cognitive
conflict and equilibrium in Piagetian constructiwis sociocultural perspectives emphasize the
social interaction and enculturation in mathematearning, development, and activity.
Vygotsky (1978) investigated children’s developmamt how development is
conditioned by the role of culture and languagecdkding to Vygotsky, higher mental functions
are historically developed within particular cuiligroups, through social interactions with the
significant people in children’s lives, particulaparents and teachers. Through these
interactions, children learn the habits of thewa} including patterns of speech, verbal and
written language, and other symbolic representatidhus, Vygotsky emphasized (a) the social
interaction with more knowledgeable others in theezof proximal developmehand (b) the
role of culturally developed sign systems and laggs as psychological tools of thinking.
In order to emphasize sociocultural perspectivesathematics education, Lerman
(1996) highlights some conceptual incoherenciesabtructivism in terms of learning theory:
The extension of radical constructivism toward ei@aconstructivism, in an attempt to
incorporate intersubjectivity, leads to an incolméteeory of learning. A comparison of
Piaget’s positioning of the individual in relatibmsocial life with that of Vygotsky and
his followers is offered, in support of the claihat radical constructivism does not offer
enough as an explanation of children’s learningnathematics . . . Constructivists,
whether radical, weak, or social, draw their ingppan from Piaget, for whom the

individual is the central element in meaning-making Vygotsky attempted to develop

® [Zone of Proximal Development (ZPD)] is “the dista between the actual developmental level as
determined by the independent problem solving aedevel of potential development as determinedlgin
problem solving under adult guidance or in collaion with more capable peers” (Vygotsky, 19733¢).
Actually, this notion of ZPD can be re-interpretacough the ontological quadrivium (Levy, 1998t present in
the next section (see also Scucuglia, 2011b). diitiad, scaffoldingis also a notion related to ZPD. It refers to “a
process through which a teacher or more competmntgives aid to the student in her/his ZPD asssyg, and
tapers off this aid as it becomes unnecessary, rasiehscaffold is removed from a building duringstouction”
(http://www.innovativelearning.com/educational _psyldyy/development/zone-of-proximal-development.html
Balaban (1995) adds that “scaffolding refers towtag the adult guides the child’s learning via feed questions
and positive interactions” (p. 52).
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a fully cultural psychology by which | mean placiogmmunication and social life at the

center of meaning-making, which is a challengeiagé@’s ideas. (p. 133)

According to Gadanidis and Geiger (2010):

Sociocultural theories of learning are founded gosition that intellectual development

originates in, and so is not just facilitated bycial interaction. Learning is a process of

enculturation into the practices of a learning camity. Enculturation into the
community requires the appropriation of modes aéoming, discourse and knowledge
creation that are accepted by the discipline araumdh the community is based.

Learning mathematics in such a community meanarade must participate in debate

about new ideas and practices, offer critique bérg ideas and defend their own

propositions via explanations and justifications.96¥

Ernest (2004a) mentions that:

Concepts, definitions, and rules of mathematicsliuting rules of truth and proof) were

invented and evolved over millennia. Thus matheratnowledge is based in

contingence, due to its historical developmenttfednevitable impact of external forces
on the resourcing and direction of mathematics2%).

Ernest (2004a) posits that if mathematics is spcidtural, and public, then mathematics
is linguistic, textual, semiotic, and embeddedhi@a $ocial world of human interaction. Moreover,
“the form in which this is embodied in practicansconversation” (p. 25). Thus, mathematical
knowledge is intra-personal and cultural, convérsal and dialogical. In my interpretation,
Ernest (2004a, 2004b) builds an interesting conmettetween sociocultural theory and
postmodernism in mathematics education.

[The lenses of postmodernity reveal] mathematitgation as an ineluctably social field

of study and practice. The production and warrgntihtext and knowledge is a function

of communities of practice and their discourses fiddrawing of the map of knowledge
is fundamentally tied to the outlines and inter@tsi of these social communities of
practice. Text and conversation, so central to atime and all of knowledge production,
are social tools and practices. Even the produdfaubjectivity, long held to be the sole

province of individual psychology, turns out todsocial process in which text and

® Sociocultural perspectives are also relategthmomathematic’Ambrosio, 2006; Gerdes, 2010) and
mathematical enculturatio(Bishop, 1991). In this scenario, learning is ustleod as a process one becomes part of
the mathematical culture which permeates one’sakeavironment (Bishop, 1991).
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conversation are deeply implicated. Thus a postnmodew of mathematics education is

above all, a social view. (Ernest, 2004b, p. 82)

According to Ernest (2004b), a fundamental clainohgostmodernity is “the acceptance
of diversity in knowledge and social process ofwlealge formation” (p. 70). In this
perspective, “knowledge derives from the experiear actions of persons in social practices”
(Ernest, 2004b, p. 70). A postmodernist view thegaats categorization and division of
knowledge. It emphasizes the notion of the exigaicinterpenetrating, overlapping, and
shifting knowledges... all founded on the powers mderstanding of the human subject”
(Ernest, 2004b, p. 70). According to Ernest (2004b

Adopting the perspective of postmodernity, evemniy temporally, forces a

reconceptualization of knowledge, learning and eraitics education on us. It requires a

relinquishing of the certainties that the metarteuea of rationality provided in

mathematics, psychology and educational researtmoehalogy. Instead all knowledge,
text and education can only be accounted for byiphelland contestable narratives, with
different social footprints and justificatory disgees. The traditional division of disciplines
and separation of realms of human thought andraatie eroded, and multiple maps of
knowledge can be drawn. Likewise many traditiomelaepts are revealed to be shifting in

meanings and multiple interpreted over the passhtime. (p. 82)

Ernest (2004b) posits that “adopting a postmoderspective on the teaching and
learning of mathematics with its focus on text andversation foregrounds new features” (p.
81). It disrupts traditional notions that knowledgeransmitted or acquired. Postmodernism
“focuses on subjectivity as emerging from long-temgagement with text [and] on the
emergence of agency as symbolic, textual systemie@, 2004b, p. 81).

There are specific features of mathematics thgb@iiphe claim that mathematical
knowledge and knowing are conversational:

1. Mathematics is primarily a symbolic activity, usimgiting inscriptions and language

to create, record, and justify its knowledge. Vidvgemiotically as comprising texts,
mathematics is inescapably conversational for stnaddress a reader.

" Interestingly, Ernest (2004b) argues that “thatiehship between learners and text, and how éribss
the other, is an area that is as yet inadequaxglpeed” (p. 82). This study on the nature of stutdeDMPs is an
attempt to fill that gap.
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2. Many mathematical concepts can be analyzed to rdeeainant underlying
meanings or interpretations that are at root dialdgnd conversational.

3. Mathematical proof, so central to mathematicaltepi®logy, originally developed
from a cultural practice of disputation, i.e., cersation, and several modern
developments in proof theory, still treat proofgast of a dialogue.

4. The acceptance of mathematical knowledge dependssonial mechanism that
mirrors the structure of conversation. (Ernest,220@p. 26-27)

According to Pinar, Reynolds, Slattery, and Taubi(2098), dialogue and playfulness in
classrooms are fundamental characteristics of armatern curriculum. A postmodernism view
of curriculum “encourages the role of playfulnasshie classrooms, especially in the process of
making meaning by the student . . . Play becomesyant of change” (Pinar et al., 2008, p.
502). Doll (1993) states:

Play deals not with the present and foundationgainith the absent and the possible. Its

very nature invites dialogue, interpretation, iatgion. Its free-flowing form encourages

participation. All these activities are essentahteaning-making (p. 286) . . . [An]
advantage of play, once one is attuned to its aatsithat its freedom allows one to

challenge and explore in a nonhostile and nontaréag way. (p. 287)

One interesting issue discussed by Lyotard (188#)eorize thgpostmodern conditiors
the critique stated through the notion of “reseamnctl its legitimation through performativity”
(Lyotard, 1984, p. 41), that is, postmodern scigsaggests a model of legitimation that has
nothing to do with maximized performance [of a eysf’ (Lyotard, 1984, p. 60).

According to Lyotard (1984), the modernist methotikgitimation of scientific
knowledge are constructed toward the principlesyotax of a formal system as consistent,
complete, and decidable. These are the internplepties of the Hilbert’'s program to provide a
“secure” foundation to all mathematics. Interedigmngeveral of the philosophical discourses of
the Enlightenment are intended to be designedrasafanathematical systems (e.g., structured
through definitions, theorems, propositions, andosth). However, “Godel has effectively
established the existence in the arithmetic systeanproposition neither demonstrable nor
refutable within that system; this entails that @inéhmetic system fails to satisfy the conditidn o
completeness” (Lyotard, 1984, p. 42). Thus, Lyotatdtes the postmodern condition to the fact

that it is possible to generalize that situatiomobmpleteness considering philosophical
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discourses, that is, “it must be accepted thdbathal systems have internal limitations”
(Lyotard, 1984, p. 43). That argument supportsdgfeition of thepostmodern conditioas the
“incredulity toward metanarratives” (Lyotard, 1984 xxiv): the disbelief toward the appeal to
the grand narratives in order to legitimate scfenknowledge.

This “tension” between Hilbert's program and Godéticompleteness theorems is
strongly highlighted in the philosophy of matherogtimainly toward the notion ofisis of
foundations of mathematic#/hen one looks at some perspectives on the fisfanathematics,
one notices that “mathematics has been defusingrtaicty” (Ernest, 2004a, p. 17). Examples
are: incommensurability/irrationality, Zenos’ antther logical paradoxes, non-Euclidian
geometries, infinitesimal numbers, Cantor’s the®gano’s axioms, four color theorem, fractal
geometry, Godel’s theorem, Turing’s theorem, cabaséte and chaos theories, and so forth
(Ernest, 2004a). According to Silva (1999):

In fact, mathematics is constantly on a crisisoofrfdations, from discovery of

incommensurability among the Greeks to the predispute raised by the use of

computers as tools for mathematical proof (not doiyheuristics), through the discovery
of non-Euclidean geometries, and the introductibimaginary numbers in algebraic
calculation, mathematics is constantly reviewisgaundations. (p. 47, my translation)

Two important aspects related to the notion of Déffrerge from this notion of crisis of
foundations of mathematics. First, it is a pleasenatsurprisingexperience to realize that the
foundations of mathematics are constantly beenmmded (Davis & Hersh, 1980). The sense
of surprise, new, and wonderful emergent friélaland, for instance, happens in great part
when one recognizes and understands that paialsl dlo meet in spherical geometry and one
disrupts the stereotype that “parallel lines neweet” (Gadanidis & Borba, 2008). In this sense,
by highlighting a crisis of foundations involvingm-Euclidian geometries, one might start to see
mathematical knowledge as undetermined, organit,stable, and rhizomatic (Deleuze &
Guatarri, 1987), rather than absolute, immutabid, fally determined.

Second, when | assume a postmodernist view, | asonoordance with the perspective
that mathematics is socially and culturally constied (Ernest, 2004a, 2004b). Thus, a
postmodern/sociocultural view shapes the way rpret and analyze data in this study,
considering that it is important to make explicif mterpretative lenses within the design of a
gualitative study. Interestingly, Goos, GalbraRenshaw and Geiger (2000) clarify that “a
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central claim of sociocultural theory is that hunsation is mediated by cultural tools and is
fundamentally transformed in the process” (p. 38@yba and Villarreal (2005) argue that
technologies are not neutral in mathematical kndgéeproduction. Media are actors that
(re)organize mathematical thinking (Borba, 2004)ug; | present in the next section a specific

theory toward the use of technology and its sigaiice in knowledge production.

Humans-with-Media

Borba and Villarreal (2005) use the expressiamans-with-medias a metaphor to
theorize the cognitive “inter-shaping” between hamand technologies regarding mathematical
knowledge production (Borba, 1993). Borba and Viidlal (2005) posit their perspectives
considering the notion @aéchnologies of intelligendgevy, 1993): a historical-cognitive
perspective of technologies.

According to Levy (1993), there are three main tetbgies of intelligence associated
with memory and knowledge. They are: orality, vggi and information technology. In oral
societies, humans produced knowledge through nayttsituals, cyclically and locally,
transmitting information from one generation to @neo. However, thisircularity was
reorganized intéinear ways of reasoning in writing societies, mainlyotlgh the popularization
of books, due in large part to the invention of @genberg’s printer press.

Information and digital technology can be underdtoothe same way. The linearity of
memory has been assuming a “web design” througbl#sticity of digital technology.
Computers and online tools combine multiple modesommunication. They shape the ways
that contemporary societies interact and commumiddte “linear reasoning” of writing has
been challenged by ways of thinking involving dsalivriting, images, simulation,
experimentation, and instantaneous communicatiegaRling current technological
innovations, there are new ways to communicatenekinemory, store information, represent,
and produce and knowledge.

Borba and Villarreal (2005) thus argue that “oudiudual consciousness and cognitive
process are always subject to interaction withtélsnologies of intelligence” (p 26). That is,
“knowledge is produced with a given medium or textbgy of intelligence” (p. 23).

Humans-with-media, humans-media or humans-withrteldgies are metaphors that can

lead to insights regarding how the production adwledge itself takes place. . . . This
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metaphor synthesizes a view of cognition and ohik®ry of technology that makes it

possible to analyze the participation of new infation technology ‘actors’ in these

thinking collectives. (Borba & Villarreal, 2005, p3)

Borba and Villarreal (2005) discuss socioculturaigpectives (Tikhomirov, 1981) to
develop the notion of humans-with-media. Accordimgikhomirov (1981), computers do not
replace, substitute, or merely complement humatisein intellectual activities. Processes
mediated by computersorganizethinking. Tikhomirov argues that computers playpediating
role in thinking as language does in Vygotsky'sottye Regarding the nature of human-computer
interaction in terms of feedback, the dimension®lving computational mediation provide new
insights in terms of learning, development, andvdedge production. Tikhomirov claims that

With regard to the problem of regulation we can thay not only is the computer a new

means of mediation of human activity but the vegrganization of this activity is

different from that found under conditions in whitte means described by Vygotsky are

used. (p. 273)

Borba and Villarreal (2005) use Tikhomirov’s thedoyargue how the notion of
mediation by computers is qualitatively differeatthe mediation involving paper and pencil, for
example. Through digital mediation, informationtteologies reorganize mathematical thinking.
Media shape knowledge production and transform emagtics.

Levy (1993) definesognitive ecologws “the study of technical and collective
dimensions of cognition” (p. 137). Levy (1993) séechnology not simply as a tool used by
humans, but rather as an integral component afdlyaitive ecology. Levy (1998) claims “as
humans we never think alone or without tools. tngtins, languages, sign systems, technologies
of communication, representation, and recordindoath our cognitive activities in a profound
manner” (p. 121). According to Levy, technologiksnot determin¢hinking. Technologies
conditionthinking (Levy, 1993, 2001). Levy (1993) uses tienthinking collectivesto discuss
the collaboration between human and non-humansattdhe cognitive ecology. Levy (1993)
argues that thinking collectives of humans-techgiel® form the cognitive ecology.

Levy (1993) suggests the tehgpertextas metaphor for the nature of the cognitive
ecology® Levy claims the actors of communication constard reshape universes of meanings

and, every time communication and meaning prododare playing, this metaphor can be used.

8 For more details, see Appendix A.
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Levy constructs this metaphor (of knowledge, cagnjtand communication) based on six

principles? They are:

Principle of metamorphosi3he hypertext is in constant construction and retiation.
Its composition and design are always on a permiaiaying field for the actors
involved in meaning production. These actors armedns, words, images, objects,
components of the objects, etc.

Principle of heterogeneityKnots and connections of a hypertext are heteregen The
knots are composed of images, sounds, words, semsatodels, etc. The connections
are logical and affective. In communication, messagye multimedia, multimodal,
analogical, digital, and so forth. Socio-technjgadcesses will put into play people,
groups, artefacts, natural forces of all sizes,\aitldl all kinds of associations that we can
imagine among these elements.

Principle of multiplicity and fitting of scale¥he hypertext has a fractal nature, that is,
each knot or connection, when analysed, can bdisigas another hypertext. It is
possible to extend and adjust the scale to sigmifious layers of the hypertext.
Principle ofexteriority. The hypertext depends on external elements sucthas
images, words, and other hypertexts.

Principle of mobility of centerd’he hypertext does not have a single center. The
hypertext has various mobile centers that provateditions for a multiplicity of
meanings.

Principle of topologyIn a hypertext everything works by approximatiby,distance and
neighbourhood. The hypertext is not in the spdds,the space.

Levy (1997) relates cognitive ecology and thinkaodlectives tacollective intelligence,

defined as “a form afiniversally distributed intelligenceonstantly enhanced, coordinated in

real time, and resulting in the effective mobilieatof skills” (p. 13). By intelligence, Levy

(1998) means “the canonical set of cognitive agé) namely the ability to perceive, remember,

learn, imagine, and reason” (p. 123). Levy (1988)cates a parallel between the biological and

the cultural beings to theorize collective intedinge.

° These principles are similar to those proposeBéguze and Guattari (1987) to theorize the natibn

rhizome See a quotation about that metaphor in Appendix B
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Because of biology our intelligences are individaiadl similar (although not identical).

Because of the culture our intelligence is highdyiable and collective. In effect, the

social dimensions of intelligence is closed tied languages, technologies, and

institutions, which differ greatly according to gnand space. (Levy, 1998, p. 125)

Thecyberspacgwhich includes the setting where DMPs becomeipiftiie Math +
Science Performance Festival), is a privileged sd®ucollective intelligence. Levy (2001)
defines cyberspace as the space of communicatiemedpby the world interconnection of
computers and memories of computers. This spassidgsie, because digital codifications shape
the plastic, interactive, hypertextual, multimodaid virtual nature of information in this
context. Levy (2001) also definegbercultureas the set of (materials and intellectuals)
technologies, practices, attitudes, modes of thimpkand values developed through the growth of
the cyberspace. The cyberculture redefines themotf economy and knowledge, bringing up
new possibilities to several areas such as edurcatd the arts. Levy (2001) claims “the genres
of cyberculture are similar to performance arthsas dance or theatre [or] the collective
improvisations of jazz, the commedia dell’artetloe traditional poetry competitions of Japan”
(p. 135). Levy (2001) uses the teayberartto discuss the artistic-aesthetic dimension of
cyberculture, suggesting the possibilities for l@xdive) collaboration and the continuous
creation as a fundamental aspect of cyberart.Haravords,

The virtual work is ‘open’ by design. Every actaalion reveals a new aspect of the work .

.. Thus the creation is no longer limited to thenment of the conception or realization; the

virtual system provides a machine of generatingnisvélLevy, 2001p. 116)

Levy (1998) constructs an ontological perspectiveognitive ecology based on thaur
modes of beingrhey are: real, actual, virtual, and possiblds ferspective is called the
ontological quadriviun{see Figure 2.2). By regarding its Latin derivatiantualis means
strength or power. In the Scholastic philosophlye‘¥irtual is that which has potential rather
than actual existence . . . [like] the tree isually present in the seed” (Levy, 1998, p. 23).ghu
in Aristotle’s metaphysics for example, realityisderstood as the dialects of virtual (or
potential) and actual. Although in Levy’s (1998)debof being the notions of real, actual,
virtual, and possible operate together, he suggkstiactions based on twmles(latent and
manifest) and twenvelopinggsubstances and events). Virtual and possiblengdlmthe pole

of latent and real and actual belong to the polmanifest. In contrast, virtual and actual belong
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to the enveloping of events and possible and cetllé enveloping of substances. Thus, Levy
(1998) says virtual exists, possible insists, sedisists, and actual arrives. Levy (1998)
highlights the relation possible-real (order oesébn) and virtual-actual (order of creation) and,
then, emphasizes four transformations:Raglizationrefers to choice, potential drop; (b)
Potentializationrefers to the production of resources (order afmrimation); (c)Actualization
refers to the creation of solutions for problemssented by the virtual. It is the creation of a
form; and (d)Virtualizationis the transition from an act to the problem, ithathe creation of
problems. Levy (1998) does not present specificudisions about the transformations for the
relations virtual-possible, virtual-real, actualspible, and actual-real. However, Levy (1998)
mentions that the dialectic of possible-real istesgd by the dialectic of virtual-actual through
objectivationandsubjectivatior'® In contrast, the dialectic of virtual-actual iptared by the
dialectic of possible-real through reification, eeting, and institutionalization. Following, in
Figure 2.2, | present a diagram that representsrit@ogical quadrivium, which is the

ontological perspective that informs this study:

Figure 2.2: The Ontological Quadrivium (Levy, 199
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10 «sybjectivation is the implication of technologicsemiotic, and social means in the individuakyghic
and somatic functions. Objectivation is definedreesmutual implication of subjective acts in theqass of
constructing a shared world” (Levy, 1998, p. 169).
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The ontological quadrivium is theorized basedfenDeleuzian notions of actual and
virtual (Deleuze, 1994; Deleuze & Guatarri, 198¢jduze & Parnet, 2002). Interestingly, these
notions are discussed in relation to cinema anfbpeance (Deleuze, 1986, 1989). According to
del Rio (2008)performancecan be understood as a processabfializationof the body
“through specific thoughts, actions, displacemetdsybinations, realignments — all of which
can be seem as different degrees of intensityindistelations of movement and rest” (p. 9). The
relation virtual/actual (events), for instance eoffways to see the construction of DMPs as a
creative process or from a problem-solving pointiefv. The relation possible/real emphasizes

the materiality of the process, such as DMPs asimmdial texts.

Multimodality

The notions osemioticeandmultimodalityare fundamental within Levy’s perspectivés.
According to Kress (2003), all communication is ttmbdal by its nature. However, discussions
on multimodality in literacy usually consider thahovation in information technologies
challenges the traditional dominant aspects ohftdiieracy” based just on reading and writing
(Heydon, 2010). Kress (2003) states that digitadiim “make it easy to use a multiplicity of
modes, and in particular the mode of image —aitithoving — as well as other modes, such as
music and sound effect for instance” (p. 5).

Regarding the notions of interactivity and hypettiality, Kress (2003) states:

What is true of word and image is also increasimglg of other modes. The ease in the use

of different modes, a significant aspect of them@fances of the new technologies of

information and communication, makes the use otiftiplicity of modes usual and

unremarkable. That mode which is judged best bylédsgner of the message for specific

aspects of the message and for a particular awearcbe chosen with no difference in

‘cost’. Multimodality is made easy, usual, ‘natuta} these technologies. (p. 5)

In this scenario, the notions sifjns modesandmediaare fundamental from a
semiotic/multimodal point of view. Knowledge, meagy and learning are concerned with signs
(Deleuze, 2000; Kress, 2003). Signs refer to wardages, gestures, tastes, sounds, all of the

modes in which information can be communicatedskKi@997) defines signs as a “combination

™ Within postmodernism, language is understood byodtincludes all forms of semiotic representato
(Ernest, 2004b). Thus, there is a harmonic and @aiewnt approximation between multimodality and
postmodernism or between semiotics and postmodherfsiee Deleuze, 1994; Deleuze & Guattari, 1987).
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of meaning and form” (p. 6). “The sign is takerb®an arbitrary combination of form and
meaning, oiignifier andsignified a combination which is sustained by the forceaufial
convention” (Kress, 2003, p. 41). Interestingly|édze (2000) states:

Learning is essentially concerned wsilgns Signs are the object of a temporal

apprenticeship, not of an abstract knowledge. @mleés first of all to consider a substance,

an object, a being as if it emitted signs to beptered, interpreted . . . Everything that

teach us emits signs; every act of learning isw@@rpretation of signs. (p. 4)

Kress (2003) posits thatrfodeis the name for a culturally and socially fashidne
resource for representation and communication4§). That is, modes are “the various forms
used to construct signs” (Kress, 1997, p. 7). Tiaaklly, in literacy, the modes of
communication are: reading, writing, listening, apeéaking. However, the literature presents
distinct definitions about which are the modesahmunication. The Board of Studies New
South Wales (2003) proposes six “language modédwey Rre: reading, writing, listening,
speaking, representing, and viewing. Pahl and Rib(&&05) state that “a mode could be visual,
linguistic, aural, or tacit” (p. 27). Authors liklewitt (2006) argue that timodalitiesare aural,
visual, gestural, spatial, and linguistic.

The New London Group (1996) discusses languagenitlaltiliteracies based on the
notion ofdesign that is, “a language for talking about languagmges, texts, and meaning-
making interactions . . . [including] the key terfgenres’ and ‘discourses,’ and a number of
related concepts such as voices, styles, and psobtiers” (p. 77). The New London Group
discusses the notions a¥ailable designglesigning andredesigning These processes may
offer lenses to see aspects of how students prddiiies, that is, how they use semiotic
resources to produce DMPs, how they shape meattirmsgh the process of production, and
what are the meanings produced and interpretetdéogiudience in their DMPs.

According to The New London Group (1996), “AvailDesigns - the resources for
Design - include the “grammars” of various semiglystems: the grammars of languages, and
the grammars of other semiotic systems such as fiilrmtography, or gesture” (p. 74).

[Designingrefers to] the process of shaping emergent meanvudves re-presentation

and recontextualization. This is never simply eetijon of Available Designs. Every

moment of meaning involves the transformation efakailable resources of meaning.

Reading, seeing, and listening are all instancé&¥esigning . . . Any semiotic activity -
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any Designing - simultaneously works on and wigsthfacets of Available Designs. . . .
Transformation is always a new use of old materal®-articulation and recombination
of the given resources of Available Designs. (TiesvNLondon Group, 1996, p. 75)
The notion oRedesignindnighlights that:
The outcome of Designing is a new meaning, somgtthirough which meaning-makers
remake themselves. It is never a reinstantiatiamefAvailable Design or even a simple
recombination of Available Designs. The Redesigmeg be variously creative or
reproductive in relation to the resources for megimaking available in Available
Designs. But it is neither a simple reproductiaor, is it simply creative. As the play of
cultural resources and uniquely positioned subjigti. . . The Redesigned becomes a new
Available Design, a new meaning-making resourcke (New London Group, 1996, p. 76)
The New London Group (1996) also proposed a manteiéd by six designs. These are:
Linguistic Design, Visual Design, Audio Design, @Geal Design, Spatial Design, and
Multimodal Design. The “Multimodal Design is of dfdrent order to the other five modes of
meaning; it represents the patterns of intercommeetmong the other modes” (p. 78). The New
London Group highlights the Linguistic Design itatéon to the other Designs. Some elements
of Linguistic Design are:
Delivery: Features of intonation, stress, rhythm, acceat,\écabulary and Metaphor:
Includes colocation, lexicalization, and word meanModality: The nature of the
producer's commitment to the message in a clduaasitivity: The types of process and
participants in the clause. Vocabulary and metgphkord choice, positioning, and
meaningNominalization of Processesurning actions, qualities, assessments, or lbgica
connection into nouns or states of being (e.gsé'ss’ becomes “assessment”; “can”
becomes ability)information StructurestHow information is presented in clauses and
sentenced.ocal Coherence Relation€ohesion between clauses, and logical relations
between clauses (e.g. embedding, subordinatiglopal Coherence Relation$he overall
organizational properties of texts (e.g. genrd¥)e(New London Group, 1996, p. 80)
The Visual Meanings refer to images, page layaai€en formats. The Audio Meanings
refer to music and sound effects. The Gestural Mhggrrefer to body language, embodiment,
facial expressions. The Spatial Meanings refeh¢éomeanings of environmental spaces,

architectural spaces. Thus, the Multimodal Desigrife most significant, as it relates all the
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other modes in quite remarkably dynamic relatiopshi . . In a profound sense, all meaning-
making is multimodal. All written text is also vislly designed” (The New London Group
(1996, p. 80-81). Figure 2.3 illustrates the mudttdal model proposed by The New London

Group (1996):

Figure 2.3: Multimodal Design: The New London Group (19
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The New London Group (1996) highlights that two keyncepts related to multimodal
meanings and relationships between the Designigbedity and intertextuality.

The termhybridity highlights the mechanisms of creativity and oturd-as-process

particularly salient in contemporary society. Peogieate and innovate by hybridizing -

that is, articulating in new ways - establishedcpcags and conventions within and

between different modes of meaning. . . . Populasiois a perfect example of the

process of hybridity . . . new relations are comtyabeing created between linguistic
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meanings and audio meanings (pop versus rap) dnede linguistic/audio and visual
meanings (liver performance versus video clipshe(New London Group, 1996, p. 82)
According to the New London Group (1996),
Intertextualitydraws attention to the potentially complex waysvirich meanings (such
as linguistic meanings) are constituted througati@hships to other texts (real or
imaginary), text types (discourse or genres), ti@es, and other modes of meaning
(such as visual design, architectonic or geograblpasitioning). Any text can be viewed
historically in terms of the intertextual chainss(brical series of texts) it draws upon,
and in terms of the transformations it works ugoen. For instance, movies are full of
cross references, either made explicitly by the imavaker or read into the movie by the
viewer-as-Designer: a role, a scene, an ambiarwyviewer takes a good deal of their
sense of the meaning of the movie through thesdslof intertextual chains. (p. 82)
Pahl and Rowsell (2005) state that “we need tdesds as artefacts, that is, as objects
with a history and a material presence” (p. 27)c@ding to Kress (2003),
Communication — whatever the mode — always hapastest The ‘stuff’ of our
communication needs to be fixed, in the sense ofm@tgphor above, in a mode:
knowledge or information has no outward existertberathan in such modal fixing. (p. 47)
Kress (2003) relates this notion of fixing to mé&tkty and the notion of shaping to text.
In this perspective, “text is the result of so@ation, of work: it is work with representational
resources which realise social matters” (Kress32P047). Kress (2003) mentions that,
traditionally, “the term ‘text’ began to be used {oecorded and/or transcribed) spoken entities
as much as for written entities. The video recohder begun to have a similar effect for other
modes — movement, gesture, position in space”8p.l4 concordance with Kress (2003):
| will use the terntextfor any instance of communication in any modenany combination
of modes, whether recorded or not. If it happersecbanmunication it will have been
‘recorded’ in any case by the participants in tmahmunicational event. And if this
‘recording’ is partial, as inevitably it must beet it is simply differently partial than is the
case with recordings made with contemporary tedyndl means. (p. 48)
Ernest (2004b) posits that the notion of text acténg and learning mathematics
includes both “the discursive representations canttd and utilized by teachers to

communicate to leaners, and those inscribed bydesithemselves to communicate to teachers”
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(p. 79). In this perspective, texts include “theel discourse representations constructed in
talking, using body language, inscribing in chalktuls, overhead transparencies, computers
screens, . . ., books, worksheets, computer sadtjand so forth]” (p. 79). Thus, considering
students’ DMPs as multimodal texts and my role pessimodernist interpreter, it is important to
highlight that:

The school math text, the transcribed teacher taiitten pupil work, interview

protocols, etc., all require considerable intergiet by the learner or researcher and no

reading can ever be final. Even if there were ar&xd’ reading of meaning of one of

these texts, and postmodernity denies this, therddibe no means of knowing who had
achieved it. Instead what we have is a procesggbtiation between participants which

may move towards a consensus of interpretatioremfevgetting that there is also a

background ideology which holds in place a notibonarrectness underpinning

agreement, which is itself a function of the distue practice with its own historical

trajectory. (Ernest, 2004b, p. 71)

Finally, the notion of media in multimodalitfocus more on the manner of
dissemination of various modes” (Kress, 1997, g2 7yherefore, in synthesis, meaning is
socially and culturally produced in many differevdys, with many different modes and media
(Kress & van Leeuwen, 1996, p. 111).

In the next section | discuss the performancelants | use to analyze students DMPs.
The notions of social constructivism, humans-witbeia, and multimodality also inform my
perspectives through the performance arts lend.i$htne aspects discussed about cinema
(Boorstin, 1990), which highlight surprises, sensgking, emotions, and visceral sensations the
audience may feel ngadingstudents’ DMPs as multimodal texts or narratieesphasize the
social and cultural focus on meaning productioa,ghdagogic production of texts, the use of
technology and dialogue in students’ meaning arwvkedge production, the playfulness in the
classroom, and the significance of digital medfarafances in offering multiple ways of

communication.

2 This notion ofmediais commensurable with the perspectives of humatisiwedia and cognitive
ecology within my theoretical framework (Borba &IMireal, 2005; Levy, 1993, 1998, 2001). | alsongelly) see
in this study a commensurability involving the termedia, technology, technology of intelligence] Emguage.



46

A Performance Arts Lens to Interpret Students’ DMPs

As noted in chapter one, Boorstin (1990) presdmwtettypes of pleasures the audience
may experience by watching a movie. They are:h@new, wonderful and surprising; (b)
vicarious emotional moments, and (c) visceral semss These “pleasures” or categories of
experience are referred to as “what makes goodeadvsadanidis and Borba (2008) used
Boorstin’s categories as lenses to analyze DMPafdd2010) used these lenses to analyze
digital performances about science. In this stadythe reader will notice in chapter four, | use a
variation of these categories to analyze stud@i4Ps. In this section, | present the main
aspects pointed out by Boorstin (1990) in this tizadion.

The voyeur eye.

Boorstin (1990) argues “the voyeur pleasure isstheple joy of seeing the new and the
wonderful” (p. 12). “The voyeur’s eye is the mind'ge, not the heart’s, the dispassionate
observer, watching out of a kind of generic humamosity” (Boorstin, 1990, p. 13). “The
voyeur’s pleasure — the pleasure of simply watcharidpoking for its own sake — is in a sense
the most primitive of movies pleasures” (Boorsfif90, p. 45). “Because the voyeur’s eye bores
easily, it demands surprise — so long surprise comih a rational explanation . . . it requires a
thudding sense of the reality of things, of thauplhility of actions” (Boorstin, 1990, p. 13).
“This requires not only a sense of actual realityydn instinct for what audiences have come to
accept as real” (Boorstin, 1990, p. 52).

Audiences want their overall expectations fulfilled but moment to moment they want

to be wrong. The voyeur in us wants to be surprigée want the filmmaker to be

cleverer than we are. For the writer, that meamstamtly creating expectations that (for
right kind of reasons) aren’t quite fulfilled; ftre editor, it means varying the rhythms of

editing. (Boorstin, 1990, p. 50)

Boorstin (1990) goes on to further explain the woigeeye. Boorstin advises “the simple
pleasure of seeing is so mundane it is easy torastimate” (p. 15). Thus, notions of light,
space, and sound are fundamental in making a deedirld. It “requires not only a sense of
actual reality but an instinct for what audiencasencome to accept as real” (Boorstin, 1990, p.

52). According to Boorstin, “the voyeur in us igjical to a fault, impatient, picky, literal, but if
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properly respected it gives the special pleasuréseonew and the clever, of a fresh place or a
crisply, thought-out story (p. 61).

Osafo (2010) posits that the voyeur’s eye can tegpreted in two levels: referring to
new/wonderful/surprisingndsense-makingrhis splitting helps the researcher to analyze
aspects of reasoning present in the digital perémcas in science education or, as in the case of
this study, in mathematics education. Then, conz@@MPs offer (aurprises that is, “the joy
of seeing the new and the wonderful” (Boorstin,@,92 13) and (b3ense-makingvhich refers
to mathematical sense of story and reasoning ankirtly (Gadanidis & Borba, 2008). As
discussed in chapter one, surprises are fundamantethematical activity (Foyd, 2011;
Watson & Mason, 2007) and so is sense-making (agctgin of meaning and knowledge).

It is important to notice that the voyeur’s ey&elihe vicarious and visceral, has an
individual or subjective dimensipthat is, “the voyeur is more dominant in somegbedhan in
others. It is a measure of the breadth of the éikperience that these voyeuristic responses are

only a part of the satisfactions of watching a rebyBoorstin, 1990, p. 61).

The vicarious eye.

According to Boorstin (1990):

The vicarious eye sees with the heart. It mixesyearning to matter with our need to

please other, to read the slightest shift in tfe®tings and accommodate to it . . . [it] puts

our heart in the actor’'s body: we feel what the@eteels, but we judge it for ourselves .

. . The tension between the two impulses — the irgpe the character and to judge him

simultaneously — gives the vicarious experience (pi 67)

Boorstin (1990) states “for the voyeuristic eyedibility depends on plausibility . . . For
the vicarious eye, however, credibility dependomtional truth” (p. 75). “While the
voyeuristic eye demands scenes grounded firmligersblid geometry of three-dimensional
space, the vicarious eye makes no such requirerf@ottstin, 1990, p. 90). “The voyeuristic
experience may be grand or clever, but the vicarexperience can be profoundly moving. The
vicarious experience is not bound by iron bandsgt but by silken cords of emotional truth”
(Boorstin, 1990, p. 67). “Intense, honest emotiaresa valuable commodity; they are hard to
come by, and they make us feel alive. Our vicareyesscans our environment for emotional

beacons; when we find one, we lock in” (Boorstia9aQ, p. 71).
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For the vicarious eye the basic unit isn’t thestoeat but the actor's moment, that single

pure note of emotional truth when the actor’s pigcperfect and his intensity is high.

The moments are the pearls of performance thetdire@atches for on the set and the

editor treasures during cutting. (Boorstin, 199079

As Bordwell and Thompson (1993) state, “to makegpectation about ‘what happens
next’ is to invest some emotion in the situatiop.” 48).

According to Boorstin (1990), close-ups enhana#ences’ vicarious pleasures:

The natural choice for capturing this inner spaca shot of nothing but the actor’s face:

the tight close-up. The rest of the world falls gnwaowded out and blurry. At close

range a lens has much less depth of focus so Hrbyéace stands in high relief against a

tapestry of soft, amorphous blobs of color . . e Timer landscape is a susceptible to light

as the outer world, but here instead of definiraceplight defines mood. Overall, the

“look” of a picture can create emotional expectasio(p. 90-91)

Gadanidis and Borba (2008) add, “whereas the viyeye needs a wide-angle view, to
experience context and relationship, the vicareyesneeds a close-up view of the actors” (p.
47). Thus, conceptual DMPs also offer emotional mots It offers ways for students and
teachers to vicariously experience human and emaitespects of learning mathematics
(Gadanidis & Borba, 2008; Gadanidis & Hughes, 2008tonnects with students in a personal,
emotional way” (Osafo, 2010, p. 39).

The visceral eye.

Boorstin (1990) says that the point of the expeeof the visceral eye “is not to feel
what the character feels but to feel your own eomstj to have the experience yourself, directly”
(p. 110). “The extreme examples of the visceralagethe suspense scene and the action scene”
(Boorstin, 1990, p. 121).

Visceral thrills are filmmaking'’s dirty little seet. Though they can require considerable

art to achieve . . . — the passions aroused ar@iftptthey're the gut reactions of the

lizard brain — thrill of motion, joy of destructiptust, blood lust, terror, disgust.

Sensations, you might say, rather than emotionof®&m, 1990, p. 110)

Contrasting the three eyes, Boorstin (1990) posits:
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What feels real here [in the visceral eye] is daupible, as in the voyeur’s world, not the
emotionally true of the vicarious world, but theilth . . It feels real because it is real: it
is happening to you. The fundamental criticismhi@ vYoyeur’s world is ‘that couldn’t
happen,’ in the vicarious world ‘he wouldn’t do th&ut the visceral world it is ‘it
doesn’t get me.’ . . . Visceral kicks are more puotnematic than sedate rewards of the
voyeur or the vicarious eye. (p. 111-114)

In terms of filming, Boorstin (1990) clarifies thaose-ups, so powerful for intensifying
the vicarious impact of the actor’'s emotions, dadilyinish the visceral because in close-ups the
danger is no longer real and palpable. Creatinghhiéing effect is as much a matter of optics
and camera angles as of real jeopardy” (p. 116).

Considering the fact that some DMPs available @tMiath + Science Performance
Festival are music-video clips, or parodies of paplV shows, it is relevant to mention that,
according to Boorstin (1990):

TV is film with a myopic visceral eye. Music videare revealing in this respect. Pop

songs aim at the gut, but with rare exceptions#pdity of the songs turns rock videos

into the exercise in form without content, at otiee purest type of filmmaking and the
most debased. Since the songs are designed feraisppeal, the video makers
naturally turn to the techniques of the viscerah fiand they strive mightily to overcome

the inherent handicaps of the medium. (p. 133)

Through the performance art lens proposed by BoofE990), | assume in this study
that conceptual DMPs also offer visceral sensatwndeasures. They involve direct
mathematical experiences. As discussed in chaptgrtbe notion of visceral sensations is
related to DMP through the notion of aesthetics la@ality in mathematics, like the notion of
mathematical fi{Sinclair, 2000). Interestingly, Sinclair (2004ates that “the phase of playing
is aesthetic insofar as the mathematician is frgraimarea of exploration, qualitatively trying to
fit things together, and seeking patterns that echor integrate” (p. 272).

Therefore, considering the three eyes proposeddaydiin (1990), Gadanidis and Borba
(2008) suggest that conceptual DMPs offer surpasessense-making, emotions, and visceral
sensations. As the reader will notice in chapteus &nd five, | refer to these categories as: (a)
Voyeur — new/wonderful/surprisin{p) Voyeur — sense-makin(g) Vicarious emotionsand (d)

Visceral sensations
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Mathematical Strands and Processes of the Ontario@riculum

Besides the performance art lens, | also use iptehéive an “Ontario curriculum lens”
to analyze the mathematical strands and processtsdents’ DMPs. A “curriculum lens” is
significant for this study because, according tbv&ab (1984):

Curriculum is what is successfully conveyed toetifig degrees to different students, by

committed teachers using appropriate materialsaatidns, of legitimated bodies of

knowledge, skill, taste, and propensity to act @att, which are chosen for instruction
after serious reflection and communal decisiondpresentatives of those involved in the

teaching of a specified group of students who am to the decision makers. (p. 240)

Schwab’s view of curriculum highlights four commdenes of education: students,
teachers, subject matter, and milieu. Thus, thestigative focus of this study on the nature of
students’ DMPs, on the ways students communicatbeenatical ideas using the performance
arts and digital technology, is related to issmesurriculum.

In the second part of chapter five, | present asimase analysis of students’ DMPs
considering the mathematical strands and procgsseted out in the Ontario Curriculum
(Ontario Ministry of Education, 2005). The fiveatds in the K-8 Ontario Mathematics
Curriculum are:

* Number Sense and Numeration,

= Measurement,

= Geometry and Spatial Sense,

» Patterning and Algebra, and

= Data Management and Probability

The seven mathematical processes are:

* Problem Solving,

» Reasoning and Proving,

» Reflecting,

= Selecting Tools and Computational Strategies,

= Connecting,

* Representing, and

= Communicating.
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These strands and processes overlap and, everhttizaygare not explicitly the
categories of analysis in chapter four, most offtilelamental aspects that characterize them are
part of the descriptive analysis in chapter fowlldwing, | introduce each strand and process
using direct quotes from the curriculum documenité@io Ministry of Education, 2005),
considering aspects that are relevant for thisystQa the one hand, if the reader is familiar with
the curriculum document, the following two subseas may be disregarded. On the other hand,
the following quotes are significant to contextmalthe nature of the analysis conducted in
chapter five, in which analytic links between thericulum strands and processes and the notion
of DMP are presented. For specific information, ibeder may check the document available at

www.edu.gov.on.ca/eng/curriculum/elementary/mathti8odf

The mathematical strands of the Ontario curriculum.

The focus on the curriculum mathematical strandgudents’ DMPs offers ways to
interpret what are the mathematical ideas studaetexploring through performance. According
to the K-8 Ontario Curriculum Mathematics the stimare:

Number sense and numeratioNumber sense refers to a general understanding of

number and operations as well as the ability tdyaihyis understanding in flexible ways

to make mathematical judgements and to developlstétegies for solving problems.

In this strand, students develop their understandfmumber by learning about different

ways of representing numbers and about the reltipa among numbers. They learn

how to count in various ways, developing a senseagnitude. They also develop a

solid understanding of the four basic operatiorglaarn to compute fluently, using a

variety of tools and strategies. (p. 8)

Measurementln this strand, students learn about the measuiabibutes of objects and

about the units and processes involved in measuntei@ridents begin to learn how to

measure by working with non-standard units, and giregress to using the basic metric
units to measure quantities such as length, ackame, capacity, mass, and temperature.

They identify benchmarks to help them recognizentiagnitude of units such as the

kilogram, the litre, and the metre. Skills assadatvith telling time and computing

elapsed time are also developed. Students leaut abportant relationships among
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measurement units and about relationships invalvedlculating the perimeters, areas,
and volumes of a variety of shapes and figuresB)p.

Geometry and spatial sensBpatial sense is the intuitive awareness of one’s
surroundings and the objects in them. Geometryshadrepresent and describe objects
and their interrelationships in space. A strongseanf spatial relationships and
competence in using the concepts and languageoofigfey also support students’
understanding of number and measurement. Spatisése necessary for understanding
and appreciating the many geometric aspects ofvoud. Insights and intuitions about
the characteristics of two-dimensional shapes hrektdimensional figures, the
interrelationships of shapes, and the effects ahgbs to shapes are important aspects of
spatial sense. Students develop their spatial $®negisualizing, drawing, and comparing
shapes and figures in various positions. In thienst, students learn to recognize basic
shapes and figures, to distinguish between thibatés of an object that are geometric
properties and those that are not, and to investify@ shared properties of classes of
shapes and figures. Mathematical concepts and skltted to location and movement
are also addressed in this strand. (p. 9)

Patterning and algebraOne of the central themes in mathematics is tngystf patterns
and relationships. This study requires studentsedognize, describe, and generalize
patterns and to build mathematical models to sitautze behaviour of real-world
phenomena that exhibit observable patterns . thdjunior grades, students use graphs,
tables, and verbal descriptions to represent ceglghiips that generate patterns. Through
activities and investigations, students examine patterns change, in order to develop
an understanding of variables as changing quastifjee 9)

Data management and probability.he related topics of data management and
probability are highly relevant to everyday liferaphs and statistics bombard the public
in advertising, opinion polls, population trenddjability estimates, descriptions of
discoveries by scientists, and estimates of heislls, to name just a few . . . In this
strand, students learn about different ways toegatirganize, and display data. They
learn about different types of data and developrtgpies for analysing the data that
include determining measures of central tendendyexiamining the distribution of the

data. Students also actively explore probabilitycbgducting probability experiments
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and using probability models to simulate situatiditse topic of probability offers a
wealth of interesting problems that can fascinaidents and that provide a bridge to
other topics, such as ratios, fractions, percemd,decimals. Connecting probability and
data management to real-world problems helps nfakéetirning relevant to students. (p.
9-10)

The mathematical processes of the Ontario curriculon.

The focus on the curriculum mathematical processstidents’ DMPs offers ways to
interpret the mathematical activity students argaged through DMP.

Problem-solving.The curriculum document mentions that “problenvisg forms the
basis of effective mathematics programs and shoeilthe mainstay of mathematical instruction”
(Ontario Ministry of Education, 2005, p. 11). “t¢ considered an essential process through
which students are able to achieve the expectaitiomathematics” (p. 11). According to the
curriculum document, problem-solving:

* is the primary focus and goal of mathematicsanreal world;

* helps students become more confident in thelitabd do mathematics;

« allows students to use the knowledge they biangchool and helps them connect

mathematics with situations outside the classroom;

* helps students develop mathematical understaratidgyives meaning to skills and

concepts in all strands;

« allows students to reason, communicate ideasgroaknections, and apply knowledge

and skills;

« offers excellent opportunities for assessingetisl understanding of concepts, ability to

solve problems, ability to apply concepts and pdaces, and ability to communicate ideas;

» promotes the collaborative sharing of ideas drategjies, and promotes talking about

mathematics;

* helps students find enjoyment in mathematics;

* increases opportunities for the use of crititahking skills (estimating, evaluating,

classifying, assuming, recognizing relationshipgdthesizing, offering opinions with

reasons, and making judgements) (Ontario Ministigaucation, 2005, p. 12).



54

The strategy model mentioned in the curriculum doent is based on (a) understand the
problem; (b) make a plan; (c) carry out the plarg &) look back at the solution. DMP can be
seen in part as a problem-solving experience bedese is a parallel between the strategy
model and the process of how to structure mathemtdielucidate the mathematical ideas
explored considering the presence of surpriseseseraking, emotions and visceral sensations,
which is part of a good story within Boorstin’s @) perspectives.

Reasoning and provingThe reasoning process supports a deeper undgirggasf

mathematics by enabling students to make sense ahathematics they are learning.

The process involves exploring phenomena, develpipieas, making mathematical

conjectures, and justifying results. Teachers drawstudents’ natural ability to reason to

help them learn to reason mathematically. Initisdlppdents may rely on the viewpoints
of others to justify a choice or an approach. Stiglshould be encouraged to reason
from the evidence they find in their exploratiomsl anvestigations or from what they
already know to be true, and to recognize the dbariatics of an acceptable argument in
the mathematics classroom. Teachers help studernsstrconjectures that they have
found to be true in one context to see if theyadways true. For example, when teaching
students in the junior grades about decimals, traainay guide students to revisit the
conjecture that multiplication always makes thibggger. (Ontario Ministry of

Education, 2005, p. 14)

Reflecting Good problem solvers regularly and conscioudlgceon and monitor their

own thought processes. By doing so, they are ahlecognize when the technique they

are using is not fruitful, and to make a conscidesision to switch to a different strategy,
rethink the problem, search for related contentKadge that may be helpful, and so
forth. Students’ problem solving skills are enhahaden they reflect on alternative
ways to perform a task, even if they have succgsfompleted it. Reflecting on the
reasonableness of an answer by considering thmalriguestion or problem is another
way in which students can improve their abilitymake sense of problems. Even very
young students should be taught to examine their thaught processes in this way. One
of the best opportunities for students to reflegtnmediately after they have completed
an investigation, when the teacher brings studewggsther to share and analyse their

solutions. Students then share strategies, defengrocedures they used, justify their
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answers, and clarify any misunderstandings they maag had. This is the time that

students can reflect on what made the problencditfor easy (e.g., there were too many

details to consider; they were not familiar witle thathematical terms used) and think
about how they might tackle the problem differenRgflecting on their own thinking

and the thinking of others helps students make rtapbconnections and internalize a

deeper understanding of the mathematical conceptdvied. (Ontario Ministry of

Education, 2005, p. 14)

Selecting Tools and Computational Strategi€onsidering the fact that DMPs are
essentially produced through the use of digitahtetogy,Selecting Tools and Computational
Strategiess a very significant process in DMP. The curnisuldocument states that:

Students need to develop the ability to selecafigopriate electronic tools,

manipulatives, and computational strategies tooperiparticular mathematical tasks, to

investigate mathematical ideas, and to solve pnoklé&/arious types of technology are

useful in learning and doing mathematics. Althosgldents must develop basic
operational skills, calculators and computers edp them extend their capacity to
investigate and analyse mathematical conceptseshate the time they might otherwise
spend on purely mechanical activities. Studentusarcalculators or computers to perform
operations, make graphs, and organize and displaytkat are lengthier and more
complex than those that might be addressed usilygoencil-and-paper. Students can also
use calculators and computers in various waysviestigate number and graphing patterns,
geometric relationships, and different represemnatito simulate situations; and to extend
problem solving. When students use calculatorscantputers in mathematics, they need
to know when it is appropriate to apply their méntanputation, reasoning, and estimation
skills to predict and check answers. The computdrthe calculator should be seen as
important problem-solving tools to be used for mpagposes. Computers and calculators
are tools of mathematicians, and students shoudfiMea opportunities to select and use
the particular applications that may be helpfuthim as they search for their own
solutions to problems. Students may not be famiigln the use of some of the
technologies suggested in the curriculum. Whenishise case, it is important that teachers
introduce their use in ways that build studentsifickence and contribute to their

understanding of the concepts being investigatiediests also need to understand the
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situations in which the new technology would beappropriate choice of tool. Students’

use of the tools should not be laborious or rastlito inputting or following a set of

procedures. (Ontario Ministry of Education, 2005]14-15)

As discussed in this chapter, learning and meaantknowledge production are
concerned with connections, representations andrzoritation (Deleuze, 2000; Levy, 1993,
1998, 2001). Interestinglgonnectingrepresentingandcommunicatingre three of the
curriculum mathematical processes.

