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Abst rac t 

The symposium on "Visual Reasoning in Discovery, In-
structio n and  Proble m Solving "  wil l  consis t  o f  thre e 
talk s focusin g o n th e rol e o f  visua l  reasonin g i n highe r 
leve l  cognitiv e processes .  A s thi s i s a  newl y emergin g 
researc h are a spannin g cognitiv e scienc e and  artificia J 
intelligence ,  th e symposiu m i s designe d bot h t o infor m 
and t o stimulat e interest ,  discussion ,  and  furthe r  en -
quiry .  Th e speaker s wil l  conside r  visua l  reasonin g i n 
thre e areas :  scientifi c  reasonin g and  discovery ,  learn -
in g an d instruction ,  and  proble m solving .  Th e talk s 
wil l  sho w ho w severa l  differen t  type s o f  dat a ca n con -
tribut e t o a  cleare r  understandin g o f  processes ,  mecha -
nisms ,  an d strategie s underlyin g visua l  reasoning .  First , 
N2uic y Nersessia n wil l  cove r  th e discover y aspec t  b y pro -
vidin g a  historica l  vie w o n visua l  representatio n i n cre -
ativ e scientifi c  reasoiung .  Next ,  Roger s Hal l  wil l  cove r 
th e educationa l  aspec t  b y layin g ou t  a  se t  o f  genere d 
educationa l  question s concernin g th e rol e o f  representa -
tiona l  forms ,  and  discussin g studie s o f  ho w peopl e coor -
dinat e representationa l  resource s whil e workin g o n prob -
lem s i n differen t  instructiona l  an d wor k settings .  Fi -
nally ,  Mar y Hegart y an d Har i  Narayana n wil l  togethe r 
cove r  th e proble m solvin g cispec t  fro m bot h experimen -
ta l  an d computationa l  perspectives . 

Introduction 

I  wa s abou t  seventeen ,  whe n m y thought s turne d se -
riousl y t o invention .  The n I  observe d t o m y deligh t 
tha t  I  coul d visualiz e wit h th e greates t  facility .  I 
neede d n o models ,  drawing s o r  experiments .  I  coul d 
pictur e the m al l  a s rea l  i n m y mind .  Thu s I  hav e 
bee n le d unconsciousl y t o evolv e wha t  I  conside r  a 
ne w metho d o f  materializin g inventiv e concept s an d 
ideas .  -  Nikol a Tesla ,  Inventions ,  1919^ . 

For  th e purpose s o f  thi s symposiu m w e defin e th e ter m 
visua l  reasonin g broadly ,  t o cove r  thinking ,  reasoning , 
an d solvin g problem s usin g visua l  modalit y specifi c ex -
terna l  representation s (diagrams ,  pictures ,  C R T dis -
plays )  an d interna l  representation s (menta l  imagery) . 
Accordin g t o thi s perspective ,  visua l  reasonin g i s no t 
an activit y confine d onl y t o gifte d inventor s lik e Nikol a 
Tesla ,  bu t  on e tha t  mos t  o f  u s engag e i n a t  on e tim e o r 
another .  However ,  it s  apparen t  eas e i s somewha t  decep -
tiv e becaus e i t  hide s comple x interaction s a m o n g per -
ceptual ,  cognitiv e an d deliberativ e processe s tha t  sup -
por t  thi s capability .  Thoug h visua l  reasonin g involve s 

'As quoted in (West, 1991). 

processe s o f  visua l  perception ,  cognition ,  comprehension , 
and deliberation ,  thi s symposiu m wil l  focu s o n compre -
hensio n an d deliberation .  A  cleare r  understandin g o f  th e 
natur e o f  thes e processe s an d thei r  interaction s wil l  hel p 
explicat e a n importan t  an d intriguin g h u m a n capabilit y 
an d allo w u s t o harnes s th e powe r  o f  visua l  reasonin g i n 
divers e application s includin g instructiona l  technology , 
visualizatio n i n scienc e an d engineering ,  an d multimedi a 
systems . 

