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C o n s t r u c t i n g U n d e r s t a n d i n g :  th e rol e o f  a n i m a t i o n i n interpretin g 

graph ica l  representat ion s 

Noel  Enyedy ,  Phi l  Vahe y an d Bernar d R .  Giffor d 
Educatio n Mathematic s Scienc e an d Technolog y 

4533 Tolma n Hal l  #1670 ,  Universit y  o f  Californi a a t  Berkele y 
Berkeley ,  C A 94720-167 0 

enyedy@socrates.berkeley.edu ,  pvahey@socrates.berkeley.edu ,  an d 
bgifford@socrates.berkeley.ed u 

Thi s pape r  examine s th e mathematica l  conversation s o f 
middl e schoo l  student s whil e the y us e computer-mediate d 
graphi c representation s t o construc t  a  share d understandin g o f 
th e concept s o f  basi c probability .  Th e analysi s illustrate s 
h o w mathematica l  learnin g an d proble m solvin g i s 
"stretche d over "  th e comple x cognitiv e syste m o f 
individuals ,  th e physica l  environment ,  an d socia l  interaction . 

Thirtee n pair s o f  student s wer e divide d int o tw o 
condition s an d give n th e tas k o f  determinin g i f  a  gam e o f 
chanc e wa s fai r  t o al l  participants .  I n th e game ,  whic h tea m 
score d a  poin t  wa s determine d b y th e outcom e o f  thre e coi n 
flips .  I n bot h conditions ,  th e rule s o f  th e game s wer e 
establishe d s o tha t  on e tea m w o n a  poin t  i f  an y on e o f  fiv e 
of  th e eigh t  possibl e outcome s occurre d an d th e othe r  tea m 
w on a  poin t  i f  an y o f  th e remainin g thre e outcome s 
occurred .  Whil e thi s g a m e m a y see m t o b e obviousl y 
unfair ,  student s ofte n d o no t  realiz e tha t  ther e i s a  sampl e 
space ,  o r  the y d o no t  conside r  th e sampl e spac e (al l  possibl e 
outcome s an d thei r  inter-relations )  relevan t  t o thei r  task . 
Student s ofte n predic t  tha t  an y gam e base d o n a  rando m 
even t  o r  a  serie s o f  rando m event s i s a  fai r  gam e (Enyed y an d 
Vahey ,  1996) . 

Student s wer e provide d a  simulatio n o f  th e gam e whic h 
the y use d t o investigat e th e importanc e o f  th e sampl e space . 
Th e first  conditio n employe d a  graphica l  representatio n o f 
th e sampl e s p a c e — a probabilit y  tree .  I n th e secon d 
condition ,  th e probabilit y  tre e wa s augmente d wit h 
animatio n t o determin e wha t  rol e dynami c animatio n ca n 
pla y i n helpin g student s gras p abstrac t  relationships .  Th e 
analysi s o f  th e students '  protocol s focuse s o n h o w th e visua l 
an d dynami c element s o f  a  compute r  base d graphica l 
representatio n influenc e students '  interpretation s o f  th e 
mathematica l  concepts . 

Th e dat a suggest s tha t  th e student s wit h acces s t o a n 
animate d representatio n ha d qualitativel y differen t 
mathematica l  discussion s tha n thos e w h o ha d acces s t o th e 
stati c representation .  Th e conversation s o f  th e animatio n 
grou p use d a  narrativ e structure ,  suggeste d b y th e animation , 
t o organiz e thei r  tal k abou t  th e relationshi p o f  tw o comple x 
idea s o f  probability .  Th e non-animatio n grou p describe d th e 
same relationshi p usin g a  weake r  an d les s genera l  structure . 
I t  i s  likel y tha t  thes e tw o type s o f  conversation s correlat e 
wit h loca l  perspective s tha t  focu s a  students '  attentio n o n 
certai n aspect s o f  th e probabilit y  tre e an d awa y fro m others . 

The first  an d mos t  c o m m o n perspective ,  th e "outcom e 
perspective, "  wa s characterize d b y attendin g t o th e outcome s 
of  th e sampl e spac e tha t  ar e represente d alon g th e botto m 
ro w o f  th e probabilit y  tree .  Give n th e natur e o f  th e tas k ( a 
quantitativ e compariso n o f  expecte d poin t  total s o f  th e tw o 
teams )  ther e i s a  stron g functiona l  reaso n fo r  th e dominanc e 
of  th e outcom e vie w i n th e studen t  conversations .  Th e 
botto m ro w o f  th e probabilit y  tre e reveal s th e quantitativ e 
structur e o f  th e sampl e space .  Student s w h o reasone d fro m 
th e outcom e perspectiv e counte d of f  th e differen t 
combination s o f  outcome s fo r  eac h tea m an d quantitativel y 
compare d th e proportions . 

The secon d perspective ,  th e "proces s perspective, "  i s 
characterize d b y attendin g t o th e structur e o f  th e probabilit y 
tre e (especiall y th e interna l  nodes )  tha t  represent s th e proces s 
by whic h outcome s occur .  Th e narrativ e structur e provide s 
student s wit h a  mean s t o immers e themselve s i n th e 
process ,  identifyin g wit h a n agen t  withi n th e story .  B y 
adoptin g th e viewpoin t  o f  a n agen t  wit h a  goal ,  o r  wit h 
someon e w h o benefit s b y tha t  agent' s actions ,  student s 
reasone d abou t  th e proces s an d dre w upo n situationa l 
knowledg e o f  simila r  contexts . 

Th e animate d probabilit y  tre e provide s a  mean s fo r 
student s t o coordinat e th e situationa l  structur e o f  th e sampl e 
spac e (proces s view )  wit h th e quantitativ e structur e o f  th e 
sampl e spac e (outcom e view) .  Hal l  (1990 )  ha s propose d 
tha t  certai n representation s allow s studen t  t o conside r  bot h 
th e situatio n an d quantit y simultaneousl y providin g 
redundan t  constraint s o n th e proble m space .  Thi s stud y 
foun d tha t  onl y th e student s w h o use d th e animate d 
probabilit y  tre e wer e abl e t o coordinat e th e outcom e an d 
proces s perspective s an d productivel y connec t  thei r 
intuition s abou t  th e sampl e spac e t o thei r  intuition s abou t 
th e probabilit y  distributio n acros s th e sampl e space . 
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