
UC Merced
Proceedings of the Annual Meeting of the Cognitive Science 
Society

Title
How Graphs Mediate Analog and Symbolic Representation

Permalink
https://escholarship.org/uc/item/74s6p4t0

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 16(0)

Authors
Gattis, Merideth
Holyoak, Keith J.

Publication Date
1994
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/74s6p4t0
https://escholarship.org
http://www.cdlib.org/


H o w G r a p h s M e d i a t e A n a l o g a n d S y m b o l i c R e p r e s e n t a t i o n 

Meridet h Gatti s 
Departmen t  o f  Psycholog y 

Universit y o f  California ,  Lo s Angele s 
Lo s Angeles ,  Californi a 90024-156 3 
m e r i d e t h § p s y c h . u c l a . e d u 

Abstrac t 

Three experiments are reported that examine the impact of 
people' s goal s an d conceptua l  understandin g o n grap h 
interpretation ,  i n orde r  t o determin e ho w peopl e us e 
graphica l  representation s t o evaluat e functiona l 
dependencie s betwee n continuou s variables .  Subject s mad e 
inference s abou t  th e relativ e rat e o f  tw o continuou s linea r 
variable s (altitud e an d temperature) .  W e varie d th e 
assignment s o f  variable s t o axes ,  th e perceive d cause -
effec t  relatio n betwee n th e variables ,  an d th e causa l  statu s 
of  th e variabl e bein g queried .  Th e mos t  strikin g findin g 
was tha t  accurac y wa s greate r  whe n th e Slope-Mappin g 
Constrain t  wa s honored ,  whic h require s tha t  th e variabl e 
bein g querie d -  usuall y th e effec t  o r  dependen t  variable ,  bu t 
potentiall y  th e caus e instea d — i s assigne d t o th e vertica l 
axis ,  s o tha t  steepe r  line s ma p t o faste r  change s i n th e 
querie d variable .  Thi s constrain t  dominate s whe n i t 
conflict s wit h others ,  suc h a s preservin g th e low-leve l 
mappin g o f  altitud e ont o th e vertica l  axis .  Ou r  finding s 
emphasiz e th e basi c conclusio n tha t  graph s ar e no t 
pictures ,  bu t  rathe r  symboli c system s fo r  representin g 
higher-orde r  relations .  W e propos e tha t  graph s provid e 
externa l  instantiation s o f  intermediat e menta l 
representations ,  whic h enabl e peopl e t o mov e fro m 
pictoria l  representation s t o abstraction s throug h th e us e o f 
natura l  mapping s betwee n perceptua l  propertie s an d 
conceptua l  relations . 

Introduction 

Graph s provid e a n externa l  representationa l  med iu m tha t 
connect s analo g an d symboli c interna l  representations . 
Althoug h graph s presen t  informatio n spatially ,  the y ar e 
mor e abstrac t  tha n simpl e pictoria l  representations .  Graph s 
ar e abl e t o omi t  non-essentia l  detail s an d t o highligh t  centra l 
higher-orde r  relations ,  suc h a s rat e o f  chang e i n a  variable , 
base d o n a  mappin g fro m visuospatia l  propertie s o f  th e 
grap h t o symbolically-interprete d concepts .  I n additio n t o 
bein g mor e comple x tha n pictures ,  graph s ar e simple r  tha n 
othe r  symboli c systems .  B y engagin g built-i n perceptua l 
processin g mechanisms ,  graph s functio n a t  a n intermediat e 
leve l  o f  abstraction .  Graph s mediat e betwee n analo g an d 
symboli c representation s b y exploitin g natura l  propertie s o f 
th e visua l  syste m i n a t  leas t  tw o ways .  First ,  graph s permi t 
computationa l  efficienc y fo r  abstrac t  problem s b y reducin g 
th e numbe r  o f  solutio n step s tha t  sententia l  o r  mathematica l 
procedure s woul d requir e (Larki n &  Simon ,  1987 )  o r  b y 
reducin g th e numbe r  o f  dimension s o r  variable s tha t  mus t  b e 
explicitl y  compared .  Utilizin g th e visua l  dimensio n t o 
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express information allows graphs to coordinate information 
on tw o o r  mor e dimensions .  Integratin g informatio n acros s 
dimension s normally  impose s a  heav y cognitiv e load ,  bu t 
graph s reduc e thi s loa d b y integratin g value s o n dimension s 
vi a point s o r  line s whic h simultaneousl y represen t  a  valu e 
or  se t  o f  value s o n mor e tha n on e dimension .  Thi s visua l 
integration ,  o r  chunking ,  allow s u s t o reaso n abou t  relation s 
betwee n tw o o r  mor e set s o f  dat a o n thos e tw o o r  mor e 
dimensions . 

