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A Visua l  Rout ine s B a s e d M o d e l  o f  G r a p h Unders tand in g 

Yusuf  Pisa n 
The Institut e fo r  th e Learnin g Science s 

Northwester n Universit y 
y - p i s a n @ n w u . e d u 

Abstrac t 

We present a model of graph understanding and describe our 
implementatio n o f  th e mode l  i n a  compute r  progra m calle d 
S K E T C H Y.  S K E T C HY use s a  combinatio n o f  genera l  grap h 
knowledg e an d domai n knowledg e t o describ e graphs ,  an -
swer  questions ,  perfor m comparativ e analyses ,  an d detec t 
contradiction s i n proble m solvin g assumptions .  S K E T C HY 
has generate d reasonabl e grap h summarie s fo r  6 5 graph s 
fro m multipl e domains .  S K E T C HY illustrate s th e robust -
ness o f  ou r  mode l  o f  grap h understanding . 

I n t r o d u c t i o n 

Understandin g diagram s i s a n importan t  par t  o f  huma n cog -
nition ,  requirin g integratio n o f  perceptua l  informatio n an d 
conceptua l  knowledge .  Diagram s ar e use d t o solv e prob -
lems ,  t o giv e explanations ,  t o summariz e informatio n an d t o 
represen t  spatia l  relations .  Diagram s serv e bot h a s device s t o 
ai d i n visualizatio n o f  th e situatio n an d a s short-ter m fas t  ac -
ces s memor y device s fo r  holdin g informatio n (Larki n &  Si -
m o n,  1987) .  Diagram s hav e bee n successfull y integrate d 
wit h compute r  program s t o explai n comple x mechanica l  an d 
dynami c system s (Forbus ,  Nielse n &  Fallings ,  1991 ;  K im , 
1993) .  Diagra m comprehensio n require s bein g abl e t o iden -
tif y objects ,  determin e th e relevan t  feature s fo r  a  particula r 
proble m an d m a p th e graphica l  feature s t o th e domain . 

A grap h i s a  specialize d for m o f  diagrammati c represen -
tation .  Previou s psychologica l  researc h (Gatti s &  Holyoak , 
1994 ;  Pinker ,  1990 ;  Schian o &  Tversky ,  1992 )  show s tha t 
graph s for m a  symboli c syste m differen t  tha n picture s wit h 
thei r  o w n se t  o f  symbol s an d rules .  Differen t  grap h format s 
emphasiz e differen t  relationship s betwee n variables .  Fo r  in -
stance ,  pi e graph s ar e use d t o sho w percentages ,  ba r  graph s 
and ste p graph s t o sho w relativ e amounts ,  scatte r  plot s t o 
sho w trend s i n dat a an d lin e graph s t o sho w continuou s 
changes .  I n thi s paper ,  w e onl y conside r  lin e graphs . 

We presen t  a  mode l  o f  grap h understandin g an d describ e 
our  implementatio n o f  th e mode l  i n a  compute r  progra m 
calle d S K E T C H Y.  S K E T C H Y use s a  combinatio n o f  gen -
era l  grap h knowledg e an d domai n knowledg e t o describ e 
graphs ,  answe r  questions ,  includin g comparativ e analyses , 
and detec t  contradiction s i n proble m solvin g assumptions . 
S K E T C HY ha s generate d reasonabl e interpretation s fo r  al l 
th e graph s i n a  colleg e leve l  thermodynamic s textboo k 

(Whalley ,  1992 )  a s wel l  a s interpretation s fo r  a  numbe r  o f 
graph s fro m economic s (Ekelun d &  ToUison ,  1986) . 

Sectio n 2  present s ou r  mode l  o f  grap h understanding . 
Sectio n 3  give s example s fro m S K E T C H Y,  Sectio n 4  dis -
cusse s relevan t  wor k o n graph s i n psycholog y an d visio n 
and Sectio n 5  describe s possibl e extension s t o th e mode l  an d 
t o th e compute r  progra m S K E T C H Y. 