Connecting.Experiences that allow students to make connextidio see, for example,

how concepts and skills from one strand of mathexmate related to those from another

— will help them to grasp general mathematical@pies. As they continue to make such

connections, students begin to see that mathemsiticsre than a series of isolated skills

and concepts and that they can use their learninge area of mathematics to
understand another. Seeing the relationships am@ugdures and concepts also helps
develop mathematical understanding. The more cdimmscstudents make, the deeper
their understanding. In addition, making connedibetween the mathematics they learn
at school and its applications in their everydagdinot only helps students understand
mathematics but also allows them to see how useidlirelevant it is in the world beyond

the classroom. (Ontario Ministry of Education, 200516)

Representingln elementary school mathematics, students represathematical ideas

and relationships and model situations using caecraterials, pictures, diagrams,

graphs, tables, numbers, words, and symbols. Legthe various forms of
representation helps students to understand mattoah@oncepts and relationships;
communicate their thinking, arguments, and undedstas; recognize connections
among related mathematical concepts; and use matiesno model and interpret
realistic problem situations. Students should He &bgo from one representation to
another, recognize the connections between refeggers, and use the different
representations appropriately and as needed te pobblems. (Ontario Ministry of

Education, 2005, p. 16)

Communicating.Communication is the process of expressing mattieah&eas and

understanding orally, visually, and in writing, mginumbers, symbols, pictures, graphs,

diagrams, and words. Students communicate for wagrposes and for different
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audiences, such as the teacher, a peer, a grapdants, or the whole class.
Communication is an essential process in learniathematics. Through communication,
students are able to reflect upon and clarify tiisas, their understanding of
mathematical relationships, and their mathematicgliments. Teachers need to be aware
of the various opportunities that exist in the stasm for helping students to
communicate. . . . Effective classroom communicataxjuires a supportive and
respectful environment that makes all members®ttass feel comfortable when they
speak and when they question, react to, and elebonathe statements of their
classmates and the teacher. The ability to prosftietive explanations, and the
understanding and application of correct matherahtiotation in the development and
presentation of mathematical ideas and soluticeskey aspects of effective

communication in mathematics. (Ontario MinistryEafucation, 2005, p. 17)

Final Comments of the Chapter

In this second chapter | presented the theordeoaks | use to analyze students’ DMPs
in this research. | initially discussed some sadgiitpcal perspectives and their relations to
postmodernism in mathematics education (Ernesg2@004b). That is, | emphasized meaning
and knowledge production as social and culturatggees and my pedagogic focus on
playfulness, production of multimodal texts, andwersations as characteristics of a postmodern
curriculum in teaching and learning mathematiedso highlighted the role of technology in
knowledge production, considering the notions ahhos-with-media (Borba & Villarreal,
2005) and cognitive ecology (Levy, 1993, 1998, 200pointed out some perspectives on
multimodality (Kress, 2003), while considering tesigns proposed by The New London Group
(1996) to highlight DMPs as multimodal texts/nak@s. | discussed Boorstin's (1990)
categories about what makes good films. Makingralled, these categories on performance arts
are used in this study to analyze students’ DM&ssidering some aspects of what makes
conceptual DMPs (Gadanidis & Borba, 2008; Gadar&ditughes, 2008). Finally, | introduced
the mathematical strands and processes of thei@uotariculum (Ontario Ministry of
Education, 2005) considering the fact that thesepmments are also used as lenses to analyze

students’ DMPs. In the next chapter | discuss tkthodological issues of the study.
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Chapter Three: A Qualitative Research Design for &tudy on the Nature of
Students’ Digital Mathematical Performances

In this chapter, | discuss methodological issu@stiblly present some aspects of
gualitative research that inform the processesatd dollection and analysis of the study. In this
research | employ qualitative case studies, aloitly video analysis. The issues discussed in this
chapter seek to clarify some of the proceduresiaedpretative aspects conducted during the

study that shaped the interpretative/descriptivaidic ideas presented in chapters four and five.

Qualitative Research

As introduced in the prologue, the research questad this study are:

»  What is the nature of elementary school studemgstadl mathematical performances

in the Math + Science Performance Festival?

» What are the mathematical ideas explored and hostudttents communicate them

using the performance arts?

Considering the nature of these research questimhshe way | locate myself as a
sociocultural/postmodern interpreter, the propaksctoral thesis falls within the tradition of
gualitative research. According to Denzin and LInd@005):

Qualitative research is a situated activity thaaltes the observer in the world. It consists

of a set of interpretative, material practices thake the world visible. These practices

transform the world. They turn the world into aisgiof representations, including field
notes, interviews, conversations, photographs rdéegs, and memos to the self. At this
level, qualitative research involves an interpretinaturalistic approach to the world.

This mean that qualitative researchers study thimgseir natural settings, attempting to

make sense of, or interpret, phenomena in terrtieeaheaning people bring to them (p. 5).

Qualitative research has amerpretativedimension, that is, it views human experiences
and actions as mediated by interpretation (Schwa@3). Patton (2002) states that, in
gualitative research, “the researcher is the ins¢nt” (p. 14). Bogdan and Biklen (1992) argue
that “qualitative researchers’ goal is to bettederstanchuman behavior and experience.
[Qualitative researchers] seek to grasp the presdsg which people construct meaning and to
describe what those meanings are” (p. 49).
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Qualitative researchers emphasize the relevanaeswhiergy (or consistency) between
research methods and theoretical perspectives jd\&Borba, 2004; Skovsmose & Borba,
2004). Lincoln and Guba (1985) posit that in gadéiMe studies “the design cannot be given a
priori, but must emerge as the study proceeds2Zp). In this sense, Lincoln and Guba use the
termemergent desigto refer to the dynamicity of developing a qudita research, that is,
theoretical perspectives and understandings atendedl by the data and refined through the
process of conducting the research.

As | describe in this chapter, the students’ DMRgrdlyze are publicly available in a
Festival located in a virtual environment. Therhtere has addressed specific issues for
gualitative researchers in online education (Bolaheiros, & Zulatto, 2010; Stahl, 2009).
Vernon (2007) argues that educational researchvimgbcyberspaces requires specific skills
from the researcher adacoleur™ Thus, | acknowledge my role as an interpretatisieoleur
in collecting, analyzing, and (re)presenting dat¢his study. In this role, | will be attentive to
issues related to the use of multimodal commurooatKress, 2003) in virtual settings.
Researchers mustink-with-digital-mediaas they adapt qualitative methods to this scenario
(Borba, Malheiros, & Scucuglia, 2012).

Data Collection
Marshall (1996) discusses different types of sampledata collection in qualitative
research. According to Marshall:
Judgement sampl&he researcher actively selects the most produstweple to answer
the research question. This can involve developifrgmework of the variables that
might influence an individual’s contribution andiMie based on the researcher’s
practical knowledge of the research area, the @vailliterature and evidence from the
study itself. . . . During interpretation of theta is important to consider subjects who
support emerging explanations and, perhaps morertamtly, subjects who disagree
[challenge the theoretical framework assumed] . . .
Theoretical sampleThe iterative process of qualitative study desigrans that samples

are usually theory driven to a greater or less&rgx Theoretical sampling necessitates

13 Bricolageis a metaphor for qualitative research proposeBdéayzin and Lincoln (2005), referring to
something constructed by using whatever materiatespurces are available.
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building interpretative theories from the emergitaja and selecting a new sample to

examine and elaborate on this theory. It is theqgypal strategy for the grounded

theoretical approach but will be used in some formmost qualitative investigations

necessitating interpretation. (p. 524)

Based on the notions pfdgement samplandtheoretical sampléMarshall, 1996), the
data of this study are comprised of 22 elementelnpal students’ DMPs. The students are from
Grade 4 to Grade 6 from different public school®mtario. These data referadl the students’
DMPs published in the Math + Science Performanativad in 2008 (Gadanidis, Borba,
Gerofsky, & Jardine, 2008), which was the firstryefthe Festival. As mentioned in the
prologue, this Festival is based on a virtual esrvinent where DMPs are published and shared.
Every year, Canadian celebrities (musicians, pdatsyresenters) and mathematicians select
performances in terms of: (a) depth of the mathm@latieas, (b) creativity and imagination, and
(c) quality of the performances. Figure 3.1 shdweswebsite of the Festival, which is the setting
of the students’ DMPs analyzed in this study.

Figure 3.1: The Math + Science Performance Festival Wel
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Figure 3.1:DMPs can be submitted and viewedvaiw.mathfest.ca The Festival runs every year since 2008
and it is supported by ESSO Imperial Oil, The Fdlustitute, The Research Western, Western Edurtatitd
The Canadian Mathematical Society.
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In table 3.1 I introduce the students’ DMPs anadlyin the study. | present the number, the
title, a screen-captured image, the digital forafahe DMPs, and the length (time) of each video.
There are 19 DMPs in video format (totaling 56 neéxsuand 30 seconds), two DMPs in
PowerPoint format, and one DMP in image format.efaded description of each DMP is

presented in chapter four as part of the analysis.

Table 3.1: List of students’ DMPs analyzed in thetady
# Title Image Digital Format Time length
(minutes : seconds)
1 Polly Gone Video 2:25
2 Geometrical 1dol Video 2:41
3 Shape Songs Video 1:50
4 Triangles Video 4:20
5 | Little Quad’'s Quest Video Part 1: 3:09
Part 2: 1:29
Part 3: 2:30
Part 4: 2:07
Part 5: 2:37
6 | Math Healing Wishes oy Power Point
for Kyla o None
7 Math Facts Show Video 4:12
8 2D Land Video 3:23
9 | We are the Polygons | Video 2:02




10 Fabulous Fractions Video 0:38
11| Sphere on the Loos Video 1:26
12| Radius & Diameter| * Video 2:12
13 Square Trial Video 1:33
14 Pointacula Video 3:49
15| Equivalent Fractions Video 0:37
16 Shape Idol Video 2:56
17 Video 2:30
18 Who hurt Mr. Video 1:57
Square?
19 Are You Smarter Video 5:31
than a 4 Grader?
20 Ricky's Metre Power Point
Chocolate Bar None
21 Grade 5 Math Art Image
None
22 Fractiontastic Video 0:36

62
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Ethics.

According to AERA (2000):

Research in education is often directed at chilérh other vulnerable populations. . . .
As educational researchers, we should strive teptthese populations, and to maintain
the integrity of our research, of our research camity, and of all those with whom we
have professional relations. (p. 1)

The data analyzed in this research are publicljlabla at the website of the Festival

(http://www.mathfest.da and as a result of having ethical clearance ffdva University of

Western Ontario for the study as a whole, subsdqumrsent from the participants was not

required.

Data Analysis

Data analysis usually begins with the organizatmaing, and identification of patterns
from the variety of data collected (Denzin & LinepR005; Patton, 2002). By coding and
identifying patterns, the researcher can creataé¢isevhile searching for alternative explanations
for his/her research question(s). The researckearpghesents the data, displaying them in narrative
form using text, charts, graphs, and tables, akagadlternative forms such as artistic approaches
(see Eisner, 1981). Specifically, there are twersgcting bodies informing this data analysis.

They arevideo analysi@ndqualitative case studies

Video analysis.

Powell, Francisco, and Maher (2003) built an anedytmodel of video recordings of
mathematics teaching experiments. These authoug éngt “video is an important, flexible
instrument for collecting aural and visual informat It can capture rich behavior and complex
interactions and it allows investigators to re-ek@data again and again” (p. 407). It is a way
researchers can identify and understand complexactions and it allows them to re-analyze
these interactions many times. In this study laisariation of Powel et al.’s model, which |
adapted in order to analyze students’ DMPs. Foligwi present some of the non-linear steps or

procedures proposed by Powell et“dor video analysis and its relation to this study:

4 The original model is structured in seven proceduFor the purpose of this study, | am combinomges
of the procedures of the model into five main categs.
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Viewing and describing These procedures refer to the researcher’s famaton with
the data. “To become familiar with the contenthe# video data, researchers watch and listen to
the videotapes several times. In this phase, relsea watch and listen without intentionally
imposing a specific analytical lens on their viegiifPowell et al., 2003, p. 15). The researcher
must write descriptions of the video recordinghéd stage. These descriptions help the
researcher to develop a holistic view of the dathidentify initial critical events. “By viewing
and describing video data, researchers acquirelaifadepth knowledge of the content of their
videos” (Powell et al., 2003, p. 416).

An initial procedure in this study was to read stud’ DMPs several times to become
familiar with them. Moreover, a continuous procesdescription of the DMPs was conducted:
(1) I created a summary (a table) containing gdmei@mation about the DMPs such as the
URL, the mathematical idea explored and its refatmthe curriculum strands (Ontario Ministry
of Education, 2005), the participants and the asgthtbe place where the performance was
conducted, an image of the performance, and argr cimplementary information. (2) |
described the performance in detail, includingfthietranscription based on some aspects of
multimodal discourse analysis (O’ Halloran, 20XEk)¢d several screen-captured images of the
DMP to illustrate students’ actions, gestures, wosts, ways of using materials, and so on.

Coding.Codingis a very significant process in qualitative reshaand crucial to analysis
of video data.

This activity is aimed at identifying themes thatfa researcher interpret data. In our

model, this activity is similar to identifying dctl events in that both require watching

videos intensively and closely for long periodgiofe. At this phase of analysis, the
difference is that researchers focus attentiorhercontent of the critical events.

Therefore, video recording is helpful in this aitfivn much the same way as it is in

enhancing the identification of critical events Like identifying critical events, coding

is directed by researchers’ theoretical perspeetiveresearch questions. Repeated and

shared viewing, made possible by video technolagy,the density of video data
enhance researchers’ ability to search and ideatifies, whether these are
predetermined or emergent. Just as with criticah&s; codes are defined in relation to
the research question pursued or emergent themege. have developed coding schemes

informed by our assumptions about mathematicakihghand our research practices into
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the development of mathematical ideas and formmsagoning. We have found it

particularly useful and important to code for leas mathematical ideas, mathematical

explanations or arguments, mathematical presenga{gymbolic, pictorial, and gestic),
and features and functions of discourse. We hacerafined codes related to several
constructs such as critical events, trace, anfldiaeof ideas among learners in a group.

(Powell et al., 2003, p. 224)

Codes reflect, among other things, the theoretieaahework assumed by the researcher.
These codes help the researcher to identify pattand critical events and create themes or
categories as part of the process of interpretaficnording to Holton (2007), “it is through
coding that the conceptual abstraction of datai@meintegration as theory takes place” (p.
237). Codes help the researcher to identify turipioigts or “critical events” in relation to the
research questions. By coding the data, unexpéotidgs emerge and the researcher can create
new theories grounded in the data. Codes rethectasearcher’s theoretical framework, but also
account for unexpected phenomena and enable thgenoe of new theory or modifications to
his/her pre-existing notions. Basit (2003) states:

Codes are tags or labels for allocating units chmigg to the descriptive or inferential

information compiled during a study. . . They caketthe form of a straightforward

category label or a more complex one, for exanplagtaphor. (p. 144)

The codes of this study were shaped by the theatd#inses introduced in chapter two
(see Figure 2.1) and guided by the research guestiio the descriptive analysis displayed in
chapter four, the main codes were constructed WBouogstin’s (1990) lens, based on an
adaptation of the categories of surprises, sens@mamotions, and visceral sensations.
Moreover, the mathematical idea explored by thdesits, students’ insights and conjectures in
the performative process, students’ collaboratimh\@ays of using technologies, and the
communication based on multiple modes were alssidered in the interpretative analysis
conducted through the procedures of video analBsised on the analysis constructed in chapter
four, a cross-case analysis was conducted in ahfiye The similarities interpreted through the
cases offered emergent insights on the naturaudéats’ DMPs. Thus, emergent codes
grounded in the data conditioned the analytic categ displayed in chapter five.

Critical events.An event is critical in relation to the researetestion(s). Critical events

refer to the interpretation and selection of daasadering the researcher’s interests. At this
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moment, the researcher intends to identify, orggrand interpret significant moments
considering students’ mathematical thinking. Acoogdo Powell et al. (2003), in the analysis of
teaching experiments, “an event is calbeitical when it demonstrates a significant or
contrasting change from previous understandingnaeptual leafrom earlier understanding”

(p. 416).

Significant contrasting moments may be eventsetiaer confirm or disaffirm research

hypotheses; they may be instances of cognitivered, conflicting schemes, or naive

generalizations; they may represent correct leajsgic or erroneous application of
logic; they maybe any event that is somehow sigaifi to a study’s research agenda.

(Powell et al., 2003, p. 417)

Critical events are contextual. An event is criticats relation to particular research

questions pursued. Thus, an instance in which éegapresent a mathematical

explanation or argument may be significant forseegch question concerned with

students’ building of mathematical justificationmmoof and, as such, be identified as a

critical event. In contrast, a researcher concem#dthe impact of teacher interventions

on students’ reflective abstraction or mathematicalerstanding might deem as critical
those events that connect teacher interventiongssmtiated student articulations of
their thinking. However, the relation between catievents and research questions
pursued also implies that researchers might ideatients as critical that include
negative instances of a hypothesis, instances afigieaps, and somehow significant to
the study’s research question. (Powell et al., 2p0318)

Although DMPs do not necessarily represent a regdtteaching experiment sessions, it
is important to notice that the focus of this stiglgn (a) how students communicate their ideas
and use the performance arts, and (b) what kirsdigdrises, emotions, and visceral sensations
the audience may experience by reading student®®Nost important, it is fundamental to
notice that usually DMPs are already a selectioevehts refined and constructed by students.
DMPs are usually short video recordings (the DMiRdyzed in this research have
approximately 3 minutes). Therefore, | considet #ibevents are critical events in a DMP
because they are already a selection of eventatifamatical activity proposed by students.

DMPs are products and they do not represent tlegrialt process of creation, even though
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insights about the process may be interpreted girdle final text/narrative. That is one of the
reasons why | consider it important to presentlarfanscription to describe DMPs.

Transcription. In transcribing critical events, the researchehhgipts significant
elements of students’ verbal language and actiitipllows the researcher to conduct an in-
depth analysis of how communication occurred.

There are essential reasons to transcribe videmt&st, following procedures within

data collection and analytic traditions, researsimeay implement an open-coding

process on data to discover themes that are abeyend, and beside those suggested by
specific,a priori guiding research questions and deductive codespidtriction of the
transcript and the physical, static rendering odsearch session affords researchers
opportunities for extended, considered deliberatiointalk and noted gestures. Second,
researchers analyzing participants’ discursivetpras, especially their dialogue, find it
useful to view the printed, sequential renderingméech to see what it reveals about the
mathematical meanings and understandings partiisgamstruct. Since discursive
practices include actions that are not only utteeanresearchers indicate in their
transcripts relevant body movements as well agiptsans (writings, drawings, sketches,

and so on) that participants create. Third, traptcare, for practical purposes, a

permanent record and can reveal important categthré are not always capable of

being discerned by viewing videotapes since, nbsténding the technology of replay,
the visual and aural video images that the viewmitsd eye and ear captures are
essentially ephemeral. Instead with transcript,data can consider more than
momentarily the meaning of specific utterances.rtfpuesearchers transcribe so that
later, if and where appropriate in narrative repdttiey can provide evidence of findings

in the participants own words. (Powell et al., 2003418)

As mentioned, | consider it is important to presefull transcription of DMPs. As the
reader will notice, the transcriptions presentetheanalysis of each students’ DMPs include
their spoken language, description of the use dica@actions (gestures and ways of using
artifacts), and several images (to describe thersgtfacial expressions and close-ups during

filming). Some aspects of the notionmtiltimodal discourse analysése considered in this
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study™ O’ Halloran (2011) states that “multimodal disceeianalysis . . . is an emerging
paradigm in discourse studies which extends thaystéilanguage per se to the study of
language in combination with other resources, stscimages, scientific symbolism, gesture,
action, music and sound” (p. 1). “The multimodahlgsis includes the interactions between the
spoken language, kinetic features (including ghedy posture and gesture) and
cinematography effects (including camera anglefearde size)” (O’Halloran, 2011, p. 14). In
chapters four and five, students’ actions and ssame described between brackets (e.g.,
[Students start to sing[Applause). The symbo[?] means that | was unable to understand
what the student said. Considering the fact tipaesent all 22 transcriptions in chapter four, |
use single space, font 11 in italics. The naméefstudent/performer/speaker is displayed in a
bold font. Following, | present an example of axseription displayed in this research from
DMP #2 —Geometrical Idal

Figure 3.2: The Trapezoid

Trapezoid:Hi!

Presenter:What are you gonna sing today?

Trapezoid:I'm singing “Now | am a trapezoid.”

[Someone plays the guitar].

Trapezoid[singing]: Head, oh head, | lost my head. And hea
oh head, | could've been dead. Head, oh head] | fee
sick in bed. Now, | am a trapezo{&ee Figure 3.2).

[Applause]. _

Judge 2:1 liked that very much! -

Judge 1:1t was ok.

Storyline and composing narrativdBased on the coded transcriptions and the critical
events interpreted, the researcher contrasts th#mother data resources. Thus, the researcher
creates themes and sub-themes that allow him/remipose and display the research as a
narrative highlighting the discussions of the resie@uestions based on evidence from the data.

The storyline is the result of making sense ofdat with particular attention to

identified codes . . . Constructing a storylineuiegs the researcher to come up with

15 Discourses are ubiquitous ways of knowing, valuamy experiencing the world. Discourses can bd use
for an assertion of power and knowledge, and tlaeybe used for resistance and critique. Discowasesased in
everyday contexts for building power and knowledgeregulation and normalization, for the develamhof new
knowledge and power relations.dritical discourse analysiéCDA; Fairclough, 1995), one assumes “discourse is
shaped and constrained by (a) social structuregckatus, age, ethnic identity, and gender) grd)bculture.
Discourses “help to shape and constrain our idestitelationships, and systems of knowledge alidfsg€ CDA
considers “three levels of analysis: (a) the adtewt (b) the discursive practices (that is thecess involved in
creating, writing, speaking, reading, and heariagy (c) the larger social context that bears upertext and the
discursive practices. (McGregor, 2003, para. 7)
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insightful and coherent organizations of the caitievents, often involving complex
flowcharting. This process often involves discegtiaces which are a collection of
events, first coded and then interpreted, to p@uidight into a student’s cognitive
development. The trace contributes to the narratheestudent’s personal intellectual
history as well as to the collective history ofraup of students who collaborate . . . The
process of making sense of the critical eventscaies is complex and, more often than
not, nonlinear. Researchers may have to go backaatidexamining critical events,
codes . . . The process of making sense of thiealrévents and codes is complex and,
more often than not, nonlinear. Researchers mag ttago back and forth examining
critical events, codes. (Powell et al., 2003, @)43
As mentioned, in chapter four | present an in-delgbcriptive analysis of students’
DMPs based on Boorstin’s (1990) categories of wiaites good films. In chapter five | present
a cross-case analysis, seeking to discuss sinemand particular aspects of students’ DMPs.
The very notion of qualitative case studies is thwmslamental in this study, considering the
focus on the nature of students’ DMPs, the resedesign, and ways | display the composition

of the narrative of this study.

Qualitative case studies.

The very notion of qualitative case studies isva to this research. Stake (2005)
argues that “case study is not a methodologicakehuut a choice of what is to be studied” (p.
443). Stake (2003) claims case studies are specitidoounded, they have patterns, and the
focus is on the understanding of the complexitthefcase. The researcher decides what and
how the case story is told. Stake (2003) statds‘tage studies are of value for refining theory
and suggesting complexities for further investiggaiti(p. 156). Yin (2006) claims “the strength
of the case study method is its ability to examinealepth, a case, within its ‘real-life’ context”
(p. 111). Case study “is best applied when reseadldnesses descriptive or exploratory
guestions and aims to produce a firsthand undefstgof people and events” (Yin, 2006, p.
112). For Yin (2006), designing a case study reguinree basic steps: (a) defining the case; (b)
“deciding whether to do a single case study ot @kease studies” (p. 113); and (c) pointing out

theoretical perspectives and their relation torésearch methods. Patton (2002) highlights:
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The case study approach to qualitative researalysia constitutes a specific way of
collecting, organizing, and analyzing data; in thatse it represents an analysiscess
The purpose is to gather comprehensive, systenaaiitin-depth information about each
case of interest. The analysis process resultpmoduct: a case study. Thus, the term
case study can refer to either the process of sisaty the product of analysis, or both.
(p. 447)
Therefore, qualitative case studies are methododdigisignificant to this study because
(1) the focus is bounded (within the Festival, oadgs 4-6 students’ DMPs published in 2008),
and (2) it helps me to delineate ways to tell aamtesent the stories emergent from my analysis,
seeking for the depth of understanding considdthiegesearch questions. In chapter four, |
present a descriptive single-case analysis of stsdBMPs. In chapter five, | present a cross-

case analysis. Overall, this study assumes thgmesimultiple case studies (Yin, 2006).

The Interpretative / Descriptive / Analytic Lens ofthe Study

In chapter four | present a descriptive analysisawh of the 22 elementary school
students’ DMPs available at the Math + SciencedPerénce Festival in 2008. My focus is on
interpreting students’ mathematical thinking, conmmation, and representation through a
performance-arts lens. That is, based on the r@dseaestions, | use a variation of Boorstin’'s
(1990) lens to analyze each of the students’ DMiPsidering the model proposed by Powell et
al. (2003) for video analysis. | call the analydisplayed in chapter four a single-case analysis,
which may be considered an interpretative/deseepgtrocess constructed through four main
categories of a performance arts lensM@yeur- new/wonderful/surprisinglb) Voyeur- sense-
making (c) Vicarious emotionsand (d)Visceralsensations

In chapter five | present a cross-case analysas,is, | present a discussion based on
interpretative similarities and differences betw#encases analyzed in chapter four, focusing on
relevant aspects regarding the research questionbapter five, besides using the performance
arts lens based on Boorstin’s (1990) categorialsd use components of the Ontario Curriculum
as a lens to analyze students’ DMPs. Both lengesformed by the bodies of theories
discussed in chapter two (sociocultural perspestikamans-with-media, and multimodality).
Thus, Figure 3.3 illustrates and summarizes thé/anens of the study in relation to the

methodological positions and procedures assumgteistudy.
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Chapter Four: A Descriptive Analysis of Each of 22Cases of Elementary
School Students’ Digital Mathematical Performances

In this chapter | present a descriptive analysisawh of the 22 elementary school
students’ digital mathematical performances (DMR&ilable at the Math + Science
Performance Festival (Festival) in 2008. My focasm interpreting students’ mathematical
thinking and communication through a performantg lans.

The analysis is based on the following researclistijres:

= What is the nature of elementary school studenggitadl mathematical performances

in the Math + Science Performance Festival?

» What are the mathematical ideas explored and hostuttents communicate them

using the performance arts?

Boorstin’s (1990) lens for what makes a good fignidrmed by three categories. This
lens identifies three eyes: voyeuristic, vicaricasg visceral. However, | use four categories for
analysis of a DMP, by splitting Boorstin’s firsttegory of voyeuristic into two components:
new/wonderful/surprising and sense-making. Thegedwnponents offer a more accurate
analytic way to discuss (@) the role of surprisesxperiencing and exploring mathematics
(Gadanidis & Borba, 2008; Watson & Mason, 2007) @rdstudents’ reasoning and
mathematical thinking. My intention in this chapieto use these four categories to interpret and

conduct a descriptive analysis of each elementdrgd students’ DMPs (see Table 4.1).
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Table 4.1: Analytical Lenses
»  What makes good films (Boorstin, 1990);

»  What makes conceptual DMPs (Gadanidis & Borba, 2G@8lanidis & Hughes, 2008).

Voyeur - Senses of surprise, new, and wonderful are fundeainiem the

New/Wonderful/ | voyeuristic eye. It captures the attention of thdiance and offers the

Surprising pleasure of experiencing something new.

Voyeur - Sense-| Rational and logical senses are also significan&feoyeuristic

Making experience. Surprises have to make sense to liedfe
Vicarious Emotional moments happen when the audience feeds adtors are
Emotions feeling. Close-ups on the actors’ facial expressi@used in films to

intensify the vicarious experiences.

Visceral Direct sensations of mathematical fit/beauty/chan@anclair, 2001)

Sensations offer visceral experiences to the audience. Soankérare often used tp

enhance/amplify visceral sensations.

| see the analysis of students’ DMPs as qualitatase studies (Stake, 2005). Thus, as
discussed in the methodology, this chapter asstimeegesign of a multiple case study (Yin,
2006), although the descriptive analyses are disdlandividually (single-case). In the next
chapter, | present a cross-case analysis, whiclesnadnnections between the cases.

| am displaying each of the cases in this chapténe following way: | first present a
tablewith general information about the DMP such asraen-captured image, the URL, the
mathematical content in relation to the mathembsitands of the Ontario Curriculum (Ontario
Ministry of Education, 2005), the digital formatde video, audio), time length of the videos,
the artistic expression used (skit, music, aninmfithe participants and/or authors, the setting
where it was conducted, and any other informatispldyed in the DMP. Then, | present a
descriptionof the DMP, including the transcription. Finalgnd most importantly, | present the
descriptive analysis of the DMP using the four gl categories:

(a) Voyeur- new/wonderful/surprising

(b) Voyeur- sense-making

(c) Vicarious emotionsand

(d) Visceralsensations



74

Although | seek to discuss each DMP in details & ichallenge to present through a print-
based text the analysis of a DMP, which, by ity weature, is fundamentally digital and
multimodal. Thus, | use screen-captured imagegscribe and analyze several moments of the
DMPs and | provide information about students’ gest and actions in the transcriptions,
regarding a notion of multimodal discourse analy®'sHalloran, 2011).

However, | want to point out that this chapter Isrgg chapter. The reasons are: (a) |
analyze 22 DMPs, which may be considered a highbeurof DMPs; (b) considering the notion
of case studies, | seek to present as much desergtail as | can in order to elucidate and
discuss the nature of the DMPs; (c) | presentali@riinscription of each DMP with lots of
screen-captured images, because DMPs are alreaalieetion of “critical events” and the
representation of students’ verbal/spoken langaagle(visual) actions are significant from a
multimodal point of view; (d) | make initial conn@mns between the cases, although these

connections will become clearer in the cross-casgyais presented in chapter five; and (e) the

reader may watch the DMPs availablevatw.mathfest.cabut it is part of my task as a
researcher to introduce, describe, and displaymeypretation of the data as a print-based text.
Considering these reasons, the reader may feeldriégure out alternate ways of reading this
long chapter (e.g., consulting the transcriptionly avhen necessary, focusing on specific cases

or set of cases highlighted in chapter five, etc.).

DMP #1: Polly Gone

Table 4.2: Polly Gone URL: http://www.edu.uwo.ca/mathscene/geometry/geo5

Polly Gone Strands and | Strand: Geometry and Spatial Se

Content: Content: Properties of polygons
Format: Video.
Time length: | 2:2¢
The Arts: Skit.
Polygon or Polly gone? Participants: | Three Elementary School Studer
Willthe mystery be solved? | refer to these students as Student 1, Studemd,

Student 3, respectively, from left to right, aswhan the
picture on the left.
Setting: Performed in a classroo

Info: Polygon or Polly gone? Will the mystery be solv
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Description

In this skit, a student is upset because “Pollydane.” Two other students misinterpret
the statement to be “polygon,” and try to underdtdre statement by considering different
properties of polygons. When they realize that fP¢@he parrot) is gone” they try to find her.
Using properties of polygons, they solve mathermabpazzles that unlock two doors and find

and free Polly. Below is a transcription of the DNMWhich | present in two scenes:

Scene One Figure 4.1: Student 1 cries.
All Students: The mystery of Polygon.

Student 1:[crying] Polly gone!(See Figure 4.1).

Student 2 and Student 3¥/hat’s wrong?

Student 1:[crying] Polly gone!

Student 3:A polygon is a closed 2D shape with sides made
with straight line segments. For example, this
[circular figure] is not a polygon, because theesid
are not straight. But this triangle is a polygon
because sides are straigl8ee Figure 4.2).

Student 1:[crying] No! Polly gone!

Student 2:Maybe she means regular polygons, which are Figure 4.2: Student 3 shows a triangle.
polygon with all side lengths equal and all anglest
are same degree. For example, this octagon is a
regular polygon, because all sides are the samgtlen
and all angles are the same t{fee Figure 4.3).

Student 1:[crying] Polly gone! Polly gone!

Student 2:This [other] shape is not a regular polygon. lis
irregular polygon because not all angles and size o
lengths are the same.

Student 1:[crying] No! Polly gone!

Student 2 and Student 3h no!Polly gone!(See Figure 4.4).

Figure 4.3: Student 2 shows an octag
Scene Two

Student 1:Where could Polly be?

Student 3:How about behind this door? But, which door
knob? [Seeing the door with three figures on itpIW
let’'s see. They must be polygons. | know this ®neti
a polygon [touching the figure on the bottom], besa
not all sides are straights. So, it could be tha¢ o
[pointing out the figure on the centef$ee Figure 4.5).

Student 2:It can't be this one either [removing the figune o
the center].

Student 1:I know why. [It is] because these lines are curved

All three Studentsit must be this one!

Student 3:[touches the figure on the top of the door (a goly), and turns the piece of cardboard (the
door) making a sound using his voice. A new dopeaps](See Figure 4.6).

All three StudentsOh no! Another door!
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Student 2:But they are all polygons. Figure 4.4: Student 2 and Student
Student 3:They must be regular polygons. | know this one realize that ‘Polly gone!’

[touching the figure on the top] is not a regular
polygon, because not all side lengths and angles a
equal.

Student 1:What is it then?

Student 3:lt is an irregular polygon.

Student 1.l get it.

Student 2:It can’t be this one neither [pointing out and
removing the figure on the center]. Do you know w
[Student 1]?

Student 1:Yes, [it is] because all angles are different.

All three Students:So, it must be that one!

Student 1:Well, all eight sides are the same length.

Student 3:And all angles are the same degree.

All three Students:So, it must be regular!

Student 1:[touches the figure on the bottom of the
cardboard, the door opens and Polly appedS¢e
Figure 4.7)

All three StudentsiYeah! Polly!

Student 1:The end.

[Applause]

Figure 4.7: Students open the second door
Figure 4.6: The second door. and free Polly.

Voyeur - New/Wonderful/Surprising
Polygonvs.Polly (is) gones a play on words or a pun. This pun is a traddimath

jokediscussed in many websites (&e&p://www.moonsighting.com/math_jokes.hjmAlthough

the pun itself makes a superficial connection toh@atics, the dialogue that ensues does make
connections to the properties of polygons. Thuspilay on words and the connection between
“polygon” and “Polly gone” are more deeply embeddethe plot of the story. Properties of
polygons are used to solve mathematical puzzlesialotk doors to find and free Polly. The
audience has no reason to expect that the pugdimesone) is anything more than a joke, so the
deeper connection along the story (in scene two)easeen as a surprise. However, the
mathematical information is quite typical of whattadent might encounter in the study of
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polygons. This DMP does not constitute a new ordeofully surprising perspective on
polygons, that is, it does not offer new ways t® s@thematics.

Although the conceptual approach to polygons igsipn this DMP, the audience may
recognize that there is expectation in the scehegoorstin (1990) states, the voyeuristic eye
“thrives on a delicate balance between expectatiwhsurprise” (p. 102). In the first scene,
students are presenting properties and exampleslydons and there is an expectation of a
dramatic event, because Student 1 is crying andeBtl?2 and Student 3 are trying to help her by
talking about polygons, but Student 1 keeps cryiktghis moment, the audience may think
about questions such as “Will they be able to hel?” or “What is going to happen?” These
kinds of questions refer to expectation, to a sefseoking forward to something. In scene two,
the fact that students are solving a mathematrajéometrical) puzzle also provides
expectations to the audience. The audience may aopmagth questions such as “Are they going
to solve it? How?” or “Are they going to find aneé& Polly?” Although there are expectations
and surprises in how mathematics is connecteckistibry, there are not mathematical surprises
that help the audience to see mathematics in nesepdual ways. The DMP #olly Gone
does not provide a conceptual mathematical surpkis&latland or The buttons get arraydoes
(see Prologue). Traditionally, the immediate notioait students or even teachers have about
parallelism in geometry is that “parallel lines ateight lines that never meet” or “squares are
not rectangles.Flatland explores a non-Euclidian geometry, bringing updiseussion that
parallel lines do meedn spherical surface$he buttons get arraysffers ways to explore a
square as a specific case of rectangles, conneejimgsentations and mathematical strands (e.g.,
algebra and geometry). Thus, unlRelly Gone Flatland andThe buttons get arrayare
examples that offer “students and teachers oppitigarior a fresh, rational experience . . . with
multiple opportunities for mathematical surprisel amsight” (Gadanidis & Borba, 2008, p. 47).

In this DMP, students use different modes of comigation, including elements such as
speech, gestures, manipulative materials, and drismesestingly, these non-written modes of
communication are fundamental in creating a sehsgpectation due to the play on words. If
they were using writing to express the “polygon jtimey would not provide the same level of
expectation to the audience, because the firstttimeeader reads “Polly gone” and “polygon”
the surprise of the pun is over. By using spedcitlents sustain the expectation for a while,

because “Polly gone” and “polygon” sound very samivhen one speaks or listens to these
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words. Through the emphasis on the audio desigmoafality in this DMP, students sustain the
play between the words “polygon” and “Polly gon&/hen Student 2 and Student 3 finally
realize that Student 1 is actually crying becadaly (is) gone” — and not because “polygon”

(as they were thinking) — they clearly get surgtiaad say: Oh no! Polly goné!

Voyeur - Sense-Making

Students use the play on words to talk about palggmd they connect the pun to the
fact that Polly is found by solving puzzles thatdlve properties of polygons. The solutions
make sense in terms of the polygon properties {sh#tey are not arbitrary). In other words,
even though the initial connection between “polygand “Polly gone” is just a pun, it does later
connect to the plot of the story, as propertiesaygons are used to find Polly. Thus, the
surprise present in this DMP is understandableusscéa) the play on words is clarified (scene
one) and (b) the pun is related to a mathematiez¢lp, which allows the actors to find and free
Polly (scene two).

In scene one, students use and show examples dantec-examples) to define and
illustrate what are (and are not) polygons andlegquolygons. Moreover, there is logical
thinking when the actors are presenting the prapsef polygons. When Student 3 sags “
polygon is a closed 2D shape with sides made wridlight line segments® he is defining a
polygon, that is, he is presenting sufficient ardessary conditions for the existence of a
polygon?!’ After defining what a polygon is, Student 3 prasdexamples (and counter-
examples) of polygonsFor example, this [circular figure] is not a polygpbecause the sides
are not straight. But this triangle is a polygorchase sides are straightsee Figure 4.2).

The same kind of logical thinking appears duringdsht 2’'s speech in the scene one,
when she defines and provides examples of regolggpns: ‘Maybe she means regular
polygons, which are polygon with all side lengthsa and all angles that are same degree. For
example, this octagon is a regular polygon, becalksides are the same length and all angles
are the same tobThese definitions and examples explored in s@@reare significant in scene

two to solve the puzzle, because the door knobsegresented by figures and only a polygon

16«A closed plane figure with straight side§’he Nelson Canadian School Mathematics Dictionary
p.173).

17“The formal definition of a mathematical objectrirathematics states the least number of propaties
the object need to identify itThe Nelson Canadian School Mathematics Dictionpr8).
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opens the first door and only a regular polygomggee second door. Thus, there is a
mathematical connection from scene one to scendéwause the process of solving the puzzle
involves the identification and classification ajures — if a figure is (or is not) a polygon ahd i
a figure is (or is not) a regular polygon.

The process of solving the puzzles in scene tveopgocess oéxperimentationin the
sense that students are ¢igborating conjecturege.g., students saywhere could Polly be?
How about behind this door? But, which door knob&l\Wet's see. They must be polygdns
(b) refuting conjecturege.g., students sayt Know this one is not a polygon, because not all
sides are straights. So, it could be that one... Caa'this one either... | know why. [It is]
because these lines are curt)edc) confirming conjecturee.g., students saytt‘must be this
one! and the doors open). Therefore, even though dineeptual approach to polygons is
traditional in this DMP, students present argumesmamples, logical thinking, connections and

ways to pose and solve a problem related to pokygon

Vicarious Emotions

This is an emotional story. Someone is crying (8tid) and someone is lost (Polly).
There is a happy ending (students find and frel/Pdlhe plot of the story uses properties of
polygons to pose and solve puzzles that are inteystory development, and they are part of
the emotional moments, such as (a) realizing tRatly is gone” and (b) finding Polly by
solving mathematical puzzles. However, the emotinrile story are not connected to deep
mathematical ideas, that is, the emotions are cmiyected to superficial concepts regarding
properties and examples of polygons. There arel@ep explorations regarding relationships
involving polygons. An example of how the studesdsld have used mathematics more deeply
would be to explore the notion that “a squarespecial case of rectangle or rhombus.” So a
door puzzle might require a rectangle or a rhontbugpen it and the students only had a square.
They could realize and prove to one another thrabgtproperties of rectangles and rhombus
that a square is a special case of them, thusngldieir emotions in the story to this idea. This
might lead the audience to see polygons in multiNggs or as fitting in multiple categories by
considering overlapping properties, which migheoffvays to see mathematics differently. This

idea is explored, for instance, in the D¥®PShape Songand DMP #5Little Quad’s Quest
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Although the emotions in this DMP are related teaditional approach on the study of
polygons, the expectations and surprises in bahesc(already mentioned) are emotionally
expressed by the characters. For instance, scenis emotional regarding the fact that Student
1 is crying becausePblly (is) gon€’ Student 2 and Student 3 are trying to help hyetakking
about polygons, but Student 1 keeps crying. Whadestt 2 and Student 3 realize thBblly
(is) gong” Student 1 stops crying. In scene two, the preadgposing and figuring out the puzzle
is also emotional because it refers to how to &nd free Polly. By opening the second door and
freeing Polly, students demonstrate feelings inmgh\happiness and achievement. They
celebrate it by sayingyrieah! Polly? The way students say togethét rhust be this on&land
“Oh no! Another dooft!reveals some of these emotions as well.

Moreover, close-up shots of the actors’ faces aegl several times in this DMP (see
Figure 4.3), which may enhance the vicarious plesssaf the audience. The close-ups on the
actors are used in moviemaking to make the scenes emotional and the audience may feel
what the actors are feeling. Boorstin (1990) emizleaghat the vicarious eye can be intensified
by zooming-in the landscape of the scene on trersidacial expressions. This is a way to
highlight an emotional moment and offer vicariouperiences to the audience.

The audience may vicariously feel that there isress of collegiality and collaboration in
the story (see the transcription), which helpsahéience possibly make stronger emotional
connections to the relationships between the ctensaand their emotional experiences. In scene
one, for example, Student 2 and Student 3 aregnyirhelp Student 1, because she is crying.
They demonstrate feelings involving solidarity nemdship when they talk about polygons,
because they think that Student 1 is crying anthgdypolygon” and they want to help her. Even
when they realize that Student 1 is actually crygegause “Polly (is) gone,” they show a sense
of friendship and collaboration, because all theteglents start to try to find and free Polly by
solving the puzzles. The process of solving thezlaszis also collaborative, because students
complement the actions, conjectures, and reasarfiagch other when figuring out the puzzles.
These moments reveal playful eventstwidents-thinking-with-materialsy communicating and
representing their mathematical ideas collectiveljaboratively, conjecturing and experiencing
mathematics by using drama and manipulative médgeag. see the following transcription

from scene two).
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Student 3:... | know this one is not a polygon [touching tigeife on the bottom], because
not all sides are straights. So, it could be tha¢ gpointing out the figure on the center].

Student 2:1t can’t be this one either [removing the figune the center].

Student 1:1 know why. [It is] because these lines are curved

All three Studentsit must be this one!

Visceral Sensations

Sinclair (2000) talks about a sensemdthematical fias an aesthetic sensation, a sensing
of mathematical beauty. In this skit, students hea@e sense of mathematical fit when
properties of polygons solve puzzles. From thescaption, it is possible to recognize this sense
when all three students say togethiénfust be this onélor “It must be regulaf! These are the
key moments which students figure out the puzatelsapen the doors. However, this sense of
mathematical fit is conceptually superficial, besait simply deals with proprieties of polygons.
The pleasure of mathematical fit in this DMP is astintense as for example the pleasure of odd
numbers fitting in a square in the DMP L-pattersese(Gadanidis, Hughes, & Borba, 2008),
which offers several ways to make connections wingl multiple representations (e.g.
numerical, visual, material) through different netiatical strands (e.g. geometry, numeration,
patterning, and algebra).

The process of figuring out the puzzle involvedifegs of expectation and tension. It is
possible to recognize these emotions when studagtgor instance,But, which door knold?

“Oh no! Another doof!or “What is it then?These moments may offer some visceral sensations
to the audience, because students are in actibin@a puzzle) and the process of solving a
problem to save Polly involves some suspense,denand expectation. However, there is no
soundtrack at this moment and, as Boorstin (19@@s, a soundtrack is fundamental to the
visceral experience. Therefore, students could liged a soundtrack in this DMP to provide
more intense visceral experiences.

Solving the puzzles involves students’ experimeomathands-on activity, conjecturing,
and refuting/confirming of conjectures based orrtkiowledge on polygons. These processes
are very significant in terms of mathematical thngk but, in this DMP, they are not developed
in a deep way. Although students are in direct ematitical experience — they are in action

manipulating polygons to figure out a puzzle — they not thinking-with-artifacts in a profound
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manner (see Borba & Villarreal, 2005; Papert, 19@®ich might offer them ways to
demonstrate the beauty of mathematics by conneuwtiriiple representations and strands. As
mentioned, students could have explored ideagdilations involving quadrilaterals (e.g. “a
square is a special case of rectangle or rhrombwsigh is explored in the DMP #5ttle

Quad’s QuestStudents could have also explored some issuesodeling and representing
polygons, such as (a) Architecture: What are thggoms we usually see in constructions? Why
are triangles more “rigid” than rectangles andmfised to construct roofs? and (b) Tessellation:
Which polygons are proper to cover a plane surfdh$ do bee hives have a hexagonal form?
Why do hexagons fit in a way that optimizes theaame a plane surface? These are some of the
guestions students could have explored in this IR way to provide visceral experiences to
the audience.

DMP #2: Geometrical Idol

Table 4.3: Geometrical idol URL: http://www.edu.uwo.ca/mathscene/geometry/geol
~ Geometrical Idol Strands and | Strand: Geometry and Spatial Se
' L2 | Content: Content: Proprieties of polygons.
Format: Video.
Time length: | 2:41
[P The Arts: Skit and songs: Music:
g mmer ltmyhead mowimswweed | Participants: | Four elementary school students and one guitaep
P Setting: Performed in a classroo
Info: Performance
« Triangle sings: "l lost my head ... now I'm a
trapezoid"

« Triangles rock
« Hexagon hides in hives

Description

Four students perform a skit and sing songs. Byimgak parody of the TV Show called
American ldo] they play roles as judges, presenters, and sirajeheGeometrical Idal
Students sing songs about trapezoids, triangleshaxagons. There is a participant who plays
the guitar, but he or she does not appear in theoviFirst, the presenter introduces the first
candidate as a trapezoiBife has one set of parallel lines and two acutdestigshe performs a

song calledNow | am a trapezoidlhe judges approve the candidate and she gethémee to
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go to Hollywood (the next level of the competitiojhe presenter then introduces the second
candidate as a trianglestfe has three acute angleShe performs a song call@diangles rock
and the candidate is also approved. Finally, tlesgmter introduces the third candidate as a
hexagon: She has three sets of parallel lines and two aantges” The candidate performs a

song calledHexagonand she is not approved. Next, | present a trgotgor of the DMP:

Presenter:Hello! My name is Traci Chris and welcome to Figure 4.8: The presenter
Geometrical Idol! First up we have trapezoid. Shs h
one set of parallel lines and two acute angles.iésd
and gentleman, number or{&ee Figure 4.8).

Trapezoid:Hi!

Presenter:What are you gonna sing today?

Trapezoid:I'm singing “Now | am a trapezoid.”

[Someone plays the guitar].

Trapezoid[singing]: Head, oh head, | lost my head. And heat
oh head, | could've been dead. Head, oh head] | fee
sick in bed. Now, | am a trapezo{&ee Figure 4.9). Figure 4.9: The Trapezoid

[Applause].

Judge 2:1 liked that very much!

Judge 1:1t was ok..(See Figure 4.10)

Judge 3:Here we are! You're going to Hollywood!

Trapezoid:Yes! Yes! | am going to Hollywood! | am going to
Hollywood!

Presenter:Next step we have triangles. She has three acute
angles. Ladies and Gentleman, number seven thops:
three hundred fifty-two. :

Triangle: Hello! Figure 4.1C: The judges

Judge 1:Hello!

Triangle: | am going to sing “Triangles rock.”

Judge 3:0k!

Triangle [singing. Someone plays the guitar]: Trianglesythe
have three points, three sides, three types. |#asce
scalene, equilateral. Triangles, they try again.
Triangles, to the very en@See Figure 4.11)

[Applause].