Second ,  graph s als o exploi t  visio n b y utilizin g 
perceptua l  propertie s t o conve y conceptua l  relations .  Th e 
"natural "  mappin g betwee n percept s an d concept s i s  s o 
automati c fo r  som e pairings ,  suc h a s "greate r  are a (mor e 
dots ,  thicke r  bars ,  o r  highe r  lines )  equal s greate r  quantity, " 
tha t  w e ofte n fai l  t o recogniz e th e relationshi p a s a  mappin g 
rathe r  tha n a s a n inheren t  equivalenc e o f  meaning .  Othe r 
natura l  mapping s involv e mor e abstrac t  pairing s o f 
perceptua l  an d conceptua l  relations ,  suc h a s 'steepe r  equal s 
faster, "  whic h i s th e focu s o f  th e presen t  experiments . 
Mapping s betwee n perceptua l  an d conceptua l  relation s allo w 
graph s t o suppor t  reasonin g abou t  abstrac t  concept s tha t  ar e 
difficul t  t o gras p directly ,  suc h a s slop e an d function . 

Psychologica l  researc h o n graph s ha s bee n sparse ,  an d ha s 
primaril y focuse d o n encodin g processes ,  bu t  al l  reporte d 
wor k seem s t o reflec t  a  consisten t  them e o f  th e tigh t  linkag e 
foun d i n graph s betwee n perceptua l  propertie s an d conceptua l 
relations .  Pinke r  (1990 )  reporte d severa l  experiment s b y 
himsel f  an d Simco x indicatin g tha t  globa l  trend s ar e bes t 
represente d b y globa l  feature s readil y encode d b y th e visua l 
system ,  whil e loca l  value s ar e bes t  represente d b y loca l 
features .  Tversk y an d Schian o (1989 )  an d Schian o an d 
Tversk y (1992 )  foun d evidenc e tha t  th e rule s use d fo r 
encodin g graph s ar e no t  simpl y propertie s o f  th e visua l 
system ,  bu t  rathe r  resul t  fro m interpretin g a  figur e a s a 
graph .  The y demonstrate d tha t  th e labe l  give n t o a 
diagrammati c representatio n invoke s a  particula r  se t  o f  rule s 
or  biase s fo r  encoding .  Callin g th e representatio n a  "graph " 
create d a  particula r  perceptua l  bia s (th e interpretatio n o f  a 
lin e orientatio n wa s biase d towar d 4 5 degrees) ,  wherea s 
callin g i t  a  "map "  o r  a  "figure "  eithe r  di d no t  creat e an y bia s 
or  biase d th e interpretatio n awa y fro m al l  orientin g angle s 
(includin g 4 5 degrees) .  Thes e result s indicat e tha t  graph s 
constitut e a  symbo l  syste m tha t  i s  associate d wit h a 
specialize d se t  o f  rule s connectin g th e perceptua l  t o th e 
conceptual . 

I n th e presen t  stud y w e examin e th e impac t  o f  people' s 
goal s an d conceptua l  understandin g o n grap h interpretatio n 
i n orde r  t o determin e h o w graph s ar e use d t o connec t  analo g 
and symboli c representations .  Th e centra l  questio n w e 
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addres s concern s ho w peopl e us e graphica l  representation s t o 
evaluat e functiona l  dependencie s betwee n continuou s 
variables .  A  ke y proble m i s tha t  differen t  constraint s o n 
graphica l  representation s ma y b e i n conflict .  I n particular , 
dier e ma y b e tensio n betwee n th e goa l  o f  preservin g low -
leve l  pictoria l  correspondence s betwee n th e domai n bein g 
represente d an d th e visuospatia l  display ,  versu s th e nee d t o 
captur e systemati c correspondence s betwee n higher-orde r 
relation s i n th e represente d domai n an d visuospatia l  relation s 
i n th e display .  Figur e 1  illustrate s thi s proble m wit h a 
grap h typica l  o f  thos e use d i n teachin g atmospheri c science , 
whic h represent s functiona l  dependencie s betwee n altitud e 
and temperature .  Textbook s an d teacher s invariabl y plo t 
suc h altitude/temperatur e graph s wit h altitud e o n th e y  axis , 
becaus e thi s preserve s th e low-level ,  pictoria l  correspondenc e 
betwee n u p i n th e worl d an d u p i n th e graph . 