A Model of Graph Understanding 

Understandin g graph s i s a  subse t  o f  th e genera l  proble m o f 
understandin g diagrams .  A s such ,  grap h understandin g re -
quire s reasonin g abou t  spatia l  propertie s an d relation s an d in -
terpretin g the m i n conceptua l  terms .  Unlik e genera l  dia -
grams ,  graph s ar e compose d o f  a  smal l  se t  o f  primitive s 
(axes ,  lines ,  points ,  area s an d labels) ,  whic h simplifie s ob -
jec t  recognition .  I n a  graph ,  points ,  line s an d area s represen t 
conceptua l  relationship s i n th e domain .  B y characterizin g 
th e possibl e relationship s amon g grap h objects ,  w e hav e 
constructe d a  mode l  o f  grap h understandin g tha t  i s  no t  tie d t o 
a specifi c  domain . 

Conceptua l Visua l 
Routine s 

Domain 
Translato r 

GRAPH Question s 
& Answer s 

Domain 
owled g Knowlecfe e 

Figur e 1 :  Architectur e fo r  grap h understandin g 

Figur e 1  show s th e architectur e fo r  grap h understanding . 
Conceptua l  question s ar e constructe d usin g th e vocabular y o f 
th e domai n tha t  th e grap h i s about .  Th e domai n translato r 
use s genera l  grap h knowledg e an d domai n specifi c  knowl -
edg e t o conver t  th e question s int o graphica l  relations .  Vis -
ual  routine s tak e graphica l  relationship s a s thei r  input ,  in -
spec t  th e grap h t o gathe r  th e necessar y informatio n an d re -
tur n th e informatio n t o th e domai n translator .  Dependin g o n 
th e result s th e domai n translato r  migh t  initiat e othe r  visua l 
routine s t o answe r  th e question .  W h e n al l  th e necessar y in -
formatio n i s obtaine d fro m th e graph ,  th e domai n translato r 
convert s th e graphica l  relationship s int o th e vocabular y o f 
th e domai n an d generate s an  answe r  t o th e question .  Thi s 
pape r  examine s th e informatio n processin g necessar y fo r 
grap h understanding .  W e ignor e th e proble m o f  recognizin g 
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an imag e a s a  specifi c  typ e o f  grap h (Pinker ,  1990 )  an d h o w 
visua l  routine s ca n b e implemente d (Ullman ,  1984 )  a s thes e 
problem s hav e bee n addresse d b y othe r  researchers . 

D o m a i n Translato r 

T wo kind s o f  knowledg e ar e neede d whe n translatin g a  ques -
tio n fro m conceptua l  term s t o graphica l  relations :  genera l 
grap h knowledg e an d domai n specifi c  knowledge .  Fo r  exam -
ple ,  t o answe r  th e questio n " W h e n i s S U P P L Y equa l  t o 
D E M A N D ?"  th e domai n translato r  first  need s t o identif y 
what  object s ar e bein g referre d t o b y S U P P L Y an d D E -
M A N D.  Th e grap h label s serv e a s th e necessar y semanti c 
informatio n connectin g th e grap h object s t o th e concept s i n 
th e domain .  Th e domai n translato r  initiate s visua l  routine s 
whic h inspec t  th e grap h t o fin d th e object s wit h label s 
S U P P LY an d D E M A N D.  I f  n o object s wit h thos e label s 
ar e found ,  domai n knowledg e i s use d t o connec t  S U P P L Y 
and D E M A ND t o th e grap h object s present . 

Grap h convention s m a k e u p a n importan t  par t  o f  gen -
era l  grap h knowledge .  W h e n ther e ar e n o scale s o n th e axes , 
line s goin g u p an d t o th e righ t  ar e interprete d a s havin g a 
positiv e slop e an d signifyin g tha t  variable s o n th e axe s ar e 
qualitativel y proportiona l  t o eac h other .  Steepe r  line s ar e in -
terprete d a s showin g relation s wher e th e variabl e represented 
on th e Y  axi s i s increasin g faster .  T w o region s wit h equa l 
area s ar e interprete d a s bein g equa l  i n magnitude .  Althoug h 
domai n specifi c  knowledg e ca n overrid e grap h conventions , 
graph s i n mos t  domain s follo w grap h convention s closely . 
As a  result ,  genera l  grap h knowledg e ca n b e applie d t o ne w 
domain s t o produc e reasonabl e grap h interpretation s eve n 
when ther e i s ver y littl e o r  n o domai n knowledge . 