Judge 3:That was very good!

Judge 2:Good job!

Judge 3:Three yes! You are absolutely! You are going to Figure 4.11: The Triangle
Hollywood!

Triangle: Thank you!

Presenter:Last but not least, we have hexagon. She has.thre:
sets of parallel lines and two acute angles. Ladied
gentleman, number fourteen thousand, five hundred,
sixty-nine.

Hexagon: Ok! I'm going to sing “Hexagon™ OK... OK... [If]
has six sides. Hides in hives. Takes all the holegt.
leaves no money. It is a hexag@Bee Figure 4.12).




Judge 1:0k! You can stop. Figure 4.12: The Hexagon
Judge 3:Yes! :
Hexagon:Yeah? Yeah? i
Judge 1:No! That was not good! I

R — ]

Judge 2:1 have to pass...

Judge 3:[?] Really repulsive.

Hexagon:Hum... [very sad].

All participants: That was the [?] episode of Geometrical
Idol!

[Applause].

Following are the lyrics of the DMP in Table 4.4:

Table 4.4: Lyrics of DMP #2 — Geometrical Idol

Song 1: Now | am a Trapezoid Song 2: Triangles Rock Song 3: Hexagon
Head, oh head, I lost my he Triangles, they have three poin [It] has six sides
And head, oh head, three sides, three types. Hides in hives.
| could’ve been dead. Isosceles, scalene, equilateral. Takes all the honey.
Head, oh head, | feel sick in bed. Triangles, they try again. And leaves no money.
Now, | am a trapezoid Triangles, to the very end. It is a hexagon.

Voyeur - New/Wonderful/Surprising

Ideas such as “the triangle lost her head, nowsshdrapezoid” or “hexagons hiding in
hives” may help students and teachers see the néwanderful in mathematics.

Regarding the first songow | am a trapezoi@see Figure 4.9), the imagining of a
trapezoid as a “triangle with its head cut-offSisrprising, as it is not a common representation
in school curriculum. This representationt@pezoidmay help students wonder about other
shapes and how to see polygonaeémvways as parts of other shapes or “hiding” in oteapes
such as a hexagon from a triangle, a square friargar square, triangles from a parallelogram,
and so forth (see Figure 4.13 a-d).

Figure 4.13 «d: Figures imagined from other figures
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Also, the idea of “hexagons hiding in hives” offerays to see connections between

mathematics and real life. A honeycomb (see Figure g re 4,14 A honeycom. Available at:

http://en.wikipedia.org/wiki/File:Bienenw
abe_mit_Eiern_und_Brut_5.jpg

4.14) is an example of a tessellated natural stract

=

Mathematical problems involving tessellations, for
instance, offer ways to see the new and wondarful i
mathematics. Tessellation is “an arrangement afepla
figures of the same shape and size, to cover acurf
without gaps or overlappingThe Nelson Canadian
School Mathematics Dictionarp. 228). Triangles,
squares, and hexagons are the only regular polythansessellate by themselves. Interestingly,
the hexagon tiles the plane with minimal surfa@aathat is, the hexagonal structure uses the
least material to produce the cells within a givetume (for proofs, see Thompson, 195%).

It is surprising in this DMP that geometrical figgrtake human forms, and sing songs
about themselves. Polygons are typically experiém@senon-human or non-alive and with no
feelings. Gadanidis, Hughes and Gerofsky (2008¢ jputeresting questions regarding ways to
explore this kind of surprise. The authors empleapissibilities on how the richness of
students’ imagination and connections to realdda be extended, regarding that this view of
shapes taking human form may make a differencsttmtents and teachers because, by
experiencing surprises, they take pleasure in gesmimething new and wonderful in
mathematics (Gadandis, Hughes, & Borba, 2008). dvieasd Mason (2007) “tend to see
surprise as a positive emotion [and] mathematidalbef philosophical and cognitive surprises;
surprise as motivating curiosity and effort” (p.#hus, the surprising experience in DMP #2
Geometrical ldomight offer ways to see triangles and trapezoitieréntly or see geometrical
shapes in nature. One might imagine what if trengie lost all three vertices or what if the
triangle was created by cutting vertices off oftheo shape. What might this shape have been?
All this aesthetic, playful, and imaginative corttexay offer ways to the audience to see
mathematics differently, surprisingly.

This DMP also offers surprise in seeing a perforceacontest (like a “TV show of
talents”) using mathematical songs. It is not comrww students to communicate mathematics

through song. Songs are popular forms of communitatvhich are easily accessible compared

18 See alsdsoperimetric problemsoncerningessellationgToth, 1963).
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to traditional forms such as writing and drawingditional text) or verbal language concerning
typical instruction.
In the second song the student sirfgsiangles, they have three poiritBrobably,

students are making reference to or exploring theber ofverticesof triangles.

Voyeur - Sense-Making

There are similarities among the songs in termmathematical content, because they all
refer to properties of polygons. The first songai@s student’s sense of geometrical
visualization. As mentioned, by singingléad, oh head, | lost my head... Now | am a
trapezoid” the student is imagining a trapezoid as a tiiength its “head cut-off.” The second
song mentions some properties of triangles andthew can be classified (scalene, isosceles,
and equilateral). The triangles are portrayed &sraened or persistent, because the lyrics states
“Triangles, they try again. Triangles, to the venglé The third song talks about a hexagon
hiding in hives (as in beehives). The song expltimegecognition and visualization of everyday
shapes around us (honeycomb) in a different waggaume the hexagon is portrayed as a thief,
hiding in a hive, taking all of the bees’ honeygddhen not paying for it as the lyrics state,
“Hides in hives, takes all the honey and leaves oiwem It is a hexagoh

The parallel with a TV show provides a contextedlity to this DMP, which is an
important aspect of the voyeuristic eye — “creaingedible flow of time and space and creating
a story” (Boorstin, 1990, p. 13). However, studerdsld have presented a deeper mathematical
dialogue between judges and candidates after @achas sometimes happens in the case of
musical performances in the original show. The @glgould have asked questions and the
students could have had a conversatioextendthe mathematical ideas presented through the
songs, tanake connection® other significant mathematical aspects (corxapt
representations) they were talking about in thedyConnectings a fundamental aspect of a
conceptual DMP (Gadanidis & Hughes, 2008), andrg significant mathematical process
pointed out in curricula (NCTM, 2000; Ontario Mitrig of Education, 2005).

On the one hand, “children learn by repetition aodgs are a great way to incorporate
learning into their young lives . . . Learning bysit helps [students] to retain your information”
(Kynyon, 2008, p. 1). On the other hand, songsliysdaal with conceptual gaps concerning

mathematical understanding or connections. Thahésrole of the listener (audience) is



87

fundamental to interpreting the ideas of a matheraledong and making connections that
probably are not totally clear at the first approation with the lyrics. Also, a musical (a
combination of skit and song performances like BidP #2) is an interesting form of DMP
because it may offer ways to remember the congamgs) and ways to develop understanding
and make connections (skit). Thus, in this DMPdetis could have performed scenes in which
the judges could discuss mathematics with the dates based on the ideas or concepts
presented in the songs, thus offering differentsmMay the audience to make connections.

After the performance of the first candidate, tiéges could have added new ways of
looking at triangles, or new ways of cutting-offples to produce new polygons (like a hexagon
from a square). After the performance of the seaamtlidate, the judges could have asked
“Why do triangles try again to the very end?” Ibécause representations of triangles are “rigid”
and often used in the architecture of roofs? Aterperformance of the third candidate, the
judges could have mentioned other shapes “hidingiesvhere, thereby making connections to
the other candidates. For example, where do weepgesentations of triangles and trapezoids in
our environment? The judges could have also jestivhy the third candidate failed. Was that a
bad performance in terms of singing, in terms offramatics, or both? These discussions might
enhance the audiences’ understanding toward thieemaitical content of the songs by offering
ways to make connections involving concepts, reprdions, and processes.

The presenter produces incoherence when she itgedbe hexagon by sayinghe has
three sets of parallel lines artdo acute angle$ A regular hexagon actually has six obtuse
angles, all of which measure one hundred and twaeyees. Most likely, the presenter was
confused with the dialogue referring to the firahdidate (the trapezoid), which ishe has one
set of parallel lines antlvo acute angles When introducing the hexagon, the presenter makes
short pause in the speech and looks back to the talseems she tries to find her notes. These
actions (looking back and pausing) offer some ewdehat the presenter was not totally
confident with her speech. It might also indicdte possible confusion she made with the

introduction of the first candidate.

Vicarious Emotions
There is a sense of competition and expectatiomgrtite actors in the skit, like the

sense of looking forward to the results in a tadw. The audience may feel the same feelings,
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vicariously, when watching the DMP. Happiness tigltoachievement is emphatic when the
candidate passes and gets the opportunity to goltgwood. Both the trapezoid and the
triangle celebrate with enthusiasm when the juggss them. In contrast, sadness emerges when
a candidate fails. After the negative feedbackefjudges, the hexagon makes a sad sound
(almost crying) and she crosses her arms and bhatilsvery disappointed. The audience may
vicariously feel the same emotions the actors eebrfg such as happiness/achievement or
sadness/deception, according to their successlarefan the show.

In this DMP, zooming-in on the candidates’ facegssd and may offer ways for the
audience to focus on the emotions of the performwhien they are singing. As mentioned,
Boorstin (1990) emphasizes that emotional momeantise intensified through a close-up on the

actors’ facial expressions (see Figures 4.15 a-c).

Figure 4.15 &c: Close-up on facial expression Geometrical Idc.

Feelings appear in the trapezoid’s lyriccbuld’ve been dead...l feel sick in bethat
is a mathematical emotional moment involving a kelgtionship because these feeling are
connected to the mathematical idea in which theetzaid is visualized a “triangle with its head
cut-off.” As mentioned, this idea offers ways te@ seathematics differently. Thus, in this song,
students’ mathematical imagination is linked to &oms, providing vicarious pleasures to the
audience.

The students are playing roles as shapes, asswamigtic identities as geometrical
figures. As mentioned, it may be a surprise toath@ience, but it also may offer emotional
experiences. The process of playing the roles ¢o&icharacter) may reveal some sense of
embodiment when they are performing: a sense aiKiihg the self as a polygon.” Students (as
actors) are actually “making mathematical objectne alive” when they perform them and

sing, for instance,l“am a trapezoid
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The third song identifies everyday shapes (hexaguwhbeehives) and portrays the
hexagon as a thief, hiding in a hive, taking althe# bees’ honey. There is a connection between
real-life forms a representation of a regular hexagan take and how it may increase the
vicarious experience of their emotions by the aucke because there is expectation regarding
the presence of a thief and the fact that the Aeefsing the honey.

The trapezoid and the hexagon demonstrate theyeayeexcited to perform their songs.
They arrive with enthusiasm on scene when theynareduced, making animated gestures. The
audience may feel students are feeling a strongeseihenthusiasm to start their performances.
In contrast, the hexagon’s performance may be dersil exaggerated by the audience, which
can be related to something funny or hilarious.

The TV show design reveals the influence of medtargainment in producing a DMP.
Students bring elements of the individuals of thginal TV show’s personalities by
demonstrating that some judges are stricter thaerstor by the reactions of the candidates
toward the judges’ feedback. The audience maysiemle of the judges are indifferent, cold or
insensitive, which are characteristics relatednpleasant feelings. For instance, in the judgment
of the first candidate, the judge in the middlessdyliked that very mucfilin contrast, the

judge on the left only saystt‘was ok’

Visceral Sensations

Although this DMP does not present scenes of aciguspense, it provides visceral
experiences because the main plot of the perforen@noased on a soundtrack and there is an
appeal to the pop culture of entertainment witrarddo the fact that the DMP is a parody of the
very popular TV shovAmerican Idol Boorstin (1990) argues that the presence of adtcack
is fundamental within the visceral eye. Boorstsoattates that pop music has the appeal for
visceral pleasures because that is a charactesfdtie popular culture of entertainment. Video
clips of pop-rock bands, for instance, are shotinme length (a few minutes), usually include
fast changes of scenes, and the popular cultura kisseral appeal.

When the trapezoid sayklost my heatlor “could have been degdt could elicit fear
or humour, depending on how the audience interjrefgnsion and fear, which are visceral

sensations, may also be related to the hexagongidihives and stealing honey.



Although the mathematical ideas explored in this®db not present connections

between strands (e.g. geometry and spatial sens#teyning and algebra), ideas such as “a

trapezoid coming from a triangle” and “hexagondrgdn hives” lead to a sense of

mathematical fi{Sinclair, 2006), because the audience may expezithat (a) a trapezoid fits in

a triangle and (b) regular hexagons fit one to lagofcovering a surface) and hives (hexagonal

format) are things found in nature. Sinclair (2080ygests that

[Aesthetics] is partially about discerning patteonperceiving relations, and taking note

of how things relate to one another and how theyrst fit together. When we

experience things fitting together, they often ld&autiful to us, and they often bring us

a sense of pleasure (p. 4).

Thus, some ideas presented in this DMP offer védaansations to the audience.

DMP #3: Shape Songs

Table 4.5: Shape Songs URL:

http://www.edu.uwo.ca/mathscene/geometry/geo?

Shape Songs Strands and | Strand: Geometry and Spatial Se
B = Content: Content: Proprieties of square, rectangle, anddtea
Format: Video.
Time length: | 1:50
The Arts: Songs

Square, Rectangle and Triangle sing their songs.

Participants:

Two elementar school students and one guitar pla

Setting:

Performed in a classroac

Info:

Square, Rectangle and Triangle sing their si

Description

Two students sing three songs about the propriefipslygons from the point of view of

each polygon. The first song is about a squarefamdtudent on the left side of the video

performs it. The second song is about the rectaanglethe student on the right side of the video
performs it. Finally, the third song is about tggs and both students perform it. There is a

participant who plays the guitar, but he or shesdws# appear on the video. The transcriptions of

the songs (lyrics) are presented in Table 4.6:
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Table 4.6: Lyrics of DMP #3 — Shape Songs

Song 1: Square Song 2: Rectangle Song 3: Triangle
Square! | have four sid | am just a rectang | am just the triang|
Square! | am a quadrilateral. | Let’s try to make this simple | can be equilateral
Square! It is not fair that they | got four sides, four angles My vertices are three
All call me such a dumb square Because | am not a triangle Therefore, | am 2D
| can be a square and hip too, | even got four vertices, You know me, | can be scalene
| can be cool just like you. therefore | am not 3D Equilateral or isosceles, my lines

Just have to realize that | am a My lines of symmetry are two of symmetry are three or one

rectangle too. And | got skills just like you | can also be a polygon
Therefore | have skills and you So, maybe a square is a lot
know. But he can’t be me so there’s a
thought.
[Applause]

Voyeur - New/Wonderful/Surprising

In the first song a student playing the role ofjaase is singingl“am a rectangle tob.
The mathematical idea presented in this song —évaty square is a special case of rectangle”
— is a conceptual mathematical surprise. Thisnsthematical surprise because in typical
mathematics classrooms this is not uncovered (Gadidaerofsky, & Hughes, 2008).
Moreover, students or even elementary school teactseially think that a square is not a
rectangle, but this is a misconception. Neson Canadian School Mathematics Dictionary
(1995) defines aquareas “arectanglewith equal sides, or @aombus with equal angles. It
follows from either definition that a square hasrfequal sides and four right angles, and that
its diagonals are equal and bisect each otheglatt angles” (p. 215, original emphasis).
Similarly, a rectangle is a special case of pd@gl@am. Thus, a square is actually a special case
of a rectangle, a rhombus, and a trapezoid. The pdesented in this first song may thus help
disrupt possible misconceptions people have towadtudy of squares and rectangles. It may
help the audience to see mathematics as more compieinteresting. These relationships
involving quadrilaterals are discussed in the agialgf the DMP #%.ittle Quad’s Quest (Part 1
to Part 5)
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Voyeur - Sense-Making

There are similarities among the three songs s1\IP in terms of mathematical
content. All three songs are about shapes (polyguors some of their properties involving, for
instance, number of sides, dimensions, lines ofrsgtry, and specific types (e.g., scalene,
equilateral, and isosceles triangles).

In the first song, as mentioned, there is a mathieaiasurprise involving the fact that
every square is also a rectangle. However, the doag not provide an explanation about why a
square is a specific case of a rectangle. BasjaaByperficially says a square is a quadrilateral
because it has four sides and one just tmsefalize that | am a rectangle tdd’ he song could
present the definition of a rectangle — a rectamglle equal sides or a rhombus with right angles
— and explore the fact that a square is a speasa of rectangle or rhombus. That is one way the
song could provide an explanation about why evguage is a rectangle too, and then the
audience would identify the arguments that woulgpsut the mathematical surprise.

In the second song, the student singigict four sides, four angles... | even got four
vertices, therefore | am not 3DIn this case, the conditions proposed by thdestt are not
sufficient to make his mathematical/geometricabiagstion fully consistent. That is, there is a
3D shape — theetrahedron- that has four sides (faces), four “angles” @dital angles) and four
vertices. In contrast, students present a consiktgical statement when students say in the third
song: ‘My vertices are three, therefore, | am .2l this case, the existence of three (and only
three) vertices in a figure is a sufficient andessary condition to determine a triangle, which is
a 2D figure.

In the third song, students are talking about thypes of triangles — scalene, equilateral,
and isosceles — and they sinily’ lines of symmetry are three or gh&n equilateral triangle —

a triangle with all sides equal in length — hagéhlines of symmetry. An isosceles triangle, that
is, a triangle with one pair of sides equal, has lame of symmetry. But, a scalene triangle,
which is a triangle with no equal sides, has nedinf symmetry. Therefore, in order to ensure
mathematical rigor and consistency, students coaleé sung “three, zero, one”, instead “three

or one.” Figure 4.16 shows these possibilities:



93

Figure 4.16: Lines of symmetry of triangl

Vicarious Emotions

All three songs are sung by the shapes. Theyddheir stories and relate their feelings.
Like in DMP #2Geometrical idalstudents are playing roles as geometrical shdpestact that
humans are (imaginary) “taking forms” of a squaregctangle, and triangles take may increase
the vicarious experience of their emotions by theience. In this sense, the wotdsn (first
person singular — grammatical person) are oftesgmtain the lyrics (e.gl‘have four sides “|
am a quadrilatergl’ “I am just a rectanglé “1 am just the triangl§. It reinforces the sense of a
student thinking and learning about a polygorbbing(or acting as) a polygon. In contrast, the
vicarious experience would be different — probdbss intense — if the songs were in third
person singular, with lyrics such a& Square has four equal sides and four right angle’s
square is a rectangle tdo.

The shapes express emotions and the audience eldlgdee emotions. The first song in
particular presents emotions that the square imfe&Vhen the student singk is not fair that
they call me such a dumb squértke audience may interpret that the squareadirtpwith
feelings of injustice, involving bias or unfairneggthat moment. It happens because, colloquially,
the expression “someone is a square,” means sonmgebagng, conservative, or old-fashioned.
The students were creative in using such expressidisrupt the stereotype associated to the
colloquialism by arguing that a squaah be hip too... can be cool just like you... candeé ¢
just like you. Just have to realize that [a squiate rectangle tod In this way, the students are
relating the square’s emotions toward the negatkpeession “someone is a square” to the
mathematical surprise of the song (every squaagestangle too). Even though there is not a deep
explanation about why every square is a rectatfggeaudience may feel these mathematically

related emotions because in this performance sltapelk, sing, and have emotions.
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Moreover, it is not a simple task to perform a swittp emotion, even if the song talks
about emotions and feelingsa.this DMP the audience may feel that the studarthe left side
of the video is having a good performance of thegsdecause he was performing with
confidence, demonstrating that he enjoyed singind,was excited to perform. Vicariously, the
audience may have the same feelings. It is impbttanote that Boorstin (1990) believes that
the appeal to emotional space emphasizes the @octie actor’s face, “exploring every nuance
of expression, dowsing for emotion in the invisidpths behind the eyes” (p. 90). In this DMP,
this kind of landscape or close-up is well explof8de figures 4.17 a-b). The audience may see
students’ facial expressions while they interpigetimeir roles as polygons and sing about their
properties. Therefore, this technique of recordirgose on actors’ facial expressions, landscape
with no other distractions — draws attention to tttha actors feel and the audience may

vicariously feel what the “polygons are feeling.”

Figure 4.17 «b: Close-up on students’ facial expression in Shape £

Q QOO

Visceral Sensations

All three songs present some sense of mathem#atiddhen the polygons sayl am a
rectangle tod, “1 got skills just like youor “I can also be a polygdnthe audience may
understand these statements as related to a ddvedergging. Interestingly, in the first song, the
sense of surprise and new about the fact that yesggrare is a rectangle” may lead the audience to
a context of discovery, as an “a-ha moment,” amaay offer ways for visceral experiences.
During the second song, it is clear that the stuldstthe beat when singing one of the verses. The
audience may sense this moment as visceral byde@) tension when the beat is lost and (b)
satisfaction when the student and the guitar plexek in synergy to get the beat back.

Even though this DMP does not present explicit esef action or suspense, it is
fundamentally formed by soundtracks. Boorstin ()288tes that the use of a soundtrack is a

significant aspect within the visceral eye. In &ddi, Boorstin says that “pop songs aim at the
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gut” (p. 133) and video clips of pop music are dador visceral appeal. In this sense, it is
relevant to notice that the last song presentekisnDMP is a parody of the pop rock band called
Green Day, which is a very popular band. The sehsgathematical fit present in the songs
combined with the fact that (a) soundtracks provideeral sensations to the audience and (b)
there is a pop song involved, offer ways for thdiaunce to viscerally experience this DMP.

The visceral sensation of this DMP can be intesdiii the audience extends the idea that
“a square is a special case of rectangle” to gihmrlems or strand$he buttons get arraysee
Prologue) explores an interesting problem involyiegmeter and area of rectangles. It shows that
representations of different rectangles, with défe perimeters, have the same area (16 units). For
instance, area can be equal to 16u and the periptgial to 34u or area can equal 16u and the
perimeter equal to 20u. Surprisingly, the rectadgidy 4u has area equals to 16u and perimeter
equals to 16u. Then, beyond exploring that a sgsaepecial case of rectandlée buttons get
arrays explores multiple representations (visual, objesymbols, writing) and connects different
mathematical strands (geometry and algebra). Sigithis problem can be explored considering
a constant perimeter and multiple values for tlea.df a rectangle has a perimeter equal to 12u,
for instance, then, there are many ways to desigiamgles, length and height could be equal to 1u
and 5u, 2u and 4u, and 3u and 3u. To solve thid¢mmg one has to realize that the rectangle with
the largest area is a square (3u by 3u). This prolg explored by Grade 2-3 students in a DMP
calledWe made 1,2available atvww.edu.uwo.ca/mathscene/mathfest2009/mathfest@@.h

DMP #4: Triangles
Table 4.7: Triangles URL: http://www.edu.uwo.ca/mathscene/mathfest/mathféskitth

Triangles

Strands and | Strand: Geometry and Spatial Se

A musical about the shapes that can be made with triangles

Content: Content: Proprieties of figures formed by triangles
Format: Video.

Time length: | 4:20

The Arts: Songs and Skit: Musici

Participants: | Many elementary school stude!
(Estimation: 21-28 students).

Setting: Performed in an open speé

Info: A musical about the shapes that can be made wathgtes
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Description

In this DMP students make shapes using trianglesy Thake representations of a
parallelogram, a rhombus, a hexagon, a dodecagobog, and a person, performing a skit in an
open space (that looks like a gym) where they eisitters or groups where shapes they created
with manipulative materials are presented (seediguthe Table 4.7). At each center, students
mention the properties of the shapes and sing aushAt the end of the story, students make
several representations involving the use of tlieggsing their bodies. Following, | present a

transcription of the DMPs different scenes:

Introduction

All Students[singing]: We can make so many shapes. Wow!"
can make so many shapes. Wow! We can make so n
shapes with triangles. Everybody sif®gee Figure 4.18)

»
Scene OndgSee Figure 4.19) T ‘ ‘ .
Students [a group of sevenHey. What's going on over there? r| ar! '.. N !

Figure 4.18: Triangles- Introduction

Student: They are making shapes with triangles.

Students:Cool!

Student:Oh! Come on! Follow me!

[Students walk until the first center, where twadsints are
waiting for them]

Scene twqSee Figure 4.20) Figure 4.19: Triangles— Scene One
Students:What are you doing? F I
Students:We are making a parallelogram.

Students:What is a parallelogram?

Student: A parallelogram is a shape with four sides and fou
angles.

All Students[singing]: We can make a parallelogram. We can
make a parallelogram. We can make a parallelogram
with triangles. Everybody sing.

Student:What are they making over there?

Student:Come on guys! Let's see!

[Students walk until the second center, where Sudents are

E

waiting for them]. Figure 4.20: Triangles— Scene Two: the
parallelogram center

Scene thregSee Figure 4.21)

Students:We made a rhombus.

All Students[singing]: We can make a rhombus. We can mak
a rhombus. We can make a rhombus with triangles.
Everybody sing.

Student:Hey! What are they doing over there?

Student:Let’s go and see it! Come on guys!

[Students walk until the third center, where twadents are
waiting for them].
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Scene Four(See Figure 4.22) Figure 4.21: Triangles — Scene Three
Student:What are you making? ~ the rhombus center
Student:A hexagon. TR T S

All Students[singing]: We can make a hexagon. We can make
hexagon. We can make a hexagon with triangles.
Everybody sing.

Student:Hey! What are they doing over there?

Student:Come on guys! Let’s go there and see it!

[Students walk until the fourth center, where twalents are
waiting for them].

Scene FivgSee Figure 4.23) Figure 4.22: Triangles— Scene Fout
Student:We are making a dodecagon. the hexagon center
Student:How many that has?

Student: Twelve!

All Students[singing]: We can make a dodecagon. Wow! We ¢
make a dodecagon. We can make a dodecagon with
triangles. Everybody sing.

Student:Hey! What is over there?

Student:| don't know. | goanna go see it too. Let’s go!

[Students walk until the fifth center, where fotudents are

waiting for them]. Figure 4.23:Triangles— Scene Five
the dodecagon center

Scene SiXSee Figure 4.24)

Student:What are you guys making?

Students:We made a robot!

All Students[singing]: We can make a robot. We can make a
robot. We can make a robot with triangles. Everybod
sing.

Scene SevefSee Figure 4.25)
[Students appear in a hands-on activity making@esentation of Figure 4.24:Triangles— Scene Six:
a person with colored triangles]. the robot center

Student:Hey! What are they doing over there?

Student:Oh yeah! Can we go see it?

Student: Of course! Let's go guys!

[Students walk until the sixth center, where fdudents are
waiting for them].

Student:What are you making?

Students:We made a person!

All Students[singing]: We can make a person. Wow! We can
make a person. We can make a robot with person.
Everybody sing.

Figure 4.25: Triangles— Scene Seven:
the person

Final Scene(See Figure 4.26 a-c)

All Students[singing and making collective representation using
their bodies]:We can make so many shapes. Wow! We
can make so many shapes. Wow! We can make so ma
shapes with triangles. Everybody sing. We lovengies!
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Figure 4.26 &c: Triangles— Final Scene: Representations of triangles usinig tioely collectivel

e

Voyeur - New/Wonderful/Surprising

This DMP presents mathematical surprises, explofiags to see a geometrical figure
differently, as formed by triangles. At each censtndents demonstrate a sense of discovery
regarding the fact that they are recognizing amihggetriangles hiding or fitting in polygons and
other shapes. When students communicate thataheteiangles hiding in parallelograms,
rhombi, hexagons, and other figures, their imagimafgeometrical visualization) is similar to
“lost my head” in DMP #Z5eometrical Idal This kind of mathematical exploration may help
students experience mathematics differently.

The way the skit is performed involves a sensentitipation/expectation that captures
the audience’s attention and helps the audieneggtore how triangles fit in many figures or
that triangles form many shapes. In every scendgsts always askdey! What are they doing
over there? The process of repeating this question may geeeraense of “what next?” to the
audience. What else we can make with a triangle&t\ise is formed by a triangle?

Similar to DMP #2Geometrical Idoland DMP #3Shape Songstudents are singing to
communicate their mathematical learning. Usuallglagful and artistic approach is not
conducted in traditional mathematics classes. Ticadilly, mathematics is communicated using
writing (text, diagrams, and tables), and verbaglaage. However, in this DMP (as in DMP#2
and DMP#3), mathematics is been communicated threagg, which may surprise the
audience. Interestingly, in contrast to traditiofetns of mathematical communication, songs
are publicly accessible (Gadanidis & Geiger, 20T0us, this DMP may be interesting to people
who were not interested in mathematics becausedideyot see any beauty in exploring
mathematics through traditional modes of commuimoafThe content (triangles in shapes) in

combination with the modality (song) may help stugeexperience mathematics differently.
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The fact that there are many students particigatirthis musical and they are not in a
regular mathematics classroom may be a mathenpadagogical surprise to the audience.
Moreover, the appearance of a representation @@t imay be a surprise to the audience
because students are showing a kind of sequermayafons formed by triangles in each center
and, after the dodecagon, the audience may expseetanother polygon, but instead, students

show the robot.

Voyeur - Sense-Making

This DMP explores a mathematical idea in a way ithabt typically investigated in
traditional classes. Usually, elementary schoalesis do not explore how many figures
(including regular polygons) are formed by triarsgleut this DMP presents many examples of
how to experience it. In addition, there is a cstasicy, there is a plot, a similarity regarding
what is happening when students are visiting ampdbeixg each center.

Although students do not explore connections batvetands — like the DMP-Patterns
(Gadanidis, 2007a) explores connections betweemgty, patterning, and algebra — the plot of
students’ mathematical investigation in this DMRers to the recognition about how different
shapes are formed by triangles. Thus, there ageesting connections between representations
involving (a) different polygons and (b) differdidures formed by triangles. Furthermore, in the
last scene, students use their bodies to reprégargs formed by triangles. The use of the body
adds an interesting “layer of sings” in meaningduction, that is, from a multimodal and
semiotic point of view, embodiment offers a waytmnect and communicate mathematical
ideas through multiple representations.

The use of the body for mathematical representatimhcommunication is explored, for
instance, in studies that point out issues of mlg@tiepresentations of functions regarding the use
of motion sensors connected to graphing calculds@s Borba & Scheffer, 2004). In DMP #4,
by forming triangles with their fingers, hands, arrand body, individually and collectively,
students explore sets of signs and representdtiahsffer ways to communicate mathematics
through multiple modes (e.g. using manipulativeeriats and gestures). Specifically, when
using their bodies, students may develop a sensgnufnetry because they have to think about

and act as a triangle formed by two symmetric p@ds Figure 5.26 a-c)
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There are ways to extend the idea presented ilDi¥i8. The audience (or the students
who produced the DMP) may explore the fact thaihgeteiangles in shapes offers a way to (a)
visualize lines of symmetry on regular polygong.(eegular hexagon) and (b) find the number of
degrees of the sum of the internal angles of agawiysuch as 360n a parallelogram or 720n a
regular hexagon (see Figures 4.27 a-b). By exgdhe angles of polygons, students may connect

strands such as geometry to measurement, thugiegptoathematical ideas conceptually.

Figure 4.27 «b: Some properties of a parallelogram and a reg@gadon

D A

The value of the sum che internal angles of tt
parallelogram ABCD is equal to the sum of the vailtie
the internal angles of the triangles ABD and CBbjch
is 180 + 180 = 360.

The value of the sum the internal angles of a hexagon n
be calculated by (a) regarding the existence ag@dles, but
excluding the circumference formed in the centeat ts, 6 X
180 — 360 = 1080 — 360 = 720.
(b) regarding that the triangles are equilateratsthen the
value of each of the angles on the base of thegdies is 60,
therefore, one can find the value of the sum ofirikernal
angles of a hexagon by calculating 12  6072C.

Vicarious Emotions

In this DMP students demonstrate emotions invoharsgnse of belonging, togetherness,
and community, and a celebration of what they Haamed or discovered. They look excited
because they are doing mathematics together, tte#gg and because they are exploring the
fact that they can make many shapes with triarghelsthey are sharing this experience with
colleagues and with the audience. Vicariously ahéience may feel students are excited by
their experience. Their explicit excitement towaadsense of sharing a mathematical idea, like
“let me show you triangles hiding in figures,” ral&they really feel they are doing something
mathematically special. Therefore, the emotionain®ts in this DMP are connected to the key

mathematical concepts explored in the skit/musical.
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As mentioned, there is a sense of anticipationexpectation going on in the DMP and it
involves emotion as well — “What’s next?” “What ave going to see next center?” “What else
can we make with triangles?” As Bordwell and Thoomp§l993) state, “to make an expectation
about ‘what happens next’ is to invest some ematidhe situation” (p. 48). This is exactly
what students are doing in this DMP. Furthermdre recording presents several moments of
zooming-in during key moments of the performanoeusing on the mathematical objects and
students’ faces, gestures, and movements. As nmexctio the other cases, Boorstin (1990)

argues that these close-up landscapes in the sceakesthe vicarious experience more intense.

Visceral Sensations

This DMP provides visceral experiences in demotisggdow trianglesit in several
figures. Students use colors to highlight the séingetriangledit in shapes such as a
parallelogram, a rhombus, a hexagon, a robot, aridr&h.

This DMP also shows some aspects of “mathematiestion” which may be related to
visceral experiences. There are at least three misrtigat reveal this: (a) the fact that many
students are in an open and large space visitingi(rg to) different centers to investigate
different shapes formed by triangles; (b) when stusl show the process of creating a
representation of a person with triangles. All otsteapes are shown already constructed. But,
after showing the robot, they show how they cregberson with triangles. It reveals students’
geometrical sense (visualization, recognition awhiification of forms) and direct experience
(hands-on) in manipulating materials or figurese¥eral representations of different types of
triangles; and (c) when students collaboratively their bodies to form several kinds of shapes
incorporating the use of triangles. It reveals s@vaspects of their geometrical thinking,

including some sense of symmetry and embodimert F8gure 4.28 a-b).

Figure 4.28 «b: Students’ direct/hand-on experiences during thopeaance
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Moreover, Boorstin (1990) states that action in boration with soundtracks constitute
very significant elements of the visceral experenikhese elements are fundamental to
“amplify” the audience’s visceral sensations. lis tDMP, beyond the moments of mathematics-
in-action (as mentioned), students are using a acamehorus that express their learning and

their mathematical thinking. This chorus works a®andtrack in a visceral sense in the DMP.

DMP #5: Little Quad’s Quest (Part 1 to Part 5)

Table 4.8: Little Quad’s Quest | URL: http://www.edu.uwo.ca/mathscene/lg/lgl.f
(Part 1 to Part 5) Strand and | Strand: Geometry and Spatial Se
e Content; Content: Proprieties of quadrilaterals
Format: Videos

Time length: | Part 1: 3:09; Part 2: 1:29; Part 3: 2:30;
Part 4: 2:07; Part 5: 2:37

Emmm The Arts: Skit and Animation: shadow puppet the¢

Litlle Quad's Quest - Part 2 - Little Quad Meels Square PartICIpantS Elementary SChOOI Studer
Liftle Quad's Quest - Pari 3 - Lifile Quad Meeis Reciangle ) )
Litile Quad's Quest - Part 4 - Litfle Quad Meeis Rhombus (EStI matlon : 6 StUdentS) .
Little Quad's Quest - Part 5 - Little Quad Meeis Trapezoid T n

o e Setting: Performecin the classroor

Info: None
Description

This story is about an adventure lived by a quatithl named Little Quad in Polygon
Ville. At the beginning of the story, Little Quad wasywanhappy because he did not fit or was
not as needed or useful as other quadrilaterals.widter meeting the Great Geo (the “God of
the quadrilaterals”), Little Quad decided to dissowho he was and how he would fit in the
world. Along the way, Little Quad met a squareeetangle, a rhombus, and a trapezoid, and he
realized that these are quadrilaterals with spendimes and properties, butvas not like them
and did not fit in the world like them. At the eafithe story, Little Quad discovers he can fly
and the Great Geo let him know he is a kite, thdta convex quadrilateral with two pairs of
equal adjacent sidesTle Nelson Canadian School Mathematics Dictiona®®5, p. 122). The

story is told in five parts. Following, | presentranscription of each part:
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Part 1 - Opening

Figure 4.29: Little Quad and the
Bunny

Narrator: Once upon a time in Polygon Ville, lived a little
quadrilateral, who was very unhappy. All the other
guadrilaterals — square, rectangle, rhombus, arapazoid —
were always helping here and there. But the little
quadrilateral was never needed for anything. Ong, dittle
Quad went for a walk. He walked and walked and aalk
Finally, he sat down under a great tree in silence.

Little Quad: What am | gonna do with my life?

Narrator: Tears began to roll down his sides... A bunny wilslimg
down on the fresh grass and seeing his great sadshe
spoke:

Bunny: Little shape, what is wrongBee Figure 4.29)

Little Quad: See? You don’t even know my name. If | was a egaaa rectangle, or a rhombus, or a
trapezoid, then you would know. But no, | am juttteLQuad, nobody knows me or needs me.

Bunny: | am sorry! | didn’t mean to upset you. Can | Ielp

Little Quad: No! There is nothing anyone can do. It is hopelslsebody will need my shape for anything.

Narrator: Luckily, Little Quad was sitting under the treetlvd great Eagle. This bird was the winged
messenger of the Great Geo, who had created alilthpes in Polygon Ville. The Great Geo
lived at the top of the mountain, and he neededEtitge to bring him the latest news from
Polygon Ville. The Eagle over heard the conversasind flu down to investigate. The bunny
was startled and quickly hopped away.

Eagle: Little Quadrilateral, what is the problem? Figure 4.30; The Eagle with Little
Little Quad: | want to be useful and needed like all the other Quad
guadrilaterals. But nobody needs my shape. | diitn’t
anywhere.
Eagle: Little: The Great Geo might be able to help you. | whitgou
to him.

[The Eagle flies bringing Little Quad with hin([See Figure 4.30)

Narrator: Before Little Quad knew he was in the sky — flyiigdher
and higher until Polygon Ville was just a dot oe tjround
— it happens so quickly that he didn’t have timgeb
scared. In fact, he felt strangely excited as hedbal to
flutter in the breeze. In seconds, the Eagle satdown at the top of the mountain.

Great Geo:Eagle, why have you come and what is the shé®e® Figure 4.31).

Eagle: Oh, Geo. | have brought one of your creations. ®he known S
as Little Quadrilateral, he is distressed and distght. | Figure 4.21 Little Quadmeets
thought you might to know. Great Geo

Great Geo.Little one, why are you so upset?

Little Quad: | am just a Little Quadrilateral. Nobody needs simape.
| am useless.

Great Geo.Little Quad, | made you, and you are special. Ymath
may be less clear than others, but you will findryweay. Go
to square, she can help. Don't despair little one.

Narrator: Eagle scooped the little Quad into his wings. Oimciine
air, Little Quad felt wildly excited again. But loeé he knew
it, Little Quad was back in Polygon Ville at Squarstore.
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Part 2 — Little Quad meets Square

Narrator: Once upon a time in Polygon Ville, lived a littjeadrilateral, who was very unhappy. All the
other quadrilaterals — square, rectangle, rhombars trapezoid — were always helping here
and there. But the little quadrilateral was neveeded for anything. So, he went to see Square
for help.

Little Quad: Square! | need help! What can | be? You have four
beautiful right angle and four equal sid¢See Figure 4.32). Figure 4.22: Little Quadmeets

Square:Why don't you try square dancing? Square

Little Quad: Good idea! '

[Music starts and Little Quad and Square start emde].

Square:Sorry! But you are not very good at square dancing

Little Quad: Why?

Square:You keep stepping on my vertices. Maybe, yourgdreing a
window.

Little Quad: Sure!

Square:You are not very good being a window.

Little Quad: Why?

Square:You don't fit in with the other squares. Try be@mfoor tile.

Little Quad: Sure!

Square:You are not very good being a floor tile either.

Little Quad: Why not? | have four vertices.

Square:Maybe it is because you don’t have two pairs oélal sides and you sides are not all equal.
Let me take you to Rectangle’s house.

Little Quad: Ok.

Narrator: Square and Little Quad walked to Rectangle’s hoOsethe way, the wind blows Little Quad
backwards a bit.

Little Quad: Square! Wait for me! | am blowing Away!

Square:My vertices, hold on tight. We're almost at Regtais house. It is just over there.

Part 3 — Little Quad meets Rectangle

Narrator: Once upon a time in Polygon Ville, lived a littjeadrilateral, who was very unhappy. All the
other quadrilaterals — square, rectangle, rhombars] trapezoid — were always helping here and
there. But the little quadrilateral was never negdier anything. Square and Little Quad walked
to rectangle’s house. On the way, the wind blowtdelQuad backwards a bit. [Short pause].
Square and Little Quad arrived at Rectangle’s hotige knocks on the door and the door swings
open.

Rectangle:Come in my friends! | am just finishing my mornjoga.(See Figure 4.33)

Little Quad: Why are you doing that?

Rectangle:l do yoga to relax my sides, so | can fit in lotglifferent
places.

Little Quad: Oh Rectangle, you are perfect in every way. Yo ha
two pairs of parallel sides and four vertices. Yoam even fit
in the Canadian flag.

Rectangle:Oh! And don't forget about money and widescreenl TV
love all the channels!

Little Quad: Oh Rectangle, please help me! | want to fit invttoeld.

Rectangle:Don't cry Little Quad. | will finish my yoga anay can
lift weights. That way you can make your vertidesnsg.

Little Quad: But, but I...

Rectangle:Nonsense!

Figure 4.33: Little Quadmeets
Rectangle

S|
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Little Quad: | might have the same number of angles, but Itddanh money. You do have the number of
vertices, but | can't be a wide screen TV, becdumse/e no right angles.

Rectangle:Ah... Try one. You can be strong.

Little Quad: Oh... ok.

Rectangle:This is our beginner weight.

Little Quad: Maybe it won't hurt.

Rectangle:Good for you!

Little Quad: | just can’'t do it. | am too weak.

Rectangle:At least you tried. You have done well my sonnBut, it is time to leave and go to rhombus.

Little Quad: Ok. Thank you, Rectangle.

Narrator: Square, Rectangle, and Little Quad walked to Rhmrtouses. The wind is stronger now.

Square:Little Quad! What are we going to do with you? ¥%eep blowing away. We can’t keep you on
the ground.

Square and Rectangld:ittle Quad! Little Quad! Where are you?

Little Quad: Over here! | am blowing away again!

Square:l know how to get you down.

Little Quad: How?

Square:Make yourself long and skinny.

Little Quad: Ok. | will try. [Pause] Wow! This is so cool! | afalling from the tree. Thanks, Square. Oh,
look! There is Rhombus’ house.

Part 4 — Little Quad meets Rhombus

Narrator: Once upon a time in Polygon Ville, lived a littjeadrilateral, who was very unhappy. All the
other quadrilaterals — square, rectangle, rhombars] trapezoid — were always helping here and
there. But the little quadrilateral was never negdier anything. Rectangle, Square, and Little
Quad arrive at rhombus’ house. He knocked on the.do

Little Quad: Is there anyone homé&3ee Figure 4.34). Figure 4.24: Little Quadmeets

Rhombus:Yes, me. Go away! | am painting my nails. Rhombus

Little Quad: Oh, please! Help me! | am desperate!

Rhombus:Ok, fine. Come in. Why are you here?

Little Quad: | am here because | need help. | don't know what
shape | am. And | don't fit in anywhere. | haverbaesee
Square and Rectangle and they don't have any ideas.

Rhombus:Well, Little Quad. Maybe you can be one of my
beautiful sparkling diamonds.

Little Quad: Ok. | would love to be like you Rhombus! | see you
everywhere: in a beautiful chandelier or in a wHitgfy
snowflake and in a big scary cat’s eye. [Pausep’tfit. | got four vertices, four sides, and four
angles, but | still don't fit.

Rhombus:Oh! | guess you do need have all your sides egualtwo pair of parallel. | don't have any
more ideas. Maybe we should go see Trapezoid.

Square:Before we [?]. Do you have any string? Little Quad Figure 4.35: Little Quadwith the string.
keeps blowing away. Letting you know.

Rhombus:Yes, | do. | will go get it.

Square:Little Quad, we’'ll tie one end of the string twertices
then you won't get blown away from (See Figure
4.35).

Little Quad: Thanks, Square! What a great idea!

Narrator: The wind is strong as they walked to Trapezoid’'s
house and the three quadrilaterals pull little Queldng
as he is blown away by the breeze.
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Part 5 — Little Quad meets Trapezoid

Narrator: Once upon a time in Polygon Ville, lived a littjeadrilateral, who was very unhappy. All the
other quadrilaterals — square, rectangle, rhombarg] trapezoid — were always helping here and
there. But the little quadrilateral was never negdler anything. Rhombus, Rectangle, Square,
and Little Quad arrived at Trapezoid’s house. Hedied on the door.

Trapezoid:Who is it?

Little Quad: It's me, Little Quad.

Trapezoid:Yes, yes. Oh you.

Little Quad: Yes, it is me.

Trapezoid:Hello. What's the matter? What do you want? Morleg@d? A place to stay?

Little Quad: No! | just want to be like you.

Trapezoid:[laughs]. Everybody wants to be like me. I'm cdé@m smart, and | am strong.

Little Quad: You have four vertices, four beautiful sides aod gre just so perfect.

Trapezoid:You forgot to mention | have one pair of paradligles.

Little Quad: Yes. But, can you help me?

Trapezoid:Well... No! Good bye.

Little Quad: [knocks the door again].

Trapezoid:Hmm... What now?

Little Quad: You still haven't helped me. You're not being vece.

Trapezoid:Oh! Sorry. | haven’t gotten very much sleep lat€lgme on in.

Little Quad: No, thanks. | just want you to help.

Trapezoid:Well, if you don’t want to step in, go away!

Little Quad: [knocks the door again].

Trapezoid:Go Away! | can't help you.

Little Quad: Yes, you can. | see how other shapes do things.

Trapezoid:Go away, because | only help shapes who know kgyodare!

Narrator: The shapes leave trapezoid’'s house and go outside.

Little Quad: Trapezoid, hold on to the string.

Narrator: All of a sudden a big gust of wind comes up ao@slLittle Quad into the air.

Square:Little Quad is so beautiful! Wow!

Narrator: Quad goes higher and higher until he sees the Geea.

Little Quad: Hi Geo! Look! | am Flying! Wee!

Great Geo:Good, you found what you are meant to be.

Little Quad: Thanks but what am 1?

Great Geo:l don't know. Oh, | do know. You remind me ofgheat bird called the kite.

Little Quad: That's it. That's my name. I'm a kite.

All Quadrilaterals: Is it a bird? Is it a plane? No, it is Little Quibdnd he’s a kite! Yeah!!!

(See Figure 4.36 a-b)

Figure 4.36 «b: Little Quad with all the quadrilaterals and wittetGreat Geo.
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Voyeur - New/Wonderful/Surprising

This DMP presents conceptual mathematical surpreféesring to the audience ways to
see (1) how quadrilaterals are related to eachr,atet is, how some quadrilaterals are specific
cases of others or how they fit in each other &)dh¢w quadrilaterals fit as everyday objects or
how we can find them in our environment. Thus,gddl (2) offer opportunities to see
guadrilaterals in multiple ways or fitting in mydté categories.

The story creates expectation because it is alat@enture where Little Quad wants to
know who he is and how he fits as an everyday olflike other quadrilaterals do). The fact that
Little Quad starts to fly is a mathematical surpiEsd it is related to a play on words. That is, th
story relates the process of discovering how L{@ilead fits (or how he is useful or needed in the
world) to his geometrical proprieties and classifion as a quadrilateral. As mentioned, a kite is
“a convex quadrilateral with two pairs of equaladjnt sides”{he Nelson Canadian School
Mathematics Dictionary1995, p. 122). The angles of a kite are congrudrare the pairs of
sides meet. A rhombus and a square are specia ohaekite. Moreover, a kite, as an everyday
object, is “a light framework covered with clotHastic, or paper, designed to be flown in the

wind at the end of a long strinditfp://www.thefreedictionary.com/kiteThus, the parallel

between a kite as a type of quadrilateral andeadstan everyday object is a significant surprise
in this DMP and, as | will discuss, this idea imted to multiple ways quadrilaterals can be
categorized, offering ways to see mathematicsriffidy. In DMP #3Shape Songshe notion of
“a square as a special case of rectangle” wasstiedu In this DMP this notion is also explored
in a more complex way. It is more complex because/olves many quadrilaterals. In each part
of the DMP, Little Quad (and the audience) disceube properties of square, rectangle,
rhombus, and trapezoid as well as how these gasehals fit in the environment, as everyday
objects (square as a window, rectangle as a wigescrV, rhombus as a diamond). By
presenting in the story all these quadrilateraggtioer and mentioning their properties, the
audience may realize how they are related and beshwuadrilateral is a special case of another
(see Fig. 4.37). This idea may offer to the audtamays to see new relationships among
guadrilaterals and their properties.

In this DMP, which is a shadow puppet play (a kifidkit/animation or shadow theatre),
students use representations of quadrilateralsupsatiwith manipulative materials. They pasted

these quadrilaterals onto sticks and used a lighegtor to project the shadows of the shapes to
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display and tell a story. Students also use theisaand hands to create forms such as the
Bunny, the Eagle, and the Great Geo. The audiaayiand gestural designs of this DMP and
the form used to communicate mathematics by usiages and shadows may surprise the
audience. Considering all the DMP that are beiradyaed in this research, DMP #%tle

Quad’s Quesis the only one in this shadow theatre format,clvlmay be interpreted by the
audience as a different (new and surprising) wagotamunicate mathematics, in contrast to the

traditional forms of text involving writing, diagnes, graphs, and so forth.

Voyeur - Sense-Making

The story presents arguments and examples andsgregerties and connections
between quadrilaterals. The mathematics explorgdisrDMP is connected to a “logical sense”
(sets of necessary and sufficient conditions) eellad properties of quadrilaterals and similarities
between them. The audience may notice the followonyersations in this DMP:

* When Little Quad meets the Square, Little Quad sagsjuare: You have four beautiful
right angles and four equal sides... | have fouriged [like you]” Square responds to
Little Quad:“... don’'t have two pairs of parallel sides and yades are not all equdl

« When Little Quad meets the Rectangle, Little Quass®You have two pairs of parallel
sides and four vertices ... | might have the samépuof angles

* When Little Quad meets the Rhombus, Little Quad shwould love to be like you
Rhombus! ... | got four vertices, four sides, and &mgles, but | still don't fit [like
you].” Rhombus responds to Little Quad:duess you do need have all your sides equal
and two pair of parallel sides.

