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Thi s pape r  represent s a  preliminar y stud y o f  th e Anticipator y 
Functio n o f  externa l  representation s (ERs) ,  tha t  is ,  o f  th e 
abilit y  o f  externa l  representation s t o fulfil l  th e functio n o f 
fosterin g knowledg e acquisition .  I t  i s  structure d aroun d a 
cas e stud y o f  a  subjec t  (R )  wh o talke d alou d an d dre w 
diagram s a s sh e learne d fro m a  physic s text .  Th e tex t 
describe d a  bal l  fallin g i n a  curve d pat h afte r  bein g pushe d 
of f  a  tabl e wit h a  unifor m horizonta l  velocity .  Th e verba l 
and diagrammati c protoco l  wa s selecte d a t  rando m fro m a 
sampl e o f  fiftee n subjects .  Th e presen t  portio n o f  R' s 
protoco l  wa s als o randoml y chose n amon g a  se t  o f  fiv e 
possibl e section s an d wa s code d independentl y b y tw o 
researchers .  Th e criteri a use d fo r  constrainin g th e 
interpretatio n o f  th e protoco l  included :  R' s  gesture s an d 
activitie s durin g th e episode ,  R' s verbalization s an d diagram s 
immediatel y precedin g an d followin g th e episode ,  an d a  post -
tes t  interview . 

R starte d ou t  wit h a  uni-dimensiona l  conceptio n o f 
motio n an d figure d ou t  th e two-dimensiona l  meanin g o f  a 
curve d path .  He r  diagra m helpe d he r  reac h a  two -
dimensiona l  conceptio n i n thre e phases :  "Dissociative, " 
"Generative, "  an d "Transfigurative. "  Th e "Dissociative " 
phas e allowe d th e encodin g o f  appropriat e externa l  feature s 
(tw o arrows )  o f  a n interna l  representatio n stil l  i n nee d o f 
bein g conceive d (2D-motion) .  Th e "Generative "  phas e 
resulte d i n th e additio n o f  bot h externa l  an d interna l 
knowledg e t o R' s knowledg e bas e vi a th e us e o f  knowledg e 
element s take n fro m vecto r  addition ,  whic h resulte d i n a 
diagona l  pat h a s a  possibl e trajectory .  Th e "Transfigurative " 
phas e allowe d R  t o us e externa l  element s fro m th e precedin g 
phas e (th e configuratio n fro m vecto r  addition )  i n th e contex t 
of  a  ne w interna l  an d externa l  representation s (th e successiv e 
flashe s o f  th e bal l  a s i t  falls) .  Majo r  diagrammati c 
propertie s involve d i n eac h phas e are :  semanti c an d 
syntacti c densit y (Goodman ,  1968) ,  adjacenc y (Larki n & 
Simon ,  1987) ,  an d familiarit y wit h th e transcriptio n o f 
certai n knowledg e element s (e.g. ,  vertica l  an d horizonta l 
quahties) . 

Even thoug h thi s stud y i s preliminar y an d base d o n a 
singl e cas e study ,  certai n observation s ca n b e mad e tha t  hav e 
consequence s fo r  curren t  researc h o n th e rol e o f  ER s i n 
knowledg e acquisition .  First ,  a  ke y aspec t  o f  th e cas e stud y 
lie s i n th e fac t  tha t  R' s diagram s supporte d numerou s degree s 

of  freedom  fo r  interpretatio n throug h thei r  propertie s o f 
semanti c an d syntacti c density .  Thi s mean t  flexibilit y t o 
foste r  th e emergenc e o f  ne w knowledge ,  bu t  als o a  nee d fo r 
constraint s fro m othe r  externa l  source s (th e sentences )  t o 
channe l  processin g i n a n appropriat e direction .  Thi s issu e o f 
th e rol e o f  semanti c an d syntacti c densit y an d th e trade-of f 
betwee n flexibilit y  an d th e nee d fo r  cognitiv e constraint s i s a 
ke y proble m i n understandin g ho w ER s ca n b e usefu l  fo r 
novice s t o achiev e learning .  Importantly ,  th e cas e stud y 
suggest s tha t  answer s t o thi s trade-of f  proble m wil l  no t  b e 
foun d b y focusin g o n diagrammati c propertie s i n isolation , 
as i t  i s  ofte n don e i n curren t  researc h o n ERs ,  bu t  b y a n 
integrativ e analysi s o f  ho w diagrammati c propertie s ac t  i n 
concer t  an d interac t  wit h interna l  aspect s o f  th e situatio n 
(e.g. ,  ho w the y fit  a  learner' s interna l  model) .  Thi s cas e 
stud y extend s claim s mad e elsewher e regardin g bot h th e us e 
of  functiona l  analysi s (e.g. ,  Cheng ,  1996 )  an d th e 
importanc e o f  th e connection s betwee n th e interna l  an d th e 
externa l  realm s (e.g. ,  Scaif e &  Rogers ,  1996 ;  Stennin g & 
Oberlander ,  1995) . 

Acknowledgements 
Thi s researc h wa s funde d b y th e Spence r  Foundatio n an d th e 
Universit y o f  California . 

References 

Cheng,  P .  C-H .  (1996) .  Functiona l  Role s fo r  th e Cognitiv e 
Analysi s o f  Diagram s i n Proble m Solving .  I n 
Proceeding s o f  th e 16t h Annua l  Conferenc e o f  th e 
Cognitiv e Scienc e Society ,  (pp .  207-212) .  Hillsdale ,  NJ : 
Lawrenc e Erlbau m Associates . 

Goodman,  ,  N .  (1968) .  Language s o f  Art .  Indianapolis : 
Bobbs-Merill . 

Larki n &  Simo n (1987) .  W h y a  diagra m i s (sometimes ) 
wort h te n thousan d words .  Cognitiv e Science ,  11 ,  65-99 . 

Scaife ,  M .  &  Rogers ,  Y .  (1996) .  Externa l  cognition :  ho w 
do graphica l  representation s work ? Internationa l  Journa l 
of  Human-Compute r  Studies ,  45 ,  185-213 . 

Stenning ,  K .  &  Oberlander ,  J .  (1995) .  A  cognitiv e theor y 
of  graphica l  an d linguisti c reasoning :  logi c an d 
implementation .  Cognitiv e Scienc e ,19 ,  97-140 . 

108 7 


	cogsci_1997_1087