Genera l  grap h knowledg e als o guide s i n identifyin g th e 
importan t  feature s o f  a  graph .  A n imag e ca n b e describe d i n 
an infinit e numbe r  o f  ways ,  s o peopl e us e heuristic s fo r 
summarizin g graphica l  information ,  som e genera l  an d som e 
specifi c  t o tas k o r  domain .  S o m e o f  th e heuristic s tha t  w e 
hav e observe d peopl e t o us e (an d ar e implemente d i n 
S K E T C H Y)  are : 

•  Onl y includ e informatio n fo r  object s wit h labels . 
•  Includ e coordinate s o f  labele d point s i f  th e axe s hav e 

scales . 
•  I f  a  poin t  i s  o n a  lin e o r  o n th e borde r  o f  a n area ,  in -

clud e thi s information . 
•  Includ e informatio n abou t  an y qualitativ e change s i n 

lin e slope s an d describ e eac h qualitativ e regio n sepa -
rately . 

•  I f  line s intersect ,  includ e thi s i n th e grap h description . 
•  Mentio n change s du e t o modifications . 

Each lin e i n a  grap h represent s a  differen t  relationshi p 
betwee n th e variable s o n th e axes .  Fo r  example ,  th e suppl y 
lin e represent s h o w th e amoun t  produce d increase s wit h in -
creasin g price s an d th e deman d lin e represent s h o w th e 
amount  demande d decrease s wit h increasin g prices .  Intersec -
tio n o f  tw o line s represent s a  poin t  o f  equalit y betwee n tw o 
relationships ,  ofte n representin g importan t  value s i n th e 
domain ,  an d i s alway s include d i n grap h summaries .  I n th e 
suppl y an d deman d example ,  th e intersectio n poin t  repre-
sent s th e equilibriu m poin t  fo r  th e marke t  determinin g th e 
curren t  price .  Qualitativ e change s i n lin e slope s ar e include d 

i n th e summar y sinc e a  chang e i n lin e directio n represent s a 
chang e i n th e typ e o f  relatio n betwee n th e variables .  Point s 
usuall y represen t  importan t  domai n specifi c  value s an d ar c 
include d i n th e grap h summary . 

Graph s provid e a  natura l  wa y o f  performin g comparativ e 
analysi s (Weld ,  1990 )  b y combinin g qualitativ e an d quanti -
tativ e information .  Comparativ e analysi s i s th e proble m o f 
predictin g h o w a  syste m wil l  reac t  t o perturbation s i n it s pa -
rameters .  Purel y qualitativ e technique s fo r  comparativ e 
analysis ,  suc h a s th e method s use d b y Weld ,  ar e limite d i n 
thei r  predictio n capacit y becaus e th e ne t  effec t  o f  opposin g 
influence s canno t  b e determined .  I n graphs ,  line s carv e u p 
th e two-dimensiona l  spac e definin g qualitativ e regions , 
whic h enabl e qualitativ e analysi s whil e stil l  maintainin g ac -
ces s t o numerica l  values .  I n Sectio n 3 ,  w e presen t  a n ex -
ampl e o f  h o w S K E T C H Y perform s comparativ e analysis . 

Th e domai n translato r  use s th e visua l  routin e processo r 
t o extrac t  informatio n fro m th e diagram .  I t  begin s b y call -
in g visua l  routine s tha t  identif y entitie s i n th e graph .  I f  th e 
entitie s ar e no t  found ,  domai n knowledg e i s use d t o sugges t 
othe r  graphica l  interpretations .  The n i t  use s othe r  visua l 
routine s t o comput e relationship s betwee n th e object s base d 
on th e query .  Thes e relationship s ar e the n translate d bac k 
int o conceptua l  term s t o produc e a n answe r  t o th e question . 