* When Little Quad meets Trapezoid, Little Quad daylsim: “I just want to be like you
...You have four vertices and four beautiful sidf€sapezoid responds and completes:
“Everybody wants to be like me ... You forgot to mentgot one pair of parallel sidés

Thus, in most of the conversations that happerutiirout this DMP, the characters are

actually presenting specific properties of quatkiials and how one quadrilateral may be a
specific case of another, and how they fit in tleeld: To make it clear how one quadrilateral
may be a specific case of another, | present safieitibns fromThe Nelson Canadian School

Mathematics Dictionary1995; original emphasis):
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* A squareis “arectangle with equal sides, or@ombus with equal angles. It follows

from either definition that a square has fours égitgees and four right angles, and

that its diagonals are equal and bisect each athgght angles” (p. 215).

» Arectangleis “a right-anglegarallelogram. A rectangle has all the proprieties of a

parallelogram (opposite sides parallel and equel) with the additional property that

its angles are right angles and its diagonals guel&(p. 191).

* Arhombus is a ‘parallelogram with equal sides. Sometimes called diamond or

rhomb. The diagonals of a rhombus are at rightesngl each other” (p. 196).

» A parallelogram is “a quadrilateral with opposite sides parallelheit opposite sides

are equal as well as parallel” (p. 161). Some sph@arallelograms anectangle

rhombus, andsquare

» A kite is “a convex quadrilateral with two pairs of eqadjacent sides” (p. 122).

* A trapezoidis “aquadrilateral having one pair of opposite sides parallel and

unequal” (p. 232).

* A quadrilateral is “any plane figure having four straight sidepe8al quadrilaterals

includekite, chevron, parallelogram, rectangle rhombus, square’ (p. 184).

The quoted dictionary then defines Figure 4.37: Relations between Quadrilaterals (retrieved
from http://www.mathsisfun.com/quadrilaterals.hyml

(1a) “a square as a special case of
rectangle” (1b) “a square as a special cas
of rhombus” (2) “a rectangle as a special
case of parallelogram” and (4) “a rhombu:
as a special case of parallelogram.” One
may notice that the quoted dictionary mig
also have defined:
(a) “a rectangle as a special case
isosceles trapezoid”
(b) “a parallelogram as a special
case of trapezoid”
(c) “arhombus (or a square) as a

special case of kite”
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A more complete set of definitions regarding tHatrenships of (special cases of) quadrilaterals

is well illustrated bynttp://www.mathsisfun.com/quadrilaterals.htfsée Figure 4.37).

Although the DMP does not present connections batvdifferent strands, it does offer
(a) examples of how quadrilaterals fit in world) fvoprieties of quadrilaterals; and (c) ways for
the audience to make connections about relatioagiepveen quadrilaterals, which reveals how
some quadrilaterals are specific cases of othenswrthe same quadrilateral may fit in more
than one category.

It is also important to notice that Little Quad Isasne appreciation or skills related to
flying. In part one the narrator say8¢€fore Little Quad knew he was in the sky — flyiiger
and higher until Polygon Ville was just a dot oe giround — it happens so quickly that he didn’t
have time to get scared. In fact, he felt strangelgited as he decided to flutter in the bréeetre.
part two, the narrator state®©t the way, the wind blows Little Quad backwardstd In part
three, Little Quad saysi am blowing away agaifilin part four, ‘the three quadrilaterals pull
little Quad along as he is blown away by the bréeziaally, in part five, ‘all of a sudden a big
gust of wind comes up and blows Little Quad intodh” and all of the shapes realized how
beautiful Little Quad was and they discovered he wéite and he fit in the world. Therefore,
students were creative in providing expectationulghout the story by suggesting how Little
Quad would fit in the world. These connectionshia story were significant in order to the
audience to make sense about what are the prapefteekite and how one can identify
representations of a kite in the environment.

The DMP is presented in five separate video filed the audience has the option to
watch each part out of sequence. Such design ogaliethe linearity of the voyeur eye, that is,
the multi-linear design of the DMP offers a waydisrupt the “mono-linear sequence” of
traditional stories. Gadanidis and Borba (2008) tio@rthat in these cases “the videos may be
experienced in an order chosen by the user. Oemtadh is scattered and not guided” (p. 47).
This has an impact on sense-making because ieimgkes the connections the audience may
make to understand the story and the mathematieaki In this sense, the repetitions at the
beginning of each of the five parts in this DMP aeey important in terms of understanding. In
every part, the narrator start©rice upon a time in Polygon Ville, lived a littheaglrilateral,
who was very unhappy. All the other quadrilateralsquare, rectangle, rhombus, and trapezoid

— were always helping here and there. But theeligiiadrilateral was never needed for
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anything” The objective of these repetitions is to summathe goal of the story to the

audience, making each part understandable andstentto the audience.

Vicarious Emotions

This is an emotional story. Little Quad was verhappy and he embarks on a journey to
meet other quadrilaterals, discover his identity,droperties as a quadrilateral, and how he
would fit in the world, in other words, how usehd is in the environment or as an everyday
object. Interestingly, the emotions are conneabecbhceptual mathematical ideas. Happiness
and unhappiness in the story depend on how LittladJits or does not fit mathematically. In
each scene, by meeting the other shapes, Littlel Qets disappointed when he realizes he does
not fit like them. But, by being persistent and éfy, he finds motivation to continue his
journey until he finds out who he is and how he. fibne of the most emotional moments of the
story is when Little Quad discovers he is a kitpanmt five. That is the moment Little Quad
realizes he fits in world and discovers his prapsrtAfter flying higher and higher, the
following transcription reveals the happy end:

Little Quad: Thanks but what am 1?

Great Geo:l don’'t know. Oh, | do know. You remind me ofgresat bird called the kite.

Little Quad said:That's it. That's my name. I'm a kite.

All Quadrilaterals: Is it a bird? Is it a plane? No, it is Little Qubdnd he’s a kite!

Yeah!!!

Similarly to DMP #2Geometricaldol and DMP #3Shape Songshe students are
playing roles as geometrical shapes. The connebgbmeen “alive forms” that a square, a
rectangle, a rhombus, a trapezoid, and a kite assoay increase the vicarious experience of
their emotions by the audience. Students are madtiages “come alive” in this DMP. Each
shape assumes specific human personalities irtahg some of which are related to
mathematical aspects, and we may identify reprasens of these quadrilaterals fitting the
world or classify them as quadrilaterals in multiplays. At the beginning of the story, for
instancelittle Quad was unhappy because he felt he waseeded as a square or a rectangle.
The audience may interpret that as a feeling eicten, inferiority, or hopelessness by being
mathematical “unfit.” The rectangle looked like ssane strong. He had a deep voice and he was

practicing exercises. The rhombus seemed to be@wnain or even a snob when she said:
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“Go away! | am painting my naifsTrapezoid seemed to be a narcissist, with a oold
indifferent personality. The trapezoid was the aog who did not help Little Quad. He said,
“Everyone would like to be like me! | am smart andngy... Go away! | just help shapes who
know who they aréThis personality involving superiority may bea#dd to the fact that a
trapezoid is a general type of quadrilateral; bfynikeon every square, rectangle, parallelogram,
or rhombus are special cases of trapezoid, butasknot a special type of trapezoid (Figure
4.37 illustrates and supports that assumption)réibee, even though in this DMP there are no
human faces to express emotions or close-ups athéracters, the shapes and patrticipants of
the story express different emotions, which are eggnificant to the dramatic design of the
story and its relation to the mathematical ideaimwg the relations between quadrilaterals, its

multiple categorizations, and how they fit in therid.

Visceral Sensations

The sense of mathematical fit in this story is @ &spect of the DMP, that is, the main
goal of the adventure is to find out who Little @ua and how he would fit in the world. This
sense gets more intense as the story moves alcagd®ethe audience (a) discovers how square,
rectangle, rhombus, and trapezoid fit in the warid (b) has many opportunities to see how
guadrilaterals fit with one another, that is, hoguadrilateral may be a special case of another
(e.g. every square is a special case of rectariglejbus, parallelogram, kite, and trapezoid).
The sense of mathematical fit in this DMP may pdewisceral experiences to the audience,
because it is related to a sense of aestheticl&8in2001). Furthermore, through the exploration
of connections between properties of quadrilatethésaudience may viscerally experience
mathematics because the DMP offers a way of seeaigematical objects as fitting in many

categories, like a square as a special case @fimglet rhombus, parallelogram, and so forth.



113

DMP #6: Math Healing Wishes for Kyla

Table 4.9: Math Healing | URL:

http://www.edu.uwo.ca/mathscene/mathfest/mathfdskim|

Wishes for Kyla Strands and

A Content:

Strands: Measurement; Patterning and Alge
Content: Factorial growth.

Format:

Power Poin

Time length:

None

The Arts:

Poetry

Participants:

Elementary school studer

Setting:

Poem created in the classro

Info:

This poem was written f our fellow grade four classme
who is bravely and successfully battling cancer.Wkeve
in the power of healing wishes. May they grow exquttially!

Description

The poem tells a story in which students collecheyoand wishes to help Kyla, a

classmate who is battling cancer. The way stud#ggsribe the collection of money involves a

factorial growth. The poem is presented as follows:

< )
Kyla, the special grade four went to Highview School /f\

V-
She frolicked in the school yard shining like a jewel

Her classmates did love her humor and her sense of joy

And shared with her their hopes and dreams and fancy girly toys

Well one day she learned her health needed help o \J

No frowning for this little girl she smiled without a yelp

Robin her best friend encouraged her with warm words and bears

Everyone else they brainstormed with positive thoughts and loving prayers, oh

Then the kids did gather and came up with a special plan
They knew much power could be found in wishes and thoughts of | can
So they built a wishing well one mineral and rock at a time

Their hope was that they'd collect wishes, pennies and even some dimes.

The first day her teacher Ms. Pendiebury put in a ton of cash

She followed it with healing wishes then saw a metre splash

TThis started a chain reaction, five kids did make a line

In the sun their change in hand jingled and chimed

N

P

The first kid made his wish and dropped in twenty dimes
The second kid continued with twice as much and a wishing chime, oh
The third said | won't be beat here's three times as both of you

The forth kid said hey here’'s mine four times more not two

Y A

Allie was the fifth student and tossed loonies forty eight times five

They wanted to collect the cash so one had to make a wishing well dive

In a bucket down one went collecting all the change

Ip they came with a lot of coins off o the bank for a bill exchange

The tolal collected was five hundred dollars all were so happy
B The giris were smiling and jumping up and down so snappy!
Now listener we have a problem and want to tumn to you

Can you calculate each amount by reading solving the math clues? Oh..

[ Kyla, the special grade four went to Highview School

# Sha frolicked in the school yard shining like a jewel

Go Kyla,

o6
B Go Kyla,
) Go Kyla,
You can
20 do it!
XOXO
N\
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Voyeur - New/Wonderful/Surprising

In DMP #6Math Healing Wishes for Kyldahe reader (the audience) is surprised by a
factorial sequence (2, 4, 12, 48, 240, ..., 2.(n!), In other words, exploring factorial sequence
with Grade 4/5 students through a story that canmsithe possible application of a mathematical
problem in an everyday situation, may offer waystfe students and the audience to see
mathematics differently. The mathematical surpinsiis poem has the same nature of surprise
presented in the fairy tale entitl@tie King’s Chessboaree Birch & Grebu, 1988). In this
fairy tale, a king wanted to reward a wise man \whd served him. The man did not want
anything, but the king insisted. So the wise masidizl he wanted a grain of rice on the first
square of a chessboard, and he wanted the amouiptiedcevery day for each of the sixty-four
squares. The king was not sure how much rice that twut he thought it was a simple request
concerning a number of grains of rice following seguence (1, 2, 4, 8, 16, 32, ...). However,
this is an exponential growth. Surprisingly, thedivas not able to provide so much rice to
accomplish his promise. In the story, Birch andiiarél988) estimate that over 200 million tons
of rice were necessary to cover all sixty-four days

This DMP is represented in Power Point format. Tlstisdents are using writing and
figures to communicate their mathematical ideath@dlgh these are “typical” modes of
communicating mathematics, the performative forra pbem or story is not a typical way of
communicating mathematics. Thus, this form mayrafteprises to the audience in terms of

representation or communication considering arnrlotation between mathematics and poetry.

Voyeur - Sense-Making

The sense of story in this poem is consistent. étisdpresent arguments that support the
mathematical surprise of the poem in the fifth aixth stanzas:

The first kid made his wish and dropped in twetiyed

The second kid continued with twice as much anghimg chime, oh

The third said | won't be beat here’s three timedath of you

The fourth kid said hey here’s mine four times nmmetwo

Allie was the fifth student and tossed looniesyfeitht times five
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Students explore some mathematical ideas involwimgber sense and numeration.
Beyond portraying a context involving measuremd$, ahey deal with sense of place-value,
when they say, for exampleyenty dimesinterestingly, students explore ideas involving
patterning and multiplication. It reveals some ustinding about the notion of mathematical
function, because students are exploring a pastidype of relatiot? between two sets of
elements (students and money / domain and codomMargover, the problem involves an
“imaginary real situation” and, most importantc@nnects different strands. The students were
creative in offering ways for the audience to me&enections when they associated in the plot
of the story thdifth student tdorty eight times fivebecauséourth-eightis the number
associated to thieurth student (see the table below). Thus, the wayestsdisplay the poem

helps the audience to develop the following mathemlthinking involving correspondence:

Table 4.10: Sense-Making in DMP #6

Student $

1° 20 dimes = 20 x $0.10 = $2.00
2" $2x2=%4

31 $4x3=%12

4" $12 x 4 = $48

5" $48 x 5 = $240

The chart above shows a pattern that the audmagadentify in order to figure out the
sequence or function involving tfiectorial,?® which meansn!=n.(n-1).(n-2)...3.2.1
For instance, 5!=5.4.3.2.1=120. In olgexdes, the problem presented in the poem can
be extended and connected to issues on patengjagralinvolving generalization, which
involves both the creation of a formula (the fuantf (n) =f(n+ 1) /n=2.n!), and the

graphing representation of this factorial function.

Vicarious Emotions

19 Each element of a set (students/domain) relatesgcelement of another set (money/codomain).
% Factorial is “the function whose value is foundrbyltiplying together all the positive whole numgeip
to a given number” (The Nelson Canadian School Eratdtics Dictionary, p. 87).
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This poem is really emotional. Students express teelings to provide support to their
colleague Kyla. From the poem, the audience mdysfadents’ love, affect, solidarity, hope,
and their intention to provide a safe context (sesfdelonging). Students relate their emotions
toward a classmate who is battling cancer to ma#iies) emphasizing a financial support that

increases as a factorial sequence or function.

Visceral Sensations

There is a sense of mathematical fit in this DM&duse factorial growth fits with the
students’ need (or wish) to provide support to Kgla short period of time. Furthermore, as Osafo
(2010) suggests, fast changes refer to viscera@rsqres. Exploring factorial growth is a way to
sense quick changes of phenomena. The followinghgtastrates how the factorial function f(n)

= 2.(n!) has a much more intense growth comparediteear function such as f(n) = 2.n.

4 N
Factorial Growth in Math Healing Wishes for Kyla 240

M Linear: f(n) = 2.n
M Factorial: f(n) = 2.n!
48

12 10

2 2 4 4 6 8
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DMP #7: Math Facts Show

Table 4.11: Math Facts Show URL: http://www.edu.uwo.ca/mathscene/geometry/geoll

Math Facts Show Strands and | Strand: Geometry and Spatial Se
Content: Content: Proprieties of a square, triangle, and

circumference.

Format: Video and musit
Time length: | 4:12
The Arts: Skit.

Participants: | Four students and a guitar pla’

Setting: Performed in a classroo

Info: None

Description

A student interviews three different shapes: a sgjuamtriangle, and a circumference.
They talk about their proprieties, such as edgegices, dimensions, lines of symmetry, as well
as their favourite book, and so forth. The laspghaterviewed, the circumference, answers the

guestions by singing. Following, | present a traipsion in three parts:

Part 1 - Squareon

Interviewer: Welcome to the Late Night Math Facts Show! [Somé®playing the guitar]. Today, we
are starting in Geometry. Our first guest is Square

Squareon:Hello. | am so glad to be here with you guys. e a
going to talk about myself and people are learnlsgt ~ Figure 4.28: Squareon
not amazing{see Figure 4.38).

Interviewer: Is it true that you are symmetrical?

Squareon:Yes. | have four lines of symmetry. One straight
down the middle of my face. One horizontally in the
middle of my face. And two going to either corner.

Interviewer: How many edges do you have? Because | hearc
that every shape has an edge.

Squareon:Yes. | have four edges going around my face. One
two three, four [pointing the edges around the
face/mask].

Interviewer: Do you have any vertices?

Squareon:Yes. | have four vertices. One, two three, fowirfing to the vertices around the face/mask].
Is there a pattern going on?

Interviewer: | heard that every shape is a 2D shape or a 3[pshare you a 2D shape or a 3D shape
and what are your dimensions?

Squareon:l am a 2D shape, so my dimensions are length adithw

Interviewer: How many parallel lines do you have?
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Squareon:| have two pairs of parallel lines. Two going veatly and two going horizontally.
Interviewer: How many angles and what type are they?

Squareon:| have four ninety degree angles, which make ntjces.

Interviewer: What is your favourite book?

Squareon:My favourite book is “circumference and the graaght of angle-land”
Interviewer: Thank you.

Squareon:Good bye.

Part 2 - Triny

Interviewer: Now, for the second guest, Triny.

Triny: Hello. Thank you for inviting mésee Figure 4.39).

Interviewer: So, Triny, are you symmetrical?

Triny: Yes. | am symmetrical. | have three lines of symyme

Interviewer: Do you have any edges?

Triny: | have three edges. One, two, three [pointingettiges
around the face-mask].

Interviewer: Do you have any vertices?

Triny: | have three vertices. One, two, three [pointing t
vertices around the face-mask].

Interviewer: Are you a two dimensional shape?

Triny: | am a 2D shape. So, my dimensions are base dgtthe

Interviewer: Thank you.

Figure 4.29: Triny

Part 3 — Super-circle

Interviewer: Now, for the third guest, Super-circle. Figure 440: Super-Circle

[Super-circle arrives]. =

Interviewer: So, Super-circle, what do you like about
yourself?(see Figure 4.40).

Super-circle:[Singing] Circle, | am a circle. | am as happy a
a kangaroo. | am so proud that | came to this [?] =
game to you. [Someone is playing the guitar].

Interviewer: How many lines of symmetry do you have?

Super-circle:[Singing] One, two, three, four, as many lines :
eight-four. Come to my face to see the lines irfiatg.
[Someone is playing the guitar].

Interviewer: Thank you. Why do you like circumference so much?

Super-circle:[Singing - solo] Circumference is around. Like aahin a town. It bounces like a ball. For
one and for all. It measures all around. But nelverunfound.

Interviewer: What are your dimensions?

Super-circle:[Singing - solo] Area in Pennsylvania, it’s insidet around. With all the people in it,
they're standing on it now. Circumference is alband the bigger, the circle the more is found.
Yay!

Interviewer: What is your favourite book?

Super-circle:My favourite book is “Circumference is a first maitable.” Yeah! A math adventure.

Interviewer: Thank you Super-circle. And that was this episafdbe Late Night Math Facts Show!
[Someone is playing the guitar].
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Voyeur - New/Wonderful/Surprising

Students present several properties (e.g., linegrafmetry, dimensions, edges, angles) of
a square, a triangle, and a circle. Although sttglerention some possibilities of representing
polygons as everyday objects (such @scumference is around. Like a moat in a town. It
bounces like a ball. For one and for all. It meassigll around.), the mathematics explored in
this DMP is typical, that is, it does not offer vedpr the audience to experience something
unexpected about polygons. The nature of the madtiesrexplored in this DMP is similar to
that explored in DMP #Polly Gone

It is surprising that the characters are usingksiabhe use of these masks is significant
for the communication of the mathematical ideasahee the characters discuss some of their
properties by pointing to their faces or masks.aeon, for example, points to his face and says
“I have four edges ... | have four vertices.” Thuge tise of masks is significant in terms of

visualization and embodiment when students are aamuating the properties of polygons.

Voyeur - Sense-Making

Similar to DMP #2Geometrical Idalthis DMP is a parody of a popular TV show. The
fact that students are performing a parody ofLiwe Night Shoveffers sense of reality to the
audience, which is significant for voyeuristic ekpaces (Boorstin, 1990). In addition, it is
interesting that students relate properties of gag, based on visualization and concrete
materials, using masks that work as manipulativeernas in this DMP. Some of the students’
arguments are supported by pointing to the madks.visual, aural, and gestural modes of
communication are significant for the audience’danstanding in this performance. However,
most of the ideas present superficial explanatratieer than deep connections.

Squareon states that he has four lines of sympfeuy edges and four vertices.
Interestingly, he poses a question to the auditlscihere a pattern going on?The pattern
refers to a “pattern of fours” — four lines, foutges, and four vertices. It may also refer to the
fact that Squareon says he has two pairs of “midales” and the lines of symmetry are formed
by two diagonals — that connects two opposite eesti- and two lines connecting each of the
opposite medium points of the edges. That is, vBogmreon poses a question about patterns

related to his properties, the audience may exuldferent types of patterns, for instance, the
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pattern that refers to the relation between thesliof symmetry, Figure 4.41 Lines of symmetry
edges, and vertices, as illustrated in Figure 4.41. of a square
Squareon also states that he is a two-dimensibiagles .

|
has two pairs of parallel lines, four right anglasd his e ; V4
favourite book iscircumference and the great night of angle- N i

land.”?! Based on these statements, students could have o

explored the notion of a square as a special daseaztangle #

4 ' AN

(similar to DMP #5Little Quad’s Quest because Squareon is /
basically mentioning the properties of a rectarglthis moment and, as a square, he has the
same properties. Moreover, it is not cleday that is his favourite book. Students could have
provided more explanation about this to intendiky &udience’s voyeur experience in terms of
sense-making or understanding.

Triny states that he has three lines of symmétrge edges, three vertices, and he is a
two-dimensional shape. The audience may noticethlese are specific properties of an
equilateral triangle because only equilateral triangles have thresslof symmetry (see DMP
#3 Shape SongsHowever, students do not provide detailed exgtian about why Triny is
equilateral, what the specific properties are,\&hdt would be the other types of triangles.
These explanations would help intensify the rati@ya regarding voyeuristic experiences in
this DMP.

When Super-circle sings, he said he has infiiiesl of symmetry, he can be identified as
an everyday object (e.g. a ball), he is a two-disimmal shape, and his favourite book is
“Circumference is a first round tablddowever, the lyrics are not clearly communicatitt is,
the audience may have difficulty understanding whatcharacter is saying. Moreover, there are
no clear arguments or detailed information aboatpitoperties or why that is his favourite book.
Students could have emphasized (through visuadizaind use of materials) a shape with
infinite lines of symmetry as something surprisiogasked what would a world be like without
representations of a circle, in other words, theyld imagine and dramatize a contrast such as a

car with square rather than circular tires.

%L1t may suggest a kind of “disconnection:” Why isquare saying that a book about circumferencisis h
favourite one?
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When Super-circle sing#\tea in Pennsylvania, it's inside not around. Waththe
people in it, they’re standing on it now. Circun&ece is all around the bigger the circle the
more is found,he is, perhaps, exploring an interesting problesmich is: the circle is the shape
with highest area given a perimeter.” Howevers ihot clear if the statement above refers to this
problem or not. It might be a conceptual matherahtdea to explore, but the lyrics have many

gaps, making a plausible understanding about theramicated ideas rather unclear.

Vicarious Emotions

Like DMP #2Geometrical Idglstudents are playing the role of shapes, making
mathematical objects “come alive.” The use of mashy intensify the audience’s sense of the
actor portraying the character, thereby enhantdiegatidience’s vicarious experiences in feeling
the actors’ “(mathematical) emotions.” Squareonjrigtance, is very excited with his
participation in the show. He demonstrates it whersays: 'am sogladto be here with you
guys. We are going to talk about myself and peapddearning. Is it not amazingThe
emotions and vicarious experiences in this DMP ofésr ways for the audience to visualize the
shapes and understand the properties explored. \Honas mentioned, the mathematical ideas
explored in this DMP are superficial and theregaps in terms of sense-making. Thus, the
emotions the audience may vicariously experiendRi\DMP are connected to superficial or

typical information about polygons.

Visceral Sensations

The fact that students are using masks may offésceral sensation to the audience
because it is a direct experience with the geop@tabject. The masks may offer the sensation
that the mathematical object is alive, speakingtugeng, and arguing. It is significant in terms
of mathematical thinking because (a) the studemtyiacerally thinking as a polygon and (b) the
audience is visualizing and listening to an intewiwith polygons talking about themselves.

Super-circle is singing and it refers to the usa ebundtrack in moviemaking, which
may offer visceral sensations to the audience hEumtore, Surper-circle mentions a way that a
circle may fit in the world when he talks aboutadl Ipolling. Thus, there is a sense of
mathematical fit in this DMP, but it is not as inge as it is in DMP #bittle Quad’s Quesbr
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DMP #4Triangles because the connections between the representdfmlygons and
everyday objects or contexts are superficially esgd in DMP #Math Facts Show.

DMP #8: 2D Land

Table 4.12: 2D Land URL: http://www.edu.uwo.ca/mathscene/geometry/geol2
2D Land Strands and | Strand: Geometry and Spatial Se
i Content. Content: Proprieties of square, triangle, and eircl
Format: Video.
Time length: | 3:23
The Arts: Skit and Animatior

Participants: | Four Studen

Setting: Classroor

Info: None

Description

The skit/puppet animation is performed in threeeseln the first scene, a square, a
triangle, and a circle are arguing with each o#trut who is the best. A character, playing the
role as a kind of judge, appears and says hendhriew each one of them to decide who is the
best. In the second scene, through an interviensdiare says he is the best, because he is the bes
in all the sports. The circle says he is the besabse he has infinite lines of symmetry. The
triangle says she is the best because she hastigkss and three vertices. A new round of
guestions begins, with the judge asking what ado#st properties of each shape. The square says
he has one face, four edges and four verticesciftie says he is a curve formed by points at the
same distance from the center. The triangle says #ire three kinds of triangles, that is, scalene,
isosceles, and equilateral. Finally, the judge agiat is the best purpose of each one shape. The
square says he is a good base for buildings. Tble siays his best purpose is moving fast by
rolling. The triangle says her best purpose is &@rstructures such as roofs strong. Finally,&t th
last scene, the judge decides that they are aliebe

Following, | present a transcription of the DMRtfimee scenes:
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Scene One

Narrator: One loud morning in 2D Land, everybody in Shapg C Figure 4.42 Tiffany Triangle, Sammy
was arguing over who is the best. Three of the abépat Circle, and Sally Square
were arguing were Tiffany Triangle, Sammy Circleq a
Sally Square(See Figure 4.42).

Tiffany Triangle: No! | am the best!

Sam Circle:No! | am the best! You pointy freak!

Sally Square:Round-headed freak. | am the best because | ltav
many right angles.

Sam Circle:How dare you say you're the best? It's only troatt
am the best. I'm the best because you can't eslén r

Tiffany Triangle: You're rolling around everywhere. You don’t evendnany vertices.

Interviewer: Easy! Easy! Now what are all you arguing about?

Tiffany Triangle: We are arguing because they don't accept thetfettl am better than them.

Sam Circle:No! | am the best!

Sally Square: | am the best!

Tiffany Triangle, Sam Circle, and Sally Squard&lo, no, no! | am the best!

Interviewer: Quiet! | will interview you all tomorrow to see wis truly the best.

Narrator: The next day...

Scene Two

Interviewer: Alright! Sally Square, your first question is, wdmg
you the best?

Sally Square:l am the best because | am the best at all thespo
and | have a [?] as wellsee Figure 4.43).

Interviewer: Alright! Now, Sam Circle, why are you the best?

Sam Circle:l am the best because | have a circumference and |
have infinity symmetrical line¢see Figure 4.44)

Interviewer: Alright! Now, Tiffany Triangle, why are you thesb

Tiffany Triangle: | am the best because | have three angles and
three vertices.

Interviewer: Alright! Sally Square, second question for yoourY  Figure 4.44 Sam Circle
second question is: what are your best properties?

Sally Square:My best properties is that | have one face, four
edges and four vertices.

Interviewer: Alright! Now, you Sam Circle. What are your best
properties?

Sam Circle:My best properties are that | am a curve formed by
points the same distance from the center.

Interviewer: Alright! Now, Tiffany Triangle, what are your best
properties?

Tiffany Triangle: My best properties are in Vertexvili@see
Figure 4.45) Figure 4.45 Tiffany Triangle

Interviewer: Alr... No! Your physical properties!

Tiffany Triangle: My best physical properties are that there are
three kinds of me: isosceles, scalene, and eqtalate
Scalene is the best of course.

Interviewer: Alright! Sally Square. Last question: what is your
best purpose?

Sally Square:My best purpose is that | am a good base for
building.

Figure 4.43 Sally Square
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Interviewer: Alright! Sam Circle. What is your best purpose?

Sam Circle:My best purpose is moving things fast, fastafllit.
Interviewer: Alright! Now, Tiffany Triangle. What is your bgatrpose?
Tiffany Triangle: My best purpose is holding a strong structuree likofs.
Interviewer: Alright! | will tell you who is the best, tomorrow

Narrator: The next day...

Scene Three

Interviewer: Alright! It has occurred to me who is the bésee Figure 4.46).

Tiffany Triangle: Who? Who? Tell me! Tell me!

Interviewer: The best is all of you! You are all equal, which
means that you are the best!

Sally Square:Well! | guess this is true... | am sorry guys.

Sam Circle:Yeah! | am sorry too.

Tiffany Triangle: | am sorry as well.

Sally Square:Hey guys! Wanna go for an ice cream?

Tiffany Triangle: Totally!!!

Narrator: The end.

Figure 4.46: Interviewer's
announcement

Voyeur - New/Wonderful/Surprising

Although the mathematics explored in this DMP agy\similar to those explored in
DMP #7Math Facts Showstudents explore the connections between reagers of
polygons and everyday objects and contexts. Inesteo, Sally Square and Tiffany Triangle
explain their best purpose by relating the repriegem of their shapes to important aspects in
architecture or construction. They argue that asgis ‘a good base for buildinga circle
moves things fast, fast if | roll it and a triangle makes“strong structure, like roofsThus,
connections between representations of polygonan(@igeometric object) and everyday objects,
structures, or contexts offer ways for the audigncgee the new/wonderful/surprising in

mathematics.

Voyeur - Sense-Making

Although the narrator in the story is not a repnéggon of a polygon, students were
creative in presenting a story about polygons whasst of the characters are polygons.
Furthermore, regarding the dimensions of polygarthé context of Euclidian geometry, it
makes sense that the characters ahape Citywhich is located ir2D Land

Beyond making connections between the propertig®lygons and their relation to
everyday objects or contexts, students make coiomsdbetween the properties of the polygons,
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that is, they compare and contrast one polygomaoher, highlighting “positive” and “negative”

aspects. Table 4.13 illustrates the comparativecspmentioned in the DMP:

Table 4.13: Polygons Properties in DMP #8: 2D Land
Circle Square Triangle
Positive | = has infinity symmetrical = has manyright | = has three angles and
lines angles three vertices.

» s a curve formed by » has one face, * has three types:
points the same distan¢e  four edges and isosceles, scalene, and
from the center. four vertices. equilateral.

= moves things fast » s good base for, = holds a strong

building. structure, like roofs.
Negative| = is around-headed = doesn’t even * s pointy freak!
freak. roll. = can'teven roll.

= rolls around
everywhere

» does not have any
vertices

Vicarious Emotions

Like in the DMP #2Geometrical IdalDMP #3Shape Song®MP #5Little Quad’s
Quest and DMP #Math Facts Shoystudents play the role of polygons in this DMiey8nd
engaging themselves in a process of thinking-askggpn, the plot of the story is dramatic, and
the emotions are expressed based on the propefgesh polygon when arguing which shape is
the best. Thus, the actors’ (polygons’) emotionghisa DMP are fundamentally mathematical.
The sense of “being the best” or seeing the other ‘@reak” is constructed around the properties
or characteristics of each polygon, suchlasrig good base for buildifigr being seen as a
“pointy freak’” Furthermore, the plot of the story is based alspute about which polygon — a
circle, a square, or a triangle — is the best. Altth each polygon has different properties and
purposes, in the last scene, they are seen as #qi@s not mean that they have every property
equal necessarily. It means that they are all mriggbut each of them has very special and
unique properties and purposes, which makes eattteof the best. Therefore, in the emotional
dimension of the story, students relate the diffeeeof the polygons’ properties to a sense of

equity, supporting a happy ending.
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Visceral Sensations

As in DMP #2Geometrical IdglDMP #4Triangles DMP #5Little Quad’s Questand
DMP #7Math Facts Showstudents explore the idea that representatiopslgfonsfit in the
world (how they would fit or not). For instances@uare is a good base for buildings, but it does
not roll as a circle does. Thus, students make extions between different shapes and
connections between representations of shapedamwarld around them, exploring ways of
direct experiences, potentially offering viscemhsations to the audience.

DMP #9: We are the Polygons

Table 4.14: We are the Polygons| URL: http://www.edu.uwo.ca/mathscene/geometry/geo8
We are the Polygons Strands and | Strand: Geometry and Spatial Se
d Content: Content: Properties of polygons
Format: Video.
Time length: | 2:02
The Arts: Song and Skit: Music:

Polygons and non-polygons on stage.

Participants: | Four elementary schostudents and one guitar pla

Setting: Performed in a classroo

Info: Polygons and n¢-polygons on stag

Description
Students sing songs and perform a skit playingsratepolygons and figures that are not
polygons. Two students play roles as polygons @uiyl and Polygon 2) and two students play

roles as non-polygons (Non-Polygon 1 and Non-Paly2jo Following, | present a transcription:

Polygon 2:We are the polygons, we have straight ed¢ges Figure 4.47)

Polygon 1:We are the polygons, we look like hedges. )

Non-Polygon 2:[Jumping to the front and crossing arms] We  Figure 4.47: Polygons and non-
aren’t the polygons. We look like blocks. ‘ polygons

Non-Polygon 1:[Jumping to the front and crossing arms] We  [# ~
aren't the polygons. We get caught in rocks.

Polygon 2:We are the polygons. We're always closed.

Polygon 1:We are the polygons, our song always flows.

Non-Polygon 2:[Jumping to the front and crossing arms] We
aren’t the polygons. We can't close.

Non-Polygon 1:[Jumping to the front and crossing arms] We
aren't polygons. We don't know how to pose.
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Polygon 2:We are the polygons, we're everywhere.

Polygon 1:We are the polygons, so treat us with care.

Non-Polygon 2:[Jumping to the front and crossing arms] We areh& polygons. No one treats us with
care.

Non-Polygon 1:[Jumping to the front and crossing arms] We areh& polygons. It isn't fair.

Polygon 1:Polygon

Non-Polygon 1:Not.

Polygon 1:Polygon

Non-Polygon 1:Not.

Non-Polygon 2 and Polygon ZJumping to the front] Hold up.

Non-Polygon 2:Why are we fighting?

Polygon 2:We can get along.

Non-Polygon 2:Why aren’t we cooperating?

Polygon 2:Why are we singing this song?

Non-Polygon 2:Whatever.

Polygon 2:Here some facts.

Non-Polygon 2:So just relax.

Polygon 2:Polygons are parallels.

Non-Polygon 1:But we are not.

Non-Polygon 2:Polygons are everywhere.

Polygon 1:Man there are a lot.

Non-Polygon 1:But we are always mistreated.

Polygon 1:They always get defeated.

Non-Polygon 2:They make us so frustrated.

Non-Polygon 1:Because we are always hated.

Non-Polygon 2:1 know there is another way.

Polygon 2:And that can come any day.

Polygon 1:Why? Why? Why?

Non-Polygon 1:We don'’t have lines of symmetry.

Polygon 1:Then you guys are freaky.

Polygon 2:Polygons are interesting.

Non-Polygon 2:They are everywhere and listening.

Non-Polygon 1:But we're there too.

Polygon 1:Who knew?

Polygon 2:1 did.

Non-Polygon 2:Polygons are complicated.

Polygon 1:You be the judge.

Polygon 2:Is your name mud?

Non-Polygon 1, Non-Polygon 2 and Polygon *ksighs*

Polygon 1:Why? Why? Why?

Non-Polygon 1:Why doesn't this fly?

Polygon 1:We can work together.

Non-Polygon 2:Friends forever!

Polygon 1:Now until forever.

Non-Polygon 2:Wow this is cool!

Non-Polygon 1:We didn't learn this in school.

All Figures: Yeah! Hurray! We are friends anyway!
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Voyeur - New/Wonderful/Surprising

Although the approach of comparing polygons andrég that are not polygons is
interesting, this DMP does not provide ways of sgéhe new and wonderful in mathematics.
Students mention ways to explore some properti@elyfjons and possible connections between
representations of polygons and everyday objeaseider, similar to DMP #Polly Gone the
mathematical content is quite typical regardingpditional exploration in a math classroom.

Just like in DMP #2Z5eometrical 1dgl DMP #4Triangles and DMP#Math facts Show
students are communicating their ideas by usingsand skit, representing them using video
recording. This format of communicating/represaptimthematical ideas challenges the
traditional way of representing mathematics thropght-based texts regarding the use of
writing, charts, and diagrams. This DMP (like mosthe DMP analyzed in this dissertation)
may offer surprises to the audience because tlas ige represented through the performance
arts in combination with digital media, which ofeways for multimodal communication, that is,
this DMP is surprising because, collaborativelydsints are producing multimodal texts to

represent their mathematical ideas using the arts.

Voyeur - Sense-Making

Like in DMP #1Polly Gone this DMP explores the properties of polygonsdlements
that define a polygon). At the beginning of thefpemance, the Polygons say things likee*
have straight edgesdnd“We’re always closed.'In contrast, the Non-Polygons sayé can’t
close.” Students are exploring the definition of polygomhjch is: “A closed plane figure with
straight sides”The Nelson Canadian School Mathematics Dictionpry73).

Although students do not connect different strandee DMP — they only explore
Geometry and Spatiglense — there is an interesting connection t@vigpresentations
regarding the definition that students are commatirig Figure 4.48 Students’ “costumes”

verbally (or orally). The students are using cotere

representations of polygons and non-polygon figases |-
part of their costumes. Thus, the audience mayecn §

the definition of polygons as closed figures wittaght

lines to the fact that the polygons (in yellow) bdkiese

characteristics (see figure 4.48).
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The DMP also explores the notion of representatafrpolygons as common everyday
objects and properties such as lines of symmetowedyer, the students explore these ideas
superficially, that is, they do not explore coniats between representations and strands. They
could have explored visually what they were mentigrverbally (lines of symmetry in regular
polygons) or connecteé@eometry to Measuremelny exploring the notion of angles in polygons
or explored less traditional definitions of polygosuch as "a triangle with a line of symmetry is
isosceles"), for instance.

Students could also have explained why they aggesiting that, Polygons have
parallels” Parallelism is a characteristic of some polygorthsas trapezoids, parallelograms,
rectangles, squares, and regular hexagons. Bobusger-examples, there are polygons where
parallelism is not a characteristic such as triasnglFurthermore, the non-polygons saye"
don’t have lines of symmettyhis statement is not true. Although this migktdcceptable in
the context of the performance, because partieidarpolygon figures displayed visually on the
students’ t-shirts do not have lines of symmetng, ion-existence of lines of symmetry is not a
general property of figures that are not polyga@xsircle, for instance, is not a polygon and it

has infinite lines of symmetry.

Vicarious Emotions

Like in DMP #2Geometrical Idal DMP #3Shape Songsnd DMP # Math Facts Show
students take on the roles of geometric object&jimgahem “come alive.” The feelings and
emotions the characters express during the DMBiezetly related to the condition of being or
not being a polygon. Similarly to DMP #D Land the geometric representations of figures are
“disputing who is the best.” Vicariously, the auatte may feel that the non-polygons feel
“inferior” to the polygons and the polygons feelifgrior” to the non-polygons. The non-
polygons, for instance, explicitly say\b one treats us with care. They make us so friestra
We are always hatetThese feelings emerge because non-polygons tlhave the same
“special” properties that polygons do, and represgt@ns of non-polygons do not fit in the world
as representations of polygons do. In contrastptiiyygons impose their “superiority” by saying
such things as,Then you guys are freaky. Polygons are interestifigperefore, all the actors’
emotions in this DMP are “mathematical emotiontdese the joy or sadness in the story refers

directly to the mathematical aspects of comparapgesentations of polygons and
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representations of figures that are not polygameréstingly, the story has a happy ending
because all the characters agree that polygona@mgolygons can work together and be
friends. Furthermore, they celebrate the fact tiwit exploration (mathematics through the

performance arts the audience may suppose) isonutnon in school.

Visceral Sensations

This DMP offers some visceral experience to thaena through the exploration of
how representations of polygons nfdyin the world. However, this exploration is sup&l.
On the one hand, students mention thRglygons are everywheteOn the other hand, they do
not offer examples about where and how polygongaeeywhere. DMP #hittle Quad’s Quest
for instance, offers several examples about howerete squares, rectangles, rhombi, and
trapezoids fit in the world.

Although the examples of how polygons fit in therld are superficial in this DMP,
there are two other aspects that may offer vissaasation to the audience: (a) the use of a
soundtrack and (b) action in the scene. In the D&flRjents are singing, which may be
viscerally felt by the audience as Boorstin (19&#fes. Furthermore, the fact that the Non-
Polygons and the Polygons jump to the front al¢negstory refers to a “quick change” at that
moment, that is, it offers action to the scene,cwhs a characteristic of the visceral eye
(Boorstin, 1990).

DMP #10: Fabulous Fraction

Table 4.15: Fabulous Fractions | URL: http://www.edu.uwo.ca/mathscene/mathfest/mathfé&stittl

Strands and | Strands: Number Sense and Numeration; Geome
and Spatial Sense
Content: Visual representation of equivalent fratdi

Content:

try

Format: Video.

Time length: | 0:38.

The Arts: Stop-Motion Animation

etions

PLAYD | [ ) [ o a

Participants: | Three students

Setting: None

Info: None
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Description

Like in DMP #15Equivalent Fractionand DMP #2Zractiontastic this DMP explores
numeric and visual representations of equivalations. By using concrete materials and the
film effect of stop-motion to produce an animatédew, this DMP explores the connection
between the numeric and the geometric representatifvactions through the use of the
representation of a square or cube. The DMP explegeaivalent fractions by relating the
number 1 to a whole square/cube (value of the @re@alume of a square or cube as the unit),
the fraction 1/2 to two-halves of the square/cube fraction 1/4 to four-quarters of the
square/cube, and 1/8 to eight-eights of the squave/ Although there is background music, the
DMP does not use verbal or oral language to exphesgleas. Figure 4.49 a-d presents the ideas

visually explored with modeling clay:

Figure 4.49 &d: Fabulous Fraction

|
=

Voyeur - New/Wonderful/Surprising

Although this DMP explores a variation of the ttaahal “pizza fraction task,” it does
offer ways of seeing the new and wonderful in miatsigcs because it (a) connects
representations and strands and (b) demonstratisgodi by motion and the equivalence of
fractions. The connection between numeric and gé@mepresentations of fractions is a “big
curricula issue” (NCTM, 2000; Ontario Ministry oflEcation, 2005). Surprisingly, this DMP
explores a square/cube representation insteadrexgplhe circular shape of a pizza.
Furthermore, the stop-motion animation/video forofadhe DMP offers ways to visualize the
process of division in motion while demonstratihg equivalence of fractions. Thus, the fact
that the DMP is a multimodal text, which suppopsdfic types of designs (e.g., audio, gestural,
special), is a key-aspect to offering surprisendudience regarding the “visual demonstration”

being explored.
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Voyeur - Sense-Making

This DMP explores an interesting connection betwaeneric and geometric
representations of fractions. Considering the asithe whole square or cube (number 1
referring to the area or volume), the DMP presémis levels or stages of the division 1/[2(n —
1)]. There is a connection between the numberexfgs and the size of each piece (1/2, 1/4, and
1/8 of the introduced value of the area or voluriiéus, this DMP is exploring the following
equivalent fractions: 1 = 1x1 = 2x(1/2) = 4x(1/48%(1/8). Therefore, the audience may think

about the following connections in this DMP:

Table 4.16: Visual Equivalence of Fractions in DMR£10
Stagt Fraction Visual Equivalent fraction:
1/[2Mn - 1)] “Number of pieces x size of the piece = Unit.”
1 1=1/(2"0 1x1l=:
2 1/2 =1/(2"1 2x(1/2)=:
3 1/4 =1/(2"2, 4x(L/4)="
4 1/8 = 1/(2"3 8x(1/8)=:

This DMP could have presented a more dynamic walsplay the numeric and geometric
representations in the animation. In this DMP,abdience may have difficulty (a) visualizing the
numeric representation of the fraction 1/8 and€hjizing that the value of the size of the areas o
volumes of the pieces are actually proportiondheprocess of division. Displaying the division
process clearly and explicating the proportion iamehber of pieces of the square (or cube) is very
important for the audience to make sense abowghialence of the fractions. This process is
considerably clearer in DMP #Exquivalent Fractionand DMP #2Zractiontastic
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Vicarious Emotions

In this DMP the audience does not see human clessaot representations of humans
such as animated puppets. Thus, the audience maydifeiculty feeling what the “actors” are
feeling in this DMP, which is the fundamental cledegistic of the vicarious eye (Boorstin,
1990). However, the audience may interpret theaisgmtations of geometric objects in motion
as a “character in action.” Some emotions can laésconditioned by the background music, but
this aspect is more associated to visceral semsatio

Visceral Sensations

This DMP presents three aspects that offer vissaadations to the audience. As
mentioned, the use of soundtracks may offer visserssations to the audience. The motion that
represents the division of the geometric objecuaily) and its connection to the numeric
representation happen very fast in the DMP. Funtioee, the animation format (stop-motion
animation) also enhances the sense that thingsappening fast. Quick changes, like the one
presented in this DMP, are a characteristic olvikeeral eye (Osafo, 2010). Most importantly,
the notion of “equivalent fractions” explored thgbua visual representation in this DMP
provides an intense sensenad@ithematical fitThus, it is visceral to visualize that the
representations of 1, 2x1/2, 4x1/4 and 8x1/8 araation and fit together, that is, the

exploration of visual and gestural meaning for 2x3/2 = 4x1/4 = 8x1/8.

DMP #11: Sphere on the Loose

Table 4.17: Sphere on the Loose| URL: http://www.edu.uwo.ca/mathscene/geometry/geo3
LSRG ER LT | Strands and | Strands: Geometry and Spatial S
r Content; Content: Properties of a sphere

Format: Video.
Time length: | 1:26
The Arts: Musical: Skit and Son
Participants: | Two students and one guitar ple
Setting: Performed in a Classroc
Info: The Sphere is on the loose. Will he be capturedP

he go to jail? Or is there another fate awaitirig th
figure-on-a-roll?
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Description
In this musical, a sphere is wanted by the shbatfause the sphere has committed
various crimes, such as going over the speed [irhi. sheriff captures the sphere and pushes the

sphere to a hill to arrest the sphere. Followinyelsent a transcription of the DMP:

Sphere [singing]:Happy, happy, happy world! Come eat candy, Figure 4.50 Sphere
come eat more. Come on! You know you want it.8oec
here and eat some canfbee Figure 4.50).

Presenter:We interrupt this program for a special news
announcement. [Someone starts to play the guitdrthe
presenter shows a poster.] A sphere has been fanddhe
is running wild. He has committed various crimestsas
going over the speed limit and rolling and rammihigpgs
to destroy them. Now, we will show you what hapgene
[The guitar stops playing](see Figure 4.51 a-b)

Sheriff: Why can't | find that little varmint? I've beendking

Figure 4.51 «b: Presenter with

everywhere. [Someone starts to play the guitar]. poster
Spherelappears suddenly, attacking the sheriffurprise!(see

Figure 4.52).
Sheriff: What are you doing here? You little... that's noniyiaYou

cone!
Sphere:What?

Sheriff: You will cone!

Sphere:Nobody calls me a cone!!!

Sheriff: | do.

Sphere:Draw!

[Sheriff arrests the Spheré$ee Figure 4.53)
Sphere: Where'd you go? Ah! Foiled again!
Sheriff: Come with me, outlaw.
Sphere:Wait. Jail isn’t this way, the hill is... Oh no!
Sheriff: See you later Sphere.

Sphere [rolling/falling]: Ah!!!

[Applause]

Figure 4.52: Sphere appears sudde

Voyeur - New/Wonderful/Surprising
Similar to the other DMPs analyzed in this reseattoh performative and multimodal

aspects in communicating and representing the mmattieal ideas are surprising. Students only
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superficially explore the notion of representatiohspheres as everyday objects by suggesting
that a ‘sphere rolls everywhereThey could have explored visual-imaginative aspsuch as a
sphere formed from the revolution of a circle @ #phere as a surface to explore non-Euclidian
geometries, like in the DMPlatland (Gadanidis, 2005).

There is an interesting surprise in the DMP. Asréader may see in the transcription,
the students try to offer surprises to the audidnycappearing suddenly in the scerfgpliere
[appears suddenly, attacking the sheriff]: Surp¥iddowever, although a sphere is surprising
the sheriff in the skit, it is not a mathematical®ise because it does not offer the audience a
way to see the new and wonderful in mathematigs.dnhly a surprise within the context of the
story. In contrast, this DMP provides an interagtiepresentation of the sphere as an everyday
object (a ball). Students were creative in perfoigra skit in which a sphere is a “criminal” due
to the fact that the sphergdes over the speed limit and rolls and rams thing$estroy ther.
This idea may be interpreted as a mathematicatiserpy the audience.

Voyeur - Sense-Making

In the DMP, there are connections between the Verahideas communicated, the
actions of the character (gestures and use ofadgétiments), and the visual representation in a
poster, which offer important visual informationtte audience. However, students did not
explore “big ideas” about the sphere. They coukkhased multiple types of visual
representation (use of specific costumes, for ntgpand explored dimensions and
visualization-imagination (sphere as the rotatiba oircumference), superficial area and volume
of spheres, multiple ways of seeing a represemati@ sphere as an everyday object, and so
forth. They could have imagined, for instance, laesp in a world of non-spheres, where things
like rolling would be considered “mad” (see

http://publish.edu.uwo.ca/george.gadanidis/imadiséioit/index.htm).