Well-mixed ,  neutrally-stabl e 
a t m o s p h e r e 

Ai r  an d balloo n 
temperatur e 

i 
Temperature ,  T 

Figure 1. A typical altitude/temperature graph used in 
atmospheri c science . 

However, the cost of this decision is that the functional 
dependenc y betwee n altitud e (th e causa l  variable )  an d 
temperatur e (th e effect )  violate s cognitiv e constraint s derive d 
fro m th e analogica l  relationshi p betwee n th e rat e o f  chang e 
i n th e effec t  (dependen t  variable )  an d th e slop e o f  a  line . 
Specifically ,  i f  th e independen t  variabl e (IV )  i s mappe d t o 
th e X  axis ,  an d th e dependen t  variabl e ( D V )  t o th e y  axis , 
the n rat e o f  chang e i n D V wit h respec t  t o I V map s t o rat e o f 
chang e i n y  wit h respec t  t o x  (i.e. ,  th e slop e o f  th e line) . 
Thi s assignment ,  a  graphin g conventio n tha t  w e ter m th e 
Slope-Mappin g Constraint ,  ensure s tha t  judgment s abou t 
rate s ca n b e base d o n th e visuall y transparen t  mappin g 
steepe r  =  faster .  However ,  th e standar d pictorial-base d 
assignmen t  o f  altitud e (IV )  t o th e vertica l  axi s violate s th e 
Slop e Mappin g Constrain t  (sinc e rat e o f  chang e i n th e D V 
wil l  equa l  th e reciproca l  o f  th e slope ,  instea d o f  th e slope) . 
Our  experiment s utiliz e conflict s betwee n pictoria l  an d 
symboli c representation s t o revea l  componen t  processe s o f 
grap h interpretation . 

E x p e r i m e n t  1 :  Con f l i c t i n g C o n s t r a i n t s 

Method 

Subjects: Sixty-six undergraduate psychology students at 
th e Universit y o f  California ,  Lo s Angele s ( U C L A ) 
participate d i n exchang e fo r  cours e credit .  Approximatel y 
hal f  o f  th e subject s wer e scienc e major s an d hal f  wer e non -
scienc e majors ,  distribute d randoml y acros s conditions . 

Materials, Procedure, and Design: Subjects were 
give n graph s representin g th e functiona l  dependenc y betwee n 
atmospheri c altitud e an d ai r  temperature ,  alon g wit h a  brie f 
explanatio n o f  th e relationship .  Thi s dependenc y i s a  loos e 
causa l  relatio n i n tha t  altitud e doe s no t  directl y caus e 
temperature ;  however ,  a n interactio n o f  severa l  factors , 
includin g altitude ,  determine s ai r  temperature .  I n th e cas e o f 
a movin g ai r  parcel ,  th e chang e i n altitud e cause s a  chang e 
i n temperature .  Th e graph s eithe r  represente d altitud e o n th e 
y axi s i n accordanc e wit h th e atmospheric-scienc e traditio n 
of  preservin g verticality ,  bu t  i n violatio n o f  th e Slope -
Mappin g Constrain t  (Figur e 2 A ) ;  o r  o n th e x  axis ,  i n 
accordanc e wit h th e graphin g conventio n o f  mappin g th e I V 
t o th e X  axi s tha t  follow s fro m th e Slope-Mappin g 
Constrain t  (Figur e 2B) .  Becaus e o f  th e relatio n displaye d i n 
thes e graphs ,  altitud e wa s th e I V an d temperatur e th e D V . 
On th e first  page ,  a  singl e dat a lin e wa s draw n acros s th e 
grap h representin g a  singl e valu e o f  y  fo r  eac h valu e o f  x . 
Th e lin e displaye d a n invers e linea r  relationshi p betwee n 
altitud e an d temperature ,  wit h highe r  temperature s a t  lowe r 
altitude s an d lowe r  temperature s a t  highe r  altitudes .  Al l 
subject s wer e first  aske d t o identif y a  particula r  poin t  o n th e 
graph ,  an d the n t o mak e a  judgmen t  abou t  th e directio n o f 
chang e fo r  on e o f  th e variable s represente d i n th e graph . 
Thes e question s wer e use d t o scree n ou t  subject s w h o wer e 
not  capabl e o f  basi c grap h interpretation . 