Visual Routines 

Afte r  th e conceptua l  questio n i s translate d int o graphica l 
term s b y th e translator ,  visua l  routine s ar e invoke d t o gathe r 
th e necessar y informatio n fro m th e graph .  Ul lma n (1984 ) 
suggest s h o w psychologicall y plausibl e elementa l  opera -
tion s (suc h a s bounde d activatio n an d boundar y tracing )  ca n 
be combine d t o construc t  visua l  routines .  Visua l  routine s 
ar e use d t o retriev e coordinate s o f  objects ,  determin e spatia l 
orientations ,  find  abou t  interactions ,  an d ge t  informatio n 
abou t  siz e an d change s i n th e graph . 

Table 1: Examples of visual routines and how they are used 

Visua l  Rou t in e 

examin e labe l 

coordinate-at-poin t 

right-of ,  left-of , 
above ,  belo w 

inside ,  outsid e 

steeper ,  flatter 

bigger ,  smalle r 

vertical ,  horizonta l 

change-in-slop e 

touches ,  intersect s 

on-line ,  on-border , 
forms-borde r 

E x a m p l e o f  U s e 

Used t o find  th e objec t  bein g que -
rie d 

For  calculatin g slope ,  gettin g th e 
valu e o f  a  poin t 

Used fo r  findin g spatia l  relation s o f 
object s t o eac h other .  Necessar y 
when axe s d o no t  hav e scale s 

Used fo r  determinin g th e relation -
shi p betwee n a n are a an d a  poin t  o r 
lin e segmen t 

For  comparin g slope s o f  line s 
qualitativel y 
Comparin g size s 

Specia l  case s fo r  lin e slop e bein g 
zer o o r  infinit y 

For  dividin g line s int o region s 

Possibl e relationshi p betwee n ob -
ject s 

Specifyin g a  limi t  poin t  eithe r  fo r 
an are a o r  a  lin e 
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Tabl e 1  show s th e visua l  routine s use d t o interpre t  graphs . 
Th e visua l  routine s i n Tabl e 1  ar e give n i n term s o f  objec t 
pairs ,  bu t  the y ca n als o b e use d t o find  object s tha t  satisf y a 
specifi c  relationship . 

Examples from SKETCHY 

S K E T C HY i s a  full y  implemente d compute r  progra m base d 
on ou r  mode l  o f  grap h interpretation .  Give n a  grap h pro -
duce d b y a  simpl e interface ,  S K E T C HY ca n provid e natura l 
summarizations ,  answe r  questions ,  perfor m comparativ e 
analyses ,  an d detec t  contradiction s i n proble m solvin g as -
sumptions .  S K E T C HY ha s bee n full y teste d o n 6 5 graph s 
fro m tw o domain s (economic s an d engineerin g thermody -
namics) ,  whic h suggest s tha t  th e mode l  i s  robust .  Thi s sec -
tio n illustrate s S K E T C H Y ' s operatio n o n representativ e ex -
amples ,  t o bette r  sho w ho w th e mode l  works . 

Graph Summarization 

Figur e 2  show s a  grap h fro m a  thermodynamic s textbook . 
Understandin g thi s grap h i s essentia l  fo r  solvin g man y 
thermodynamic s problem s sinc e al l  substcince s exhibi t  th e 
same qualitativ e behavio r  shown .  Th e grap h show s thre e 
region s (liquid ,  liquid/vapour ,  an d vapou r  regions )  corre -
spondin g t o th e phase(s )  a  substanc e ca n b e in .  Th e tem -
peratur e lines ,  whic h ar e contour s o f  equa l  temperature ,  ef -
fectivel y ad d a  thir d dimensio n t o th e graph .  S K E T C HY 
produce s th e grap h descriptio n give n i n 
Figur e 3  usin g genera l  grap h knowledg e an d grap h labels , 
but  withou t  in-dept h domai n knowledg e abou t  temperature , 
pressure ,  volum e o r  th e phases  a  substanc e ca n b e in . 