Vicarious Emotions

In this DMP, just like in DMP #Zeometrical ldgl DMP#3Shape Song&MP #7Math
facts Shovand DMP #9Ne are the Polygonstudents are playing the role of geometric object
The performance starts with the student who plaggsale of the sphere presenting an

announcement. It is not clear if the student isi@bt playing the role of the sphere at that
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moment or another role. If he is playing the rdi¢he sphere at that moment, the audience may
feel the sphere is really happy, but it is not &y “mathematical emotion.” The most
interesting emotion in the DMP is when the sphets gffended and angry because the sheriff
calls the sphere a cone (or suggests that heraiistorm the sphere into a cone). The students
play the scene well, expressing the feelings oeasgrrounding the offence, and the audience
may, vicariously, feel the “mathematical emotioftie sphere gets offended by being called a
cone because the sphere perhaps sees the conérdsranr” shape. Interestingly, the reasons
why the sphere gets offended are not explicit engarformance, which allows the audience to
experience a diversity of “mathematical emotiorepdnding on the way one interprets the

offence/anger.

Visceral Sensations

There are two explicit elements for the viscera gythis DMP. The performance is
mostly an action scene where a sheriff capturgdhare and there is a soundtrack.

There is also some sense of mathematical fit asttltents are exploring ways in which
representations of spheres may fit in the word. él@x, the connection is actually superficial
because it only explores the notion that “sphenéls As mentioned, they could have explored

multiple ways to represent spheres fitting in theela:

DMP #12: Radius & Diameter

Table 4.18: Radius & Diameter | URL: http://www.edu.uwo.ca/mathscene/geometry/geo10
GELTTERCRVET ST | Strands and | Strand: Geometry and Spatial Se
p Content; Content: Properties of circles
Format: Videc
Time length: | 2:12
The Arts: Skit
Participants: | Three studen

Setting: Performed in «Classroor

Info: None
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Description

Figure 4.54: Presenter

Three students perform a skit that explores thenatf
radius and diameter in circles. Initially, a presemposes a
problem Liam has to solve for school. Liam goesisit Mr.
Shape and they explore the definitions of radisdiameter.
Finally, the presenter poses some conclusiongpivetic way.

Following, | present a transcription of the DMP:

Presenter:Once upon in time there was a young boy named hihm
didn’t know anything about radius and diameter. laschool
project, he had to bake a cake with a radius tédifi centimetres
and the diameter of thirty centimetres. So, he we®hape Valley
up triangle mountain into Mr. Shape’s ldlsee Figure 4.54)

Mr. Shape:l told you. | invented a new shape. | call
‘cyscisism.'[Showing a poster](See Figure 4.55)

Liam: Hello! [Looks around] Hello!!! Figure 4.5€: Liam and Mr. Shag

Mr. Shape[jumps]: Whoa! What is it Liam?

Liam: | was wondering what's radius and diameter.

Mr. Shape:A diameter is a straight line from the edge ofchrele,
through the center, and to the other side.

Liam: Oh! So, a kind of like a pogo ball... with a littlettom in the
center or a smiley face guy with a belt across him.

Mr. Shape:The radius is a line from the edge of the circléh® center.

Liam: Oh! So you mean like Pacman with his mouth closed.

Mr. Shape:Yeah!

Liam: Oh! Now | get it' Now | can go home, bake my cakel,
hopefully get an A+. BygSee Figure 4.56). Figure 4.57: Presenter’:

Presenter:Radius times two equals the diameter. If you fliekradius it
will draw a circle, which you can color purple. Rasdl is from
edge to center. [Making gestures]. There is no digmof a
square. The studying circle is like going to thie. i's so fun
you'll say you might even want to get some blooché&Swent
down Triangle Mountain through Shape Valley all ey home.
He baked his cake and ran to school. He got an Aie radius
and diameter part but his cake sucked. The €®eke Figure 4.57).

[Applause]

conclusions

Voyeur - New/Wonderful/Surprising

Although the mathematics explored in this DMP gpedal regarding what happens in a
traditional math classroom — students basicallggmethe definitions of radius and diameter —
the connections to everyday objects is interesimdymight offer some mathematical surprise to

the audience. Initially, the presenter poses actpral problem” because the notion of radius and
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diameter are needed to bake a cake. Students deérkameter of a circle aa ‘Straight line

from the edge of the circle, through the cented tmthe other sideand they relate the
representation of a diameter @ pogo ball... with a little bottom in the centerabsmiley face

guy with a belt across hitmSimilarly, they define the radius aa fine from the edge of the

circle to the centérand they relate the representation of the ratid®acman with his mouth
closed” Finally, poetically, the presenter concluded thhadius times two equals the diameter.
Like in DMP #2Geometrical ldglDMP #5Little Quad’s Questand DMP #&D Land students
connect representations of polygons to everydagotdj Furthermore, in this DMP, students
connect the properties of polygons to solve anriglasy problem” and use poetry as well. These

types of connections offer ways of seeing the nesvwaonderful in mathematics.

Voyeur - Sense-Making

Students are exploring definitions and examplesmbdefinitions of mathematical
objects refer to the least number of propertiehefobject needed to identify iflje Nelson
Canadian School Mathematics Dictiona@y995), that is, definitions involve logical think
toward sufficient and necessary conditions forageshent. Students’ definitions of radius and
diameter in the DMP are similar to those presemtehle referred dictionary. However, diameter
and radius are elements of both circles and sphBesed on the posed problem, where students
are asked to bake a cake, it is probable that stadealized that its form looks like the
representation of a cylinder. That is the mostiti@tal shape of cakes and that is why students
are exploring diameter and radius of circles. Catilients have explored other shapes of cakes
such as cones and spheres? Students could hauesttorce, explored the problem of the
volume of an ice-cream cone, in which the notiohdius and diameter are also needed.

The definitions and examples of objects that represadius and diameter are significant
to the presenter who concludes thatdius times two equals the diametdrhe use of poetry
and gestures by the presenter at the final sceaeadnteresting in terms of meaning production.
On the one hand, the use of rhymes conditions tirdssthe poet uses and, obviously, conditions
the nature of the meaning. The use of gestures madé¢he hands helps the audience on the
visualization and understanding about some of tbpearties of a circle. From a gestural mode of
communication, the student’s embodiment is funddaidéar meaning production at this

moment of the DMP. On the other hand, the studamitd have explored other mathematical
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ideas through the final poem to provide ways feradldience to extend the problem. They could
have explored, for instance, the relation betweglius/diameter and length of circumferences or
the area of circles, thereby introducing the notbthe numbepi.

Although it is not significant to the plot of thosy, it is relevant to mention that Mr.
Shape is portrayed as a “shape inventor.” At thggrimeng of the skit, he says he invented a new
shape namedcyscisisrtiand shows a poster, displaying a representatiohi® “new figure.”
However, the focus is not clear and the audienneatasee the image of the shape.

Vicarious Emotions

The DMP does not offer conceptual mathematical @mst However, regarding the use
of zooming-in on the characters’ facial expressitims audience may vicariously feel what Liam
is feeling when he gets really excited by fact thatearned what radius and diameter are and, as
a result, he expects he will get a good mark irtdsk. Although this DMP presents emotions

that are significant to the story, the emotionsrarenecessarily mathematical emotions.

Visceral Sensations

This DMP offers the experience to the audiencerg@esentations of elements of circles
(like radius and diameter) fit in the world as Wy to create a model to solve an “everyday
problem.” There is a connection between mathenlatigacts and “an everyday object.” In the
skit, students connect the shape of a cake toseptations of circles and use the notion of
diameter as a parameter to bake a specific kimdk#. Connections between representations of
mathematical objects and “everyday situations” widgr visceral sensations to the audience

because the audience may experience how matheffitaticthe world.
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DMP #13: Square Trial

Table 4.19: Square Trial URL: http://www.edu.uwo.ca/mathscene/geometry/geo6

Strands and | Strand: Geometry and Spatial Sense

Square Trial

Content: Content: Properties of quadrilaterals

Format: Video

Time length: | 1:33.

The Arts: Skit

Participants: | Five Student

Setting: Performed in a classroom.
Info: The Square is being picked on. Will he find justice
in court?

Description

In this skit students explore the notion that aasqus a special case of rectangle,
parallelogram, and rhombus. The characters areoud of law, mediated by a judge. The
rectangle (Roy) and the parallelogram (Pat) araiaggthat the square (Steven Square) is not
like them. On the defence side, Steven Squarevithien) is explaining how he is not being
treated fairly and the rhombus (Ryan) is defend@teyen Square. Following, | present a

transcription of the DMP:

Figure 4.58: Steven Squa

Judge: The case we've today is that Steven Square isgiog
treated fairly because of his body shape. Stevarmay
begin the first side of the story.

Steven SquareWell... | was on work one day and out of the blue
man poked me in the eye, as you can see. It hdrhan
said he did because | was a square. | don't firisl tiery
well. (See Figure 4.58).

Judge: Thank you for sharing your side of the story. Lesmu
may speak. | would like to hear your angle.

Roy: The reason | was treating him unfairly is becaysa’re
bragging that you like us when we knd¢®ee Figure 4.59).

Judge: Stand up tall Leroy. Thank you for sharing youglanof
the story. We now will hear from your partner.

Pat: | have to say that Roy and | are different becdusave four
vertices and Roy has four straight sides. See?aveu
completely differen{See Figure 4.60).

Judge: Thank you. | would like to hear the final cornétlve case. Ryan, go ahead.

Figure 4.5S: Roy (The Rectangl
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Ryan: | have to say that past statements aren’t thag tracause Steven has four vertices and four
straight sides and doesn’t that make him a rectamagld a parallelogram? Even a rhombus is
true. | rest my cas€See Figure 4.61).

Judge: The conclusion is it: Steven Square is to be ¢éetéairly because he has been proved to be like
Ryan, Roy and Pat. Case closgske Figure 4.62).

Figure 4.6C: Pat (The Parallelogran Figure 4.61: Ryan (The Rhombus, Figure 4.6z: The Judge

Voyeur - New/Wonderful/Surprising

This DMP presents a conceptual mathematical serpsgrsexploring representations and
proprieties of quadrilaterals and the connectiomvben them. Like in DMP#hkittle Quad’s
Quest students discuss how a quadrilateral may be capegl as a special case of others.
Although students do not bring a trapezoid or a kito the plot of the story, they explore the
notion that a square is a special case of rectapgtallelogram, and rhombus. This idea offers
to the audience ways of seeing the new and wondarfnathematics because it disrupts
possible misconceptions such as “squares are caingles, parallelograms, rhombi.”
Surprisingly, the DMP highlights that the same reathtical/geometric object (a square) may fit
in multiple categories. In contrast, students doexplore how representations of quadrilaterals

may fit in the world around them as explored in DEBLittle Quad’s Quest.

Voyeur - Sense-Making

The mathematics explored in this DMP is based git#b reasoning, regarding
properties of quadrilaterals and the similaritied aelationships between them. The audience
may realize that students are exploring the ndhaha square is a special case of rectangle,
parallelogram, and rhombus (See Figure 4.63),dunterstand this notion the audience has to
connect ideas and representations throughout dimg §S€onsidering his name, it is immediate to
realize that Steven Square is a character whogtale of a square, but it is only possible to
understand that Roy is a rectangle not becausaysatsor let one knows his properties, but

because he is dressed in a “costume” that repeaaettangle (that is, there is a representation
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of a rectangle made with concrete material pastetth® student’s t-shirt). The audience has to
develop the same “sense of visual recognitiont@mbination with other modes) in the plot of
the story to realize that Pat is the parallelogeantt Ryan is the rhombus. The use of “math
costumes” is important to the audience’s understanand it highlights that the use of materials
(e.g., manipulatives, visual representations) myifscant in order for students and the audience
to make connections, make sense of the story antitifematics, and produce meanings and
knowledge within dramatic events involving the exption of properties and relationships
between quadrilaterals.

The students provided an interesting conclusighéperformance, mentioning
information about similarities between the propesiof Figure 4.63: Square as a special case of
the quadrilaterals, which made it clear that a sgjigaa rhombus, rectangle and parallelogram)
special case of other quadrilaterals. Ryan arg8esvén

[

has four vertices and four straight sides and didbat L
Parallelogram

make him a rectangle and a parallelogram? Even a

rhombus is true. | rest my casand the Judge conclude <>

that: “Steven Square is to be treated fairly because he  rnombus Rectangle

has been proved to be like Ryan, Roy and Pat.” 7 4

However, a point should be mentioned about tl —
nature of the students’ argumentSolr vertices and

four straight sidesare the properties of quadrilaterals in generals, on the one hand, the
argument is sufficient and consistent if studenésexploring the notion that square, rectangle,
rhombus, and parallelogram are all quadrilate@fsthe other hand, the argument is superficial
if the audience considers that students are exygdhe notion that a square is a special case of

rectangle, parallelogram, and rhombus.

Vicarious Emotion

This DMP explores “mathematical emotions” becabhseamotions which the characters
feel in the story are related to mathematicalsd@he audience may vicariously feel that the
rectangle’s and the parallelogram’s bias towardstieare are based on their “misconceptions”
about the square’s properties. Pat and Roy ardrgaisng” Steven Square because they see the

square as “different/inferior,” they do not seelie square the same properties they have. Thus
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Steven Square feels poorly due to this mistreatnfdhof the characters are emotionally
involved with the situation in the court becauSeégven Square is not being treated fairly
because of his body shap&bnsidering the fact that the DMP explores thearothat a square
is a specific type of rectangle, parallelogram, grmmbus, the Judge concludes titieten
Square is to be treated fairfyThe story then explores emotions toward a “sexissuity”
based on mathematical ideas, which may be vicdyidels by the audience.

The fact that students are playing roles as shagsenhance the audience’s vicarious
pleasures. Similar to DMP #2eometric IdglDMP #5Little Quad’s QuestDMP #7Math Facts
Show DMP #82D Land DMP #9We are the Polygonsnd DMP #11Sphere on the Loose
students are playing the role of geometric objeldte playfulness emergent with the
performance arts offers ways for studentsthartk-and act-as-shap&and the emotions they
have as actors are “mathematical emotions.” The netion of embodiment is significant in this
scenario (Gerofsky, 2010), because the studenisrsg(including gestures) reveal the ways
they are experiencing geometry, thinking about gladrals, and reflecting about geometric
forms to communicate mathematics to an audiencaighr the act of Beinga quadrilateral.”
Phrases such asHfave to say that Roy and | are different becdussve four vertices and Roy

has four straight sidésighlight students’ sense of embodiment baseg@lagfulness.

Visceral Sensations
Like in DMP #5Little Quad’s Questthis DMP offers a sense ofathematical fit
regarding the connections between the propertigsiadrilaterals. The properties of a square fit
with the properties of a rectangle, a parallelogrand a rhombus, which makes square a specific
case of these other quadrilaterals. In this DMP aidience may sense, viscerally, multiple
connections between the properties of a squaegtangle, a parallelogram, and a rhombus.
Students could have provided a stronger sensatsfamatical fit by exploring, for
instance, how representations of quadrilateraldaviiuin the world around them. DMP #5
Little Quad’s Questfor instance, relates the representation of &angte to a wide TV screen

and a rhombus to a diamond.
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DMP #14: Pointacula

Table 4.20: Pointacula URL: http://www.edu.uwo.ca/mathscene/geometry/geo2

Strands and | Strand: Geometry and Spatial Se

Pointacula

Content: Content: Dimensions and properties of solids

Format: Videc

Time length: | 3:49

The Arts: Musica

Participants: | Four students and a guitar ple

Setting: Performed in a classroo

Info: Pointacula is back! Silly Cylinder and Rudy
Rectangular Prism are scared! Will Cubie the Cave s
the day?

Description
In this DMP students explore properties of somedkdimensional shapes (rectangular
prism, cube, and cylinder). In the story, Pointads the character who terrorizes the shapes

who live in 3D town. Following, | present a traription of the DMP in three scenes:

Scene One Figure 4.64: Rooney

Rooney:Hi everyone! My name is Rudy the Rectangular Pridmand
my friends here are going to show you the musiakéd 3D Town.
(See Figure 4.64).

Reporter:Breaking news! We just have got the report thahfagula has
returned. Will are here to take care of us. Please/e us Cubie!
(See Figure 4.65).

[Someone starts to play the guitar]

Cubie[singing]: | am Cubie. | like to dance and sing. I'm strontgjirsg Figure 4.65: Reporter
down. | go blank blank. | have six faces. Eightiges. Up to the -
rescue. How about you®ee Figure 4.66).

Rooney[singing]: | am Rudy. The Rectangular Prism. And | love tg,sin
sing, sing, sing. | sing in the bathroom, when skwany faces. And
when | wash my vertices, in very wet fa¢8ge Figure 4.67).

Silly [singing]: | am Silly Cylinder. | live at the 3Dtvn. | have two
faces. Then | can make cookies. Which will nevekeryau frown.
(See Figure 4.68).

Pointacula: Stop! Why is there happiness when there should be Figure 4.6€: Cubie
evil?[Singing] | am Pointacula. Point me in bracket am evil and
I have lots of enemies. | hate beauty music aGallinstead of
talking to you my point | will go terrorizing theafi. (See Figure
4.69).

Silly: Umm...Pointy... the mall is that way.

Rooney:l don't care a Pointacula. Let's just all go to beaght now. Bye.
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Scene two Figure 4.67: Roone!

Reporter:Breaking news! We have got the report that Poirtabas
attacked. We don’'t know where. Let’s talk to thtiwi who has
been attacked by faint powder. So, how do yousafesl been
attacked by Pointacula?

Victim (Silly): 1 don't like talking about it, but | feel very sadd | get a
lot of nightmares about Pointacula. | feel scarastjthinking about
it. (See Figure 4.70).

Reporter:That is ok. We just want to know what Pointaculga stalen
from you.

Victim (Silly): Well, | haven't checked yet. Let me see if | hayenmost
valuable item. Oh no! Pointacula took it! He tool diamond! It
has six vertices, eight edges, and eight faces.

Reporter:That is ok. You can have a rest. [Going close tdyRu50, what
did you exactly see there?

Rooney:Well, as the witness, | didn’'t see anything ardvalat | hear was
Silly screaming and shouting. | don’t wanna talloabit. (See
Figure 4.71).

Silly: I was not screaming...

Reporter:That is enough both of you. Let us just go downtooua. Figure 4.6S: Pointacul:

Scene three

Police Officer: | will arrest you evil Pointacula.
Pointacula: Oh, no. You won't.

Police Officer: Oh, yes. | will. | will shoot with glue.
Pointacula: Well I'm goanna dodge it.

Police Officer: Shoot, shoot.

Pointacula: Oh no! I've been hit. How can | be hit? Now | amcgtin the wall.
Police Officer[handcuffs Pointacula]See Figure 4.72).

Pointacula: | will be back 3D town! You just watch...

Police Officer: This town is now safe from the evil Pointaculasoit?

All Characters: Thank you for listening to the Pointacula preseiotat
[Applause]

Figure 4.72: Police Officer

Figure 4.7C. Reporter and Sill Figure 4.71: Reporter and Roon handcuffs Pointacula

Voyeur - New/Wonderful/Surprising
This DMP offers mathematical surprise becausepta®s specific properties of solids.

It is surprising that elementary school studentadgs 4 to 6) are exploring some specific
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properties of solids such as number of faces artttee of polyhedrons. For instance, they
mention that a cube hasiX faces and eight verticeand a diamond (an octahedromg$ six
vertices, eight edges, and eight fat&sirthermore, the connections between representafi
solids and everyday objects are interesting andaffay surprises to the audience as well.
Students related, for instance, a cube to a “strobpgpct and a cylinder to an object proper to
make cookies. Connections between mathematicaangtric representations and everyday
objects usually involve interesting processes sfi@iization/imagination and offer ways of
seeing the new and wonderful in mathematics.

Another surprise in this DMP may refer to the oeaswhy Pointacula is a scary
character. Pointacula is “scary” because he isiydi A “pointy shape” refers to a shape with
parts that stick out or sharp. In DMP #¥8. square for instance, this notion is explored
through the idea that an isosceles triangle (atpasimape) hurt Mr. Square. Thus, Pointacula is
scary in this DMP because parts of its shape @isoes) would hurt the other shapes in 3D

Town (see Figure 4.73).

Voyeur - Sense-Making
In order to present strong arguments about theenadtical Figure 4.72: Pointacula (:
surprises, students could have explored more spgciperties of "pointy shape”)
each polyhedron such as numbers of faces, veraoelsedges. They
could have also explored the difference betweeyhgalrons, which
are solids with plane faces (e.g. cube and tetrang¢@nd solids of

revolution, which are solids formed by rotatinglane figure about a

line in the plane of the figure (e.g. cone, cylindad sphere).

The notion of “Pointacula as a scary characterioistotally explicit in the story. As an
interpreter, | just inferred the reasons why Paula is scary after analyzing DMP#18.
Square that makes clear the idea that an isoscelegtaas a “pointy shape” that may hurt other
shapes in a play. Thus, in this DMP, students chalee made clear the reasons why Pointacula
is a scary character in the story. They could hagkided in their dialogues clear statements
toward the fact that Pointacula is a “pointy shajelt would easily stick out the other shapes
and that is why he terrorizes 3D Town. Howeverrdghg an element in the story that suggests

that Pointacula is a pointy shape. The charactetss pointy, which makes Pointacula look like
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a cone or a “pencil”, for instance (see Figure 1.G&nerally, the use of costumes is very
significant to the audience to understand the ptogseof each character/shape. The visual
design provided by the use of costumes is fundashembffer the audience visual
representations that can be related to what stes@eatsaying and gesturing. That is, the DMP
offers ways to the audience connect multiple reprgions and designs of meanings in making
sense of the mathematical ideas explored about gfeiendimensions and solids. The gestural
design is also important to the audience’s meapigduction and the playfulness emergent with
the use of the performance arts is rich in termsnolbodiment. In scene one, for instance, when
Silly Cylinder sings I' have two faces,the students makes a body movement with the costume
in order to show the faces to the audience (seer&i.74). This embodied action is fundamental

to the audience to visualize and understand thgepties of a cylinder.

Figure 4.74 Use of costume- embodimer

Like in DMP #1Polly Gone students are very clever in exploring a pun ondgoln
DMP #1, students played with the expressions “Ratygnd “Polly (is) gone.” In this DMP, in
the end of scene one, Pointacula saysift go terrorizingthem all’ and, to escape from
Pointacula, Silly the Cylinder saythe mallis that way.” Although this pun is not mathematical
(as Polly gone is), it is significant to the pldtstory because it refers to the way Silly mislead

Pointacula in order to escape in the moment oatieck.

Vicarious Emotions

Like in the DMP#2Geometric IdglDMP #3Shape Song®MP #7Math Facts Show
DMP #82D Land DMP #9We are the Polygon®MP #11Sphere on the Losand DMP #13
Square Tria) students are playing roles as geometric objétis.story involves emotions that
refer to what shapes are feeling. As mentionedrbetbe playfulness emergent with the
performances arts offer ways to students play rageshapes, embodying their actions through a

mathematical activity: thinking-as-shapes, actisgshapes, learning, representing, and
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communicating ideas about shapes through the patbgingshapes. The DMP explores thus
somemathematically related emotionsecause the emotions the characters feel ateadta
their properties as mathematical objects in thé gfithe story. For instance, Pointacula is “bad”
because he is pointy and Silly Cylinder fe®lery sad and | get a lot of nightmares about
Pointacula... [and feels] scared just thinking abiit

The DMP uses zooming-in on the character’s fatgression which may intensify the
vicarious pleasure. Thus, by feeling what the acéwe feeling in this DMP, the audience may
feel what the solids are feeling, that is, throtigh playfulness, the audience may imagine itself

as formed by edges, vertices, and faces, for instaand feel “fear” by Pointacula’s attacks.

Visceral Sensations

This story explores visceral mathematical sensatibrough suspense and action
connected to mathematical ideas. It portrays,rfstance (a) how scared the solids feel regarding
Pointacula’s attack and (b) action when the padifieer captures Pointacula. These sensations
are intensified by the use of soundtrack in key-raots of visceral scenes.

The DMP explores the notion that representatiorsobds fit in the world, like a
cylinder as the representation of an object prépenake cookies and an octahedron as a
diamond. However, these connections would be fugkplored. Students do not mention, for
instance, how representations of cubes or rectanguksms would fit in the world around them.
Students could explore multiple ideas based orethekds such as: (a) objects such as ice cubes
and boxes having these formats; (b) cube a spemsal of rectangular prism (c) the notion of
dimensions (2D and 3D) by forming rectangular pagrom rectangles. All these ideas, which
offer multiple ways to see connections betweenasgmtations and ideas, would offer to the

audience both more intense visceral sensationsuapdises.
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DMP #15: Equivalent Fractions

Table 4.21: Equivalent URL: http://www.edu.uwo.ca/mathscene/mathfest/mathféshit|
Fractions Strands and | Strands: Number Sense and Numeration; Geometr
p— Content: Spatial Sense

Content: Visual representation of equivalent Fragi

Format: Video.
Time length: | 0:37
The Arts: Stop-Motion Animatior

Participants: | Four Studen

Setting: None

Info: None

Description

Like in the DMP #1QFabulous Fractiorand DMP #2Zractiontastic this DMP
explores numeric and visual representations ofvadgnt fractions. It explores, visually, the
notion that 1 = 2x (1/2) = 4x(1/4) = 8x(1/8) = 16X(6).

Voyeur - New/Wonderful/Surprising

This DMP offers conceptual mathematical surprisssabse it explores connections
between multiple representations and strands. TWE Bxplores an articulation between
numeric and geometric representation of factionsuestigate one case of equivalence of
fractions. It involves numeration and geometry kylering representations of squares as formed
by equivalent fractional parts, that is, 1 = 2X2§1# 4x(1/4) = 8x(1/8) = 16x(1/16). The
connection between numeric and geometric repres@mseof fractions is a “big curricula issue”
(NCTM, 2000; Ontario Ministry of Education, 2009he conceptuality of this idea in
combination of the animation format offers wayshe audience see the new and wonderful in

mathematics.

Voyeur - Sense-Making
This DMP explores connections between numeric awhngtric representations of
fractions. Considering the unit as the whole sq@auenber 1 referring to the area), the DMP

presents five levels or stages of the division”{fj2- 1)]. There is a connection between the
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number of pieces and the size of each piece (142118, and 1/16 of the introduced value of the
area). Thus, this DMP is exploring the followingue@lence of fractions: 1 = 1x1 = 2x1/2 =
4x1/4 = 8x1/8 = 16x1/16. Therefore, the audiencg thank about the following connections in
this DMP:

Table 4.22: Visual Equivalence of Fractions in DMR#15
Stagt Fraction Visual Equivalent fraction:
1/[2Mn - 1)] “Number of pieces x size of the piece = Unit.”

1 1=1/(2"0 1x1l=:

2 1/2 =1/(2"1 2x(1/2)=:
3 1/4 = 1/(2"2 4x(L/4)="
4 1/8 = 1/(2"3 8x(1/8):=1
5 1/16 = 1/(2"4 16 x (1/16) =

In comparison to the DMP #Xabulous Fractionthis DMP presents a better visual
design. The process of displaying the divisionesicbecause it demonstrate visually the
proportion and the number of the pieces of the ijwehich offers ways to the audience to make
sense about the equivalence of the fractions. dioicess is also clear in the DMP #22
FractiontastiG in which students overlap the geometric/numespresentations.

This DMP can be understood as a “visual proof’dioe case of equivalence of fractions.
Hanna (2000) posits that “in the classroom therkéy of proof is the promotion of
mathematical understanding” (p. 6) and some ofuhetions of proofs are: verification,

explanation, discovery, communication, construgtaomd exploration.
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Another important aspect in this DMP refers touke Figure 4.75: Credits to Materia
of materials. Both manipulative materials and @igit Credits
technology are very important authors in the préidacof this

DMP and they shape the nature of the mathematieahing

Materials

and knowledge production. Interestingly, in theddseof the construction paper,
Markers, Web cam

DMP, students even acknowledge the use of papekensa
and web cam (see Figure 4.75). To produce the @ioimef this DMP, students used the stop-
motion animation. First, they used manipulativeemnats to create geometric representations
(isometric piece of papers with numeric repres@matof fractions in each of them) and they
took many pictures of these representations irdfft positions with the web cam.
Consequently, they used software to produce a \pdéiing the sequence of pictures in such

way it would offer to the audience a perceptiomaftion that makes sense about the equivalence
of the fractions. All these aspects reveal how irtgpd technology can be in producing a DMP
and how the use of technology shapes the naturatifematical meaning and knowledge
production. To produce this DMP students hathiok-with-technologythat is, students had to
reflect about specific ways to create represematad fractions and specific ways to display
these representations in a way that would offéhécaudience both (a) a visual effect of motion
and (b) sense-making about equivalence of fractidthis performance highlights hostudents-
with-mediaform thinking collectives in the process of prouhgca DMP?

Interestingly, some of the geometric representatafrthe Figure 4.7€: Aspects o
fractions show aspects sgmmetryconsidering the form students Symmetry
hatched/painted the representations with markerthd presentations
of 1/2, for instance, the symmetry is clear (butperfect) in relation to
a vertical axislIf we consider a process of rotation of the
representations, some aspects of symetry can algtebtified in the
representations of 1/4 (See Figure 4.76 a-bhérrépresentations of
1/8 and 1/16 some smilarities can be identyfiegtims of the ways
hatched the figures, but these similarities dorafgr to symmetries.

Although students were not exploring symmetry & BlMP, it is

22 Scucuglia and Borba (2007) explain the processliiing a video to produce a DMP through the notion
of humans-with-media (Borba & Villarreal, 2005).



152

interesting that they were concerned in providioges sense of aesthetic by hatched/painted the

representations of fractions by exploring the notd patterns somehow.

Vicarious Emotions

This DMP does not explore emotions through dialsgaed gestures like the skit
performances do, for instance. As said in DMP Eabulous Fractionin this DMP the audience
does not see human characters neither represastafiltumans such as animated puppets.
Thus, the audience may have difficulty to feel wihat “actors” are feeling in this DMP, which
is the fundamental characteristic of the vicarieys (Boorstin, 1990). However, the audience
may interpret the representations of geometricatbjm motion as a “character in action.” Some
emotions can also be conditioned by the backgroousic, but this aspect is more associated to

visceral sensations.

Visceral Sensations

Like in DMP #10Fabulous Fractionthis DMP presents three aspects that offer vagcer
sensations to the audience. (1) The use of sowkdtraay offer visceral sensations to the
audience; (2) The motion that represents the dinisi the geometric object (visually) and its
connection to the numeric representation happenfast in the DMP. Furthermore, stop-motion
animation format also enhances the sense thatsthiregghappening fast. Quick changes, like the
one presented in this DMP, are a characteristibeVvisceral eye (Osafo, 2010); (3) Most
importantly, the notion of “equivalent fraction” gored through visual representation in this
DMP provides an intense sensentdthematical fi{Sinclair, 2004). Thus, it is visceral to
visualize that the numeric/geometric representatafrl, 2x1/2, 4x1/4, 8x1/8, and 16x1/16 are,

in motion, fitting one to another.
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DMP #16: Shape Idol

Table 4.23: Shape Idol URL: http://www.edu.uwo.ca/mathscene/geometry/geo4

Strands and | Strand: Geometry and Spatial Se

Content: Content: Properties of polygons
Format: Videc

Time length: | 2:56

The Arts: Musica

Participants: | Four students and one guitar ple

Setting: Performed in a classroc

Info: Which shape will win the conte!

Description

This DMP is similar to DMP #Zeometric Idalin which students explore properties of
geometric shapes through a skit that makes a pafottie TV show American Idol. In the first
song students explore how a square is relatechr ghapes. In the second song, students

explore properties and types of triangles. In theltsong, students

Figure 4.77. Presenters

mention that shapes can be explored together.|fis&ldents _
explore the notion that there are families of skagp®l they mention |

that representations of shapes are in the worldrarthem.

Following, | present a transcription of the DMP:

Student 1 and Student 2 (as presentei)elcome to Shape Idd6ee Figure 4.77).

Student 1 (as a judgeur first contestant is Megan M. Please, get an tl
stage.

Student 2 (as a judge)Ve are gonna ask you some questions. The first
one is: where are you from?

Megan M: | am from Four Vertices Island.

Student 2 (as a judge)MVhat are you gonna dq3ee Figure 4.78).

Megan M: | am gonna sing my rap about squares... Gimme d beat

[Participants start a beat]

Megan M|[singing]: Hey hexagon, | am straight up playa. The arms go u
to me, isn’t that better? Things | hate, pentagaren't nice. Four
vertices like way up tigh{See Figure 4.79).

[Applause]

Student 1 (as a judgeCongratulations! You are one of the finalists. Here
is your square.

Megan M: Thank you! Thank you!

Student 2 (as a judgeur second contestant is Madame N.
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Madame N:l am going to sing a song | made about trianglesduse they are so awesome.

Student 2 (as a judgelOk.

[Someone starts to play the guitar]

Madame N[singing]: Triangle are a lot of what would you kahbout. |
don't care what you say. I'm goanna shout it outarigles are
strongest shapes, they have three sides. Doesttémjast have it
or just have fun. There are three types of triasgHere are their
names: isosceles, scalene, equilateral. They ar¢heosame. Sing
with the people. Triangle are strongest shapes; bave three
sides. Doesn’t matter, just have it or just have f(Bee Figure
4.80).

[Applause]

Student 2 (as a judge}iere is your triangular [certificate?]

Madame N:Are you serious? Oh my gosh!

Figure 4.8C: Madame I

Student 2 (as a singer)iVe are going to show you how to really sing...

[Someone starts to play the guitar]

Student 2[singing]: They are coming over. They are all together. They a |
a family of shapes and they have been that waydore

Student 1[singing]: They are coming over. They are all together. Wallays stick together, and that's
never gonna change.

Student 2 and Student Yeah!(See Figure 4.81).

Judge 1:Since we are all so good, why don’t we sing togiéth

All studentg[singing]: | say s-h-a-p-e-s... | say s-h-a-p-e-s hatlis all
around us!

(See Figure 4.82).

All students:And that was Shape Idol!

[Applause]

Figure 4.82: All Student:

Voyeur - New/Wonderful/Surprising

This DMP offers conceptual mathematical surprisssabise it explores (a) connections
between representations of geometric shapes amdifinpction between representations of
shapes and everyday objects.

In the first song, the students contrast some pti@geof squares, pentagons, and
hexagons through the lyricgley hexagon, | am straight up playa. The arms gtoupe, isn’'t
that better? Things | hate, pentagons aren’t nkeaur vertices like way up tigfitin typical
explorations, students see shapes in isolatiothisrsong, students are exploring some
connections between three different types of patggo

In song two, the triangle is portrayed as a “sttasiwgpe. This is an interesting and non-
typical aspect of seeing triangles in elementahpst The “strength” in this case refers to the

fact that in order to deform a triangle, one hashange its angles and, to change the angle the
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lengths of its sides has to be changed necessahilit.is, in order to deform a triangle, one
needs to change the lengths of its sides. “Triangte the strongest shape because they have
fixed angles. The angles do not collapse like tigless of a square do. Triangles are used to
make a truss - the strongest architectural sugport.
(http://answers.askkids.com/Weird_Science/why is tti@ngle_the strongest shape

In the third song, students mention the fact thapss can be explored in terms of their
relationships, not in isolation. They sing:Hey are coming over. They are all together. They a
a family of shapes and they have been that wayéore We'll always stick together, and that’s
never gonna chandeln the last song, students mention that representabf shapes may be
found in the world about them. They singsay s-h-a-p-e-s...That is all around us!”

Potentially, the ideas and connections explordtenfour songs of this DMP offer to the
audience ways of seeing the new and wonder in nretties because mathematical objects are
not seen individually or isolated, they are expliorerelation to other objects and in relation to

the world.

Voyeur - Sense-Making

In this DMP students do not present arguments ppat the ideas they are exploring. In
the first song, the hip-hop style makes it difficiel understand the words the student is singing.
Probably, the audience can only understand exattat the student is singing after listening to
the song several timé3Although students are seeking to explore connesti®tween a square,
a pentagon, and a hexagon, there is no explarabioat how the connections are made. In the
skit, the student is introduced, says the sheswilj a song about squares and she sitgsy
hexagon, | am straight up playa. The arms go uméoisn’t that better? Things | hate,
pentagons aren’t nice. Four vertices like way ghti’ Like in DMP #2 Geometrical Idoand
DMP #3Shape Songstudents do not present justifications and exgilans about the insights
posed in the lyrics. Students could have explomadarities and differences between the shapes.
They could have, for instance, explored the faat fiuares, pentagons, and hexagons are all

polygons and they can be seen as formed by trianigleontrast, they have different number of

% From a voyeuristic point of view (Boorstin, 199@)would be interesting if DMPs based on songs
displayed the lyrics in the virtual platform of tRestival. This actually happens in most of the B\iRer 2009.
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sides and different number of angles. Thus, theydclhave explored the question: are the angles
of these shapes congruent?

In the second song, students explore the facthiea¢ are three types of triangles
(equilateral, isosceles, and scalene) and thethartstrongest shapésLike in the DMP #82D
Land students are exploring thus the notion of repreg®n of triangles as everyday objects,
specifically regarding notions in architecture ttisarepresentations of triangles as a shape used
to construct roof structures and the structuratlig of the shape. Students could have provided
more explanation about why triangles are strongatalhey could have compared triangles to
shapes such as parallelograms and justified tlaatgiles are strong because to change their
angles it is necessary to change the length sfdtss.

In the third song students suggest that shapeagdhot been seen separately or in
isolation. They sing:[there] are a family of shapésStudents probably intend to explore the
notion that a set of shapes can be classifiedarséime category (similar to DMP thtle
Quad’s Quegt or that one shape fits in other shapes (likedka explored in the DMP #4
Triangleg, or that one shape many be a special case aof @lihglar to the idea explored in the
DMP #13Square Tria). However, again, students do not present explamat examples to
justify or support what they intend to explore. Ylveuld be more explicit in the lyrics
(presenting more information) or they could havedugisual elements (e.g., posters) to support
their ideas, as is done in DMP#%$quare Based Pyramitbr instance.

In the last song, students mention that representabf shapes may be found in the
world about them. They singt Say s-h-a-p-e-s ... That is all around ugibwever, students do
not offer examples of how representations of sltgpebe found in the world. DMP #2
Geometrical Idalfor instance, mentions that bee hives can be ageapresentations of
hexagons. In DMP #bittle Quad’s Queststudents relate, for instance, a representafian o
rectangle to a wide TV screen and a representafiarrhombus to a diamond.

The use of gestures is also important in some mtsaéthe DMP. In the introduction, for
instance, the presenters/judges 3Afgicome to Shape IddoEAnd they make a synchronized and

rotated body movement that offers to the audiersenae of symmetry (see Figure 4.83 a-b).
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Figure 4.83 «b: Students’ gestures involving symmetry.

Vicarious Emotion

Differently from DMP #2Geometric IdglDMP #3Shape Song®MP #7Math Facts
Show DMP #9We are the Polygon®MP #11Sphere on the LosBMP #13Square Trial and
DMP #14Pointaculg students are not taking on roles as geometrigeshim this DMP. They are
playing roles as singers who sing about shapes eMerysome mathematical emotions are
explored when students (a) portray the trianglestrasg shapes (song two) and (b) explore a
sense obelongingby saying they are all together. They are a family of shaged they have
been that way foreveér.

The DMP also uses close-ups on the actors’ fagjaessions. The audience may
vicariously feel what the actors are feeling, larhe of these feelings are not necessarily
mathematical emotions, that is, is this case, emstrelated to the mathematical properties of
the shapes. Some of the emotions in this skit,iikeMP #2Geometric Idglrefer to a “sense of
achievement” by having performed well the sondhim ¢onquest. Although it is not a
mathematical emotion, it is an emotion that masgigaificant to the mathematical activity, since
achievemenand/or recognition may be an aspect that may eagelstudents on getting

engaged in future and further mathematical expeegn

Visceral Sensation

This DMP may offer some visceral sensations taatidience because it explores how
different shapeft each other and that shagi¢sn the world around the students. However, as
mentioned in the section &foyeur - Sense-Makiraf this case, there is no explanation to
support these connections. The DMP is also basedwmdtracks, which is a fundamental

characteristic of the visceral eye (Boorstin, 1990)
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DMP #17: Square Base Pyramid

Table 4.24: Square Base URL: http://www.edu.uwo.ca/mathscene/geometry/geol3
Pyramid Strands and | Strand: Geometry arSpatial Sens
Sguare Base Pyramid guiFeRtnets Content: Properties of a square base pyramid
[ Format: Video.
Time length: | 2:30
The Arts: Musical: Skit and Sonq

- — Participants: | Three students and a guitar ple
Setting: Performed in a classroc
Info: None
Description

Students play a skit to explore properties of aasgbase pyramid such as number of
vertices, faces, and edges. Two students play asl@schaeologist exploring a pyramid and one
student plays the role of Cleopatra’s mummy, whol@xks the properties of a square base

pyramid. Following, | present a transcription of thMP: Figure 4.84 Myrtle and

Student 2

Myrtle: Hey! Look that pyramid. Let's go see what is iesid

Student 2:0k...Myrtle!(See Figure 4.84).

Myrtle: What?

Student 2:lt is so scary! I'm shaking in my boots.

Myrtle: It is ok. Hey! Look that toilet paper... let's semv much there
is.

Student 2:Cool!

[A character appears wrapped in toilet paper andythake it off]

Cleopatra[spinning]: Wow! Wow! Wow! Wow(See Figure 4.85).

Myrtle: It is alive!

Cleopatra:lt is Cleopatra!

Student 2:Where have you been all my life?

Cleopatra: Dead!

Student 2:So you had feelings for me.

Cleopatra:| am way out of your league. Anyway.

[Someone plays the guitar]

Cleopatra[singing]: It is a pyramid and it looks like thisfiowing a Figure 4.8€: Cleopatra shows a
poster].(See Figure 4.86).

Myrtle and Student 4singing and dancing]: na-na-na, na-na, na-na-na
na-na-na-na.

Cleopatra[singing]: It has five faces and it has five veeic

Myrtle and Student gsinging and dancing]: na-na-na, na-na, na-na-na |
na-na-na-na.

Cleopatra[singing]: With eight edges, it is a square basegoyid.

poster
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Myrtle and Student 4singing]: na-na-na, na-na, na-na-na, na-na-na-na.
Cleopatra: That is a square base pyramid.
Myrtle What is a square base pyramid?
Cleopatra: This is a square base pyramid.
Myrtle: But we already knew that. explanation
Cleopatra:You are asking to start at the beginning. Ik
Myrtle and Student 2We...

Cleopatra: Stop! Stop! Stop! A square base pyramid has éived, five
edges ... sorry... five faces, five vertices, and eidbes. Also,
some people believe that pyramids have cursesgrithve
magical powers(See Figure 4.87 a-b).

Myrtle and Student 2Really?

Cleopatra: Yeah! Also, it has three triangular faces becatuisagles
are the strongest shapes. And it has a square lsasékeeps it
held up.

Myrtle: Why the triangular faces make it so strong?

Cleopatra:Because triangles are the strongest shapes.

Myrtle: So, a square base pyramid has five faces, fiticesr and eight edges?

Cleopatra: Yes!

Myrtle: And it is one of the strongest shapes becausssifdur triangular faces and a square base.

Cleopatra: Yes! Now you know about square base pyramid... Ny ave is done.

Myrtle: That was awesome!

Student 2:I know. Let's go back you our condo.

[Applause]

Figure 4.87 &b: Cleopatra’s

Voyeur - New/Wonderful/Surprising

This DMP explores a conceptual mathematical suefgrecause it explores in details
some properties of a square base pyramid and ctenrggesentations considering the properties
of this solid. The DMP explores the representatiba square base pyramid in a poster,
conducting a dialogue that explains the propedfdbe pyramid, and make a connection
between the representation of a pyramid as a matiieahobject and a pyramid as an everyday
object. Students explore that a square based pgr@his formed by a square base and four
triangular faces; (b) has five vertices, five faaasd eight edges and (c) is a strong shape. The

conceptual nature of these ideas may potentiafer sturprises to the audience.

Voyeur - Sense-Making

The use of a poster in the DMP is helpful to thdi@nce to visualize and understand the
properties of a square base pyramid. Furthermibeesang it has five faces and it has five
vertices... with eight edges, it is a square basamid’ makes clear and helps the audience to

remind what are properties the students are exygofihe dialogue that students conduct after
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singing the song is also significant to summariearty the ideas to the audience. Myrtle makes
the point very clear at the end of the skit sayisg, a square base pyramid has five faces, five
vertices, and eight edges ... and it is one of tlemgest shapes because it has four triangular
faces and a square base.

Like in DMP #16Shape Idglstudents do not present explanation about whpgtes are
the strongest shapes. Students only mention thgti@e base pyramid is a strong shape because
it is formed by triangles andrfangles are the strongest shage&tudents could have explored
the notion that triangles are strong because tog#hds angles it is necessary to change the
length of it sides. They could compare a triangla parallelogram, for instance, and highlight
the rigidity of triangles and the flexibility of pallelograms when one try to change the angles of
these shapes.

Moreover, students could have explored Eulermifda in this DMP. A square base
pyramid is a good example to explore the notion it numbers of faces (F), vertices (V), and
edges (E) of a polyhedron are determined by thadta V + F — E = 2. In the case of the square
based pyramid, as highlighted in the DMP, one hasB/F =5, and E = 8. Using Euler’s
formula, onehasV+ F-E=25+5-8=2> 2 = 2. Thus, a square base pyramid is an

interesting example to explore Euler’'s formulas.

Vicarious Emotions

The story involves some emotions, but these arenathematical emotions. At the
beginning, the archaeologists are scared, fornestavhen they first see the mummy of
Cleopatra. Student 2 sayst 5 so scary! I'm shaking in my bodt#t the end of the DMP, there
is some emotion linked to the fact that the arobgists discovered or learned something new
about the properties of a square base pyramid.l&)yadr instance, saysThat was awesormie!
However, along the story, the emotions the actetdre not necessarily linked to their
mathematical exploration and discovery. Differerfithm other DMP such as DMP #iitle
Quad’s Queststudents do not play roles as geometric objactisis DMP. If they did, they
could potentially vicariously provide to the audiersome mathematical emotions by linking the
playful role of a geometric object to the emotidims object could feel in a skit.
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Visceral Sensations

As mentioned, the story involves some fear andenuspat the beginning, which are
characteristics of the visceral eye (Boorstin, J99@e story also uses some soundtrack, which
may enhance the visceral sensation the audiencdeehystudents explore some sense of
mathematical fit considering the fact that theylesgthe representation of a square base
pyramid as a mathematical/geometric object andranpy as an everyday object. That is, the
representation of geometric pyramids fit in the M@round the students as an Egyptian
pyramid. However, students could have explored foawtriangles and a squdiieeach one to
another in forming a square base pyramid. Theydcbale explored this idea by investigating
several ways of construct the net of a square pasenid (see Figure 4.88 a-b). The exploration
of the nets would help students in the justificatod why a square base pyramid of a strong

shape because it would highlight how trianglesffié to another forming the pyramid.

Figure 4.88 &-b: Possible nets of a square based pyramid
(http://www.learner.org/courses/learningmath/geowisgission9/solutions_b.htjnl
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DMP #18: Who Hurt Mr. Square?

Table 4.25: Who Hurt Mr. URL: http://www.edu.uwo.ca/mathscene/geometry/geo9
square? Strands and | Strand: Geometry and Spatial Se
\Who hurt Mr. Square? RN, Content: Properties of quadrilaterals and otherég
| Format: Video.

Time length: | 1:57

The Arts: Musical: Skit and Son

Participants: | Three students and a guitar ple

Setting: Performed in a Classroc

Info: None

Description
In this DMP a circle, a square, and a trapezoiddgeio
Figure 4.8¢S: Mr. Circle, Mr.

Trapezoid and Mr. Square
[

go to get some donuts. In their way, Mr. Squars patt and
appears lying down on the floor. Mr. Circle and Mrapezoid
justify that they did not hurt Mr. Square. Theyurg out that
Mr. Isosceles hurt Mr. Square because an isostre&degle has

an acute angle and there is an acute angle dehktimifr.
SquareFinally, Mr. Isosceles is charged. Following, | gzat a

transcription of the musical. Figure 4.9C: Mr. Square lying on th

ground

Mr. Circle: Hey Mr. Square! Mr. Trapezoid and I, Mr. Circlega
going to get some glazed donuts. Do you wanna c{8e2
Figure 4.89).

Mr. Square: Sure! Just let me get my coat to cover all of ooy f
sides.

[Mr. Square appears lying on the groundgee Figure 4.90).

Mr. Trapezoid:What is going on?

Mr. Circle: | think | heard a loud noise.

Mr. Trapezoid:Oh! Who hurt Mr. Square? | bet you it was you Mr Figure 4.91: Mr. Circle’s performanc
Circle. You hurt his relative Mr. Rectangle. A stpu& a
rectangle. | bet that it was you! : )

Mr. Circle: Circle won't tell. Let’s go and dance to tell ybdidn't R
do it. [Starts to sing]. | didn’t do it, it wasnihe. Because | :
have no vertices. It wasn't me. It wasn’'t me. lswame.
[Stops singing]. | bet you hurt him(See Figure 4.91).

Mr. Trapezoid:Why would | hurt him? He was like my best friend. = T
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Mr. Circle: You have an acute angle, and there is an acutéeatent mark on him.

Mr. Trapezoid[singing]: | didn’t do it. It wasn't me. | guess the life dithe life for me. | am a 2D
geometric shape. Why would | cover him up withl [@ready told you, it wasn't me. | guess the
life ain’t the life for me. It wasn't méSee Figure 4.92).

Mr. Circle: So, if it wasn't me and it wasn't you, who couid/é done it?

Mr. Isosceles:Hey guys!

Mr. Circle: Hey Mr. Isosceles! | heard you hurt Mr. Squareu Yiave an acute angle, and there is an
acute angle dent mark on him. Oh! And you haveethre
vertices. [?] Figure 4.92: Mr. Trapezoid's

Mr. Isosceles:What are you talking about?

Mr. Circle: You hurt him!

Mr. Isosceles:What are you talking about?

Mr. Circle: You hurt him!

Mr. Isosceles:Fine!