AMI»d « (I n Icel ) 

Figur e 2 .  Graph s tha t  violat e (Pane l  A )  o r  confor m wit h 
(Pane l  B )  th e Slope-Mappin g Constraint . 

On the second page subjects were shown another graph 
and aske d t o perfor m on e o f  tw o rate-judgmen t  tasks .  I n th e 
drawin g task ,  subject s wer e give n th e origina l  grap h 
accompanie d b y a  descriptio n o f  a  secon d dat a se t  i n whic h 
temperatur e change d mor e slowl y relativ e t o altitude ,  an d 
wer e aske d t o dra w a  lin e tha t  coul d represen t  suc h a  dat a set . 
I n th e multiple-choic e task ,  subject s wer e give n th e origina l 
grap h wit h th e additio n o f  a  dotte d secon d line ,  an d wer e 
aske d t o judg e whethe r  th e secon d se t  o f  dat a represente d a 
slowe r  o r  faste r  rat e o f  chang e o f  temperatur e tha n th e first. 
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Subject s wer e assigne d i n approximatel y equa l  number s t o 
fou r  conditions ,  define d b y th e factoria l  combinatio n o f  axi s 
assignmen t  (  altitud e o n x  o r  els e y  axis )  an d tas k (drawin g 
or  multipl e choice) .  Assignin g altitud e (IV )  t o th e y  axi s 
preserve d th e pictoria l  correspondenc e u p =  up ,  a t  th e cos t  o f 
violatin g th e Slope-Mappin g Constrain t  o f  steepe r  =  faster , 
wherea s assignin g altitud e t o th e y  axi s reverse d thes e 
properties .  W e predicte d tha t  judgin g rat e o f  chang e woul d 
be mor e dependen t  o n th e higher-orde r  mappin g tha n o n th e 
pictoria l  correspondence ,  s o tha t  accurac y woul d b e highe r 
when altitud e wa s o n th e x  axis . 

Results and Discussion 

As predicted ,  subject s wer e mor e accurat e i n bot h rat e task s 
when th e I V (altitude )  wa s assigne d t o th e x  axis .  Al l 
analyse s o f  solutio n frequencie s wer e base d o n th e G ^ 
statisti c (max imu m likelihoo d ch i  square) .  Fo r  th e drawin g 
task ,  th e percentag e o f  subject s w h o dre w a  lin e showin g th e 
correc t  rat e relatio n wa s 7 8 % whe n altitud e wa s o n x  an d 
3 3 % whe n i t  wa s o n v .  G ^  (1 )  =  5.60 ,  p  <  .025 .  Similarly , 
th e percentage s o f  correc t  choice s i n th e multiple-choic e tas k 
by subject s i n th e tw o condition s wer e 1 0 0 % an d 6 4 % , 
respectively ,  G ^  (1 )  =  6.86 ,  p  <  .01 .  Thes e result s revea l 
tha t  w h e n th e tw o pressure s conflic t  i n a  graphica l 
representatio n o f  rat e o f  change ,  preservin g th e pictoria l 
relatio n o f  verticalit y i s les s importan t  tha n preservin g th e 
mor e abstrac t  correspondenc e betwee n steepnes s o f  line s and 
spee d o f  rat e change . 

Experiment 2: Testing Alternative 
In te rp re ta t i on s 

Experimen t  2  wa s designe d t o distinguis h th e Slope -
Mappin g Constrain t  fro m othe r  factor s wit h whic h i t  wa s 
correlate d i n Experimen t  1 .  W e examine d whethe r  th e 
result s depende d o n existenc e o f  a  conceptua l  relatio n o f 
caus e an d effec t  betwee n th e F V an d D V ,  an d whethe r  ther e i s 
a preferenc e fo r  a  particula r  causa l  relation . 

Method 

Subjects: One hundred thirty-six students in undergraduate 
psycholog y course s a t  U C L A serve d a s subject s i n exchang e 
fo r  cours e credit . 