Wherea s researc h o n menta l  imager y ha s ha d a  lon g 
histor y i n cognitiv e science ,  a  researc h are a o n th e us e o f 
visua l  reasonin g i n highe r  leve l  cognitiv e processe s (e.g. , 
proble m solvin g an d scientifi c  reasoning )  ha s emerge d 
relativel y recentl y amon g cognitiv e scientist s an d artifi -
cia l  intelligenc e researchers .  I n fact ,  th e recen t  pas t  has 
witnesse d a  surg e o f  researc h an d relate d activitie s o n 
computationa l  an d cognitiv e aspect s o f  visua l  reasoning . 
Thi s symposiu m i s a  respons e t o thi s increase d interest . 
It s ai m i s t o highligh t  th e significan t  rol e o f  visua l  rea -
sonin g i n certai n h u m a n activities .  I n particular ,  i t  wil l 
addres s th e rol e visua l  reasonin g i n thre e areas :  discov -
ery ,  instructio n an d proble m solving .  First ,  w e wil l  ex -
amin e insight s tha t  historica l  dat a provide s o n th e rol e o f 
visua l  reasonin g i n creativ e though t  processes .  Second , 
we wil l  conside r  dat a fro m studie s examinin g th e us e o f 
differen t  representationa l  form s i n instruction .  Third , 
we wil l  loo k a t  result s fro m experimenta l  investigation s 
of  peopl e engagin g i n visua l  reasonin g whil e solvin g th e 
proble m o f  understandin g an d reasonin g abou t  device s 
fro m diagram s an d text .  Finally ,  w e wil l  examin e ho w 
computationa l  model s ca n clarif y account s o f  visua l  rea -
sonin g processes . 

Visual Reasoning in Scientific Discovery 

Visua l  Representatio n i n Scientifi c  Reasonin g -  A  Vie w 
fro m Histor y 

Nanc y J .  Nersessia n 
Schoo l  o f  Literature ,  Communication ,  & ;  Culture , 
Schoo l  o f  Psychology ,  an d Colleg e o f  Computin g 

Georgi a Institut e o f  Technolog y 
Atlant a G A 3033 2 

neincynficc.gatecli.ed u 

W h at  ar e al l  thos e visua l  representation s doin g i n th e 
notebooks ,  diaries ,  letters ,  an d publication s o f  scientists ? 
Ar e the y "mer e aids "  t o discovery ,  replaceabl e b y lin -
guistic/formulai c expressions ,  o r  d o the y pla y a n inelim -
inabl e role ? W h y ,  especially ,  ar e the y s o prevalen t  durin g 
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period s o f  conceptua l  innovatio n an d change ? Thi s tal k 
wil l  explor e thes e an d relate d question s fro m th e per -
spectiv e o f  cognitiv e philosoph y an d histor y o f  science . 

Unti l  quit e recentl y visua l  representation s wer e largel y 
ignore d b y philosopher s an d historian s o f  science .  Posi -
tivis t  philosophers ,  concerne d t o justif y scientifi c  reason -
ing ,  sa w visua l  representation s a s a t  bes t  ''mer e aids " 
t o th e rea l  reasonin g proces s an d a t  wors t  a s impedi -
ment s t o reasoning ,  leadin g t o fals e inferences .  Reason -
in g i s usin g deductiv e o r  inductiv e algorithms .  O n e o f 
th e grea t  achievement s o f  thi s philosoph y wa s Hilbert' s 
axiomatizatio n o f  Euclidea n geometry :  th e picture s re -
all y ar e eliminabl e fro m th e reasonin g process .  Fur -
ther ,  philosopher s o f  divers e persuasion s hav e lon g ar -
gue d agains t  a  "logi c o f  scientifi c  discovery" ,  placin g dis -
cover y withi n th e provinc e o f  historian s an d sociologists , 
not  philosophers .  Earlie r  historian s unde r  th e positivis t 
influenc e als o tende d t o ignor e th e picture s an d focu s o n 
th e linguistic/formulai c dimension s o f  scientifi c  discov -
ery :  Galileo' s la w o f  fre e fall ,  Newton' s law s o f  motion , 
Maxwell' s  equations ,  th e theor y o f  evolution ,  th e con -
cep t  o f  "gene".  Althoug h som e contemporar y historians , 
unde r  th e swa y o f  th e sociolog y o f  knowledge ,  acknowl -
edg e th e rhetorica l  an d communicativ e rol e o f  th e visua l 
representation s employe d i n science ,  scan t  attentio n ha s 
been pai d t o th e questio n o f  thei r  possibl e generativ e 
role . 