[Mr. Circle headlocks Mr. Isoscele¢bee Figure 4.93).

Mr. Square: Mr. Isosceles was charged with a hundred and
twelve years in prison. Now I’'m going to go and met
glazed donuts that | missg@&ee Figure 4.94).

Mr. Isosceles:Real food stinks! | wish | could have glazed dsnut

performance

T AT

Figure 4.93: Mr. Circle headlock:

Mr. Isosceles Figure 4.94: Mr. Square

= PR

Voyeur - New/Wonderful/Surprising

This DMP offers conceptual mathematical surprisethé audience because it explores
simultaneously the properties of different shapegpically, students explore the properties of
shapes in isolation, that is, students do not itny&t® characteristics of shape considering a
collection or a set of them. In this DMP, studes®plore properties of circles, squares,
trapezoids, and isosceles triangles. When stuasiplsre shapes together, they engage
themselves in a mathematical activity that offeesysvto explore connections between
representations and properties of different shapi@s.type of exploration offers ways to the
audience see the new and wonderful in mathematics.

At the beginning of the story, students mentiaat th square is a rectangle As
discussed in DMP #Shape Song®MP #5Little Quad’'s Questand DMP #13quare Tria|
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the notion that a square is a special case ofrrgletdnas the potential to be surprising. It offers
ways to see quadrilaterals differently, to see adglateral as a special case of others and how
the properties of quadrilaterals are connected.

The DMP also mentions that a circle has no vertiaesapezoid has an acute angle and
an isosceles triangle has an acute angle and\braees. However, these ideas are typically
explored in mathematics classrooms and may not offieceptual mathematical surprises to the

audience necessarily.

Voyeur - Sense-Making

Like most of the other DMP, this DMP does preseguments to justify or to support the
ideas explored. The plot of the story is quite efe6tudents create a skit in which a shape got
hurt and they discover who hurt Mr. Square basethemathematical properties of a triangle,
who was responsible for hurting Mr. Square. Howgtresre is no argument to support the
notion that “a square is a rectangle” and thereigxplanation why a circle has no vertices, a
trapezoid has an acute angle and an isoscelegl&ibas an acute angle and three vertices.
Actually, these ideas or properties should be ptgmxplored in terms of definitions. The way
students conduct their dialogues may be interprigyetie audience as “every trapezoid has one
acute angle” and “an isosceles triangle has onéyamute angle.” These statements are not
totally true. Students should make clear the pibiait an isosceles triangle has at least two acute
angles and there are trapezoids with no acute su(glg., a rectangle).

The student who is playing the role as Mr. Trap@musing a representation of a
trapezoid made with paper pasted on his t-shirickvivorks as a kind of “math costume.” As
mentioned in DMP#Math Facts Showfor instance, the use of these materials, iniépec
“math costumes,” are important to the audiencetdesstanding. These materials offer ways to
the audience to visualize and reflect about thegmoes students are exploring in the skit.
However, only one student is using this “costunmethie skit. Students could have used these
“math costumes” to dress up all the characterspaodde to the audience some visual insights
that may be significant to their mathematical timgk reasoning, and understating.

In the story, Mr. Square felt hurt because he wi@Elked by Mr. Isosceles. The “proof”
of this attack was that there was an acute anglerdark on Mr. Square and Mr. Isosceles had

an acute angle. However, the conditions for suechdfi may be considered as “not sufficient”
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by the audience. In the story, Mr. Trapezoid hae ah acute angle. Thus, students do not
present sufficient or deductive mathematical argusier evidence to support the reasons why
Mr. isosceles attacked Mr. Square, which is thenma@athematical idea explored in the story.

Vicarious Emotions

Like in other DMP (e.g., DMP #bittle Quad’s Quesand DMP #Math Facts Shoyy
students are playing roles as geometric objects.pldyfulness emergent with the use of the
performance arts offers ways for students to “ttanil act” like mathematical objects. The
reasoning emergent through the mathematical aciiviblving embodiment offers ways for
students to understand and communicate ideas #imptoperties of polygons. Considering
these properties are explored within a skit, indbmetext of a story, the emotions the characters
feel are mathematical emotions, that is, emotieteted to mathematical ideas.

The DMP also uses close-ups on the characterisl faxpressions, which usually

enhance the vicarious pleasure the audience mhy fee

Visceral Sensations

The story involves action and suspense. The fattMin. Square was hurt and found
lying on the floor may be interpreted as a viscecane by the audience. Moreover, the plot of
the story is based on the investigation of who MrrtSquare, which evokes mystery and
suspense. The scene on which Mr. Circle headloakdddsceles is also visceral, because it
involves action.

The DMP also explores some aspects involving seofsmathematical fit. When
students mention tha&"square is a rectanglethey are exploring the notion that a square is a
special case of a rectangle. This idea can bepirgtexd by the audience as the properties of a
square fit on the properties of a rectangle. Magtdrtantly, the investigation about who hurt
Mr. Square in the story is figured out becauseptioperties of the isosceles triangle (an acute
angle) fit on the evidence found on Mr. Square f@eamgle dent mark on him).

Like in DMP #5L.ittle Quad’s Quesbr DMP #82D Land students could have explored
how representations of polygons fit in the worldward, seeking to provide other mathematical

visceral sensations to the audience.
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DMP #19: Are You Smarter than a 4" Grader?

Table 4.26: Are you URL: http://www.edu.uwo.ca/mathscene/mathfest/mathf&skitth
smarter than a 4" grader? [ Strands and | Strand: Geometry and Spatial Se
Bisyou smarter than s atgradersr | Content: Content: Properties of square

Format: Videc
Time length: | 5:31
The Arts: Skit

Participants: | Six student

Setting: Performed in iclassroor

Info: None

Description

Students play a skit in which they perform a parofighe TV show “are you smarter
than a § grader?” In the DMP, students explore some pragzedf squares. The first candidate
answers questions about area and perimeter ofesxjaad she wins the price. The second

candidate answers correctly his first question aletinition of

Figure 4.95: Presente

square. Before answering his second questiongldsses fall down
and get broken. Thus, he is unable to see thedfiguanswer the

guestion and, thus, he does not get the prizeowoih, | present a

transcription of the skit:

FATS;;T}:;]NG you smarter than a fourth gradefSee Figure 4.95). Figure 496 Rachel

Presenter:Yes, it me! Your host Jacob. Returning from lastkvYes, she [
is! Yes, she is famous! Give up for Rachel.

Rachel: Hello everyone! | am so happy to be back. | andyga become a
multimillionaire. (See Figure 4.96).

Presenter:Ok Rachel. Last time, we left off with two questiteft on the
game board. And for three hundred and sixty thodgsioilars,
please, select you next question.

Rachel:| guess | have to say grade one Geometry.

Presenter:Ok. What is the area of this squar@&ze Figure 4.97). Question about the area

Rachel: It is length times width, so, eight times eight isixty four?

Presenter:Let’'s see what our Grade fours have answered... Eif\&ee s
Figure 4.98).

Edward: The answer to the question ... The answer to thgtiques sixty-
four.

Presenter:Emma?

Emma: Yeah! It is sixty-four.

Figure 4.97: Square-
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Presenter:Rachel? Figure 4.9€: “Grade fours”

Rachel (judge):The answer is sixty-four!

Presenter:Guess what? They're all right!

[Applause]

Presenter:So, you have five hundred thousand dollars. Pleztsaose
another question. Would you like to go to the oilkkom dollar
question?

Rachel: What do you think? | need more money... yeah!

Presenter:The one million dollar question is: what is theipeeter of this
square?(See Figure 4.99).

Rachel: | guess | just have to add all the sides. S, $ixty? Figure 4.9S: Square-
Presenter:Sixteen? Let's see what our Grade fours have amsive. Peri
erimeter
Edward?

Edward: | believe that the answer of this one million dobjuestion that
Rachel has is sixteen.

Presenter:Emma?

Emma: The answer is sixty four.

Presenter:Rachel?

Rachel: The answer is fifty six!

Presenter:Only one of them is right today. And the rightwaesis: sixty...
sixteen!

Rachel: Yes! This money is mine! | got lots of money, thieebills.

Presenter:Thank you for playing with us Rachel. You mayecolou
check in your way out. Now, give it up for our nepmtestant, all
way from Quebec, let’s give it up for Milken... Mitk&-Cal.

Milken: Hello! I'm Milken A-Cal. | am smart and | know eything! |
have a degree in biology, brology, patology, newwplust to name
a few.(See Figure 4.100).

Presenter:Thank you for your brief auto-biography. Pleasslest your
first question.

Milken: | always was good in math. So, | choose grade Grmmetry.

Presenter:The grade four Geometry question is: what is aexir .
definition of a square? (a) the sides of the squaeeall congruent ~ Figure 4.101: Grade Four
and all the sides are parallel; (b) the sides & #yuare are Geometry Question
sometimes congruent and all the sides are pargitglthe sides of -
the square are never congruent and sometimes tieeyaaallel or
(d) the square does not have any ninety degreeearsgid the sides
are parallel.(See Figure 4.101).

Milken: Well, congruent means parallel and parallel metoessides go
the same way, so, b and c are obviously wrongc@dd be (d) or
(a) but...

Presenter:All our grade fours have locked in our answers.

Milken: The same message again. It could be (b) or caal@)} Almost _
likely go with (a)! Figure 4.10z Grade Four

Presenter:Let's see what the grade fours have answered... Efwva Geometry Question

Edward: | believe the question for this answer is (a). .

Presenter:Emma?

Emma: The answer is (a).

Presenter:Rachel?

Rachel: The answer is (a)!

Presenter:They are all correct! You have twenty-five thousdallars!

2 -
!2:!4 Grade Geometry

Figure 4.10C. Milken A-Cal
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[Applause]

Milken: Ok! | am surely to win. | will choose third gra@Gz=ometry!

Presenter:How many different... How many different sides are...
How many different sides... How many different... Hamym
squares of different sides are in the followingifef? (See
Figure 4.102).

Milken: Let's see. Give me approximately 5.2 minutes. ¢ rak
glasses off]. Oh no! My glasses are broken! | havese a
cheat.(See Figure 4.103).

Presenter:You don't need it.

Milken: Help me, please.

Presenter.Emma, tell him your answer.

Emma: | think the answer is one.

Presenter:Wrong! Beat it, Milken!

Milken: No! I'll have to win! Why did | fail? Why did myagses break? Ahhh! Ow! My hand

[Applause]

Teacher:Ok! Hey guys, that was a lot better!

Figure 4.10z: Milken's glasses

Voyeur - New/Wonderful/Surprising

This DMP explore ideas as they are typically exgdioin mathematics classrooms.
Conceptually, this DMP does not offer ways to $eertew and wonderful in mathematics. What
may surprise the audience, as most of the other DMK that students are not representing
their ideas traditional using print-based texts.pByducing registers in videos (multimodal
texts), students are communicating their ideasgusialtiple communicational elements of
designs of meanings (visual elements, spaces,rgesuterbal language, the arts). It offers

different layers of signs and may have an impaaneaning and knowledge production.

Voyeur - Sense-Making

Students’ reasoning presents some incoherenctesiDMP. When the first candidate
responds her second questions, she sayg/*to answer the questions about the perimeter of
the square that the length of its side is foutidly, the presenter corrects her saying “sixtéen.
After asking to the students their answers, thegmter also gets confused to announce the right
answer. The following part of the transcriptiontiights this confusing moment of the skit:

Rachel:l guess | just have to add all the sides. S,gixty?

Presenter:Sixteen? Let’s see what our Grade fours have amrslve. Edward?

Edward: | believe that the answer of this one million doljuestion that Rachel has is

sixteen.

Emma: The answer is sixty four.
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Rachel: The answer is fifty six!

Presenter:Only one of them is right today. And the right\aesis: sixty... sixteen!

The second incoherence in the skit refers tavdne students explore the definition of
square. As further discussed in DMPl#tle Quad’'s Questthe formal definition of square
involve the relations between several quadrilaseralsquare is defined as “a rectangle with
equal sides, or a rhombus with equal angl&se(Nelson Canadian School Mathematics
Dictionary, 1995, p. 215). A square can also be definedopmdrilateral with four equal sides
and four equal angles. In the skit, students sthtdsa correct definition of a square k€ sides
of the square are all congruent and all the sidessgzarallel” It seems acceptable the notion that
“all the sides are congruent” because it means hlasg the same size or they are equal in
length. However, the notion that “all the sides paeallel” is questionable because it is
ambiguous. On the one hand, each of the sidesadigddo its opposite side. In this sense, all
sides are parallel, because each of them is plt@liee opposite side. That is, “each side is
parallel to another.” On the other hand, the statarfall the sides are parallélmay mean that
that all four sides are parallel, which does nokensense at all because it does not form a

guadrilateral (see Figure 4.104 a-b).

Figure 4.104 &«b: “Two pairs of parallel sides” vs. “All the sidesegparallel”

N
7

The use of posters in the skit is important todbdience to understand the questions
explored in the story and think/reflect about thdime use of figures are significant to students’
and audience’s mathematical understanding and mggsalong the story because the
exploration they conduct in the skit is based awisualization and geometric investigation
based on figures. However, most of the posterstawe/n very fast in the video and the close-up
is not well conducted. These technical issues inmglfilming or recording the performance
may have a direct (and negative) impact on theesmaay's interpretation and visualization.

It is interesting that in the end of the skit thacher says:Ok! Hey guys, that was a lot

better This comment reveals that students were pragithie skit more than once. The process
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of creating, practicing, and performing a skit ilwesrepetition which is very significant for
learning (Deleuze, 1994). A main pedagogic focushP is the process of students developing
communication skills (Gadanidis, Hughes & Cordyl 2DMathematical communicatios a
process or skill pointed in several curricula (eNCTM, 2000, Ontario Ministry of Education,
2005). The repetition of lines is very importantlieater performance and learning
(mathematics). During the filming of the performasdeachers may insist to students to repeat
their lines in order to have a take in which theyneunicate ideas clearly. Sometimes, students
make mistakes in speech, even when they are readliagthey should talk. The

“materialization” of thoughts into words is one wafyexpressing thself It is a process of
identity construction and learning in which thedstot explains what we know and reorganize
their thinking in this formative process. The nataf DMP becomes significant in that context.
Typically, students represent their ideas througt{based texts, in which thatheris the

teacher. In some situations, students express ahally in the classroom to their colleagues,
but the modes of communication are not fixed. Byating a video record, students are
representing their ideas using multiple modes afimainication (linguistic, visual, aural, spatial,
and gestural). DMPs, as multimodal texts, compégous levels of signs, which enhance the
nature of production of meanings. Moreover, DMRsiblished online, that is, the audience
includes manythers not just the teacher and the students in theas. DMP helps students
to communicate their mathematical ideas beyond@dmeentional settings of the classrooms,
through the construction of their identities asrfpenance mathematicians” based on the use of
digital technology and the performance arts. ihisresting to notice that this DMP and others
such as DMP #%Ve are the Polygorend DMP #17Square Base Pyramidere video recorded

in only one shot. That is, these DMP are formedihipterrupted performative events. DMP
such as DMP #Polly Goneor DMP #82D Landare formed by different scenes generated from
cuts on the process of recording. In these casésnially, the students recorded the same scene
several times (repeated their speeches and astamesal times) and selected the best scenes to
compose the final video. In these processes otitiEpe students may have the chance to reflect
on the ways they are communicating their ideasfignude out ways to improve their
communication. That is a very interesting procddsarning, in which students externalize their

thought on the reality they are experiencing.
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Vicarious Emotions

The DMP explores some emotions considering thetfettthe characters are excited
because they are participating in a TV show. Théqggants get excited when they win or
frustrated when they fail. The audience may viaaslp feel these emotions the actors feel, but
these are not “mathematical emotions.” That isseétere not emotions directly related to a
mathematical concept, like those the audience mealyimh DMP #5Little Quad’s QuestThe
emotion in this DMP are like some of those offeire®MP #2Geometric Idoend DMP #16
Shape IdalThese are emotions related to the actors’ exeitésnin achieving something (e.qg.,
wining a conquest) which involves mathematics.

The DMP also presents close-ups on the actorsifagpressions, which may enhance
the visceral pleasure of the audience. Howevesgtlctose-ups are not well conducted in the
DMP and, sometimes, these close-ups make the mexes$ visualization and understanding

very confusing to the audience.

Visceral Sensations

The parody of a TV show, which appeals to a popeu#ture, may offer some visceral
sensations to the audience. The audience mayt$emhvin sensations by getting really excited on
the expectation generated by the competition irstiwev (will he/she answer the question
correctly and get the price?). In this contextdstuts could have used soundtracks to enhance the
visceral sensations in the skit.

Generally, the DMP does not offer mathematicalefigtsensations to the audience.
There is actually some sense of fit involved withltiple choice questions as the one conducted
in the skit (which alternative fit as a correct\aas?). However, multiple choice questions are
very typical in traditional mathematical experies@ad they are not related to the sense of
aesthetics assumed in this study considering ttiemof mathematical fit (Sinclair, 2004).

Thus, these types of questions may not offer véd@aEmnsations to the audience.
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DMP #20: Ricky's Metre Chocolate Bar

Table 4.27: Rick's Metre

URL:

http://www.edu.uwo.ca/mathscene/mathfest/mathf&skim|

Chocolate Bar

Strands and

Strand: Geometry and Spatial Se

Content: Content: Properties of square
Format: Power Poir

Time length: | None

The Arts: Poem/Lyric:

Participants:

Rick, Rick’s mom, JohrZach, Suz

Setting:

None

Info:

This poem can be sung to the tune of On Top ofSbidkey.
It was written to reinforce our learning on decimdiactions,
percent and even stimulate discussions on sharing.

Description

The following images present the poem:

It was the last day

Ricky ran home
Clenching his report card
He wasn't going to roam

His marks were A's and Bs
He felt so proud B
When he showed his mom

She smiled and was wowed

So she said to him
Here's the biggest treat
To savour and gobble

&

Share with your friends on the street

Wrapped in shiny gold

A rectangle 5 cms wide

It was one meter long
Something ya couldn’t hide

Opening it

He saw a chocolate bar
Qutside John approached %
“Share with me ya'll be a star!” =

Breaking off one hundredth

John ate the cm in one bite == ey oo

Seconds later Zach was there
Asking for some so polite

Ricky decided

To give him more "
One tenth he did break o
Zach said, "You score!”

Voyeur - New/Wonderfu

I/Surprising

In seconds later
Suzy did appear
His heart melted
He couldn't be austere

L Fh
So he gave her I Y
One tenth times three = .. ko,
Zach and John were dismayed /_,76\_. e -
But Suzy smiled with glee. PO

He felt bad

And wanted to be fair

So he evened up

Zach, John and Suzy did compare

They thanked him
Walked off with delight
Rick he felt good

He avoided a friend fight

Then he looked down

He was surprised

There was only 10 percent
Of the bar that was oversized

Now listener

This we ask of you

What fraction was given away?
Would you have done this too?

This DMP is surprising because it connects diffestrands and challenges the audience

to think about a posed problem. The DMP exploretimdsumerationandMeasuremenby

investigating fractions of the length of a chocelbar. It also explores some Geometry, by
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relating the representation of a rectangle to &alate bar, which is an everyday object around
the students’ world. The posed problem is alsorsing because the audience has to reflect on
the information posed considering the use of rhyreesking to answer the two questions.
Students also intend to portray that the charactetse story are surprised. In the second last
verse students literally say that Riakd's surprised. There was only 10 percent. Of thetHzt
was oversizell The connections between strands and represemséatsbudents use writing and
drawings) and the nature of the DMP that posestmunssto the audience may potentially offer

mathematical surprises to the audience.

Voyeur - Sense-Making

The problem posed by the students in this DMP sffeays to the audience have more
than one interpretation. The ambiguity emerges lmethe poem does not make it explicit if the
fractions refer always to the original length of #hocolate bar or if the fractions refer to the
length of that left from the bar each time a pisceken off or shared. Table 4.28 summarizes

two ways of interpreting the problem:

Table 4.28: Sense-Making in DMP #22- Rick’s Metre fiocolate Bar

Information in the poe Interpretation One: Th Interpretation Two: the fraction refe
fraction refers always to the| always to the actual size of the bai

original length of the bar (1m

Rick’s Original Chocolate B. | 1m =100cn 1m = 100cr

One hundredth to Jo lcm (left 99cm lcm (left 99cm

One tenth to Zac 10cm (left 89 crr 9.9cm (left 88.1cn
One tenth times three to St | 30cm (left 59 cn 8.81cm x 3 = 26.43c
Rick evened u 30cm to Suz 26.43cm to Suz

30cm to Zack (10cm + 20cm)| 26.43cm to Zack (9.9cm + 16.53cm)
30cm to John (1cm + 29cm) | 26.43cm to John (1cm + 25.43cm)

(left 10cm) (left 20.71cm)
Surprise: there was only : 10% of 100cm = 10c Surprise because there was only 1
percent and not 20.71% (In this case, 10.71%

were “given way”).

What fraction was given wa | 90cm = 90% of 100cm =9/ | 10.71% = 1071/10.0(

Would have done this to Yes or Na Yes
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Probably, students created the poem consideri~~
Figure 4.106a-c: Drawings in Ricky's

“interpretation one.” But it is interesting thatdw Metre Chocolate Bar
interpretations emerged from the problem. Problems

with several interpretations are important for stug’

"( | '

and the audience’s mathematical thinking. It a¢yual { i
makes the problem rich and more interesting. TINED
can be thus considered one example in which the | »

subjectivity emergent with the use of the perforoen
arts (poem/lyrics/story with rhymes) offered intgieg
ways to the audience think mathematically, seefang
divergence in thinking instead focusing on probiegitth “only one correct answer.”

It is interesting that students are exploring @mtions between representations of
numbers considering fractions and percentages.tyjpesof connection is highlighted in several
elementary school curricula (NCTM, 2000; Ontarianiiry of Education, 2005).

In terms of the designs considering modes of comeation (New London Group,
1996), this DMP does not explore audio elementsvéder, the use of drawings, in combination
with writing is very important in terms of meanipgpduction. They offer mathematical insights
to the audience (see Figure 4.106 a-c, for insjaaeevell as emotions.

The modes of communication typically explored trioypgint-based texts are less
prominent in DMP. The notions of inter-textuallydaimybridity in multimodality (The New
London Group, 1996) are fundamental in DMP regaydire symbolic nature of mathematics.
The typical modes of communication based on papeapancil (writing, symbols, diagrams) in
combination with the affordances of digital meday(, digital registers of images and sounds)

form the multimodal nature of DMPs.

Vicarious Emotions

The poem presents an emotional story. At the bawgniRick felt proud for his marks in
school and his mom was impressed. Rick’s heartteédélwhen Suzy appeared. After that some
of the emotions Rick feels are related to the nratteal ideas explored in the story. First, he
felt bad because John and Zack did not receivedahe amount of chocolate when he first

shared it. Then, afterwards, Rick felt good becdesevened up the amount each one of his
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friends received. Some of the emotions Rick fett lsa considered “mathematical emotions”
because they are direct related to the idea explarthe story regarding a process of sharing
based on fractions and percentage. Vicariouslyatitkence may feel these emotions the actors
feel, mainly because the audience is challeng@avded to solve the questions posed in the
poem and reflect simultaneously about both the ema#tical ideas and the emotions emergent

from the experience with these ideas.

Visceral Sensations

This DMP presents an imagined everyday mathemagiqagrience lived by the
characters in the story. There is a close link betwthe mathematical ideas explored and an
everyday situation. Furthermore, the audience ggged in a process of thinking about an
everyday mathematical problem considering thetfeDMP poses questions. Direct
experiences and links between mathematical idedhe@ryday contexts offer to the audience
visceral sensations.

There is a sense of mathematical fit in the sbh@gause it involves the exploration of
fractions and percentages. The notion of equivaefdractions is indirectly present in this
DMP, which refers to the notion on how differenéges parts (fractions) together form one total.
In the case of this DMP, considering only the “iptetation one,” 1/10 + 3/10 + 3/10 + 3/10 =1
or 10% + 30% + 30% + 30% = 100%.

DMP #21: Grade 5 Math Art

Table 4.29: Grade 5 Math Art URL: http://www.edu.uwo.ca/mpc/performances 2008.

Strands and | Strand: Geometry and Spatial Se
Content: Content: Drawing of triangles
Format: JPG

l_'-l.—h_

! e
(1
'l-'

Time length: | None
The Arts: Drawinc

Participants: | None

Setting: None

Info: None
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Description/Analysis

This DMP is a drawing of two coloured representagiof triangles. Some
representations of rectangles may also be visulimagined on the background of the image.
Although a story can be imagined from the drawthgs DMP does not necessarily present a
story. Some drawings such as optical illusionstaggntations of infinity, and visual proofs may
offer ways of seeing the new and wonderful in matdigcs. However, this DMP do not offer
elements to surprise the audience mathematicatBwidgs do not explore the audio design of
meaning production. Emotions are not explored dkiwthis DMP. The use of colors may offer

visceral sensation to the audience, but not nedbsgaceral mathematical sensations.

DMP #22: Fractiontastic

Table 4.30: Fractiontastic | URL: http://www.edu.uwo.ca/mathscene/mathfest/mathfes
,,,,,,,,,,, heml

Strands anc Strand: Number Sense and Numeration and Geomedr
Content: Spatial Sense
Content: Equivalence of Factions

Format: Videc

Time length: | 0:36

The Arts: Stop-Motion Animatior
Participants: | Two student

Setting: None

Info: Nong

Description

This DMP is very similar to DMP#1Babulous Fractionsand DMP#1%Equivalent
Fractions It explores numeric and visual representationsqofivalent fractions. It explores,
visually (numerically and geometrically), the natithat 1 = 2x(1/2) = 4x(1/4) = 8x(1/8).

Voyeur - New/Wonderful/Surprising
As discussed in DMP #1Bquivalent Fractionsthis DMP offers conceptual
mathematical surprises because it explores commechietween multiple representations and

strands. The DMP explores an articulation betwaenaric and geometric representation of
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factions to investigate one case of equivalendeagfions. It involves numeration and geometry
by exploring representations of squares as fornyeghhivalent fractional parts, that is, 1 =
2x(1/2) = 4x(1/4) = 8x(1/8). The connection betwaameric and geometric representations of
fractions is a “big curricula issue” (NCTM, 2000ntario Ministry of Education, 2005). The
conceptuality of this idea in combination with gn@mation format (stop-motion) offers ways to
the audience see the new and wonderful in mathesniagicause equivalence of fractions is a

“big idea” and students explore a “visual proofatving that idea.

Voyeur - Sense-Making

Like DMP#15Equivalent Fractionsthis DMP explores connections between numeric
and geometric representations of fractions. Consigehe unit as the whole square (number 1
referring to the area), the DMP presents four welstages of the division 1/[2”(n — 1)]. There
is a connection between the number of pieces anditle of each piece (1/2, 1/4, and 1/8 of the
introduced value of the area). Thus, this DMP lerng the following equivalence of
fractions: 1 = 1x1 = 2x1/2 = 4x1/4 = 8x1/8. Therefahe audience may think about the

following connections in this DMP:

Table 4.31: Visual Equivalence in DMP #22 - Fractiotastic
Stagt Fraction Visual Equivalent fraction:
1/[2Mn - 1)] “Number of pieces x size of the piece = Unit.”
1 1=1/(2"0 1x1l=:
2 1/2 =1/(2M 2x(1/2)=:
3 1/4 = 1/(2"2 4x(14) ="
4 1/8 = 1/(2"3 8x(1/8)=:
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An interesting aspect in this DMP #22, differerftym DMP #10Fabulous Fractions
and DMP #1%Equivalent Fractionsis that students explore the equivalence oventapime
geometric/numeric representations. Students demadestisually how 1 = 1x1 = 2x1/2 = 4x1/4
= 8x1/8 putting one representation over anotha&vyigdng evidence to the audience toward the
understanding of the equivalence of the fractibmshis case, the ways students explore the
equivalence is more clear than the process showreiDMP #10, because in DMP #10, it is not
clear that the pieces that represent the fractwhen put together, they represent the same unit.
That is, visually, the equivalence is not cleaDMP#10 as it is in this DMP.

As discussed in DMP #1bquivalent Fractionsthe notion of visual proof (Hanna, 2000)
is significant in this DMP. Moreover, the use ofteréals and the process of editing the
animation are interesting from the humans-with-ragairspective (Borba & Villarreal, 2005). It
reveals how students-with-technology form thinkaadjectives when they produce a DMP. It
elucidates that technology shape the productionathematical knowledge. In this DMP,
students also acknowledge the use of construcapepand markers as significant materials in
the production of the DMP. They also highlight ttie¢ creation of the process of movement in
the animation was conducted by both authors. Thegss of reasoning toward these movements
(to produce an animation) highlights students’ reathtical thinking because they have to think
on a visual/numeric/geometric sequence of imagaswbuld make sense for them and for the
audience about the notion of equivalence of frastidhe way students display these sequences
of images to create a story based on the use tfa@f is a representation of students learning

and mathematical thinking.

Vicarious Emotions

As mentioned in DMP #1kquivalent Fractionsthis DMP does not explore emotions
through dialogues and gestures like the skit peréorces, for instance, do. As said in DMP #10
Fabulous Fractionin this DMP the audience does not see humankereipresentations of
humans such as animated puppets. Thus, the audienchave difficulty to feel what the
“actors” are feeling in this DMP, which is the ftardental characteristic of the vicarious eye
(Boorstin, 1990). However, the audience may intrfite representations of geometric objects
in motion as a “character in action.” Some emoticas also be conditioned by the background

music, but this aspect is more associated to \atsensations.
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Visceral Sensations

As mentioned iDMP #15, like in DMP #10this DMP presents three aspects that offer
visceral sensations to the audience. (1) The uaesotindtrack; (2) The motion that represents
the division of the geometric object (visually) atglconnection to the numeric representation
happen very fast in the DMP. Furthermore, the stgion animation format also enhances the
sense that things are happening fast. Quick chafligeshe one presented in this DMP, are a
characteristic of the visceral eye (Osafo, 2018)Most importantly, the notion of “equivalent
fraction” explored through visual representatiornhis DMP provides a sensemfthematical
fit, because it is visceral to visualize that the mieYgeeometric representations of 1, 2x1/2,

4x1/4, and 8x1/8 are, in motion, fitting one to Hiaw.

Final Comments of the Chapter

In this chapter | presented a descriptive analysgtudents’ DMPs, that is, | displayed a
single-case analysis. | described each one ofttidests’ DMPs presenting transcriptions and
screen-captured images and used a variation ofsBor (1990) categories of what makes good
films as a performance arts lens to interpret “whakes conceptual DMPs.” The categories
considered werezoyeur - new/wonderful/surprisingoyeur - sense-makingicarious emotions
andvisceral sensationd focused on these aspects as much as | coulaeottescriptive analysis
I conducted. | made initial connections betweenctees, but potential “interpretative gaps”
tend to become clear in the cross-case analyssempied in next chapter. The analysis presented
in this chapter presents some evidence that stsideMPs offer opportunities for the audience
to experience some surprises, emotions, and vissemaations, but the productionaainceptual
DMPsis a rare event. Students present interesting mettieal reasoning when they conduct the
performances, but, overall, students do not presguments to support the conceptuality of
some of their ideas. Moreover, some logical inceheies were found. The mathematical sense-
making aspect of students’ DMPs seems to be thé pnoklematic in terms of pedagogy.
Geometry is the most common strand explored byestisdand connections between strands are
also rare events. In contrast, the multimodal tdigand playful nature of DMPs must be
highlighted in terms of pedagogy in mathematicsiigay. In the cross-case analysis conduct in

the next chapter, these findings may be clarifeethe reader.
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Chapter Five: A Cross-Case Analysis of the Elementa School Students’
Digital Mathematical Performances

Introduction

In this fifth chapter | present a cross-case amalysthe DMPs discussed in chapter four.
| seek to indicate similarities and differences amthe cases and identify themes that emerge,
based on the research questions of this study v

= What is the nature of elementary school studenggtadl mathematical performances

in the Math + Science Performance Festival?

» What are the mathematical ideas explored and hostuttents communicate them

using the performance arts?

The chapter is structured in two parts. First,ridiect a cross-case analysis considering
the four main categories explored in the last airapinergent from the performance arts lens
(Boorstin, 1990). These categories: afeyeur- new/wonderful/surprising/oyeur -sense-
making Vicarious emotionsandVisceral sensationsSub-themes are also considefd.

In the second part of the chapter | discuss théemaatical ideas explored in the DMPs
in terms ofcontenistrandsas well as some aspects regarding the K-8 mathescatriculum’s
processegOntario Ministry of Education, 2005). That isjde the components of the curriculum
introduced in chapter two as analytic lenses ak wel

In order to present a cross-case analysis in tiapter | use charts or tables to point out
similarities between cases, “classifying” them adowy to sub-categories, discussing some
findings and connections to the literature. Althibdige themes and sections named in this
chapter have a “categorical or structural desigmey can be considered as “provisory” as they
overlap. The patterns | interpret through the amajyrocess may be represented in different
ways through other provisory categories. Seekirgyvtad too many repetitions of words, | refer
to each DMP regarding their numbers (#), as showirable 3.1 (see chapter three):

2 A fifth category could be explored. Typically, whene watches movies in theaters, for instancenahare of the
interaction is unidirectional (movieviewer). However, the levels of interactions arfedént when one explores
the cyberspace or watches new interactive forni3\uis, for instance. In online environments, one click on
several links, select different endings for theist) watch making offs, and so forth. Potentiadlly these aspects
(the mobile nature of hypertexts) have an impateims of meaning production as well as on thespless pointed
out by Boorstin (1990). Thus, focusing on the nairthe interactivity of humans-technologies,fénfcategory
will be explored in future studies considering gmalysis of DMPs.
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Chapter Five - Part One: A Cross-Case Analysis thragh a Performance Arts Lens

Voyeur - New/Wonderful/Surprising

Boorstin (1990) posits that the sense of surpagandamental for the voyeuristic eye. It
captures the attention of the audience and offerpleasure of experiencing something new and
wonderful. According to Boorstin, the voyeuristigeerefers to the joy of “watching out of a kind
of generic human experience” (p. 12), because ‘jedope to be taken to a place that’s like
nothing they've seen before” (p. 16). Surprisesadse fundamental for the mathematical
activity (Adhami, 2007; Floyd, 2001). Watson anddda (2007) “tend to see surprise as a
positive emotion [and] mathematics as full of pedphical and cognitive surprises; surprise as
motivating curiosity and effort” (p. 4). Gadanidied Borba (2008) state that some DMPs offer
“some opportunities for more interesting experiesnice the voyeur’s eye” (p. 47).

All elementary school students’ DMPs preserdthematical and pedagogical surprises
in that they constitute a way of communicating eeftesenting mathematics by using and
combining the performance arts and digital medias Tombination supports multimodal
communication, which is not a typical/expected pcadn mathematics and pedagogy.
Specifically, bothmathematicalind pedagogical surprisesccur in terms ofontent/ideas
and/orcommunicatiorandrepresentationConceptual mathematical surprisesfer to
connections, to ways of representing and commungabathematics by connecting multiple
representations and/or strands. In contrast, “ramceptual” surprises refer to typical or
expected ways of exploring mathematics or wayseirgy ideas in isolation, without significant
connectionsCommunicatiorandrepresentatiorare explored in terms afultimodality
technology andthe arts Figure 5.1 presents a diagram that illustratesatays | interpreted the

surprises offered by elementary school studentsPBN this study:
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Figure 5.1: Surprises in Students’ DM

\ Conceptual /
Non-conceptual
Content / Ideas Mathematical
) Surprises

Surprises

Mathematical and/or
Pedagogical - 3 Multimodality
Communication and

Representation

Technology
J The Arts

Following, considering the diagram above and ntgrpretation/analysis of each DMP in
chapter four, Table 5.1 displays an interpretatiaegorization of the surprises in students’

DMPs. As the reader shall notice, a same DMP ntag fnore than one sub-theme.

Table 5.1: Mathematical and Pedagogical Surprises
Content/ldea CommunicationMultimodality, Technology, The Arts

(Potentially) Nor-conceptue #1, #2, #3, #4, #5, #6, #7, #8, #9, #10, #

Conceptual #1, #2, #3, #7, #9, #11, #12, #13, #14, #15, #16, #17, #18, #19, #20, #22
#2, #3, #4, #5, #6,| #11, #12, #16, #19| (See Table 5.4 for details on the type of arts)
#8, #10, #12, #13, #20, #21
#14, #15, #16, #17,

#18, #22

Conceptual Mathematical Surprises.

Conceptual mathematical surpriseser to a variety of ways ofiaking deep connections
between multiple representations, ideas, contentepts, strands, and/or everyday problems. In
other words, the nature of conceptual mathematiogirises offers ways of seeing the new and
wonderful in mathematics by connecting strandstrgging mathematics as fuzzy and multiple,
(e.g. mathematical objects fitting in multiple @ades, mathematics living in continuous
reorganizations of its foundations), extending r@astmathematical ideas to the empirical
dimension, exploring visualization, imaginationgdameativity, and so forth. These connections
“open windows into mathematics” (Gadanidis, 201as&l& Hoyles, 1996), offering ways of
experiencing the beauty of rich mathematical id€eslanidis & Borba, 2008; Higginson, 2006).
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Some of the students’ DMPs may potentially offema@ptual mathematical surprises.
Aspects concerning connections between strandsdtance, are discussed in the second part of
this chapter. In DMP #6, #10, # 15, #20, and #R8exts connect different strands. The surprise
emergent in DMP #6 based on the exploration otefal growth and its relation to patterns
and an everyday situation offer conceptual surprisghe audience because they connect
different representations and strands in such wegtsmathematics is portrayed as wonderful. In
DMP # 15 and #22 students offer “visual proofseqgtiivalent fractions through explorations
that show how a geometric figure like a squaresotangle may be shared in equivalent parts,
which represents fractions of the whole unit. Viquaofs (Hanna, 2000) offer ways of seeing
the new and wonderful in mathematics (Zwicky, 200@)ontrast, the connection between
strands explored in #20 does not offer conceptugrses necessarily because the nature of the
connection may be considered superfiéidlhat is, the focus is oMeasuremenand the
exploration oNlumber Sense and Numeratimiay be considered superficial by the audience.

In DMP #2, #3, #4, #5, #13, #14, #16, #17 and #08ets offer ways of seeing
“mathematics as fuzzy,” that is, “not black-and-tehior either “right or wrong.” In DMP #3,

#5, #13 and #18, for instance, they offer wayseeirsg quadrilaterals as fitting in or forming
many categories. Instead of exploring quadrilageiraisolation (exploring a square as a figure
different from a rectangle, for instance), in thEB3édPs students explore “a quadrilateral as a
specific case of other quadrilaterals”, like “a @mgias a specific case of rectangle,” which is an
idea that offers surprise because it disrupts ptesgand usual) misconceptions people may have
about quadrilaterals. In DMP #2, #4, and #16 sttglalso explore multiplicity in showing
specific ways of seeing connections between reptaens of different polygons. In these three
DMPs students offer ways of seeing similaritiesassn shapes (e.qg., triangles, trapezoids,
regular hexagons) by exploring how their repregenta are connected or fit one to another. In
DMP #2 students explore the representation ofgehaid as a “triangle with its head cut-off.” In
DMP #4 students explores how triangles fit in mahgpes or how shapes may be constructed
with triangles. These explorations offer ways adisg similarities between shapes, instead of
posing the idea of shapes as isolated entitiesddiition, in DMP #14 and #17 students explore

solids and ways of seeing and imagining connecti@tween the representations of the solids

% DMP #20 is interpreted as conceptually surprisingonly because it connects strands, but mainly
because it explores a problems that offers at teastlistinct mathematical interpretations.
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and representations of the faces that form thésolvhich may offer conceptual mathematical
surprises to the audience, regarding the factthiiexploration is made by students in Grade 5.

Many DMPs explore connections between mathematidsaeryday situations or
contextual problems. These connections may be stodet asnitial ways of exploring issues
about applied mathematics or modelffigffering potential ways to see the new and wondénf
mathematics. Considering that the DMPs analyzékisrstudy were produced by students from
Grande 4 to Grade 6, in my interpretation, some BNty offer conceptual mathematical
surprises to the audience through “mathematicaletogl”

The connections explored in DMPs #2, #5, #8, #12, #16, and #17 may offer
conceptual mathematical surprises to the audiepexforing how representations of geometric
shapes may fit in the world around the studentsPBM6 and #20 may offer conceptual
mathematical surprises by exploring measurementt@nspecifically, by exploring patterns and
algebra. In DMP #2 students mention the very @sBng problem involving tessellation and
isoperimetric issues regarding the area of hexagtwes the last candidate singk]*has six
sides. Hides in hivesHives are formed by representations of hexagdmsh are shapes that
tessellate, optimizing that area usage. In DMPstUglents mention how quadrilaterals may fit in
the world (e.g. squares as windows, rectanglesdes s, rhombi as diamonds, and so forth). In
DMP #8 students mention everyday application ofeggntations of circles (make things move
fast), triangles (strong structures for roofs) aqdares (good base for buildings).

In DMP #12 students use the notion of radius amungter of a circle to solve a problem
of baking a cake with specific characteristicsndimensions. In DMP #16 students explore the
fact that representations of “shapes are everywhar®MP #14 students relate the shape of a
cylinder to the format of a cookie maker and a diachto the representation of a regular octagon.
In DMP #16 students highlight thag-h-a-p-e-s... That is all around”uand, specifically,

“Triangle are strongest shapéi DMP #17 students explore square based pyraoadducting
the skit in a scenario that represents an Egyptyaamid.

In particular, in DMPs #8, #14, and #16 studentstioa that triangles are “strong” shapes
and they are used to construct things like rodfss €xploration is interesting because it involaes
contextualization in architecture and exploresitigginative dimension of understanding the

dynamicity and flexibility of the vertexes and aegjbf triangles in contrast to shapes like

% See Borba and Scucuglia (2009) for more discussiorthe interlocution between DMP and modeling.
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parallelograms, for instance. Moreover, in DMP ttlents explore a very interesting way of
seeing a factorial growth in an applied situatiod an DMPs #6 and #20 students explore
everyday ways of measurement involving counting eyaamd/or time.

Every DMP explores interesting mathematical idéas tan be extended by the
audience. Some insights about possible ways tméxtes ideas were indicated in the Chapter
four. However, overall, students could have prodasere “open-ended” problems to the
audience, posed questions and/or indicated wagspbre rich ideas based on the content
explored in the DMP. Conceptual mathematical segsriemerge from connections and students
did not pose explicitly ways or paths for the andeto extend the initial ideas explored in the
DMP. That is, connections are not fully developethe DMPs, as is expected of a short
performance, but they offer potential for furthgplerations. For example, why is a square a
rectangle? Why did the Egyptians build a squaredayramid? Why are triangles strong
shapes? Why do bees use hexagons to build hives?

Following, in Table 5.2 | summarize a classificatmn the potential conceptual
mathematical surprises in students’ DMPs analyzed:

Table 5.2: Potential Conceptual Mathematical Surprses

Connections between Strands #6, #10, #15, #22

Visual Proof #10, #15, #22

Multiplicity #2, #3, #4, #5, #13, #18

Relations between properties and #2, #3, #4, #5, #13, #14, #16, #17, #18

representations of shapes
Connections between mathematical ideg#2, #5, #6, #8, #9, #12, #16, #17, #2(

and everyday contexts/situations

In contrast, it is important to mention that sorhéhe mathematical ideas students
explored in DMPs #1-3, #7, #11, #12, #19, and #&&r onathematical surprises, but they are not
conceptual mathematical surprises. That is, theyalgresent deep connections between
mathematical representations, ideas, conceptssteemtds. The nature of the mathematical idea
in some DMPs is traditional or typical as explomedraditional classrooms and textbooks. Thus,

some DMPs offer both conceptual and non-conceptaghematical surprises. DMPs may be
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seemed as reflections (“mirrors”) of what studde#sn in classrooms. In some DMPs, students
do not seem to be experiencing conceptual surpnsasn-geometry strands. Probably, the
exploration of surprises is not a pedagogical fagfutese DMPs.

Even though in DMPs #1, #7, #8, #9, and #16 stwd@ninot explore specific ways of
seeing that representations of some shapes mayépresentations of other shapes (like in
DMPs #2, #3, #4, #5, #13, and #18), students Gsigperficial” ways of comparing/contrasting
properties of different shapes such as circlespatytons. That is, in DMPs #1, #7, #8, #9, and
#16 students do not explore properties of shapabsblute isolation. In DMPs #1 and #9,
students are comparing some characteristics ofjpalyand non-polygons. In DMR,, students
offers some mathematical surprise because the pwoals “Polly (is) gone” and “polygon” is
creative (a kind of math joke) and students rdlaite play on words to posing and solving a
puzzle. However, the way mathematics is exploratiénskit is only based on the definitions and
examples of polygons and regular polygons and endéntification of materials that represent
and do not represent polygons and regular polygditisough there is some connection to an
“everyday problem,” the nature of the mathematiqdared in DMP #1 is superficial because
the audience does not see anything mathematicadlypected about polygons. In DMPs #7 and
#8, students explore some properties of triangjease, and circle regarding properties such as
lines of symmetry. Specifically, in DMP #8, the t@st between properties is highlighted in the
puppet theatre in which the characters (the shaesjisputing who is the best. In DMP #16,
the candidate who sings the first song makes arcipecontrast between a square, a pentagon
and a hexagon when she singdey hexagon, | am straight up playa. The arms gtoupe,
isn’t that better? Things | hate, pentagons arende. Four vertices like way up tighthus,

DMPs #1, #7, #8, #9, and #16 explore sets of gewerajects in a way that offers possibilities
of seeing connections between properties of diftesbapes, although these connections are not
explicit in the DMP or they a not further explored.

DMPs #1, #4, #7, and #11 may offer surprises bytioeimg (“superficial”) applications
of mathematics (or mathematical/geometric objeict€mpirical contexts, everyday situations or
“imagined/real” problems. These DMPs explore repnégtions of polygons and circles as
everyday objects relating, for instance, represiemts of polygons as door knobs or circle and
sphere rolling. However, the mathematics explosdabised on definitions and traditional ways

of seeing mathematics and the empirical connectio@sonsiderable superficial.
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Following, in Table 5.3, | summarize a classifioatof non-conceptual mathematical
surprises regarding the DMPs analyzed in this study

Table 5.3: Non-Conceptual Mathematical Surprises
Superficial relations between properties #1, #2, #4, #5, #13, #14, #16, #17
and representations of shapes
Superficial extensions to everyday #1, #8, #9, #12, #16, #17
contexts/situations

Thus, after discussing the role of surprises idestls’ DMPs, it is important to highlight
the convergence between surprises and creativigorling to Hallman (1963):
Originality means surprise. Just as novelty dessrithe connections that occur in the
creative act, unpredictability to the setting a# tiew creation in the physical
environment, and uniqueness to the product wheardegd as valuable in its own right,
so surprise refers to the psychological effectaxfah combinations upon the beholder.
Surprise serves as the final test of originality,Without the shock of recognition which
registers the novel experience, there would beagasion for individuals to be moved to
appreciate or to produce creative works. (p. 20)
Lewis (2006) states that:
Creativity is an act that produces effective sgiari. the surprise associated with creative
accomplishment often has the quality of obviousaées the fact. The creative product or
process makes perfect sense—once it is revealethd-oreative person, surprise is the
privilege only of prepared minds—minds with struetliexpectancies and interests. (p. 36)
Thus, as discussed in this section, some studeM®s present potential for conceptual
and/or non-conceptual mathematical surprises, derisg the nature of the idea explored.
Surprises and collectiveness play significant rolegudents’ DMPs. These elements are
important for the voyeuristic eye (Boorstin, 1990}, mathematical activity (Floyd, 2010,
Gadanidis & Borba, 2008; Scucuglia, 2011a; Watsdviagson, 2007), to offer emotions in the
pedagogic scenarios (Adhami, 2007), and for crizatas well. Mathematical surprises are
fundamental aspects to offer ways of seeing thear@wvonderful in mathematics and to produce
conceptual DMPs.
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Multimodality: Technology and the Genre of the Perbrmance Arts.

It is surprising to see students communicating emattical ideas using the performance
arts and multiple modes of communication. Tradaitn in numeracy, students’ learning is
communicated and represented thought print-basésl itesolving words, symbols, and
diagrams. Written language based on the use ofarsetih as paper and pencil offers a limited
set of modes of communication. Digital media offetys to combine multiple modes of
communication such as aural, visual, gesturaljapand linguistic (Jewitt, 2006; New London
Group, 1996). In this sense, digital media offeysvi “enhance” learning in terms of the
development of multiliteracies and pedagogies (lday@007; Hughes, 2006; Walsh, 2011).
Thus, it is mathematically and pedagogically swipg to recognize, see and read the ways
elementary school students are representing #eining in each DMP analyzed in this study by
using non-typical elements of the designs of mattaa communication such as gestures and
sounds combined with images, visual effects, drgsjimerbal and written words, symbols,
manipulative materials, spatial elements, and #r®opmance arts as well. Hybridity and
intertextuality (The New London Group, 1996) aradamental aspects of students’ DMPs and
very significant in terms of mathematical thinkimgmmunication, and meaning production.
The combination and use of different types of texesfundamental aspects in producing DMPs.
Pedagogically, the notion of DMP goes beyond tleeaighe most popular elements and
artifacts of communication involved in print-bagedts. From a humans-with-media perspective
(Borba & Villarreal, 2005), the production of DMHBses not replace the use of “old” media such
as paper and pencil, for instance. However, theotideital technology reorganizes the
production of mathematical meaning and knowledgk paotentially, offer new perspectives
toward the use of the all the elements and artetaet form the multimodal designs of
communication.

Multimodality also refers to the synergy betweeshtelogy and the arts. Playfulness
and production of multimodal texts in classroones @raracteristics of a sociocultural /
postmodern curriculum. This study has no data &yae how the processes of recording and
editing the videos were conducted, which would ielate how students-and-teacher-with-media
produced each DMP, in other words, how the techgyothaped the production of mathematical
knowledge when students conceived DMP, formingkilhig collectives in a pedagogic scenario

(Borba & Villarreal, 2005). However, some pointsid¢ze discussed regarding the use of digital
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technology to produce a DMP, because each DMP ggasdaict, a multimodal text) offers
insights about the process of how they were pradiu€iest, | will present the Table 5.4 the
format of the DMPs in relation to the arts perfodnire the students’ DMPs.