Pressur e 

Volume 

Figur e 2 :  Compressio n o f  carbo n dioxid e 

SKETCHY's summary captures important features of 
th e graph ,  bu t  i t  contain s mor e informatio n tha n a  perso n 
migh t  giv e i n explainin g th e grap h t o someon e else .  Par t  o f 
becomin g a n exper t  i n th e domai n i s learnin g h o w t o con -
cisel y stat e th e relevan t  feature s o f  a  grap h fo r  th e curren t 
task .  Includin g tas k specifi c  contro l  informatio n woul d 
make S K E T C H Y ' s summar y mor e concise . 

For  lin e 31-C : 
VOLUME an d PRESSURE ar e inversel y propor -

tiona l  . 
For  lin e 20-C : 

The slop e o f  20- C ha s discontinuitie s 
;associatin g discontinuitie s wit h region s 
Insid e regio n LIQUID : 

VOLUME INCREASE an d PRESSURE DECREASE. 
Insid e regio n LIQUID-AND-VAPOUR : 

VOLUME INCREASE an d PRESSURE CONSTANT. 
Insid e regio n VAPOUR: 

VOLUME INCREASE an d PRESSURE DECREASE. 
CRITICAL-POIN T i s o n line s (31-C ) 
CRITICAL-POIN T i s o n region s (LIQUI D LIQUID -

AND-VAPOUR VAPOUR) 
For  TEMPERATURE contour : 

As TEMPERATURE increase s 
th e slope s o f  TEMPERATURE line s becom e 

mor e LINEAR . 
;basi s fo r  Boyle' s La w 
For  a  constan t  PRESSURE: 

As VOLUME increase s TEMPERATURE INCREASE. 
VOLUME an d TEMPERATURE ar e directl y  pro -

portiona l  . 
For  a  constan t  VOLUME: 

As PRESSURE increase s TEMPERATURE IN -
CREASE. 

PRESSURE an d TEMPERATURE ar e directl y  pro -
portiona l  . 

Figur e 3 :  S K E T C H Y ' s descriptio n o f  carbo n dioxid e 
compressio n grap h 

C o m p a r a t i v e Analysi s 

Graph s ar e a n idea l  representatio n fo r  comparativ e analysi s 
sinc e the y combin e qualitativ e an d quantitativ e information . 
S K E T C HY demonstrate s comparativ e analysi s ca n b e don e 
vi a visua l  processe s o n a  graph .  Analyzin g engineerin g cy -
cle s i s a n importan t  tas k i n thermodynamics .  Th e basi c cy -
cl e fo r  a  stea m powe r  plan t  i s th e Rankin e cycle ,  show n i n 
Figur e 5 .  A  c o m m o n modificatio n t o th e Rankin e cycl e i s 
superheatin g th e stea m i n th e boile r  t o increas e th e effi -
cienc y o f  th e cycle .  Th e ne t  wor k o f  th e cycl e befor e modi -
fication  i s represente d b y are a 1-2-3-4- 1 an d afte r  modifica -
tio n b y l-2-3'-4'-l .  Th e are a unde r  1-2-3-3 '  represent s th e 
tota l  hea t  pu t  int o th e system . 

;usin g grap h interpretatio n rule s 
For  poin t  3 : 

The ENTROPY o f  3  INCREASE. 
The TEMPERATURE o f  3  INCREASE. 

For  poin t  4  : 
The ENTROPY o f  4  INCREASE. 
The TEMPERATURE o f  4  CONSTANT. 

For  regio n WORK: 

The area covered by WORK INCREASE. 

For region HEAT: 
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The are a covere d b y HEAT INCREASE. 
;usin g thermodynamic s knowledg e 

For  variabl e EFFICIENCY : 
EFFICIENC Y ha s INCREASE. 

Figur e 4 :  S K E T C H Y ' s explanatio n 

Tonpcnnir e 

1 
( 

/ 

/ 

/ \ 

/ /  WORK 

HEAT 
4 

1* 

\  .••• • 

\ 

4' \ 
\ 

Enlrop y 

Figur e 5 :  Effec t  o f  superheatin g o n Rank in e cycl e 

Qualitative methods alone are sufficient to reach the 
conclusio n tha t  W O R K an d H E A T hav e increase d a s a  resul t 
of  modification .  Efficiency ,  define d a s th e a m o u n t  o f  w o r k 
divide d b y th e a m o u n t  o f  heat ,  i s  represente d indirectl y 
throug h w o r k an d hea t  a s area s i n th e graph .  Determinin g 
whethe r  efficienc y ha s increase d o r  no t  canno t  b e resolve d 
qualitatively .  S K E T C H Y use s visua l  routine s t o calculat e 
th e change s i n area s an d determine s tha t  th e efficienc y o f  th e 
cycl e i s increased . 