Materials, Procedure and Design: The two graphs 
use d i n Experimen t  1  wer e als o use d i n Experimen t  2 .  I n 
th e causa l  conditio n th e x  an d y  axe s wer e labelle d i n th e 
same wa y a s i n Experimen t  I .  I n th e non-causa l  conditio n 
th e X  an d > '  axe s wer e labelle d simpl y a s "A "  o r  "B" .  I n 
orde r  t o manipulat e th e causa l  directio n betwee n altitud e an d 
temperature ,  tw o cove r  storie s wer e create d fo r  th e causa l 
condition .  O n e wa s th e versio n use d i n Experimen t  1 ,  i n 
whic h altitud e loosel y cause s temperature .  A  secon d versio n 
describe d th e movemen t  o f  a  ho t  ai r  balloon ,  a  scenari o i n 
whic h atmospheri c ai r  temperatur e (relativ e t o a  constan t 
balloo n ai r  temperature )  cause s change s i n altitud e (o f  th e 
balloon) .  Th e functiona l  relation s describe d i n th e latte r 
stor y wer e nearl y identica l  t o thos e describe d i n th e former , 
excep t  tha t  th e causa l  directio n wa s reversed .  I n th e cas e o f  a 

hot  ai r  balloon ,  chang e i n th e ai r  temperatur e loosel y cause s 
chang e i n th e altitud e o f  th e balloon .  N o cove r  stor y wa s 
use d fo r  th e non-causa l  conditions . 

Subject s wer e assigne d t o on e o f  eigh t  conditions .  Fou r 
condition s receive d on e o f  th e tw o causa l  cove r  storie s 
(makin g eithe r  altitud e o r  temperatur e th e cause) ,  i n eac h 
cas e varyin g whic h variabl e wa s assigne d t o th e x  axis .  Th e 
othe r  fou r  condition s di d no t  receiv e an y causa l  cove r  story , 
so tha t  th e grap h simpl y represente d a  functiona l 
dependency .  Subject s i n thes e non-causa l  condition s wer e 
give n graph s identica l  t o thos e i n th e fou r  causa l  condition s 
but  withou t  th e cove r  stor y o r  th e altitud e an d temperatur e 
labels .  Th e x  an d y  axe s wer e labelle d "A "  an d "B" ,  wit h th e 
labe l  assignment s counterbalance d acros s eac h condition . 

The tw o grap h interpretatio n question s use d i n Experimen t 
1 wer e presente d o n th e first  page ,  alon g wit h a  grap h o f  a 
singl e se t  o f  data .  O n th e secon d pag e al l  subject s wer e 
presente d wit h tha t  sam e grap h togethe r  wit h a n additiona l 
set  o f  dat a represente d a s a  dotte d line .  A s i n th e multiple -
choic e tas k use d i n Experimen t  1 ,  subject s wer e instructa i  t o 
choos e th e correc t  rat e compariso n descriptio n fo r  th e secon d 
dat a lin e fro m tw o possibilitie s (faste r  o r  slowe r  tha n th e 
first  line) .  Thi s questio n alway s probe d th e rat e o f  chang e i n 
th e D V (th e effec t  i n th e causa l  conditions )  wit h respec t  t o 
th e IV .  I n th e noncausa l  conditions ,  th e D V wa s define d a s 
th e variabl e ( A o r  B )  bein g queried .  Th e mor e difficul t 
drawin g tas k wa s no t  used . 

Th e desig n wa s suc h tha t  amon g th e fou r  causa l 
conditions ,  tw o assigne d th e caus e (IV )  t o th e x  axis ,  i n 
accor d wit h th e Slope-Mappin g Constraint ,  an d tw o mad e 
th e revers e assignment .  W h e n altitud e wa s th e cause ,  th e 
Slope-Mappin g Constrain t  conflicte d wit h th e pictoria l 
correspondenc e o f  u p =  up ,  a s wa s th e cas e i n Experimen t  1 ; 
wherea s whe n altitud e wa s th e effec t  th e tw o pressure s 
converged .  A m o n g th e fou r  matche d non-causa l  conditions , 
tw o satisfie d th e Slope-Mappin g Constrain t  (I V o n th e y 
axis )  an d tw o violate d it . 