I  wil l  surve y som e o f  th e recen t  wor k b y historian s 
and philosopher s o n visua l  representatio n i n th e geo -
logica l  an d biologica l  science s an d discus s m y researc h 
int o it s rol e i n th e developmen t  o f  electrodynamics .  I 
propos e tha t  scientifi c  discover y i s inherentl y a  problem -
solvin g proces s tha t  comprise s suc h activitie s a s artic -
ulatin g conceptua l  structures ,  mathematizin g domains , 
and devisin g real-worl d an d though t  experiments .  I t 
i s  mor e properl y terme d "invention "  o r  "construction " 
tha n "discovery" .  Further ,  somethin g i s no t  a  discover y 
unti l  i t  i s  understoo d an d sanctione d b y a  community . 
Communicatin g discoverie s t o th e member s o f  a  scien -
tifi c  communit y i s a n instructiona l  process .  Th e ai m i s 
t o ge t  other s t o understand ,  accept ,  an d possibl y fur -
the r  th e discovery .  Addressin g th e question s pose d a t 
th e outse t  require s a n interdisciplinar y analysi s tha t  in -
volve s creatin g a  workin g synthesi s betwee n researc h i n 
philosoph y an d histor y o f  scienc e an d researc h i n th e 
cognitiv e sciences ,  i n thi s case ,  researc h o n visua l  rep -
resentatio n i n proble m solvin g an d learnin g (Nersessian , 
1992 ,  1993 ,  i n press) . 

My analysi s lead s t o a  methodologica l  hypothesi s an d 
a psychologica l  hypothesis .  Th e methodologica l  hypoth -
esi s i s tha t  i n m a n y instance s o f  scientifi c  discovery ,  vi -
sua l  representation s ar e no t  eliminabl e fro m th e discov -
er y process .  The y pla y a  significan t  generationa l  role . 
The psychologica l  hypothesi s i s tha t  visua l  representa -
tion s employe d i n discover y processe s ac t  i n suppor t  o f 
interna l  reasonin g vi a modelin g processes .  Thi s hypoth -
esi s assume s tha t  althoug h th e historica l  recor d provide s 
onl y externa l  representation s -  th e inventor s canno t  b e 
aske d t o giv e protocol s o r  b e th e subject s o f  reactio n tim e 
experiment s -  nevertheless ,  take n i n conjunctio n wit h 

cognitiv e psychologica l  research ,  thes e len d suppor t  t o 
hypothese s abou t  th e natur e o f  th e interna l  phenomen a 
the y engage . 

Visual Reasoning in Instruction 

Making and Seeing Mathematics in and out of School 

Roger s Hal l 
Divisio n o f  Educatio n i n Mathematics ,  Scienc e an d 

Technolog y 
Universit y o f  Californi a 

Berkeley ,  C A 9472 0 
rhallOgsirnet .  berkeley .  ed u 

Research in cognitive science has begun to look outside 
th e individua l  i n a n experimenta l  settin g t o understan d 
ho w discipline-specifi c  form s o f  competenc e ar e acquire d 
an d use d (Greeno ,  1989 ,  i n press ;  Hutchins ,  1990 ,  t o ap -
pear ;  Pea ,  1993) .  M y contributio n t o th e symposiu m 
follow s thi s shif t  i n tw o ways :  (1 )  share d us e o f  interac -
tiona l  resource s lik e talk ,  activity ,  an d inscriptio n tak e 
theoretica l  parit y wit h menta l  representatio n i n account s 
of  comple x proble m solving ,  an d (2 )  school s an d work -
place s becom e preferre d empirica l  site s fo r  basi c researc h 
i n cognition .  Thi s tal k draw s o n comparativ e studie s 
of  mathematica l  proble m solving ,  i n an d ou t  o f  school , 
t o explor e th e developmen t  o f  heterogeneou s representa -
tiona l  practices .  Thes e includ e specifi c  form s o f  visua l 
reasoning . 