Table 5.4: The Format and the Arts Performance in &idents’ DMPs
Video Format Power Point
Musical Ski Song Puppel Animatior Poem | Drawing
(Skits + Songs) Theatre Drawing
H2,H#4, #7,#9, #1,#11,#12, #3 #5, #8 #10,#15, #6, #2C #21
#14, #16, #17 #13, #18, #19 #22

From the table above, and regarding the analysikapter four, some issues can be
discussed in terms ofiultimodality use of technology and the arts.

Most of the DMPs analyzed in this study were digpthin video format, which requires
the use of a video camera and, probably, softwkveleo editing. All the DMP in video format
combine all the five designs of modalities regagdime model proposed by the New London
Group (1996). The designs are: linguistic, visgaktural, spatial, and audio (see Figure 5.2).

Figure 5.2: Multimodal Design (The New London Group, 19

MULTIMODAL

MODE OF MEANING

* Delivery

+ Vocabulary and metaphor * Music
+ Modality / Transitivity + Sound Effects
+ Nominalization of processes * Etc.

+ Information Structure
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+ Global coherence relations

+ Colors
+ Perspective
+ Vectors

+ Foreground
+ Background
+ Etc.

+ Ecosystem and
geographic meanings

+ Architectonic meaning

+ Etc.

+ Behaviour
+ Bodily physically

+ Gesture

+ Sensuality

* Feelings and affect
+ Kinesics

+ Proxemics

+ Etc.

Gestural Design
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From the humans-with-media perspective (Borba &avtieal, 2005), it is also important
to highlight that the process of editing a videa igrocess ahinking-with-technology
(Scucuglia & Borba, 2007). It is a reflective presén which the authors (students and/or
teachers) think about what kind of meaning the etk may produce. It is a learning process in
which the authors develop sense-making (sens@nf)segarding possible signs,
representations, and feelings (emotions and sensatihe audience may engage with. It is a
process of developing communication skills in repreing clearly the ideas to an audience. It is
a process that forms thinking and feeling collesgiof students-and-teachers-with-media.

The production of stop-motion animations (DMPs #4T5 and #22) requires a long term
engagement with the processes of manipulating magtaking pictures, and editing the video.
That is, the effect of motion in animations is sbdhrough the (a) manipulation of materials
and the process of taking sequences of picturdseahaterials in different positions and (b)
work with the timeline of the video editing softveathat constructs the story (the sense-making)
involving mathematical thinking. From the DMPs ##Q5 and #22, the audience may interpret
some of the actions and ways of thinking matheraliyithat the collectives formed by students-
with-manipulative-and-software were engaged invisaal exploration of equivalence of
fractions.

Some musicals, skits, songs, and puppet theatferpemces also present a process of
editing, but they do not seen very complex. Someithey may be imperceptible to the
audience. In DMPs #1, #4, and #5, for instanceatlthence may identify that there are cuts
from one scene to another, but these cuts arenatwyal. In contrast, DMP#2 and #d8 not
present cuts, that is, students’ performancesdasafDMPs were recorded in only one shot.

Except for the stop-motion animations, studentsiduse digital technology in the
process of performing. They only used video cam&rascord the skit and musical
performances. Students could have used in thefioppeainces other tools such as graphing
calculators, computers, smart boards, cell phdrmsgls, and so forth. The use of these
technologies would enhance the possibilities toveatidulating multiple representations and
strands in exploring conceptual ideas. Studentkldmave, for instance, explored dynamic
geometry, created an immersive environmentmicoworldfor their scenario (Papert, 1980),
or used more elaborated effects in the processeditirig the video. These suggestions are based

on the notion of humans-with-media (Borba & Vilkeat, 2005), which calls our attention to an
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important point. Although students could have higjtted the role of digital technologies as co-
authors in knowledge production by using them sphocess of performing, they used video
cameras to produce the DMPs, which are fundamemtalpport multimodal communication. It
is also important to mention that usually, typicathematical experiences are not recorded in
the classrooms and video registers are types tf teat can be made available online and this
format of text supports modes of communication gratt-based texts do not. Thus, the fact that
students were using video cameras to record tlegiopances (and this format of text shapes
the nature of students’ representation and commatiaiv), it is possible to interpret that video
cameras were co-authors in the production of madieal knowledge when students produced
DMPs. Digital media’s affordances offer supportfiaultimodal communication and the specific
use of video cameras’ resources (e.g., zoomingia) enhance the (mathematical) pleasures the
audience may potentially fell. The digital natufdd®Ps emerges from the perspective that
students-with-DMPs form thinking collectives.

As highlighted in chapter four, students used &Waof materials (e.g. costumes,
posters, scenarios, modeling clay, papers to reptehapes, and so forth) in their musicals,
skits, songs, puppet theatre, and animation pedgoces. These materials are very significant for
students’ and the audience’s learning and meamddaowledge production.

In DMPs #1, #4, #5, #8, #10, #15, and #22 studesggmanipulativematerials In DMP
#1, students used paper materials to create repadiems of polygons and non-polygons which
are part of the puzzle posed. In DMP #4, studdstsuse paper material to construct
representations of triangles to build representatf several figures (e.g. parallelogram and
hexagon). In DMPs #5 and #8 students also used$apd sticks to create the puppet
characters that are representations of geomegueds. In DMPs #10, #15, and #22 students
used paper materials and modeling clay to produeie &nimations using the stop-motion
animation that reveals a visual proof for equivageof fractions.

In DMPs#7, #9, #11,#13,#14, and#18 students usezbstumeshat characterize them as
geometric objects. These costumes (e.g., maskpoegentations of figures pasted on students’
t-shirts) enhance their sense of embodiment aret wi$ual insights to the audience which are
significant in terms of sense-making. In DMP #fresentations of figures (square, triangle, and
circle) are interviewed and the masks, for instansapport the visual information about the

properties if the figures. From the transcriptidrbMP #7,Squareorsays, for instance ‘have
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four edges going around my face. One, two thrag, [fminting the edges around the face-
mask]'. In DMP #9, students used representations of polygmd non-polygons pasted in front
of their T-shirts to play their roles. In DMP #Xtudents used costumes to play roles as cubes,
cylinders and rectangular prisms. In DMPs #13 at®] #or instance, the use of geometric
costumes is fundamental to the audience to idewtify the characters are and the relation
between the properties of the quadrilaterals. Tkatification of these relations between
properties offers ways to the audience to exploeenbtion that a square is a specific case of
rectangle, parallelogram and rhombus. In DMPs #4347, students also used costumes, but
these are not “mathematical costumes.” These atelmes related to the roles students are
playing, which are not necessarily roles as matlieaiabjects.

In DMPs#6, #8, #11,#12,#17,#19,#20, and#21 students usedtrawingsto represent and
communicate their mathematical ideas. DMPs #6 &@dwere produced in power point format
and they explore writing and drawing in the cread a story-poem. The drawings are
significant to illustrate the mathematical idead #me emotions within the story. In DMP#8,
drawings are fundamental to represent the geonataracters and the scenario of the puppet
theatre. In DMPs #11, #12, #17 and #19 student$ pssters of in the performance of their skits
to display visual information about the mathematideas they are exploring. DMP #11, for
instance, shows an illustration of a sphere andt#@ drawing and properties of a square based
pyramid. In DMP #12, one of the characters shodsa®ing, but it is not possible to see it in
the video. In DMP #19 the use of a poster is funelatal to pose questions and create an
immersive context of a TV show in which candidatespute a conquest about mathematics.

Table 5.5 indicates the use of manipulative mater@stumes, and drawings that are
significant to mathematical thinking in each DMRénms of modes of communication. Images

captured from some DMPs illustrate this materiahtyhe process of performing.
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Table 5.5: Materials used in Students’ DMPs

Manipulative Materials Costumes Drawings
#1, #4, #5, #8, #10,#15,#22 | #7,#9, #11,#13,#14,#18 | #6, #8, #11,#12,#17,#19,
[ = N #20,#21

Thegestural desigof modality is fundamental in DMP. The DMPs basedskits,
songs, musical, puppet theatre and animation altedmuthe ways students use gestures and
motions to communicate mathematics. In DMRs#2-5, #7-19, and22, gesture can be seen as
a “technology of intelligence” that shapes the picitbn of mathematical meaning (Borba &
Villarreal, 2005; Levy, 1993). Gesture is a fundataéresource to think mathematically and
communicate ideas with emotions. In fact, the mattecal activity related to the use of the
body in mathematics education is explored throlghniotion of embodiment (Radford, 2003).
Usually, students and teachers use gestures to gnioate their ideas in classrooms, but
gestures are not typically fixed when studentsasgnt their ideas. Traditionally, students
represent ideas using print-based texts, whicHasmaat that is not friendly to support the
gestural design. Thus, the multimodal design of BMPers ways for students to communicate
and represent their ideas using gestures, whiatsignificant mode for mathematical meaning
production (Gerofsky, 2009). This notion is dis@gss the sectioWicarious Emotionsf this
chapter. The following images (Figure 5.3 a-c)strate some of the moments in which the

gestures were significant in the process of compatimg mathematics in students’ DMPs:
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Figure 5.3 &c: Some of gestures/embodiment explored by studertkginDMP:

The DMPs that explore stop-motion animations (DMP8, #15, and #22) do not
involve students’ bodies in the peformative displBlyere are neither students’ gestures nor
speeches. But these DMPs can be analyzed throegiestural design, because there is an
emphasis on motion (stop-motion animation) andfére ways for gestural and visual meaning
production. Bordwell and Thompson (1993) state that

In cinema, facial expressions and movement areastticted to human figures... by

means of animation, drawing or three-dimensiong@aib can be endowed with highly

dynamic movement. For example, in science-fictiod &antasy films, monsters and
robots may be given expressions and gestures thithkegtechnique aftop-action(also

called ‘stop-motiofi) (p. 158).

Thus, in DMPs #10, #15, and #22, the motion and/thigal aspects are significant in
producing meaning of equivalent fractions throughsaal proof. As mentioned, the production
of these DMPs involves an interesting processiokihg-with-technology in which students-
with-DMPs form thinking collectives.

All the DMPs in video format performed through maadj skit and song used zooming-in
(close-ups) on the actors/singers’ facial expressiahich is part of the gestural design and may
increase the feeling of vicarious emotions forabdience. Figure 5.10 a-c shows some of the
zoom-in shots.

Theaudio desigrof modality is also fundamental in DMP. The DMRsé&d on skits,
songs, musical, and puppet theatre are built ow#ys students use speeches or verbal
communication to talk about mathematics. In DMPg#2-5, #7-9, #11-14, and #16-19, orality
can be considered a “technology” that shapes tha@ugation of mathematical meaning (Borba &
Villarreal, 2005). Similarly to gesture, studentsldeachers use verbal words to communicate

their ideas in classrooms, but these words aréypatally fixed when students represent their
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ideas. Traditionally, students represent ideasgusimt-based texts, which is a format that does
not support the audio design of communication. Thus multimodal design of DMPs offers
ways for students to communicate and representitheas using audio, which is a significant
mode for mathematical meaning production. The neede identify this importance considering
the transcriptions presented in chapter four. InNFD#4, for instance, the use of the audio
modality is fundamental to conduct the math jokseolbon the pun on words “Polygon” and
“Polly (is) gone.” In DMPs #10, #15, and #22, stoidedid not use verbal words in the video, but
the use of soundtracks is important to offer viatsensations to the audience.

The use of thepacein skit performances offers ways for the audietocgroduce spatial
meanings. In all musical and skit performancessfiaee offers signs to the audience and
particular ways of producing meaning. Some of thesaning may be mathematical. In DMP
#1, students created different scenarios in thega®of finding Polly and these scenarios shape
the mathematical puzzles investigated. The spddisign of a classroom may also highlight the
nature of power relations and the collaborationveen student and teachers. Similarly, in DMPs
#2, #13, #16, and #19 the scenario indicates theeprelations between the characters who play
roles as judges, presenters, defendants, and eteslidn DMP #4, for instance, the performance
is conducted in a large space (it seems like a @a) and with the participation of many
students. The spatial design of DMP #4 offers ways$he audience to interpret or feel a sense
of collaboration involving the students who arefpening and thinking mathematically. So,
there is a pedagogical relationship between sgdagiulness, and collectiveness that are
fundamental in DMP and in a sociocultural/postmadaew of curriculum. In DMP #11, for
instance, the spatial design is important to reprethe idea that a sphere rolls. Overall, the
notion of space is fundamental in geometric repriedion and embodiment as well.

Only three DMPs were displayed in power point farnPawer point affordances may
support all designs of modalities because they@igmimations, audio or even videos.
However, the DMP in power point format analyzedhis study do not explore gestural,
geographic, and audio designs. They explore omwibual and linguistic. Interestingly, even
though students used two modal designs in theiep@eint DMP, they were able to connect
different strands in DMP #6 and #20. And, as pairdet, most of the analyzed students’ DMPs
do not connect mathematical strands of the cuuiouln fact, DMP #6 is the only one that

connects three different strands.
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When students produce a DMP, they are looking éar ways of telling mathematical
stories using multiple modes of communication, thatvays of creating multimodal texts using
the performance arts. Conceptual mathematical thagseoffer new/wonderful/surprising ideas
through multiple representation and connectiongi@@alis & Hughes, 2008). Mathematical ideas
told through stories typically offer surprises, thé nature of the mathematical idea explored is
fundamental to offeconceptual mathematical surpriststhe audience. When students are
engaged in a process of producing a DMP, theyragaging in ways of seeing surprises by
making creative connections between representatioodes of communication, and concepts or
strands. The multimodal nature of DMPs offers waystudents communicate mathematics in
alternative ways, in hybridity to typical print-kektexts and several types of arts (e.g., drama and
music). Multimodal texts in which all the five dges of modality are compiled, combine multiple
layers of signs that cannot be represented bymapgr and pencil. These layers of signs,
conditioned by the digital media, offer to the aumtie specific ways to produce meanings about
mathematical ideas and to feel surprises througim#@ture of the ideas explored and through the
playfulness emergent with the performance arts. é¥@w the exploration of multiple modes of
communication does not guarantee the conceptuxlitye mathematical idea.

Finally, it is important to highlight a parallettween the process of students producing
DMPs and the process of analysis of students’ DMMsis study. From a multimodal point of
view, it is interesting to relate these two proess® the notions a@fvailable resources
designing andredesigningproposed by The New London Group (1996).

In order to produce a DMP, students use resouoredekigning including “the
‘grammars’ of various semiotic systems: the gransnadilanguages, and the grammars of other
semiotic systems such as film, photography, oruge5{The New London Group, 1996, p. 74).
These resources also include artifacts, mategals technologies. The available resources are
shaped or designed through the practice of the@prénce, exploration of mathematical ideas,
negotiation of meanings, repetition of speechesgastures, use materials such as video
cameras and manipulatives, the edition of vidend,sa forth?’ “Every moment of meaning
involves the transformation of the available resesrof meaning. Reading, seeing, and listening
are all instances of Designing . . . Any semiotitivéty - any Designing - simultaneously works
on and with these facets of Available Designs” (N&sv London Group, 1996, p. 75).

%’ That pedagogic scenario may be designed in oodemgage students on processes of problem-solving.
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Moreover, the emergent meanings through the pradadssigning are fixed as texts. The
process of fixing the modes of communicating reigfessmeanings. Interestingly, “the
Redesigned becomes a new Available Design, a nemimgmaking resource” (The New
London Group, 1996, p. 76). Thus, the “products¢’ tedesigned digital supports that represent
new meanings, the multimodal texts, the studenkPB, they become available resources for
the audience and, in the case of this study, &arels data. Similarly, these resources (students’
DMPs) are interpreted (designed) by the resea@rrepresented as a dissertation
(redesigned). Each of the processes — resouresiginihg, redesigning - shapes one to another.

Figure 5.4 illustrates these processes.

Figure 54: Students’ DMPs and ttResearch Design as Multimoderoceses.
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Voyeur - Sense-making

Boorstin (1990) states that rational eye is algaificant for a voyeuristic experience.
The story and the surprises have to make sensedffdrtive. Gadanidis and Borba (2008) posit
that “events in the movie cannot happen randomlyitirout connections to other events . . .
[which] must fit into a larger, rational scheme”. 46).

Osafo (2010) analyzed twenty videos available oo be in which teachers and
scientists (“experts”) use the performance artmafie experiments in the context of science
education. Osafo found that the performances welnan surprises (e.g., unexpected
physic/chemical reactions of the experiments ssctegplosions”), but the performances were
not were rich in terms of sense-making. Accordm@stafo, “it appears there are a lot of gaps in
many of the 20 video, [and] this reveals that treepedagogical opportunities missed” (p.
151). Science digital performances require graateerstanding and “long time” to offer
arguments to support understanding. Usually, tifopeances available on YouTube are
“short” as students’ DMPs are. Osafo thus suggbsatspresenters (or performers) “must
endeavor to connect the concept to the viewer'sviedge” (p. 177), using analogies, and
providing meaningful examples (Osafo, 2010).

Similarly to Osafo’s interpretation on science perfances, the analysis conducted in
this study suggests that students’ DMPs presemtcgimings in terms of sense-making.
Generally, it is important to mention that studestplore some visual aspects emergent from
use of the affordances of digital media as wett@mections between modes of communication,
providing some examples. However, in many DMPsJestits did not support nor justify the
conceptual nature of the ideas they were explofimg aspects should be considered toward the
conceptual gaps in students’ DMPs: (1) DMPs aretsti@t is, the dramatic events are
presented in approximately three minutes and, lysutis not a simple task to explore or
present a lot of arguments to justify the concdpjuaf the ideas, although it is not impossible;
(2) Mathematical knowledge and thinking are traxtisilly characterized by objectivity, the
directness of logical-deductive reasoning. In castirthe use of the performance arts brings
subjectivity into the epistemological scenario. $hsome of the DMPs offer “flashes” or
insights to the audience based on multiple modeswimunication and representation instead
offering a linear tutorial of mathematical reasanift pushes the meaning production to the

audience, focusing much more on diversity and d@ece rather than unity and convergence in
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terms of thinking. That is one of the most intaresepistemological tensions in DMP. As

Gerosfsky (2006) points out, the most relevant elesnof

“conflict” with the most traditional aspects of rhamatics. The tension between subjectivity and

the performance arts appears to be in

objectivity makes DMP even more interesting in tewhpedagogy. Similarly, Doxiadis (2003)

discusses the notion paramathematicto highlight the symbiosis between the paradigmati

and the narrative modes of thinking (Bruner, 1996).

In chapter four, the category sense-making wastagied based on two main aspects:

(a) presence of arguments, examples, logical th@jkand

mainly considering ways of reasoning and provirag upport the conceptual or non-conceptual

connections between representations,

mathematical surprises and (b) absence of condaptdarstanding, student’s incoherencies or

miscommunications. Figure 5.4 illustrates a diagtiaat shows the sub-themes | am considering

for the theme Voyeur - Sense-Making:

Figure 5.5: Sens-Making in Sudents’DMPs

Ve

Presence of arguments of reasoning and
proof, examples, and connections

\

between representations

Voyeur - Sense-Making

No conceptual understanding;

or incoherences

Following, Table 5.6 indicates where each of theMMvould fit in these sub-themes,

regarding the analysis | presented in chapter four:

Table 5.6: Sense-Making in Students’ DMPs

Presents arguments of reasoning and proof, exampl
connections between representations, and/or ways

extend the problem

es  No conceptual understanding,

tancoherence or miscommunication.

#H1,#4,#5, #6, #7,#8, #9,#10,#11,#12,#13, #14, #15, #16
#17, #18, #19, #20, #22

#2,#3, #7, #10, #11, #14, #16, #2
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Following, Table 5.7 represents each of the semsieng aspects in contrast with the

performance arts us&td

Table 5.7: Aspects of Sense-Making in Students’ DMP
Skit Song Animation Puppet | Poem/
theatre Drawing
Arguments of #1,#12,#13, #14,#17 #10,#15, #5, #8 #6, #20
reasoning and #17,#18 #22
proof
Examples H1, #4,#7,#9, | #2,#4,#9, | #10,#15, #5, #8 #6, #20,
#11,#12,#13, | #14,#16, #22 #21
#17,#18,#19 #17
Connections #1,#7,#9, #11, | #4,#7,#9, | #10,#15, #5, #8 #6, #20
between #13,#17,#18, | #14,#16, #22
representations | #19 #17
No conceptual #2,#11 #3,#7,#14, | #10 #21
understanding, #16
incoherence
and/or
miscommunication

From the table above, considering the discussionkapter four, some insights may be
presented. It is important to highlight that muttishality does not guarantee the conceptuality of the
mathematical ideas in the DMPs. The multimodal neaddi the DMPs offers conditions to explore
visual, verbal/audio, gestural, and spatial reprtadiens of ideas. Usually, students’ DMPs are rich
in terms of visual examples and connections betwegnesentations and modes of communication.
However, these connections are not necessarilyections between mathematical strands or ideas.
The simple fact of exploring connections betwegmagentations and modes of communication are
necessary, but they are not sufficient to offerceptual mathematical surprises to the audience.

% Here, | am splitting the category Musical to Skid Song.
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In DMPs #15 and #22, students present convinciggraents of reasoning through the
demonstration of a visual proof regarding equivedeof fractions, exploring visual aspects. The
process of visualization in these DMPs is fundamieiot mathematical thinking. The audience
may see representations of figures in motion fogire representation of a same figure. Two
figures with half size of a square (the unity) faime square. Four figures with one quarter of the
size of the square form the square. And so on fineéscene shows all the different parts
forming together congruent squares. These DMPs dsirade, visually, that 1 = 2x(1/2) =
4x(1/4) = 8x(1/8) = 16x(1/16). As highlighted inagiter one, Hanna and Sidoli (2007) state that
“visualisation can be most useful to the aspectaathematical proof important to mathematics
education, particularly those connected with exali@m and justification” (p. 77). Visualization,
which is an ordinary process explored in videosulgh the visual design of modality, involves a
mental scheme that represents visual or spat@airrdtion (Presmeg, 1986). It is a “kind of
reasoning activity based on the use of visual atialj either mental or physical, performed to
solve problems or prove properties” (Gutiérrez,d,98 9). Borba and Villarreal (2005) point
out “visualization has been considered as a wagagoning in mathematics learning” (p. 79),
because it refers to “a process of forming imagesand using them with the aim of obtaining a
better mathematical understanding and stimulatiegnathematical discovery process” (p. 80).

In skit performances students explore visual repregions, making connections to oral
words and gestures. The use of posters, manipesatand costumes in combination with speech
and gestures has the potential to support arguroénéasoning and proof. Although some
DMPs such as #1, #9, and #11 presented some \&thahents and many connections to visual
representations, these DMP do not present “veongtmathematical arguments.” Most of the
arguments presented in the skit DMPs are more igéserand definitional rather than logical,
analytical and deductive. However, some cases ednghlighted in terms of reasoning and
proof. In DMP #1, for instance, students presenbaleand visual arguments, but the nature of
the mathematical idea is not conceptual. Studemnisexplored traditional definitions of
polygons and “non-polygons.” However, in the pracekfiguring out the puzzles, students had
to identify specific types of figure among manwiigs. They were engaged in a process of
investigation to solve the puzzle to open a doarfaee Poly. This process was based on
creation of hypotheses by visualization/experimgwa elaboration of conjectures, and

refutation of some of the conjectures. Actuallggt were puzzles in which students had to
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posed and solve the problems because they onlyte&adoors. Intuitionally, students had to see
the first door and identify that the question ttvedhe problem (to open the door) was “which
figure is a polygon?” Similarly, for the second date question was “which figure is a regular
polygon?” Thus, although students did not explocersceptual mathematical idea in DMP #1,
they engaged themselves in a rich process of reagbased on visualization, identification of
properties of figures, and experimentation with rpalative materials in the plot of a skit
performance.

In DMPs #3, #5, #13, and #18 students explore thagyre 5.6: Relations betwee
same idea toward quadrilaterals (a quadrilateral as Quadrilaterals
special case of others)(see Figure 5.6). Indivigutiese

Quadrilateral

DMPs present some local gaps in terms of understgnd

because they do not offer a direct and clear ceiatu \/> [T\
about the idea explored and its conceptuality. Hane K Trapemtsn ()
collectively, the set formed by these four DMPs is [

strongly supportive to verbal and visual argumémtgard =

a conceptual mathematical surprise that a square is R<m.,> E:g
specific case of rectangles and rhombus, a rectargl a

rhombus are specific cases of a parallelogramsand Square

forth. The following chart presents some images and
transcriptions of these DMPs:
= DMP #3: The lyrics of the first song iSquare! | have four sides. Square! | am a
quadrilateral. Square! It is not fair that they Adall me such a dumb square. | can be
a square and hip too. | can be cool just like ydust have to realize that | am a
rectangle too Therefore | have skills and you know.
= DMP #5: In the story, Little Quad (a kite) meet: rigyre 5.7: Quadrilaterals it
a square, a rectangle, a rhombus, and a Little Quad’s Quest
trapezoid. They contrast their properties. (See
Figure 5.7).
= DMP #13: In the skit, Ryan, the rhombus, s&ys:
have to say that past statements aren't that true

because Steven has four vertices and four straic
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sides and doesn’t that make him a rectangle anarallplogram? Even a rhombus is
true.
= DMP #18: Mr. Trapezoid say@h! Who hurt Mr. Square? | bet you it was you Mr
Circle. You hurt his relative Mr. Rectangle. A sapis a rectangle. | bet that it was you!
It is important to notice that DMPs #2, #3, #7, #2101, #14, #16, and #21 present some
aspects of lack of conceptual understanding, in@toe and/or miscommunication. In DMP #2,
the presenter produces incoherence when she itgedhe hexagon by saying: “she has three
sets of parallel lines artd/o acute angles$ Probably, the presenter was confused with the
introduction of the first candidate (the trapezoidich is: “she has one set of parallel lines and
two acute anglesin DMP #3 the student singst got four sides, four angles... | even got four
vertices, therefore | am not 3DOne can notice that, in this case, the condgiproposed by the
student are not sufficient to make his mathemdgeaimetrical assumption fully consistent. That
is, there is a 3D shape — ttetrahedron- that has four sides (faces), four “angles” &dtal
angles) and four vertices. Moreover, studentsalkiny about three types of triangles — scalene,
equilateral, and isosceles — and they siiy fines of symmetry are three or gh&n
equilateral triangle — a triangle with all sidesiakjn length — has three lines of symmetry. An
isosceles triangle, that is, a triangle with onie pasides equal, has one line of symmetry. But, a
scalene triangle, which is a triangle with no eqgidés, has no lines of symmetry.
Like DMPs #15 and #22, DMP #10 also explores viguejuivalence of fractions.
However, this DMP #10 does not demonstrate cleéhdy

equivalence of fractions as DMPs #15 and #22 doPBAMIO Figure 5.8: Misrepresentatio
(visual) of equivalence of

fractions in DMP #10.

does not show how all the representations of wasttogether
represent the same unity. Although the DMP relatespieces
of modeling clay to the fraction 1/2, four piecesl{4, and so

on, the DMP does not show clearly the proportidpdletween

the pieces that represent the fractions. (See &i5i3).

Every DMP in which songs are performed present So....
kind of conceptual gaps, miscommunication/mispramtion or incoherence in terms of
understanding. In DMP #3, for instance, thereoi®xrplanation about why a square is a special
case of rectangle. In DMPs #7, #14, and #16 theesiis’ pronunciations in the songs offer

confusion to the audience in understanding the emasttical idea.
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On the one hand, there is a “negative” aspect abangs as a form of mathematical
communication. Lyrics are usually short — compdoed story. Thus, the amount of information
in lyrics is limited, which introduces potentialggin terms of communication of conceptual
understanding. Songs also involve specific waygrofunciation (tuning and phonetics in
harmony with the melody and rhythm) and rhyme, Wwhitay make difficult the understanding
for a listener. Then, songs offer ways for the ande to extend problems, not necessarily
because the extension is explicitly present inythie, but mainly because lyrics explore
subjective dimensions. Songs push the meaning ptioduo the audience. On the other hand,
music is a pertinent form of remembering informat{&nyder, 2000) and, even though
memorization is not the main skill to be developechathematical thinking in my point of view,
it is an important part of the mathematical reasgnMoreover, songs are popular forms of
representation and dissemination of informationdntrast to formal forms such as print-based
texts. In fact, from a performative point of viesgngs can offer specific types of surprises,
emotions and visceral sensations to the audiertativritten poem, for instance, cannot, and

vice-versa.

Vicarious Emotions

According to Boorstin (1990), emotional momentsfarelamental for good stories or
movies. The use of the performance arts opens wigdiato communicating ideas with
emotions, but it does not guarantee the presengmtifematical emotion®egarding the
analysis presented in chapter four, there is ecielém argue that students’ DMPs offer vicarious
emotions because the audience may feel what tbesagere feeling (Boorstin, 1990; Gadanidis
& Borba, 2008). Some of these emotions are matheat&motions. Three main aspects can be
thus discussed regarding emotions in students’ DNEsSome DMPs presemtathematical
emotions These emotions are mainly supported becausergtugiayed roles as
mathematical/geometric objects. Students use liogiiles, gestures, verbal language, and
costumes to make shapes “alive” and most of thHenfgethat shapes feel are based on their
mathematical properties. The audience may feeetkawtions vicariously (e.g., the triangle lost
her head in DMP #2, now she is a trapezoid andesdie sick in bed or Little Quad feels sad in
DMP #5 because he did not fit in world, but he felppy when he discovers he is a kite and he

flies). Regarding the nature of the mathematicahidxplored, the emotion may be considered a
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conceptual mathematical emotion; (b) The useiddo effectsuch as zooming-in effects on the
actor’s facial expressions or motion in animatioresy enhance the vicarious pleasure when the
audience watches students’ DMPs; (c) Some DMPs effetions, but they are not

mathematical emotions necessarily. The followintgesae represents the sub-categories explored
within the theme vicarious emotions.

Figure 5.9: Vicarious Emotions in Students’ DM

Conceptual
Mathematical
Emotions
Mathematical Emotions} Visual Effects
Vicarious Emotions K |
Other Emotions ( )
Embodiment

Mathematical Emotions through Embodiment.

In DMPs #2, #3, #5, #7, #8, #9, #11, #13, #14 #iRIstudents play roles as geometric
objects. All these DMP are in video format anddhis used are music, skit, and puppet theatre.
When students play roles as plane shapes sucta@glés, quadrilaterals, or circles and solids
like spheres, pyramids, or cylinders that are imgdlin a process ahinking-as-a-shaper
thinking-as-a-solidStudents are thus engaged in a process of “inmagiheself based on the
form and properties of a geometric figure, congingca playful identity as a mathematical
object. These processes can be understand fropoihieof view of embodiment and
mathematical activity (Arzarello, Paola, RobuttiS&bena2009; Gerofsky, 200Radford
2003 Williams, 2009, that is, from a semiotic and multimodal pointvaw, gestures and body
language play very significant roles in mathematigeaning production and learning.
Therefore, seeing students’ DMPs as multimodaktake multiple designs explored in skits,
songs and theatres offer ways for students to sgprathematical emotions. The audience may
vicariously feel these mathematical emotions.
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According to Gerofsky (2010), “embodied learnihgdry rejects the notion of a split
between mind and body or reason and sensation/@matid explores pedagogies that integrate
somatic, sensory and intellectual engagement opdheof learners” (p. 322). The very notion of
embodiment focuses on the role of gestures in ilegrimcluding the exploration of
manipulatives and technologies in general. The ections between students’ verbal and non-
verbal modes of communication are significant f@amng and knowledge production.

It is important to mention that some of the gestumepressed by students in their DMPs
were superficially discussed within the issues estgral design of multimodality. In this
section, | attempt to highlight that playfulnesseegent from performance arts in the classroom
may offer ways for students to improve some ofrthethematical experiences in terms of
embodiment when they play roles as geometric ahj@dthin the context of dramatic and
emotional events.

In DMP #2 a student plays a role as a trapezoidjiniag herself as a triangle with its
head cut-off. She feels sick in bed for this readdms emotion is related to a connection
between representations of two different shapeg;hwk considered a “conceptual idea.” Then,
DMP #2 offers conceptual mathematical emotiond, itha@motions directly related to
conceptual mathematical ideas.

= DMP #2: The triangle singéiead, oh head, I lost my head. And head, oh head, |

could’'ve been dead. Head, oh head, | feel seekdn KMow, | am a trapezoid

In DMP #5, Little Quad’s feels unhappy becausehireks he does not fit in the world
like the other quadrilaterals. But he identifiemtiens between his properties and the properties
of the other quadrilaterals as well as a way tfthe world as a kite, becoming happy then. The
same type of conceptual mathematical emotion tdeesane may vicariously feel in DMP #5, it
is possible to feel in DMPs #3, #13 and #18. In D8P a student performs a song in which a
square “feels inferior” to a rectangle, but he pres arguments in the song that a square is a
rectangle too so a square can be cool like a rgietaimn DMP #13, a square feels
“discriminated” by a parallelogram and by a rectarizecause they do not see that the square is
a special case of them. In DMP #18, Mr. Squarehiaisby Mr. Isosceles and there was an acute
angle dent marked on Mr. Squafée use of manipulatives and “math costumes” is¢gHeMPs

may enhance the sense of embodiment for both swided the audience.
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DMP #3: The lyrics of the first song iSquare! | have four sides. | am a quadrilateralu &e!

... | can be cool just like you. Just have to redliwd | am a rectangle too.

DMP #5: Little Quad saysSee? You don’t even know my name. If | was a sgoage
rectangle, or a rhombus, or a trapezoid, then yawbh know. But no, | am just Little
Quad, nobody knows me or needs me... Nobody willmgeshape for anything.

DMP #13:Steven Square saydélell... | was on work one day and out of the blueaa
poked me in the eye, as you can see. It hurt arséidehe did because | was a square. |
don’t find this very well.

DMP #18:Mr Circle says:l have no vertices... Hey Mr Isosceles! | heard you Nir.
Square. You have an acute angle, and there is ateamngle dent mark on him. Oh! And
you have three vertices.

In DMPs #7, #8, #9, #11, and #14 students alscoeg@motions through embodiment by

playing roles as geometric objects. From these D audience can listen to students saying

or singing things such as:

DMP #7: 1 have four lines of symmetry... | have four edgésggaround my face... |
have four vertices ... | am a 2D shape... | have tws péd parallel lines... | have four
ninety degree angles, which make my vertices.”

“l am symmetrical. | have three lines of symmetry.”
“Circle, | am a circle. | am as happy as a kangaroloam so proud that | came to this
game to you.”
DMP #8: 1 am the best because | have so many right angles.”
“l am the best because | have a circumference amave infinity symmetrical lines.”
“My best physical properties are that there areg@rkinds of me: isosceles, scalene, and
equilateral. Scalene is the best of course.”
DMP #9: “We are the polygons, we have straight edges... Winangolygons. We're
always closed... We are the polygons, we’re everyaher
DMP #11: The sphere gets upséiobody calls me a cone!!!”
DMP #14: 1 am Cubie. | like to dance and sing. I'm strongiisg down. | go blank
blank. | have six faces. Eight vertices. Up tordsxue.”
“I am Rudy. The Rectangular Prism. And | love taogsising, sing, sing. | sing in the
bathroom, when | wash my faces. And when | wasventizes, in very wet faces.”
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“I am Silly Cylinder. | live at the 3D town. | haveo faces. Then | can make cookies.

Which will never make you frown.”

On the one hand, the aspects highlighted in théeguabbove show some evidence of
different types of students’ embodiment in their B84 On the other hand, the nature of such
embodiment appears to be different from those disaai in the literature. Although students
conducted performancehinking-and-acting as geometric objéecits their DMPs, they did not
explicitly explore the use of “mathematical gestlit® communicate and represent ideas.
Although students performed roles as geometricatdjehey did not perform mathematics in the
way of “being a graph” as discussed by Gerofskya§a and Maclean (2009) to explore the
multimodal and gestural-kinesthetic dimension aflsents using their bodies to represent the
dynamicity of graphs of functions and its coordioatwith algebraic and table representations.
Thus, DMP has a great potential for embodimentath@matical activity, even though the
students could have explored more deeply matheatatgstures and ways of embodiment in
their DMPs.

General Mathematical Emotions.

In DMP #4 students explore a conceptual mathematiea by connecting multiple
representations of triangles to other figureshinmusical, emotions are expressed toward the
mathematical idea and students use their bodiegestdres to represent triangles and figures
formed by triangles. Students do not express thelmg explicitly through words, but the
audience may feel that students are very excitdccanous in exploring mathematics when they
say things such agiey. What's going on over there?... CoOl yeah! Can we go see it? Come
on guys! Let’s go there and see it!”

In DMP #6, through a poem in power point formatideints express very emotional
feeling and support to a colleague who is batttiagcer. The students connect their emotions in
supporting and helping her to a conceptual matheaiatlea involving factorial growth,
offering to the audience ways of experiencing mawditgcal emotions.

The use of digital media is also a significant aspegarding the mathematical emotions
the audience may feel through students’ DMPs. InFFBMi10, #15, and #22, for instance,
students do not use their bodies to play rolesabhematical objects. Furthermore, these three

DMPs connect multiple representations and diffesér@inds. Thus, they may offer conceptual
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mathematical emotions to the audience. The animati@ct in these DMPs offers ways of
seeing mathematical objects in motion, which mdgrafmotions to the audience regarding the
fact that mathematical objects are “alive.” As ni@med, the use of digital media in these
animations (software of video edition) conditiohe stop-motion animations. The mathematical
ideas are represented and communicated throughcags of feeling-with-digital-media.
Interestingly, in the credits of DMP #15 studentkenexplicit the use of the paper, markers, and
web cam. That is, students are “acknowledging’ube of artefacts that are fundamental to the
communication of the idea explored. The same happethe credits of the DMP #22. These
facts are interesting because | am assuming tblabeéogy shapes the production of
mathematical knowledge in such ways that humanis-migdia (Borba & Villarreal, 2005) form
“feeling-thinking collectives” and students areagnizing the relevance of materials in the
production of their DMPs.

Another way of seeing the relevance of the usagfad media in offering mathematical
emotions to the audience refers to the procesglebwecording. Close-ups on actors’ faces
enhance the vicarious pleasure (Boorstin, 1990)th&l DMPs based on musicals, skits, and
songs use some zoome-in effect of recording (sear&i§.10 a-c). This resource is also used in
emotions that are not necessarily mathematicaliemtThe actions of feeling collectives of
human-with-video-cameras are significant then tavjgle emotions to the audience. Although
the nature of the data explored in this researds dot offer evidence to identify who was
(were) video recording the performances, it is fmdsgo guess that it can be a collective formed
by students, and/or teacher(s). Gadanidis et.dlQ2@nd Scucuglia, Borba and Gadanidis (2010)
emphasize that the process of recording a perfaentor a DMP can be a collective activity in
a classroom and it can be conducted by a groufeofentary school students using cell phones,

for instance.

Figure 5.1C a-c: Close-ups on students’ facial expressions — erihgitise vicarious pleasure.

Q QOO
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Non-Mathematical Emotions.

In most of the DMPs students also express emotlatsare not mathematical emotions
(DMPs #1-9, #11-14, #16-20). They explore emotiorthe general plot of dramatic events. In
DMP #1, for instance, where students explore paiggbrough a skit, the mathematical idea
explored is not conceptual, but the dramatizatiothe contextualization as a story is
fundamental within the notion of mathematical perfance. Overall, the arts offer ways to
communicate ideas in ways that makes the proce$sesnmunicating and representing
mathematics human and aesthetic. Then, every DMRzed in this research has the potential
to evoke emotions to the audience, mainly thosehvimvolve very clear human characteristics
such as human characters, use of voices, etc. Sheftemotions in communicating
mathematics also helps students to disrupt potestéeeotypes they have about learning
mathematics (see Gadanidis, Gerofsky & Hughes, ;28@8anidis & Scucuglia, 2010;
Gadanidis et. al. 2010). Furthermore, stories, spskjts, and animations supported in video
format are popular forms of representation andeims of semiotics, they empower the typical
elements that form the communicational nature witffirtased texts, in which mathematical
symbolism is traditionally represented. Table JuBmarizes the analysis of vicarious emotions
in the students’ DMPs analyzed in this research:

Table 5.8: Vicarious Emotions in Students’ DMPs
Embodiment | Stop-Motion Close-up Story
Animation

Conceptual | #2,#3,#4,#5, | #10, #15, #2,#3, #4, #10, #15, | #6
Mathematical | #13, #18 #22 #13, #18, #22
Emotions
General #7, #8, #9, #11 #1, #7, #11, #12, #1. | #20
Mathematical | #14, #20 #16, #17, #19, #20
Emotions
Non- #2, #3, #4, #5 #1, #2, #3, #4, #7, #1 | #6, #20
Mathematical | #7, #8, #9, #11, #12, #13, #14, #16,
Emotions #13, #14, #18, #17, #18, #20

#20
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Visceral Sensations

According to Boorstin (1990), the visceral eye ref® direct experiences, to the
sensations the audience may feel. The visceraspleaisually emerges from those moments of
action, joy, tension, or suspense of a story inciline audience feels its own feeling rather than
the actors’ feelings. Soundtracks usually enhaiseeral sensations. In DMPs, visceral
sensations are linked to (a) sense of matheméiticaésthetics and/or beauty (Sinclair, 2000;
Gadanidis, 2004) and (b) dramatic events invol@ognes of actions, suspense, tension or joy
that are supported by quick or fast changes (O2&ft0), scenes involving running or fights,
and/or achievement, for instance. Figure 5.11tilaies the main aspects of the visceral eye

regarding the analysis of the DMPs in this research

Figure 5.11 Visceral Sensations in Stude’ DMPs

' 4

Mathematical
Fit / Aesthetics / Beauty

Dramatic Events:

Action, Joy, Suspsense, Tension
Visceral Sensations - Quick/Fast Changes
- Running/fights

- Achievement

Soundtrack and Other Aspects

Sense of Mathematical Fit.

Sinclair (2006) states that “the phase of playirauad or ‘getting a feel for’ is aesthetic in
so far as the mathematician is framing an arexlbeation, qualitatively trying to fit things
together and seeking patterns that connect orraiegg(p. 95). Sinclair also posits that
“mathematicians can be attracted by the visual @ppfecertain mathematical entities, by
perceived aesthetic attributes such as simplicity@der or by some sense of ‘fit’ that applies to

a whole structure” (p. 99). Thus, the sensmathematical fi{related to aesthetics and beauty in
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mathematics) is regarded though the lenses ofnabpkasures within the notion of DMP
(Gadanidis & Borba, 2008).

In this study, many students’ DMPs potentially offesceral sensations to the audience by
exploring the sense of mathematical fit regardienesal aspects. In DMP #1, students explore
the fact that specific types of figures fit as auson of a problem or puzzle, that is, to open the
doors to free Poly in the story, students haddgorg out that polygons and regular polygons
were the shapes that would fit in finding a math&éradlgeometric solution for the problem. In
DMP #12 students also use the notions of diameigradius of a circle to solve a problem
involving the process of baking a specific typeake.

In DMPs #2, #3, #4, #5, #13, #15, #17, #18, andst@@ents explore the notion that some
figures fit in others. DMP #2 explores how a tragd4its in a triangle because students are
imagining a trapezoid and a “triangle with its headt-off.” Similarly, in DMP #4 students
explore how triangles fit in many shapes such aallgdograms and regular hexagons. In DMPs
#3, #5, #13, and #18 students explore how a spepitdrilateral is a special case of others. By
exploring, for instance, the fact that a squaie special case of rectangle, these DMPs explore
how the properties of rectangles fit on the prapsrdf squares. In DMPs #15 and #22 students
explore how isometric pieces of representatiorfsgyofes may fit together, forming a whole
figure in the process of demonstrating visuallyieglence of fractions. In DMP #17 students
explores how a square and four triangles may @hedher forming a square based pyramid.

In DMPs #2, #5, #6, #8, #9, #11, #12, #14, #16, #hd #20 students explore how a
mathematical idea (or a representation of a matheat@eometric object) may fit in the world
around the students. These connections betweerematits and everyday contexts were
discussed in the secti@onceptual mathematical surprises

In DMP #6 students explore patterns through a fadtgrowth contextualized in an
everyday situation. In DMP #7 students also expéom@e aspects involving patterns. A student
playing a role as a square poses a question tauttience Is there a pattern going on?after
responding he has four lines of symmetry, four sgdgad four vertices. Table 5.9 presents the
ways some DMPs may offer visceral sensations tatigéence regarding the exploration of

senses of mathematical fit:
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Table 5.9: Sense of Mathematical Fit in Students’ BIPs

Shapes fit one to another #2, #3, #4, #5, #13, #15, #17, #18, #22
Mathematics fit in the world #2, #5, #6, #8, #9, #11, #12, #14, #16, #17, #20
Patterning #6, #7

Solution of a puzzle or problem #1, #12

Dramatic Events.

Some aspects found in students’ DMPs offer viscaabations to audience by exploring
quick or fast changes. That is, some mathematieals explored through performance offer a
sense of “mathematical action,” offering a senseii@ct experiences to the audience. In DMP
#6, quick change may potentially be felt through ¢éploration of a factorial growth. As shown
in the last chapter, this type of growth is muchrenatense when compared with a linear
growth, for instance.

Fast changes can also be felt in DMPs #10, #1b#a8. These are the animations
produced by using the stop-motion format to visuakplore the equivalence of fractions.
Sequences of discrete moments represented thractgihgs are shown in such a way that they
offer to the audience a sense of rapid motfdn.addition, this sense is linked to a sense of
mathematical fit, offering rich ways for the audierto experience a visceral mathematical
pleasure through a visual demonstration that seseing production toward the notion of
equivalence of fractions.

The use of dramatic events through skits and ralssaiso offers ways for the audience
to sense mathematics viscerally, mainly when tieea® emphasis on action or quick gestures.
The audience may sense the joy of a moment of aeiment and the tension supported by a
suspense or thriller thematic, action of an intestane. Some of these events emerge directly
through the exploration of mathematical ideas. Semetions may be felt as visceral sensations
because the frontiers between vicarious emotiods/esteral sensations tend to get blended
sometimes. In DMP #1, there is tension in tryingind Polly and happiness when Polly is
found. In DMPs #2, #16, and #19, students get egcjted when they are proved by the judges

and they feel disappointed and frustrated. The ggpeeof sense of joy/achievement may be

% There is an interesting discussion about the elistmontinuous nature of films, that is, on theafse
sequences of discrete images in order to offepdéineeption of continuity. This issue and its relatio DMP may be
explored in a future study based on the notioma@fement-image (Deleuze, 1986) and time-image (2ele1989).
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found in DMPs #4, #5, and #9. In DMP #4, in paftacustudents are excited, running around a
large room to experience how many shapes can be misld representations of triangles. In
DMP #5, the way Little Quad flies and discoverditgin the world may also be interpreted as a
visceral moment. DMP #11 explores the way a spiai®fast.

In DMPs #11, #13, #14, and #18 students explomestivolving disputes or “fights”
and they are related to mathematical ideas. In BAYE the sheriff arrests the sphere that rolls
illegally everywhere, after fighting with the speein DMP #13, the square was attacked by the
rectangle and the parallelogram because they ¢t@rsquare is not like them. In DMP #14,
Pointacula terrorizes the solids in 3D Town. In DMIEB, Mr. Isosceles hurt Mr. Square, and
thus Mr. Isosceles is viscerally captured by Mrci@i.

Table 5.10 shows the dramatic events of the DMBsdan offer visceral sensations to

the audience through the exploration of mathemiatieas:

Table 5.10: Visceral Sensations - Dramatic Events iStudents’ DMPs

Quick Change by growth #6
Quick change by motion/animation| #10, #15, #22
Scenes of Joy (achievement) #1, #2, #4, #5, #9, #16, #19

Scenes of Action (fights, fly, or run) #4, #5, #11, #13, #14, #18
Scenes of Suspense and Tension | #1, #2, #11, #13, #14, #16, #17, #18, #19

Soundtracks and Other Aspects.

Soundtracks offer ways to the audience to expegiersceral sensations (Boorstin,
1990). DMPs #2, #3, #4, #7, #9, #10, #11, #14, #156, #17, #18, and #22 use songs in one or
more moments in the composition of the plot ofgh€formance. In DMPs #2, #3, #4, #7, #9,
#11, #14, #16, #17, and #18 (musical and songgjests are singing the songs. These DMPs
has also characteristics of video clips, whichreatirally visceral according to Boorstin (1990).
In DMPs #10, #15, and #22 (stop-motion animatistydents use instrumental soundtracks that
probably were not created by them. Some of the RkFparodies of TV shows (#2 and #16) or
explore a popular “math joke” (#1), which may ent&the visceral sensations offered to the

audience since Boorstin states that the appealgalar culture offers visceral sensations.
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It is important to recognize in this study that Bsio’s (1990) categories are used in an
adaptive way, because the categories are origipaetiyosed considering the process of making
Hollywood films. These films are usually long (@080 minutes, depending on the genre). The
DMP in video format analyzed in this study are slotime (approximately 3 minutes), then,
each DMP is potentially visceral, that is, studeDtglPs have the potential to offer direct
experiences to the audience regarding the shdddgef time in which mathematical ideas are
presented through multiple modes of communicafl@ile 5.11 presents general aspects in

terms of the visceral sensations the audience menpally feel by reading students’ DMPs:

Table 5.11: Visceral Sensations - Soundtracks andter Aspects in Students’ DMPs

Soundtracks #2, #3, #4, #5, #7, #9, #10, #11, #14, #15,
#16, #17, #18, #22
Parody and popular content #2, #3, #16, #19

Compile multiple modes and present the ideag W2, #3, #4, #5, #7, #8, #9, #11, #12, #13,
a short period of time (DMPs in video format) | #14, #16, #17, #18, #19, #22

Final Comments of Chapter Five — Part One

In the first part of this chapter | presented assroase analysis of students’ DMPs
through a performance arts lens. | used Boorstii990) categories to discuss the types of
surprises, sense-making, emotions, and viscerabiens the audience may potentially feel by
reading students’ DMPs as multimodal texts/nareativ

It is important to acknowledge that | analyzed ahky students’ DMPs available in the
first year of the Festival. It means that studelidsnot have examples as references to produce
their DMPs. Thus, | would argue that students’ DMFsr some mathematical surprises. These
surprises are mostly supported by the use of tHenpeance arts and digital media:
multimodality. That is, it is surprising to seedgmts using the arts and producing multimodal
texts to communicate their mathematical ideas. Saointlee mathematical ideas explored may be
potentially considered conceptual, that is, somih@DMPs offer contexts for seeing the new
and wonderful in mathematics but this is not weNeloped. Multiple representations and
multiple strands are not well connected, and mattieal ideas are not deeply related to

everyday situations or problems.
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The multimodal nature of DMPs is one of its mogh#icant pedagogic attributes.
Mathematics is traditionally communicated througimipbased texts through the use of writing,
charts, diagrams, and graphs. Digital media affocda offer ways to represent mathematical
ideas through multiple modes, which adds non-usiyaks of signs in communicating
mathematics (e.g. audio, gestures, space). Howewxgtimodality does not guarantee the
conceptual nature of the idea explored in the DMPs.