Results and Discussion 

As i n Experimen t  1 ,  subject s mad e rat e judgment s mor e 
accuratel y whe n th e Slope-Mappin g Constrain t  wa s satisfie d 
( D V o n y  axis )  tha n whe n i t  wa s not ,  9 3 % versu s 4 6 % ,  G ^ 
(1 )  =  39.6 ,  p  < .  0001 .  Thi s effec t  hel d regardles s o f  whethe r 
a casua l  cove r  stor y wa s provided ,  an d whethe r  altitud e o r 
temperatur e wa s th e cause .  Thes e result s thu s rul e ou t  al l  o f 
thes e alternativ e interpretation s o f  th e result s obtaine d i n 
Experimen t  1 . 

Experiment 3: Querying Cause 

Versu s Effec t 

Althoug h th e result s o f  Experimen t  2  di d no t  revea l  an y 
influenc e o f  a  causa l  cove r  stor y o n rat e judgments ,  i t  woul d 
be prematur e t o rul e ou t  an y rol e o f  causa l  relation s i n grap h 
interpretation .  Prio r  experienc e wit h graph s i n whic h th e 
"cause "  variabl e wa s alway s place d o n th e x  axi s coul d 
unconsciousl y carr y ove r  t o graph s withou t  an y explici t 
causa l  interpretation ,  s o tha t  subject s ma y hav e assume d tha t 
th e I V i n th e non-causa l  conditio n wa s i n fac t  a  cause .  I n 
addition .  Experiment s 1  an d 2  onl y teste d subjects '  abilit y  t o 
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make inference s abou t  th e rat e o f  chang e i n a n effec t  a s it s 
caus e varied .  Thi s typ e o f  questio n involve s a  predictiv e 
inferenc e fro m a  caus e t o it s effect .  However ,  peopl e ar e 
als o capabl e o f  makin g diagnosti c inferences ,  judgin g 
variation s i n a  caus e b y variation s i n it s effec t  (Waldman n & 
Holyoak ,  1992) .  Assumin g tha t  peopl e ten d t o cod e causa l 
knowledg e i n th e cause-to-effec t  direction ,  diagnosti c 
inference s tha t  depen d o n "backwards "  reasonin g ma y b e 
mor e difficult ,  especiall y whe n cas t  a s judgment s abou t 
higher-orde r  relation s suc h a s rat e o f  change .  I t  i s therefor e 
possibl e tha t  peopl e wil l  b e especiall y sensitiv e t o 
violation s o f  graphin g convention s i n th e contex t  o f  judgin g 
th e rat e a t  whic h a  caus e change s wit h it s effect . 
Accordingly ,  Experimen t  3  aske d subject s t o reaso n abou t  a 
chang e i n caus e a s a  functio n o f  a  chang e i n effect ,  a s wel l 
as th e opposit e case .  Experimen t  3  examine d th e combine d 
influenc e o f  thre e factor s o n grap h interpretation :  th e Slope -
Mappin g Constraint ,  preservin g pictoria l  correspondence s 
wit h th e rea l  world ,  an d a  possibl e assymmetr y i n causa l 
inference . 

Method 

Subjects: One hundred thirty-nine students in 
undergraduat e psycholog y course s a t  U C L A serve d a s 
subject s i n thi s experimen t  i n exchang e fo r  cours e credit . 

Materials, Procedure, and Design: The four causal 
condition s fro m Experiment s 2  wer e repeate d i n thi s 
experiment ,  wit h th e sam e graph s an d axe s labelling .  Th e 
tw o cove r  storie s use d i n Experimen t  2  t o manipulat e th e 
causa l  directio n betwee n altitud e an d temperatur e wer e agai n 
use d i n Experimen t  3 ,  wit h sligh t  change s t o creat e a 
contex t  i n whic h subject s woul d find  i t  plausibl e t o b e aske d 
abou t  th e chang e i n th e caus e a s a  functio n o f  th e chang e i n 
th e effect .  Th e multiple-choic e tas k use d i n th e previou s 
experiment s wa s use d onc e agai n i n Experimen t  3 . 

Subject s wer e assigne d t o on e o f  eigh t  conditions ,  define d 
by th e factoria l  combinatio n o f  axi s querie d ( x versu s y) , 
causa l  statu s o f  th e querie d variabl e (caus e o r  effect) ,  an d th e 
variabl e interprete d a s th e effec t  (altitud e o r  temperature) . 
Experimen t  3  wa s identica l  t o Experimen t  2  i n al l  othe r 
respects . 