I n on e lin e o f  wor k (Hall ,  1990 ,  1993 ;  Hall ,  Kibler , 
Wenger  &  Truxaw ,  1989) ,  peopl e wit h differen t  level s o f 
achieve d competenc e (students ,  graduat e students ,  an d 
teachers )  ar e aske d t o solv e typica l  schoo l  algebr a prob -
lems .  Acros s participants ,  surprisingl y divers e represen -
tationa l  form s (e.g. ,  narratives ,  drawings ,  arrays ,  an d 
expressions )  ar e activel y constructed ,  combined ,  an d re -
purpose d durin g proble m solving .  M a n y o f  thes e form s 
li e outsid e th e sanctione d algebr a curriculu m (e.g. ,  draw -
in g snapshot s an d carryin g ou t  ora l  calculatio n a s vehi -
cle s mov e toward s eac h other) ,  an d thei r  materia l  fea -
ture s ar e differentiall y  usefu l  fo r  inference ,  calculation , 
justification ,  o r  explanation . 

A secon d lin e o f  wor k examine s ho w mathematica l 
problem s emerg e an d ar e solve d i n th e ongoin g wor k 
of  desig n teams ,  comparin g middl e schoo l  student s an d 
professiona l  engineer s w h o bot h us e computer-aide d de -
sig n tool s (Hal l  &  Stevens ,  i n press) .  I n bot h settings , 
specifi c  representationa l  practice s develo p fo r  modelin g 
spac e an d projectin g it s intende d use .  Divers e represen -
tationa l  form s (e.g. ,  scree n o r  pape r  displays ,  narratives , 
gestura l  manipulatio n o f  display s an d animation ,  an d 
variou s type s o f  calculation )  ar e assemble d togethe r  t o 
make proposals ,  evaluat e alternatives ,  o r  justifyin g ex -
istin g desig n commitments .  Ther e ar e c o m m o n feature s 
i n th e wa y tha t  interactiona l  resource s lik e tal k (tur n 
structur e an d narrativ e elaboration) ,  activit y (gestur e 
an d kinesics) ,  an d inscriptio n (drawin g o r  tracin g ove r 
th e surfac e o f  existin g displays )  ar e assemble d b y stu -
dent s an d professionals .  M u c h o f  thi s interactiona l  wor k 
i s densel y indexica l  an d serve s t o hol d thei r  collectiv e 
enterpris e together . 
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However ,  ther e ar e als o strikin g differences :  (1 )  Rep -
resentationa l  practice s fo r  projectin g view s o f  spac e ar e 
mor e extensivel y integrate d an d sho w a  highe r  degre e 
of  referenti2i l  precisio n amon g engineers .  Thi s reflect s 
bot h thei r  facilit y  fo r  usin g multipl e 2 D display s t o wor k 
on 3 D structure s an d extensiv e organizationa l  require -
ment s o n ho w a n acceptabl e desig n ca n proceed .  (2 )  Al -
thoug h desig n project s i n schoo l  ca n b e intensel y engag -
ing ,  the y ar e generall y short-live d and ,  a s grou p activi -
ties ,  fit  poorl y int o cycle s o f  individua l  assessmen t  tha t 
determin e studen t  trajectorie s int o highe r  grad e level s o r 
out  o f  school .  (3 )  A s a n organizationa l  undertaking ,  en -
gineerin g wor k allow s peopl e t o anticipat e an d influenc e 
th e receptio n o f  thei r  wor k b y othe r  parties .  Relation s o f 
accountabilit y  ar e muc h les s ope n fo r  student s i n school . 

Th e tempora l  trajector y o f  a  "project "  o r  developin g 
a "professiona l  identity" ,  an d form s o f  accountabilit y 
tha t  structur e participatio n i n bot h (Lav e &  Wenger , 
1991) ,  ar e seriou s problem s fo r  th e desig n o f  learnin g en -
vironment s intende d t o foste r  specifi c  representationa l 
practice s amon g learner s i n schoo l  o r  th e workplac e 
(Roschelle ,  1990) .  W e hav e a  grea t  dea l  t o lear n abou t 
th e interactione d characte r  o f  cognitio n i n collectiv e ac -
tivity ,  th e rol e o f  differen t  representationa l  form s i n thi s 
work ,  an d ho w peopl e lear n t o participat e i n thes e ac -
tivities . 