Using SKETCHY in Problem Solving 

We hav e connecte d S K E T C HY t o CyclePa d (Forbu s & 
Whalley ,  1994 )  a n intelligen t  learnin g environmen t  fo r  en -
gineerin g thermodynamics .  A n importan t  proble m i n suc h 
learnin g environment s i s detectin g contradictor y studen t  as -
sumption s an d explainin g the m i n a n easil y graspe d fashion . 
S K E T C HY use s student-supplie d assumption s an d numeri -
cal  value s compute d b y CyclePa d t o automaticall y dra w 
temperature-entrop y diagrams .  Student s ca n expres s desig n 
change s usin g thes e diagrams .  Modification s t o CyclePad' s 
parameter s tha t  lea d t o visuall y detectabl e contradiction s ar e 
foun d b y SKETCHY ' s thermodynamic s domai n rule s an d i t 
warn s th e studen t  abou t  the m (c.f .  Figur e 7) . 

666" 

«l -

.</6 -

230 -

Hi  -

-6 0 _ 

Temperatur e 

Heater^^" ^  / 

/ 7 \ 

\  \ 
Pump U  J 

/ 4 Coole r 

2 
» 

Turb in e 

J 

17 t . 
0 2  4  6 

666 

521-

376-

230-

85 -

-60 

Temperatur e 

Heate r 

Turbin e 

P u mp 

Entrop y 

Figur e 6 :  Th e grap h befor e an d afte r  use r  modificatio n 

You canno t  chang e th e valu e o f  ( t  s4 ) 
Changin g th e valu e woul d violat e 
(isotherma l  (fluid-flo w s 3 s4) ) 

Figur e 7 :  S K E T C H Y ' s repor t  o f  detectin g th e contradictio n 

Related Work 

One inspiratio n fo r  S K E T C HY i s th e Metri c Dia -
gram/Plac e Vocabular y mode l  o f  spatia l  reasonin g (Forbus , 
1980 ;  Forbus ,  Nielse n &  Fallings ,  1991) .  S K E T C H Y ' s 
Visua l  Routin e Processo r  i s it s Metri c Diagram . 

Ullma n (1984 )  introduce d th e concep t  o f  visua l  routine s 
as a  goal-oriente d visua l  processin g facility .  Visua l  routine s 
expres s domain-specifi c  visua l  skills .  M a h o n e y (1992 )  ex -
tend s Ullman' s wor k b y definin g imag e chunks ,  forme d us -
in g topologica l  information ,  tha t  ca n b e use d fo r  highe r 
leve l  goals .  I n S K E T C H Y w e ignor e th e proble m o f  recog -
nizin g an d identifyin g grap h object s an d concentrat e o n in -
terpretin g thei r  interactions .  A  natura l  extensio n t o 
S K E T C HY woul d b e implementin g imag e chunks ,  whic h 
woul d enabl e S K E T C H Y t o analyz e scanne d images .  Thi s 
extensio n woul d no t  fundamentall y alte r  ou r  mode l  o f  grap h 
understanding . 
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P O LY A  (McDouga l  &  Hammond,  1993 )  use s visua l 
operator s t o specif y whic h object s i n th e diagra m t o inspec t 
i n th e cours e o f  solvin g geometr y proofs .  POLYA ' s opera -
tor s ar e ver y specifi c t o th e geometr y domai n (suc h a s 
L O O K - A T - L E F T - B A S E - A N G L E ) .  S O N J A (Chapman , 
1991 )  o n th e othe r  han d use s ver y genera l  actio n oriente d 
visua l  operator s fo r  playin g a  vide o game .  S K E T C H Y ' s 
operator s ar e specifi c  fo r  examinin g lin e graphs . 