Students’ DMPs present examples and visual andavarguments, but, generally, most
of the DMPs present gaps in terms of sense-makidglaey do not support the conceptually of
the idea explored. Two aspects are considere@NH)s are short and it is not a simple task to
present mathematical arguments in-depth in a @lesidd of time, even though visual aspects
can be explored (e.g., visual proofs); (b) ther kind of “tension” between the traditional
objectivity of mathematical reasoning and the stibjeéy emergent with the arts. Some students
present incoherencies in terms of reasoning angeseraking in their DMPs such as lack in
logical (or deductive) thinking and miscommunicati@verall, students provide interesting
examples to the audience by exploring the visualreaf digital media and connecting
representations, but they do not present cleaomvincing arguments that support the
conceptuality of their ideas. They also offer somag/s to extend the problems, but these ways
are not explicit in most the performances. The enck may find ways to extend and reflect on
the problems based on the subjectivity emergent tiee performance arts. The use of songs, for
instance, helps students and the audience in w@frnesnembering the contents and ideas, but
they push the meaning production to the audiemaedyrics usually do not offer much
information and are shaped by rhymes. Thus, althatigdents’ DMPs have the potential to
offer mathematical surprises to the audience, ththematical sense-making aspect of the DMPs
is seen as problematic in this stufy.

Students depict emotions in their DMPs, matthematical emotion@motions related to
conceptual turning points) are not common. Emotemescommon feelings explored in
stories/narratives and students’ DMPs are digéatatives. However, only some mathematical
emotions emerge in the stories through the usleeohits, mainly through the notion of

embodiment. Skit performances in which studentg pies as mathematical/geometric objects

30 Osafo (2010) pointed out a similar finding, whenamalyzed (also using Boorstin’s lenses) digital
performances on science education available at MbeTThe performances offer surprises, but theg teaks in
terms of understanding or sense-making.
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involve use of speech and gestures in conductiagndiic events regarding exploration of
mathematical properties. Vicariously, the audiemes feel some mathematical emotions that
emerge in DMPs through performative activities imat students-think-as-mathematical-
objectsand form thinking-feeling collectives.

Students’ DMPs provide some visceral sensatiotisg@udience by exploring sense of
mathematical fit such as how representations ohematical objects fit in the world. Dramatic
events involving scenes of action or suspensearsmonly found in skits and musical
performances (use of soundtracks) and the pldtesfe dramatic moments are direct related to
the exploration of mathematical ideas.

Therefore, overall, considering a performance larts (Boorstin, 1990), | suggest that
the production of @onceptual mathematical DMPsa rare evenwithin those analyzed in this
study. That is, most of the students’ DMPs do rifgrpsimultaneously, conceptual
mathematical surprises, sense-making, emotionsyiandral sensations to the audience.

In the next part of the chapter | present a crese@nalysis using as lens the strands and

processes of the curriculum (Ontario Ministry ofu€dtion, 2005).

Chapter Five - Part Two: A Cross-Case Analysis thragh the Lens of the Mathematical

Strands and Processes of the Ontario Curriculum

In chapter two, | introduced the mathematical steaand processes of the K-8 Ontario
Curriculum (Ontario Ministry of Education, 2005)ItlBough these two themes about the
curriculum were not explicitly displayed in chapteur (i.e. they did not name sections in the
last chapter), the reader shall notice that thends and the processes were discussed along the
chapter within the four main categories on perfarogearts (Boorstin, 1990). The mathematical
strands and processes are already defined as ampartthe curriculum and they offer additional
insights in the analysis of this study. Throughugiculum lens, the mathematical ideas and
activity in students’ DMPs may be interpreted andlgzed considering significant aspects about
learning, teaching, subject matter, and milieofférs an initial approximation in terms of

insights between DMP and curriculum.
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The Mathematical Ideas: Contents and Strands in Stients’ DMPs

In most of the DMPs (#1-9, #11-14, #16-19, and #2djlents explored ideas about
Geometry, in specific, properties and/or exampfgdane figures (e.g. polygons and circles)
and solids. In DMPs #10, #15, and #22 studentsoegglequivalence of fractions, but also made
connections to geometric representations. OnlyMPDB3#6 students explored factorial growth
and in DMP#20 they explored measurement. AmongetiddPs in which students explored
Geometry, in DMPs #1-5, #7-9, #12, #13, #16, #18, #nd #21 students explored plane figures
(mainly polygons). In DMPs #11, #14, and #17 staslexplored solids, in particular, in DMP
#17, they explored solids and some aspects ofl#meg figures that form the solids (faces).

Table 5.12 presents the content/ideas exploreddh BMP:

Table 5.12: Content/Ideas Explored in each DMP

Geometry Equivalence Factorial| Measurement
of Fractions | Growth
Plane Figures Solids #10, #15, #22  #6 #20
#1, #2, #3, #4, #5, #7, #11, #14, #17
#8, #9, #12, #13, #16,
#17, #18, #19, #21

In terms of strands, based on those pointed ailmeiik-8 Mathematics Ontario
Curriculum (Ontario Ministry of Education, 2005hete is a clear emphasis Geometry and
Spatial Senseegarding the nature of the ideas explored in mmbdte DMPs analyzedn the
DMP that explore equivalence of fractions, studaatsially made connections between two
strands -Number Sense and NumeratamdGeometry and Spatial Senseegarding the fact
that they used visual/geometric representatioregjaivalent fractions, as parts of representations
of rectangles. In DMP #6, which explores factogadwth, students connected three strands —
Number Sense and NumeratideasuremenandPatterning and Algebra by exploring, for
instance, a sequence formed by “twenty dimes” ), Ztwice as much” (n = 2), “three times as
both of you” (n = 4), and so on. In DMP #20, theplered ways of measuring time and money,

students explored ideas within the straeasurementvith superficial connections tdumber
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Sense and NumeratioStudents did not explore ideas within the stl@ath Management and
Probability in any of the DMPs. Table 5.13 presents the sg@axglored in each DMP:

Table 5.13: Strands Explored in each DMP

Geometry and Spatial Sense Number Sense PatterniMpasurement
and Algebra
#1, #2, #3, #4, #5, #7, #8, #9, #10, #11, #1246, #10, #15, #6 #6, #20

#13, #14, #15, #16, #17, #18, #19, #21, #22 #20, #22

Although students explored connections betweeressmtations and modes of
communication in their DMPs (as discussed in tret fiart of this chapter), overall, they did not
explore many significant connections between ssaAdcording to Gadanidis and Hughes
(2008), conceptual DMPs explore big mathematicedgthrough the articulation between
representations and ideas or strands. Thereféaekafconnections of strands a
characteristic of elementary school students’ DMiRb&e Festival in 2008, based on the fact that
most of the DMPs were produced focusing only orstr@endGeometry and Spatial Sense

One question must be discussed on this point: vidiyndst of the students explore ideas
on Geometry in their DMPs? One answer would be@®aimetry’s nature highlights visual
representations and the affordances of digital emal$io have a visual nature. Students linked the
visual nature of Geometry to the visual naturesihg videos, making a “comfortable/expected
zone” to explore, communicate, and represent idHaat is, students are exploring visual
representations in their DMPs, using content ordynfone area (Geometry) that traditionally
explores visualization. The lack of connecting esgntations and ideas from different strands in
students’ DMPs is also evident in the curriculuncuwtoent. By separating and isolating the
strands, the curriculum potentially narrows dowa plossibilities of articulating multiple
representations and strands. The traditional natupdgebra, for instance, is very numeric and
symbolic. Teachers usually do not link Algebra tihen strands when they teach Algebra and
they do not explore visual representations in Atgeb

Alternatively, the nature of mathematical knowledgelassrooms could be the one of
opening windowgNoss & Hoyles, 1996; Gadanidis, 2005). DMP has(tommunicational,

representational, and pedagogical) potential teraffays of opening windows into knowing
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mathematics in the classroom (Gadanidis, Gerofskjughes, 2008; Gadanidis, Cordy &
Hughes, 2011). However the use of DMP does notagitie@e the opening of windows
necessarily. The nature of the mathematical idpéoexd and the use of multiple representations
are the most significant aspects in opening windiotgs mathematics. One example of DMP

that offers ways of opening windows is théatterns(see the full description in Prologue). The
DMP L-Patternsexplores sequence and series of odd and even msiimpeonnecting\lgebra

and Patterningo Geometry and Spatial Send&imber Sense and Numeratiamd
MeasurementThe connections between strands are fundamestadiyed by the connections
between representations. Thus, lthRatternsis an example of DMP that does not only connect
multiple representations, it connects multiple esgntations and strands. Moreover lthe
Patternscan be explored through several school levelsdbasehe notion of “low floor and

high ceiling”, that is, one can be engaged in tt@aration with minimum knowledge about the
topic but the nature of the idea and the use ofiplelrepresentations offer ways to explore the
idea further. For more details about this discussige Gadanidis, Hughes, and Borba (2008) and
Scucuglia, Gadanidis, and Borba (2011a; 2011Db).

The Curriculum’s Processes in the Students’ DMPs

In this section | use the curriculum’s mathematmraicesses (Ontario Ministry of
Education, 2005) as lenses for the cross-casesasalhese processes are already defined as
important in the curriculum and they offer new gigs in the analysis because Boorstin’s (1990)
categories are not originally related to mathemsafitie seven mathematical processes pointed
out in the K-8 Ontario Mathematics Curriculum gseoblem-solving, reasoning and proving,
reflecting, selecting tools and computational sgas, connecting, representing, and
communicating. These processes overlap and, eeeglithey were not explicitly the
categories of analysis in the last chapter, mogte@fundamental aspects that characterize them
were part of the analytical lenses in chapter féotlowing, | present a discussion of some
emergent perspectives within this study considettiegmathematical processes of the

curriculum (Ontario Ministry of Education, 2005).
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Problem-solving.
Although the process of producing a DMP can be rstded based on the notion of

problem-solving, it was not the main focus in ttesearch. | did not analyze the process of
producing a DMP, | analyzed only the DMP. Howeweme aspects can be discussed because
each DMP offers some insights toward the proce#s afeation.

The curriculum mentions that problem-solving focuea the “mathematics in the real
world . . . helps [student] connect mathematic situations outside the classroom” (Ontario
Ministry of Education, 2005, p. 12). This connentifor instance, was considered in my analysis
to discuss th&oyeur -new/wonderful/surprisingategory as well as how representations of
mathematical objects may fit in the world as péathe visceraleye. In DMPs #5 and #8, for
instance, students explored how representatiogsahetric figures may be identified and the
world. In DMP #12, they used the definitions ofitedand diameter of a circle to solve a posed
problem of baking a cake regarding specific charéstics of its format. Furthermore, problem-
solving highlights “enjoyment in mathematics” (OmdaMinistry of Education, 2005, p.12) and
the performative nature of DMPs is very playful. BMoffer ways of seeing the joy in
mathematics (Gadanidis, Hughes & Borba, 2008)sS&dngs, musical, or puppet theatre offers
playful, non-traditional and enjoyable environmetaiexplore and communicate mathematics.

Collaboration is also an important aspect in pnobsolving. It “promotes the
collaborative sharing of ideas and strategies,pathotes talking about mathematics” (Ontario
Ministry of Education, 2005, p. 12). All DMPs anadgd in this study were produced collectively
through collaboration between students (and teagh&l the DMP have two or more authors.
Although teachers do not appear as actors or singeéhe DMPs, the role they played in
supporting students in their strategies of perfagns fundamental. In the production of DMPs,
students-and-teachers-with-media form thinkingemtizes in the production of mathematical
knowledge. The use of gestures, verbal languag®aoipulatives shapes and reorganizes the
mathematical thinking emergent from the collecexperiences in the classrooms. DMP #4, for
instance, involves a whole class in which manyetitsi collaborate one to another by using, for
instance, their bodies to create collective repriedions of triangles in the classroom. Through
the notion of collaboration, students’ DMPs offgrdence that mathematical experiences in the
classroom do not have to be individual and isolaidé joy of mathematics usually emerges

from collaborative experiences students have issctams and the playfulness of the
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performance arts opens windows into the collecegsrin the pedagogic scenarios, which are
significant elements of postmodern curricula (D2993).

The strategy model mentioned in the curriculum doent is based on (a) understand the
problem; (b) make a plan; (c) carry out the plad @) look back at the solution. DMP can be
considered in part as a problem-solving experidéeoause there is a parallel between the
strategy model and the process of how to struchaematics to elucidate surprises, sense-
making, emotions and visceral sensations, whigtarsof a good story within Boorstin’s (1990)

perspectives and fundamental aspects of concepMBks.

Reasoning and Proving.

Reasoning and provingfer to mathematical understanding and thinkingté@o
Ministry of Education, 2005). Significant aspeatgarding the focus of this study on the nature
of students’ DMPs refer to students’ reasoningyriséas, understanding, thinking, meaning and
knowledge production. The discussions in the sedmyeur- Sense-Makingor instance,
highlighted some aspects of students’ logical,ifiviel and deductive thinking when exploring
mathematics in their DMPs. In DMP #1, for instarstedents explore the notion of polygons
and non-polygons based on experimental puzzlesenthel have to think intuitively and
deductively to figure out the questions and thetsmhs of the puzzles.

However, overall, similarly to Osafo (2010), | fauim this study that there is a lack in
terms of sense-making in students’ DMPs. Therernsesevidence that this lack exist because
DMPs are “short” texts and the arts in generalsleath subjectivity. That is, in song
performances such as DMPs #2 and #3, for instaneglot of mathematical ideas is built on a
short amount of information and, instead posing&debjectively, these DMPs use only few
words based on rhymes. This characteristic offemsesinsights to the audience, but, it does not
guarantee that the ideas are being communicatadycigith sufficient arguments that justify the
statements posed. Again, the issues related todthen ofparamathematic§Doxiadis, 2003)
appear as epistemological and pedagogical tensigolving the paradigmatic and the narrative

modes of thinking.
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Reflecting.

The process of producing DMPs requires engagemepracticing the performance and
may require engagement with the use of digital mebihe process of practicing a skit, for
instance, usually requires practice/repetitiondmmunicate ideas clearly though gestures,
actions, speech, and so forth. These procességsnat@mental for learning in developing
students’ communication skills (Gadanidis, Hugl&€&ordy, 2011). In the end of DMP #19, for
instance, the audience can listen to the teaclyergthe following words to the students when
they finish the skit performanceOk! Hey guys, that was a lot bettefhis comment means that
it was not the first time students were presentirggskit. They were practicing the dramatic
events, repeating their actions, gestures and bpséc such way they were seeking to optimize
the communication of their mathematical ideas. eDeé (1994) states an important relation
between semiotics, learning and theatre regardiegery notion of repetition.

The reproduction of the Same is not a motor of lyadovements. We know that even

the simplest imitation involves a difference betwégside and outside . . . Learning takes

place in the relation between a sign and a resp@ma®unter with the other) . .. To learn
is to constitute this space of an encounter wighsi . . Signs are the true elements of
theatre. They testify to the spiritual and natp@lers which act beneath the words,
gestures, characters and objects represented.sidrafy repetition as real movement.

(Deleuze, 1994, pp. 22-3)

Furthermore, typical classroom experiences areauatrded and they are not shared
publicly. Each DMP as a product (as a multimodatateve or multimodal text) offers ways to
students and teachers reflect on their actionsaayd of communicating because they can watch
or read their DMP as many times they wish afterctieation of the DMP. That is, these
experiences help inform or restructure future pedagexperiences, offering new insights on
students’ learning based on the reflection of the#vious recorded actions. In this scenario,
teachers also may assume a very significant rdheliping students to create good stories, that
is, teachers play very important pedagogic rolesupporting students on the creation of good
multimodal texts in which students use the perfarossarts to communicate their learning.
Within the notion of cognitive ecology (Borba & \étreal, 2005; Levy, 1993), thinking
collectives of students-and-teachers-with-DMP maydund in reflective actions even after the
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creation of the DMPs. Conceptual mathematical ssgpr for instance, may offer ways to
students think mathematically in future eventsheirtlives after the production of a DMP.
DMPs are also publicity available online and thegyrbe accessed anytime. Thus, the
virtual environment of the Math + Science Perforoefkestival works as a nexus that offers
ways of forming collective intelligences (Levy, B)9which the nature is fundamentally
reflective. Gadanidis and Geiger (2010) have reteto the Festival as “one example that helps
bring the mathematical ideas of students into publiums where it can be shared and critiqued
and which then provides opportunity for the congidialevelopment of knowledge and
understanding within a supportive community of teas” (p. 102). Moreover, from a narrative
point of view (Bruner, 1994), the fact that DMPg ahared publicly online makes students
reflect about their experiences and ways of compatimg a mathematical idea to the audience.
Thus, the role of the audience shapes the waysmtsideflect about their learning and the ways
they communicate mathematics in the DMPs, becduslersts reflect on how to portray the
“mathematical self” to a large audience formed bgpde that are not necessarily in their
classrooms. There is thus the pedagogic dimensiarich students form identities as
performance mathematiciaty producing a DMP (Scucuglia, Gadanidis & Bor2@10). In
DMPs #2, #7, and #16, for instance, the audiencewicariously feel that students are
conscious that they are communicating their mathiealadeas to a wide online audience who is

interested in mathematics and these DMPs are radipopular TV shows.

Selecting Tools and Computational Strategies.

The curriculum states that “students need to devitle ability to select the appropriate
electronic tools, manipulatives, and computatictedtegies to perform particular mathematical
tasks, to investigate mathematical ideas, andlt@ swoblems” (Ontario Ministry of Education,
2005, p.14). In many DMPs students use manipulgtideawing, and “math costumes” (e.g.,
DMP #1, #4, #5, #7-11, #13-15, #18, #21, and #22)ays that offer important insights to the
audience’s mathematical understanding. In DMP éiSinfstance, the use of manipulatives is
fundamental to the audience visualize the diffecpraidrilaterals, identify their properties and
make connections between them. The use of thesgialatshapes the nature of the reflections

and mathematical representations students anditherece engage with.
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It is important to mention that the use of digitadia is a requirement to produce a
DMP. Even though in most DMPs students do not n®mation technology in the process of
performing (e.g., they do not use computer softjydihe use of video cameras to produce video
files is fundamental to support multimodal commatien and to make the DMPs public
mathematical texts in a non-traditional format (poht-based). Considering the notion of
humans-with-media (Borba & Villarreal, 2005), ttsidy offer some evidence about how
students-with-digital-media form thinking colleatiw in the production of DMPs. For instance,
in DMPs #10, #15, and #22 (those that explore Viem@esentations of equivalent fractions), the
use manipulatives and computer software for vidtiom was fundamental to produce the stop-
motion animations, which condition the design & gerformances and the mathematical
meanings students and the audience may producetivdgmproduce or read the DMPs. The
discussions toward DMPs, the use of technologyrankimodality were presented in the first

part of chapter five.

Connecting.

Connections, relations, or articulations betweetedures and concepts help students
develop mathematical understanding (Ontario MigiefrEducation, 2005). Connections are one
of the most significant aspects analyzed in thégaech. Connections between representations,
for instance, are strongly addressed in the libeeabn mathematical learning (Confrey, 1990;
Kaput, 1992, Noss & Holes, 1996). From the notibonagnitive ecologyLevy, 1993),
communication, learning, and meaning and knowlgugduction are concerned with
connections (see the metaphohgpertextin chapter two). Along the analysis conducted in
chapter four, | interpreted and explored four cygping types of connections in students’
DMPs. These are connections between (a) repressradb) modes of communication; (c)
mathematical ideas, concepts, or strands; and &tematical ideas and everyday situations.

In DMP #13, for instance, students perform a skixplore relations between
guadrilaterals, connecting verbal information (ses), gestures, and visual-manipulative tools
(they play roles as quadrilaterals with costumeshéal by representations of the figures). The
way students make connections between represergatial modes of communication offer
ways to the audience make connection between grepef quadrilaterals and relations between

them. Although students do not explore connectioresseryday situations, these multiple forms
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of connecting representations, modes, and geonpmterties of figures emergent in dramatic
events in the DMP offer ways to the audience expsurprising ideas such as “a square is a
special case of rectangle, parallelogram, and rhusifb

Overall, most of the students’ DMPs connect mudtiplodes of communication and
representations. In fact, it emerges “naturallytdaese they are using digital media to
communicate and represent their ideas. AlthougheddMPs explore connections between
mathematics and everyday contexts (e.g, DMP #3,#8-1, #12, #16, #17), most of the
connections are superficial or they do not pres#onhg arguments to make the connection
explicitly to the audience. Only DMPs #6, #10, #2380, and #22 make connections across
strands, but these DMPs do not fully explore albdesof communication because DMPs #6 and
#20 are in power point format and use only writamgl drawing and DMPs #10, #15, and #22
are animations in which students do not appedrarperformance (no embodied gestures nor

verbal information).

Representing.

The curriculum states that:

In elementary school mathematics, students represathematical ideas and

relationships and model situations using concretterals, pictures, diagrams, graphs,

tables, numbers, words, and symbols. Learning #énews forms of representation helps
students to understand mathematical concepts &ttbrships; communicate their
thinking, arguments, and understandings; recogron@ections among related
mathematical concepts; and use mathematics to raodehterpret realistic problem

situations. (Ontario Ministry of Education, 2005,116)

The modes of representation pointed out in thaauum are fundamentally print-based.
Typical classrooms experiences students have ssrdams are not recorded. DMP offers ways
for multimodal representations in which students cambine all these modes pointed out in
curriculum with a vast variety of other includingrbal/oral/spoken communication, sound
effects and music, gestures, visual simulationatigpdesigns, and so forth. Moreover,
representing mathematical ideas through the utieegferformance arts is not typical as well.
The interdisciplinary aspects that involve matheosadnd the arts in DMP offer ways to

construct rich pedagogic scenarios. The use oligestn skits, for instance, opens windows for
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multiple signs to represent mathematics and adddangers of meanings. In DMP #4, for
instance, the use of students’ body to createlalmmiative representation of triangles is
fundamental for students’ and audience’s undergtgsdin DMP #10, #15, and #22 students
explore visual proofs for equivalence of fractienough the production of a stop-motion
animation. Therefore, DMP offers multiple modes artiktic expressions for students to
representhinking, reasoning, and learning, which challentie lack in the curriculum in terms
of strictly proposing the print-based format of negenting.

Communicating.
The curriculum posits that:
Communication is the process of expressing matheatadeas and understanding
orally, visually, and in writing, using numberspgyols, pictures, graphs, diagrams, and
words. Students communicate for various purposddardifferent audiences, such as
the teacher, a peer, a group of students, or tlbewdiass. Communication is an essential
process in learning mathematics. Through commubitastudents are able to reflect
upon and clarify their ideas, their understandihgmathematical relationships, and their
mathematical arguments... The ability to provide @ffee explanations, and the
understanding and application of correct matherabtiotation in the development and
presentation of mathematical ideas and solutiaeskey aspects of effective
communication in mathematics. (Ontario MinistryEafucation, 2005, p. 17)
Communication is a key-notion in this study. DMRea$ ways for student to
communicate ideas combing several modes: linguigsaal, gestural, audio, and spatial (The
New London Group, 1996). The combined use of tesggns to communicate mathematics
offers surprises to the audience. The multimodainesof students’ DMPs is one of its most
important pedagogic attributes. The analysis oMPs in this study in terms of multimodal

communication is discussed in several sectionbeflissertation.

Final Comments of Chapter Five — Part Two
The cross-case analysis conducted in the secohdfgais chapter through the lens of
the components of the Ontario curriculum highlightst most of the ideas explored by students

are related to geometry. Students do not investigaveral deep connections betwstands
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considering those proposed in the curriculum (Ootslinistry of Education, 2005). Students
explore interesting visual representations witheometry and Spatial Senseit geometry is
traditionally a strand that explores visualizatibMP can be understood as “mirrors” or
representations of what (and how) students areilggthe classrooms and what they are not
learning. If they have learned rich visual, conemgpresentations in Algebra, Number Sense,
Measurement, or Probability, they might have usedtin the DMPs. So, this analysis is
identifying a pedagogical problem.

The analysis based on the curriculum mathematicads and processes lens also
suggests that the use of DMP in the classroom ehnauddress process components. There is a
pedagogical synergy between the production of DiEfREthe possibility to address the
mathematical processes indicated in the K-8 Ontdathematics Curriculum (Ontario Ministry
of Education, 2005). As lenses, reciprocally, trehematical strands and processes of the
curriculum offer ways to understand students’ miaddigcal activity on their DMPs. Thus, the
combination between a performance arts lens (Book290) and a curriculum lens (Ontario
Ministry of Education, 2005), shaped by notionshitsocioculturalism, humans-with-media,
and multimodality, offer multiple ways to (a) inpeet and analyze the nature of students’ DMPs,
(b) discuss students’ learning through the usegifad technology and the performance arts, and

(c) indicate potential components for the produttd conceptual DMPs in pedagogic scenarios.
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Epilogue: On the Nature of Students’ Digital Mathenatical Performances

Introduction

In this study | investigated the nature of studedMPs on the Math + Science
Performance Festival. | discussed the mathematieak explored by the students, the ways
students communicated the ideas to a wide audi{@1d®s are publicly online), and the role of
technology and the arts in shaping students’ reagand thinking. These aspects were mainly
discussed based on a performance arts lens (Bgat890), which highlighted surprises, sense-
making, emotions, and visceral sensation the aadieray potentially feel by reading students’
DMPs as multimodal texts/narratives.

Doxiadis (2003) states that, traditionally, math&osh representations and discourses are
linear, logic-deductive, based on the goal of df@sdions. However, mathematics can be also
explored through narrative and storytelling. Dabgasays the use of mathematical narratives
“‘embed mathematics in the soul ... [and] mathematiaalative must enter the school
curriculum, in both primary and secondary educdt{pn20). However, seeing and exploring
mathematics through narratives is not a commortipeadn this study, the production of DMPs

is considered a pedagogic alternative to fill b pointed out by Doxiadis (2003).

Sociocultural Perspectives, Humans-with-Media, an#lultimodality

As discussed in chapter two, sociocultural perspesiand postmodernism (Ernest
2004a, 2204b), humans-with-media (Borba & Villalr@805; Levy, 1993, 1998, 2001), and
multimodality (The New London Group, 1996; Kres802) are the main bodies of theories that
inform this research. Based on these perspectiva®rpreted that the nature of students’ DMPs
is multimodal playful, anddigital. These three aspects overlap.

Emphasis on the use and production texts, dialagplaboration, diversity in
knowledge, and playfulness in the classroom arg significant aspects of teaching and learning
mathematics in a sociocultural/postmodernist patsge (Ernest 2004a, 2004b). When students
perform and video record a skit or a song in tlassioom to produce a DMP, they are not only
performing to their classmates and teacher. Theyparforming, communicating and
representing their mathematical activity and leagrfor a wide audience, because DMPs are

publicly available in the website of the Math + &we Performance Festival.
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Both the classroom and the cyberspace are sodtalaisettings where students,
teachers, and other agents interact, collaboratepeoduce meaning and knowledge. The
playful nature of DMP offers ways of expressingasleollaboratively, with creativity and
imagination. The playfulness may also help studentaake sense of mathematics through
narrative because when they produce a DMP thegesking to clearly communicate a
mathematical story through a digital narrative/textne audience. The process of producing a
digital mathematical narrative to be published malfthat is, producing a DMP for the Festival)
is a process in which students construct identégeperformance mathematicians (Gadanidis,
Hughes & Borba, 2008).

The use of the performances arts is in synergy thighuse of digital media in
multimodality. The multimodal nature of DMP is potilly one of its most significant
pedagogic attributes. Mathematics is traditionatlynmunicated through print-based texts,
through the use of writing, charts, diagrams, araglgs. Digital media affordances offer ways to
represent mathematical ideas through multiple moflesmmunication (New London Group,
1996), which adds non-usual layers of signs ineggnting mathematics (e.g. audio, visual,
gestures, space). Hybridity and intertextualityg NMew London Group, 1996) are fundamental
aspects of students’ DMPs and very significanemmts of mathematical thinking and meaning
production. Multimodal texts (Kress, 2003; Wals@12), like video files, are easily accessible,
although they are not typically used by studentsotmmunicate mathematical ideas in the
classrooms. Videos are tools which students cdayes many times they wish areflect
about their registered previous actions and am#/involving communication (e.g., speeches,
gestures, and use of the arts). Digital technotogre reflexive tools which offer ways to
reorganize mathematical thinkifgThat is, DMPs (as products, as multimodal textsétizes)
are tools that offer ways to form thinking colle€ts of students-with-DMPs (Borba & Villarreal,
2005). Figure E.1 illustrates some of the main etspen the nature of students’ DMPs:

31 Teachers can use DMPs available online as tead#imging tools. They can even focus on students’
mistakes or incoherencies in the DMPs as startinigtpto discuss mathematical concepts.
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Figure E.1: The Nature of Students’ DM
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Performance Arts and Curriculum Lenses

On the one hand, the focus on mathematical sugpssase-making, emotions, and
visceral sensations worked as a type of “mode#irtalyze students’ DMPs in this study. In
chapter four and five, | analyzed the DMPs focusindhese aspects as much as possible.
Moreover, it was significant to use the curricularathematical strands and processes (Ontario
Ministry of Education, 2005) as lenses to intergtatients’ DMPs as “mirrors” of what they learn
in classrooms and understand students’ mathemattigity on their DMPs. On the other hand, |
suggested as findings of the study that studen#P®present gaps in these categories (surprises,
sense-making, emotions, and visceral sensatiohs}.i3, the playful, digital, and multimodal
aspects emergent with the production of DMPs dagunatantee the mathematical conceptuality of
the DMPs, which is the main pedagogic focus comsigehe production of DMPs.

For instance, when | read the DNIFRPatterns(see Prologue), | see several conceptual
aspects: (a) it connects geometry to patterningadgeebra, that is, it connect multiple strands
and representations; (b) it explores multiple manfesommunication, offering a multiplicity of

semiotic resources for sense-making, (c) it isssiny to see a sequence of L's (1, 3,5, 7, ...,
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2n-1) connecting one to another and forming a s(r); (d) the emotions portrayed in the
poem/lyric/story are mathematical emotions — €"the sum of the stages is a perfect square, | can
prove it, | can prove it, it's amazifi@nd (e) it offers direct experiences (connecting) End an
intense sense of mathematical fit by the formatibperfect squares, which is mathematically
visceral from an aesthetic point of view (Sincl2i004).

As mentioned in the last chapter, it is importanatknowledge that | analyzed the
students’ DMPs available in the first year of thesfival. It means that students did not have
examples as references to produce their DMPs. Ré&tng this fact, the following specific
interpretations/findings can be pointed out from #éimalysis conducted in this study toward the
nature of elementary school students’ DMPs avalabthe Math + Science Performance
Festival in 2008, considering the performance ant$ curriculum lenses:

» Students’ DMPs offer mathematical surprises. Thesprises are mostly supported by
the use of the performance arts and digital medidtimodality. That is, it is surprising to see
students using the arts and producing multimodas teo communicate their mathematical
ideas. When students only reproduce typical idep®eed in classrooms (e.g., textbook
definitions), for instance, they do not explore jineand the wonderful of mathematics.
However, some of the students’ DMPs may potentiafilgr conceptual mathematical surprises,
that is, ways of seeing the new and wonderful ithesx@atics by connecting multiple
representations and multiple strands, connectintenaatics to everyday problems, connecting
properties of multiple mathematical objects, orlexkpg visual proofs.

» The “storytelling/narrative nature” emergent frame fplayfulness of DMPs helps
students in the process of sense-making on theemmattical ideas explored through the
performance arts. However, some students predemt encoherencies in terms of
mathematical reasoning and sense-making in theiP®buch as lack in logical (deductive)
thinking and miscommunication. Overall, studentwvpde illustrative examples to the audience
by exploring the visual nature of digital media athnecting representations, but they do not
present arguments that support the conceptualgpie their ideas. They also offer some
ways to extend the problems explored, but theses\@aesy not explicit in most the
performances. The audience may find ways to exaedeflect on the problems only based on
the subjectivity emergent from the performance. aitterefore, the mathematical sense-making
aspect of students’ DMPs is seen as pedagogicailyigmatic in this study.
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» Students depict emotions in their DMPs. Most ofrtieghematical emotions emerge
through the use of the arts, mainly through théonodf embodiment (Gerofsky, 2009;
Radford, 2009). Skit performances in which studgidy roles as mathematical/geometric
objects involve use of speech and gestures in aiimdudramatic events regarding exploration
of mathematical properties. Vicariously, the audeemay feel some mathematical emotions
that emerge in DMPs through performative activitres/hich students-think-as-mathematical-
objects and form thinking and feeling collectives.

» Students’ DMPs offer visceral mathematical sensatio the audience through a
sense of mathematical fit such as how representatibmathematical objects fit in the world
or how they relate to one another. Dramatic eviemalving scenes of action or suspense are
commonly found in skits and musical performancesl{iding the use of soundtracks) and the
plot of these dramatic moments are mostly relatati¢ exploration of mathematical ideas in
students’ DMPs.

» Most of the ideas explored by students are relamtegometry. Students do not
investigate several deep connections betvetamds regarding those proposed in the
curriculum (Ontario Ministry of Education, 2005usients explore interesting visual
representations withi@eometry and Spatial Sengeit geometry is traditionally a strand that
explores visualization. DMPs are “mirrors” of wistidents learned and what students did not
learn in their classrooms.

» The mathematical strands and processes presdmd gutriculum (Ontario Ministry of
Education, 2005) help the analysis of this studyalise they help to identify the focus of the
DMPs and identify patterns and gaps on studenésisdreasoning, ways of reflecting,
communicating, representing, connecting, solvirgbfgms, and using technology. The
production of DMPs helps to address the curriculnathematical processes in students’
classroom activity and, reciprocally, the matheoatprocesses help in the understanding of
the nature of students’ DMPs.

Therefore, one of the main conclusions of thisiadhat the production of conceptual
DMPs is a rare event. The use of the performariseaad digital technology does not guarantee
the mathematical conceptuality of a DMP, whichissmost important aspect. | agree with
Gadanidis, Hughes, and Cordy (2011) when they say:



2

34

Students can add artwork to “decorate” procedunaltedge, thus adding a layer of

sugar-coating to otherwise dry mathematical ideasmathematical art, like art in

general, requires a deeper engagement and undéngamhus, for us, challenging

mathematics is a corequisite for artistic mathecahexpression. (p. 424)

Based on the descriptive single-case analysis atedun chapter four and the cross-case

analysis conducted in chapter five, Figure E.Xthates some of the conclusions of this thesis:

Figure E.2: Some of the conclusions of the thesis
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Possible Contributions of the Study

This study is the first doctoral thesis that exptothe very notion of DMP and it can be
seen as a window into mathematics classroom actiMitree main contributions to the field of
mathematics education can be pointed out:

(1) Teaching and learninghe discussions presented offer insights aboupthetice of
mathematics in schools considering the use of énfopnances arts and digital technology. The
focus on the nature of the mathematical idea, ¢levance of developing students’
communication skills, the emphasis on the roleeohhology in shaping mathematical thinking,
and the artistic lens (surprises, emotion, andevasensation) offer to teachers directions on
how DMPs can be conducted in their classrooms,ocondigital mathematical narratives can be
conducted by students or how these narrativesthatghers and researchers to understand
students’ learning. This study offers some “cré@&on how the interlocution between the use of
digital media and the arts can be integrated ot produce conceptual DMPs.

(2) Multimodality: Ernest (2004b) argues that “the relationship betwearners and text,
and how it inscribes the other, is an area thas iget inadequately explored” (p. 82). Similarly,
Doxiadis (2003) highlights gaps on the creatiomathematical narratives in schools. This study
contributes by discussing possibilities to fillghack pointed out by Ernest and Doxiadis through
the emphasis on the multimodal nature of studé4Ps. Beyond the production of texts
considering the use of multiple modes of commurooglinguistic, visual, gestural, special,
audio), the digital nature of DMPs offers ways tak& them available on the cyberspace.
Overall, this study explores some insights about ktmdents-with-media form thinking
collectives when they produce DMPs. Moreover, #e that students’ DMPs are available at
the Math + Science Performance Festival bring sttgienathematics to a public and social
forum (Gadanidis & Geiger, 2010), beyond the cagsiof classrooms.

(3) Analytical lensesthe use of Boorstin’s (1990) lens to analyze DMRs originally
proposed by Gadanidis and Borba (2008) and it wakeed by Osafo (2010) to analyze digital
performances in science education. On the one liaisdmportant to recognize that the use of
Boorstin’s lens is “an adaptation.” Students’ DM#Ps not Hollywood movies and Boorstin does
not talk about mathematics. On the other hand stiidy contributes on the ways such
adaptation is “refined.” The connections proposethis study between (a) the artistic lens

(surprises, sense-making, emotions, and viscenabsiens) and (b) the theoretical and
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methodological issues discussed offer new insigtithe notion of DMP. Theoretically, the view
of diversity in knowledge and playfulness in classn emerges through a
postmodern/sociocultural perspective. It is linkedhe very notions of humans-with-media
(Borba & Villarreal, 2005), cognitive ecology (Lev§993), and multimodality (Kress, 2003;

The New London group, 1996). Methodologically, tiegions of video analysis and case studies
refine the interpretative/exploratory focus on #malysis of students’ DMPs. The sub-categories
emergent on the cross-analysis presented in chiapge.g. conceptual mathematical surprises)
highlight such refinement. Thus, the analyticaklennstructed in this study has a potential to

become an interesting theoretical/methodologicall iw analyze DMPs.

Limitations of the Study

Methodologically, in several moments of the anabftprocess, as an interpreter, | felt a
kind of “need” to see thprocessof production of students’ DMPs. Students’ DMPs ar
multimodal texts, they angroducts and they only offer some insights about the ppead
designing the DMPs. In order to discuss the natfistudents’ DMPs, | do recognize that it
would be significant to analyze the process oftameaThat is similar to the analysis of the proof
a theorem created by mathematician. By analysihgtbe proof, the interpreter has little
evidence (or no evidence) about the “rich” hewrsseémergent on the conduction of the proving
process. The variety of approaches, experimenggtmonjectures, alternatives, decision-
makings, problem solving strategies, reorganizadiotiinking usually are not explicit in the

product of a demonstration and it may not be inDMPs as well.

Future Studies

It would be interesting to present part of the aesle findings of this study asdigital
performanceNew forms of presenting research using the ate lemerged in qualitative
research (Barone & Eisner, 2006; Eisner, 1997)oBa(2001) claims that asts-based
researchers, “our inquiry activity and the formgegresentation that we employ evidence
certain design elements that are aesthetic in cteara hese forms of representation may be
derived from any area of the arts [such as] periognplastic, and so on” (p. 25).

Eisner (1981) argues:
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In artistic approaches to research, the role timatti®on plays in knowing is central. Far
from the ideal of emotional neutrality which is gbtiin much of social science research,
the artistically oriented researcher recognizeskhawing is not simply a

unidimensional phenomena, but takes a variety roh$o The researcher knows also that
the forms one uses to represent what one knowst affeat can be said. Thus, when the
content to be conveyed requires that the readarivigsly participates in a social
situation context, the writer or filmmaker attempisreate a form that makes such
participation possible. (p. 8)

Glesne (2010) sees qualitative research as thetimygadace between art and sciences”

(p. 241). Discussing language as a producer of mgamd as a creator of social reality —

instead as a ‘support’ or a representation forlgaative reality — Glesne points to the role of the

researcher as a storyteller and indicates altematkes to represent research based on poetic

transcriptions, drama performance, storytellingl painting.

Creative-artistic/performatic representationsesfearch works are also an aspect of

crystallizatiori” and postmodernism. Richardson (2000) argues:

The scholar draws freely on his or her productioos literary, artistic, and scientific
genres, often breaking the boundaries of eachosftlas well. In these productions, the
scholar might have different “takes” on the sangdowhat | think of as a postmodernist
deconstruction of triangulation. . . . In postmadst mixed-genre texts, we do not
triangulate, weerystallize. . . .| propose that the central image for “validity't fo
postmodern texts is not the triangle—a rigid, fixeb-dimensional object. Rather, the
central imaginary is the crystal, which combinesgyetry and substance with an infinite
variety of shapes, substances, transmutationsidiméinsionalities, and angles of
approach. . . . Crystallization provides us witthegpened, complex, thoroughly partial,
understanding of the topic. Paradoxically, we kmoere and doubt what we know.
Ingeniously, we know there is always more to kn@ichardson, 2000, p. 934)

Ellingson (2009) clarifies that “in both inductie@alytic (e.g., grounded theory) and

more artistic approaches to qualitative reseagsearchers abandoned claims of objectivity in

favor of focusing on the situated researcher aedttial construction of meaning” (p. 2).

32 Crystallization refers to the process of formimgstals or to the cause of assuming a crystalinesire.

In qualitative research, crystallization is relatedhe process of giving a form or expressionrtéd@a or argument,
and it is related to creative-artistic forms ofe@sh representation and dissemination.
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“Crystallization does not depart radically from etliecent developments in the wide field of
gualitative methodology, but rather offers one ahle way of thinking through the links
between grounded theory (and other systematic ses)yand creative genres of representation.”

Ellingson (2009) adds that:

Crystallization combines multiple forms of analyarsd multiple genres of representation

into a coherent text or series of related textdding a rich and openly partial account of

a phenomenon that problematizes its own constmchighlights researchers’

vulnerabilities and positionality, makes claims af®ocially constructed meanings, and

reveals the indeterminacy of knowledge claims eageit makes them. (p. 4)

Considering the multimodal nature of DMPs, it iortant to notice that “crystallization
can be accomplished in virtually any medium—uwritingleo, painting, performance art,
computer generated images, and so on” (p. 24).dDtiee strengths of crystallization is that:

With crystallization, very deep, thick descripticare possible. Multiple ways of

understanding and representing participants’ egpeds not only provide more

description, but more points of connection throtlgdir angles of vision on a given topic.

Crystallization enables significant freedom to ilgguin showing the “same” experience

in the form of a poem, a live performance, an amajommentary, and so on; covering

the same ground from different angles illuminatéspac. As our goal in conducting
qualitative research generally involves increasinderstanding in order to improve
dialogue among individuals and groups and to effesitive change in the world,

enriching findings through crystallization may maxeto fulfilling that goal. (p. 15)

Thus, assuming a view ofsearch as performand¢&adanidis, 2010), | will produce a
digital performanceo present some of the findings | discussed & $hidy. | will submit and
share it at the Math + Science Performance Festival

Finally, I believe the very notion of DMP has &air potential to consolidate a new trend
in mathematics education. In the near future Indt® build some links between DMP and the
Deleuzian notions of rhizome (Deuleuze & Guatdr®i87), difference and repetition in theatre
(Deleuze, 1994), and crystals of time in cinemaléDee, 1989). Mostly important, | also intend
to discuss DMP considering the emergence of themaof multimodal matheracthrough both
(a) new perspectives on multimodal literacy (Row&&alalsh, 2011; Walsh, 2011) and (b)

sociocultural lens on matheracy (D’Ambrosio, 2006).
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From a cultural, ethical, and political point oéw, D’Ambrosio (2006) proposes the
reorganization of mathematics curricula in threarsis: literacy, matheracy, and technocracy.
D’Ambrosio (2003) argues thaliteracy is the capability of processing information, sushlae
use of written and spoken language, of signs astlges, of codes and numbers. Clearly,
reading has a new meaning today” (p. 238). In ngewstanding, this “new meaning” refers to
the notion of multimodal literacy explored in-depily thesis, in regard to elementary school
students’ mathematical activity.

D’Ambrosio (2003) also states thaethnoracyis the critical familiarity with technology
[...] the basic ideas behind technological devidesirtpossibilities and dangers, the morality
supporting the use of technology, are essentiabsto be raised among children at a very early
age” (p. 237). Such perspective is also fundamémt@MP, which by nature is essentially
digital and technological. It is a critical poit ¢onsider and highlight the critical equilibrium
between thinking and feeling collectives of studeetachers-and-researchers-with-media.

Matheracyis the capability of inferring, proposing hypothgsand drawing conclusions

from data. It is a first step toward an intelle¢tpasture, which is almost completely

absent in our school systems. Regrettably, eveoetbing that problem solving,
modeling, and projects can be seen in some matiEntéssrooms, the main
importance is usually given to numeracy, or the imaation of numbers and operations.

Matheracy is closer to the way mathematics wasepitdsoth in classical Greece and in

indigenous cultures. The concern was not with dagrdnd measuring but with

divination and philosophy. Matheracy, this deegdlection about man and society,

should not be restricted to the elite, as it hasbe the past. (D’Ambrosio, 2003, p. 237)

Therefore, | see mathematics, mathematics edu¢atimhmatheracy through the lenses
of the performance arts. Considering an emphasib@nse of digital technology and on
perspectives about multimodal literacy, the vergiaroof multimodal matherachas a potential
to become a way to highlight the production of DMP¢he elementary school mathematics
curriculum as a mathematical activityultimodal matheracys a way to highlight the aesthetics
of mathematics learning with emphasis on arts hadise of digital technology in cultural,

ethical, and political dimensions.
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Appendix A: The Four Dimensions of Affectivity

Levy (1998) reorganizes those six principles oftthpertext(Levy, 1993) into four
dimensions of affectivity.evy (1998) argues these dimensions form a mofdtle psychethat
works for an individual human mind as well as fao#lective intelligence. Levy (1998) also
believes this “model of psyche can be appliedtiexg film, message, or any other work of art”
(p. 132). Thus, the dimensions of affectivity are:

Topology.The psyche is structured at each moment by itsemions, systems of proximity,

or a specific space: associations, connectionss pgateways, switches, filters, attractors.

The topology of the psyche is in continuous tramségion. . . Semiotics° Mutant hordes of

representations, images, signs, and messageshépks and kinds (aural, visual, tactile,

proprioceptive, diagrammatic). . . . Signs or gapsigns can be also referred to as agents.

Transformations of connectivity in turn influenbe tpopulations of signs and images.

Topology is itself the set of qualitatively connens or relations among signs, messages, and

agentsAxiology.The representation and regions of psyche spa@ssoeiated with values. .

. These values determine the tropism, attractindgepulsions between images, the

polarities among regions or groups of signs. Thekees are by nature mobile and changing,

although some of them may also display certairlgyabEnergics.The tropisms or values

attached to images can be strong or weak. The nmewearsha group of representations can

cross certain topological barriers or remain win. All psychic activity is thus irrigated

and animated by an energic economy involving theement of stabilization of forces or

crystallization of energy (Levy, 1998, p. 131-2).

33 “Semiotics is the study of the meaning of systefsigns” (Kress, 1997, p. 6). Semiotics has kien
domain of two large schools of thought; one degvirom the work of the Swiss linguist FerdinandSfussure, the
other deriving from the work of the American phidpsier Charles Sanders Peirce. The semiotics ok8eibears
recognisable traces of its origins in the histdriceyuistics of the nineteenth century. In it, thign is taken to be an
arbitrary combination of form and meaning safnifier andsignified a combination which is sustained by the force
of social convention... In Peirce’s semiotics theuos less on the internal constitution of the $lgam on the uses
of the sign by readers/users, and on the relafidimeosign to that which it represents. Peirce $eclion what the
sign represented, on the objeetérentin the world, on how it was interpreted, assunthmg there was no meaning
until there was an interpretation. This he callegititerpretant He focused on the sign-characteristics from the
point of view of the type of relation between sfiggi and that which it represented, something $leagms to have
been of only marginal interest to Saussure. Pemosequently distinguishes betweeonic signs which in their
form parallel the meaning of the signified — thawling of flames to mean firsydexical signsin which there is a
relation of ‘consequence’, as in smoke signallinbustion; angymbolic signswhere the relation between form
and meaning was largely sustained by conventidtence there is a distinct difference in focus leetmwthe two
theorists, which could be taken to mean that thel/froduced distinct and potentially irreconcilatbleories. In
fact, the two theories are compatible and compleangnif one accepts their different foci (Kres803, p. 41-42).
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Appendix B: The Rhizome
Let us summarize the principal characteristics dfizome: unlike trees or their roots, the
rhizome connects any point to any other point, isttaits are not necessarily linked to
traits of the same nature; it brings into play veéifferent regimes of signs, and even
nonsign states. The rhizome is reducible to neiteOne or the multiple. It is not the
One that becomes Two or even directly three, fibug,etc. It is not a multiple derived
from the one, or to which one is added (n + lis tomprised not of units but of
dimensions, or rather directions in motion. It hagher beginning nor end, but always
middle (ilieu) from which it grows and which it overspills. Ibrstitutes linear
multiplicities with n dimensions having neither geti nor object, which can be laid out
on a plane of consistency, and from which the sraways subtracted (n — 1). When a
multiplicity of this kind changes dimension, it mssarily changes in nature as well,
undergoes a metamorphosis, changes in nature.dltructure, which is defined by a
set of points and positions, the rhizome is madg oflines; lines of segmentarity and
stratification as its dimensions, and the linelight or deterritorialization as the
maximum dimension after which the multiplicity umgees metamorphosis, changes in
nature. These lines, or ligaments, should not Iodused with lineages of the aborescent
type, which are merely localizable linkages betwpeints and positions. Unlike the tree,
the rhizome is not like the object of reproductinaither external reproduction as image-
tree nor internal reproduction as tree-structute hizome is an antigenealogy. It is a
short term memory, or antimemory. The rhizome desrhy variation, expansion,
conquest, capture, offshoots. Unlike the graphig, @rawing or photography, unlike
tracings, the rhizome pertains to a map that meigirbduced, constructed, a map that is
always detachable, connectable, reversible, mdadifjaand has multiple entranceways
and exits and its own lines of flight. In contrastentred (even polycentric) systems
with hierarchical modes of communication and predagshed paths, the rhizome is an
acentered, non-hierarchical, nonsignifying systathaut a General and without an
organizing memory or central automaton, defineelgddy a circulation of states
(Deleuze & Guattari, 1987, p. 21).
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