Visual Reasoning in Problem Solving 

Menta l  Animatio n -  Understandin g an d Reasonin g 
abou t  Device s fro m Tex t  an d Diagram s 

Mar y Hegart y 
Departmen t  o f  Psycholog y 

Universit y o f  Californi a 
Sant a Barbara ,  C A 9310 6 
hegartyCpsych.ucsb.ed u 

and 
N.  Har i  Narayana n 

Knowledg e System s Laborator y 
701 Welc h Road ,  Bldg .  "C " 

Stanfor d Universit y 
Pal o Alto ,  C A 9430 4 

ncurayanCksl .  stein f  ord .  ed u 

Scientific problems are often presented in mixed-mode 
format ,  i.e. ,  a s diagram s accompanie d b y text .  Ou r  re -
searc h suggest s tha t  visua l  reasonin g ha s a  significan t 
rol e t o pla y i n proble m solvin g i n thes e situation s (e.g. , 
Hegarty ,  1992 ;  Hegart y &  Sims ,  1994 ;  Narayanan ,  Suw a 
& Motoda ,  1994a) .  Th e proces s o f  solvin g a  proble m 
ca n b e characterize d i n term s o f  tw o stages :  (1 )  proble m 
comprehension ,  o r  th e proces s o f  generatin g a n interna l 
model  fro m th e informatio n given ,  an d (2 )  reasoning , 
or  th e proces s o f  generatin g a  solutio n b y makin g infer -
ence s fro m thi s model .  W e wil l  conside r  th e role s tha t 
diagram s pla y i n eac h o f  thes e tw o stages . 

Comprehension of mixed-mode input 

W h en a  mechanica l  proble m i s presente d a s a  tex t  ac -
companie d b y a  diagram ,  th e reasonin g agen t  (huma n 
or  machine )  mus t  buil d a  unifie d interna l  representatio n 

of  th e proble m fro m thes e tw o kind s o f  input .  Consid -
eratio n o f  ho w suc h a  menta l  mode l  migh t  b e forme d 
raise s severa l  interestin g questions ,  som e o f  whic h hav e 
bee n investigate d experimentall y an d computationally , 
and other s whic h remai n open . 

First ,  w e migh t  as k ho w comprehensio n o f  a  mixed -
med iu m presentatio n differ s fro m comprehensio n o f  ei -
the r  a  tex t  o r  diagra m alone .  W e hav e foun d tha t  eithe r  a 
tex t  o r  diagra m alon e i s sufficien t  fo r  communicatin g th e 
basi c component s an d configuratio n o f  a  device ,  bu t  tha t 
reader s wh o stud y mixe d medi a description s construc t 
bette r  model s o f  th e kinematic s o f  a  devic e (Hegart y k 
Just ,  1993 )  an d ar e bette r  abl e t o solv e problem s con -
cernin g th e functionin g o f  th e devic e (Mayer ,  1989) . 

Second ,  w e ca n as k ho w peopl e coordinat e thei r  pro -
cessin g o f  a  tex t  an d diagra m whil e readin g a  proble m 
description .  Preliminar y research ,  base d o n students ' 
eye fixations  whil e readin g tex t  an d diagrams ,  suggest s 
tha t  th e tex t  play s a n importan t  rol e i n directin g pro -
cessin g o f  th e diagra m (Hegart y k  Just ,  1989 ,  1993) .  O n 
th e basi s o f  thi s observation ,  w e ca n mak e som e prescrip -
tion s abou t  ho w th e tex t  i n a  mixed-mediu m presenta -
tio n migh t  b e writte n i n orde r  t o facilitat e comprehen -
sion :  (1 )  th e element s o f  th e diagra m shoul d b e labelle d 
clearly ,  (2 )  th e accompanyin g tex t  shoul d us e thes e la -
bel s consistentl y an d repeatedly ,  an d (3 )  th e tex t  shoul d 
includ e explici t  directio n t o al l  th e importan t  informa -
tio n i n th e diagram . 

Third ,  w e migh t  as k wha t  function s diagra m inspec -
tio n serve s i n comprehensio n o f  mixed-medi a presenta -
tions .  Th e eye-fixatio n dat a suggest s differen t  kind s o f 
diagra m inspection s tha t  ca n b e classifie d a s loca l  in -
spection s fo r  encodin g relation s amon g a  smal l  numbe r 
of  adjacen t  components ,  an d globa l  inspection s fo r  in -
tegratin g relation s amon g man y components .  Loca l  in -
spection s ar e particularl y tex t  directe d an d hel p for m a n 
initia l  interna l  representatio n o f  informatio n i n th e text . 
Globa l  inspection s serv e t o reactivat e par t  o f  a n exist -
in g interna l  representatio n an d integrat e ne w informa -
tio n fro m th e diagra m wit h thi s interna l  representation . 