Pinke r  (1990 )  describe s psychologica l  factor s contribut -
in g t o difficult y i n readin g graphs .  Pinke r  suggest s a  simila r 
architectur e t o S K E T C H Y,  bu t  hi s  mai n emphasi s i s o n 
recognitio n o f  differen t  grap h type s throug h genera l  grap h 
schemas an d th e difficultie s i n understandin g differen t 
graphs ,  rathe r  tha n providin g a  concret e computationa l 
model  fo r  grap h interpretation .  Currentl y S K E T C HY doe s 
not  hav e an y interna l  mode l  fo r  processin g capacit y o r  selec -
tiv e attention ,  bot h o f  whic h woul d b e usefu l  i n increasin g 
it s psychologica l  plausibility . 

Gatti s an d Holyoa k (1994 )  loo k a t  th e impac t  o f  goal s 
and conceptua l  understandin g o n grap h interpretation .  Gatti s 
and Holyoak' s mos t  significan t  findin g i s  tha t  th e variabl e 
bein g querie d shoul d b e assigne d t o th e vertica l  axis ,  s o tha t 
steepe r  line s ca n ma p t o faste r  change s i n th e querie d vari -
able .  W e vie w thi s resul t  a s furthe r  evidenc e tha t  grap h se -
mantic s an d grap h interpretatio n i s separat e fro m th e domai n 
th e grap h i s about . 

Lohs e (1993 )  describe s a  compute r  progra m calle d UCI E 
whic h use s grap h schema s t o predic t  resp)ons e time s t o an -
swer  question s abou t  th e graph .  UCIE' s grap h schema s fo r 
informatio n retrieva l  ar e simila r  t o S K E T C H Y ' s genera l 
grap h knowledge .  UCIE' s short-ter m an d long-ter m mem-
or y model s coul d b e incorporate d int o S K E T C HY t o ge t 
simila r  respons e tim e predictions . 

S K E T C H Y 's grap h description s ar e mainl y produce d b y 
domai n independen t  grap h rules .  Tabachneck ,  Leonard o an d 
Simo n (1994 )  demonstrat e ho w novice s hav e difficult y inte -
gratin g visua l  an d verba l  information .  Novice s fai l  t o pro -
vid e answer s tha t  coul d b e obtaine d b y simpl e perceptio n 
wherea s expert s se e th e answe r  immediately .  W h e n domai n 
rule s ar e no t  used ,  S K E T C HY suffer s fro m a  simila r  prob -
lem .  S K E T C HY canno t  answe r  an y question s abou t  vari -
able s beside s th e one s explicitl y  mentione d o n th e grap h 
eve n whe n th e answe r  i s visuall y available .  Par t  o f  becom -
in g a n exper t  i n a  domai n i s creatin g th e necessar y domai n 
rules ,  s o tha t  inference s abou t  object s no t  labele d i n th e 
grap h ca n b e made . 

Discussion 

We hav e presente d a  mode l  fo r  interpretin g graph s an d illus -
trate d it s capabilitie s vi a example s solve d b y S K E T C H Y,  a 
compute r  implementatio n o f  th e model .  S K E T C HY ha s 
generate d reasonabl e interpretation s fo r  6 5 graph s fro m 
thermodynamic s an d economic s showin g tha t  ou r  mode l  i s 
broadl y applicable . 

Extendin g S K E T C HY t o othe r  grap h type s suc h a s ba r 
graph s an d pi e chart s appear s straightforward .  Th e majo r  dif -
ficult y appear s t o b e increasin g th e librar y o f  visua l  routine s 
t o recogniz e an d compar e thes e compoun d graphica l  ele -
ments .  Extendin g ou r  mode l  t o genera l  diagram s woul d re-
quir e developin g functiona l  representation s fo r  object s tha t 

wil l  b e i n th e diagrams .  Currentl y w e ar e incorporatin g 
S K E T C HY int o a  ne w cognitiv e simulatio n o f  studen t  prob -
le m solvin g i n engineerin g thermodynamics . 
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