Finally ,  w e as k wha t  kind s o f  prio r  knowledg e migh t  b e 
require d fo r  correc t  comprehensio n o f  a  mixed-mediu m 
presentation .  W e sugges t  tha t  tw o type s o f  knowledg e 
ar e involved :  (1 )  knowledg e o f  diagrammin g convention s 
and (2 )  backgroun d knowledg e o f  th e domain . 

Visual reasoning during problem solving 

The processin g o f  th e proble m displa y doe s no t  en d a t 
th e comprehensio n stag e o f  proble m solving .  Fo r  exam -
ple ,  menta l  visualizatio n base d o n th e proble m displa y 
can facilitat e proble m solvin g i n variou s way s (Antoni -
etti ,  1991) .  W e examin e th e us e o f  diagram s i n th e so -
lutio n o f  a  typ e o f  mechanica l  proble m i n whic h solver s 
ar e show n a  stati c diagra m o f  a  mechanica l  syste m an d 
aske d t o infe r  th e motio n (kinematics )  o f  th e component s 
of  th e machin e whe n i t  i s  i n operation .  W e refe r  t o thi s 
proces s a s "menta l  animation "  (Hegarty ,  1992) . 

H ow ar e diagram s use d durin g proble m solving ? Eye -
fixation  an d protoco l  studie s (Hegarty ,  1992 ;  Hegart y 
& Sims ,  1994 ;  Narayanan ,  Suw a &  Motoda ,  1994a ; 
Schwart z &  Black ,  1992 )  revea l  tha t  a  diagra m serve s 

982 



as a n externa l  memor y i n tw o ways .  First ,  i t  allow s th e 
proble m solve r  t o reactivat e hi s o r  he r  representatio n o f 
th e configuratio n o f  th e syste m t o b e mentall y animated . 
Second ,  a n interna l  representatio n o f  th e diagra m sup -
port s a  visualizatio n o f  th e kinematic s o f  th e system . 
We postulat e tha t  unlik e th e stati c externa l  diagram , 
it s interna l  representatio n i s a  dynami c entit y tha t  i s 
activel y modifie d durin g thi s visualization .  Ou r  hypoth -
esi s implie s tha t  a s proble m solvin g proceed s ther e wil l 
sometime s b e a  mismatc h betwee n th e externa l  diagra m 
(whic h remain s unchanged )  an d th e interna l  diagram -
mati c representatio n whic h ha s bee n modified .  W e wil l 
discus s ho w thi s mismatc h affect s reasoning . 

H ow d o diagram s influenc e reasoning ? First ,  diagram s 
suppor t  reasonin g b y allowin g th e indexin g o f  informa -
tio n b y spatia l  locatio n an d makin g explici t  informatio n 
abou t  th e topologica l  an d geometri c relation s amon g th e 
component s o f  th e proble m (Larki n k  Simon ,  1987) . 
Second ,  configuration s depicte d i n a  diagra m m a y di -
rectl y cu e applicabl e proble m solvin g knowledge ,  thereb y 
reducin g proble m spac e searc h (Koedinge r  &  Anderson , 
1990) .  Third ,  diagram s facilitat e proble m solvin g b y act -
in g a s externa l  memor y a s describe d above .  Fourth ,  w e 
propos e tha t  i n menta l  animatio n problems ,  th e connec -
tivit y an d spatia l  adjacenc y o f  component s i n a  diagra m 
guide s th e reasonin g proces s alon g th e perceive d direc -
tio n o f  causalit y (Hegarty ,  1992 ;  Narayanan ,  Suw a & 
Motoda ,  1994a) . 

Computational modeling of visual reasoning 

f r o m d i a g r a m s 

The representational and facilitative roles of diagrams 
i n reasonin g hav e als o bee n addresse d b y artificia l  in -
telligenc e researcher s (Narayanan ,  1992) ,  wh o hav e de -
velope d scheme s fo r  machin e representatio n o f  diagram s 
and imager y (e.g. ,  Glasgo w &  Papadias ,  1992 )  an d rea -
sonin g wit h suc h representations .  Thes e computationa l 
modelin g effort s wil l  b e th e focu s o f  th e las t  par t  o f  ou r 
talk . 

We wil l  discus s fou r  recen t  system s tha t  hav e at -
tempte d t o mode l  diagrammati c reasoning :  B E A T R I X 
a syste m tha t  parse s mixe d mod e inpu t  t o generat e a 
unifie d interna l  mode l  (Nova k k  Bulko ,  1993) ;  B H 
a syste m currentl y unde r  developmen t  tha t  hypothe -
size s behavior s o f  simpl e mechanica l  device s fro m la -
bele d schemati c diagram s (Narayanan ,  Suw a k  Motoda , 
1994b) ;  P O L Y A a  geometri c theore m provin g syste m 
tha t  use s diagram s fo r  proo f  plannin g (McDougal ,  1993) ; 
and R E D R A W -  a  syste m tha t  solve s elementar y struc -
tura l  analysi s problem s fro m civi l  engineerin g usin g bot h 
diagram s an d domai n knowledg e (Tessler ,  Iwasak i  k 
Law,  1993) .  Thes e fou r  system s illustrat e variou s aspect s 
of  th e interactio n betwee n conceptua l  an d diagrammati c 
aspect s o f  proble m solving .  B E A T R I X show s ho w refer -
ent s i n tex t  an d diagra m m a y b e matched ,  thu s estab -
lishin g co-reference ,  whil e parsin g th e diagra m an d tex t 
i n orde r  t o generat e a  unifie d interna l  model .  P O L Y A 
shows ho w informatio n fro m th e diagra m ca n b e use d t o 
inde x an d trigge r  appropriat e geometr y proo f  plans .  B H 
shows ho w a  simulatio n correspondin g t o menta l  anima -

tio n ca n suppor t  inferenc e b y facilitatin g th e detectio n 
of  componen t  interactions .  R E D R A W show s ho w con -
ceptua l  knowledg e ca n guid e th e selectiv e retrieva l  o f 
informatio n fro m th e diagram . 

Th e generz J lesso n t o b e draw n fro m a n examina -
tio n o f  thes e system s i s tha t  computationa l  model s o f 
visua l  reasonin g mus t  tak e a  hybri d o r  heterogeneou s 
approac h towar d representatio n an d reasoning .  Reason -
in g procedure s mus t  dra w o n th e conceptua l  knowledg e 
i n additio n t o effectivel y utilizin g diagrammati c informa -
tion .  Thi s require s a  combinatio n o f  traditiona l  A I  meth -
ods (rule-based ,  deductive ,  constraint-based ,  case-based , 
etc. )  an d technique s fo r  informatio n retrieva l  from ,  an d 
manipulatio n of ,  diagrammati c representations . 

I n summary ,  solvin g problem s wit h mixed-mod e in -
put  involve s a  comple x interpla y amon g tex t  processing , 
diagra m inspectio n an d prio r  knowledge .  Furthe r  delin -
eatin g th e specifi c  role s playe d b y eac h o f  thes e pose s a n 
excitin g challeng e t o cognitiv e an d compute r  scientists . 

Conclusion 

Despit e a  surg e o f  researc h an d relate d activities ,  re -
searc h o n cognitiv e analysi s an d computationa l  modelin g 
of  visual/diagrammati c reasonin g i s stil l  i n it s infancy . 
I t  i s a n are a brimmin g wit h man y interestin g ope n ques -
tions .  Mos t  importantly ,  result s fro m differen t  avenue s 
of  researc h o n visua l  reasonin g hav e th e potentia l  t o ad -
vanc e ou r  understandin g o f  creativ e reasonin g processe s 
underlyin g discovery ,  t o facilitat e th e desig n o f  effectiv e 
instructiona l  material s an d environments ,  an d t o hel p 
develo p computer-base d proble m solvin g system s tha t 
utiliz e multi-moda l  representation s an d medi a fo r  bot h 
reasonin g an d communicatin g wit h humans .  Therefore , 
th e primar y goal s o f  thi s symposiu m ar e no t  jus t  t o in -
for m bu t  als o t o stimulat e interest ,  discussion ,  an d fur -
the r  research . 
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