Results and Discussion 

Tabl e I  present s th e percentage s o f  correc t  rat e judgment s fo r 
eac h o f  th e eigh t  conditions .  A s i n th e previou s 
experiments ,  accurac y wa s highe r  whe n th e querie d variabl e 
was assigne d t o th e y  axi s rathe r  tha n th e x  axis ,  9 2 % 
versu s 5 4 % ,  G ^  (1 )  =  26.2 ,  p  < .  0001 .  Overall ,  thi s effec t 
di d no t  var y wit h th e identit y o r  causa l  statu s o f  th e querie d 
variable .  Thi s resul t  thu s yield s a  furthe r  generalizatio n o f 
th e Slope-Mappin g Constraint .  I f  w e follo w th e 
conventiona l  interpretatio n o f  th e caus e a s th e I V an d th e 
effec t  a s th e D V ,  th e presen t  findings  demonstrat e tha t  i t  i s 
not  essentia l  fo r  th e I V t o b e assigne d t o th e xaxi s an d th e 
D V t o th e > '  axis .  Rather ,  th e crucia l  requiremen t  fo r 
satisfyin g th e Slope-Mappin g Constrain t  i s  tha t  th e variabl e 
bein g querie d (whethe r  D V o r  IV )  b e assigne d t o th e jaxis . 

Overall ,  queryin g th e caus e di d no t  significantl y reduc e 
accurac y relativ e t o queryin g th e effect .  Th e interpretatio n o f 
relativ e rat e i n a  graphica l  representatio n di d no t  appea r  t o 
depen d o n whethe r  th e questio n require d predictiv e reasonin g 
(fro m caus e t o effect )  o r  diagnosti c reasonin g (fro m effec t  t o 
cause) . 

Table 1. Percentage correct rate judgments in each condition 
of  Experimen t  3 . 

Rat e compariso n 
abou t 

Effec t 

Causal  relatio n 

Altitud e i s effec t 

Axi s 
Assignmen t 

Altitud e o n x 

Altitud e o n y 

% 
correc t 

64 
89 

1 
Temp,  i s effec t Temp,  o n y 

Temp,  o n x 
90 
61 

1 
Cause Temp,  i s caus e Temp,  o n y 

Temp,  o n x 
93 
72 

1 
Altitud e i s caus e Altitud e o n x 

Altitud e o n y 

22 
95 

G e n e r a l  D i s c u s s i o n 

Th e result s o f  th e presen t  stud y hel p t o illuminat e th e 
componen t  processe s i n grap h interpretation ,  an d th e manne r 
i n whic h thes e externa l  representation s serv e t o mediat e 
betwee n analo g an d symboli c interna l  representations .  W e 
foun d tha t  th e eas e o f  drawin g inference s abou t  rat e o f 
chang e depende d o n th e natur e o f  th e mappin g betwee n a n 
analo g conceptua l  dimensio n (rat e o f  chang e i n a  continuou s 
variable )  an d th e analo g visuospatia l  dimensio n o f  slop e o f  a 
line .  Furthermore ,  th e optima l  mappin g wa s dependen t  o n 
th e reasoner' s goal .  Ou r  mos t  consisten t  an d powerfu l 
finding  wa s tha t  accurac y wa s greate r  whe n th e Slope -
Mappin g Constrain t  wa s honored ,  whic h require s tha t  th e 
variabl e bein g querie d -  usuall y th e effec t  o r  dependen t 
variable ,  bu t  potentiall y  th e caus e instea d — i s assigne d t o 
th e vertica l  axis ,  s o tha t  steepe r  line s m a p t o faste r  change s 
i n th e querie d variable .  Thi s constrain t  dominate s whe n i t 
conflict s wit h others ,  suc h a s preservin g th e low-leve l 
mappin g o f  altitud e ont o th e vertica l  axis . 

Thes e result s emphasiz e th e basi c conclusio n tha t  graph s 
ar e no t  pictures .  Rather ,  the y ar e symboli c system s fo r 
representin g higher-orde r  relations .  Graph s mediat e betwee n 
thes e tw o representationa l  level s b y utilizin g visuospatia l 
relation s t o conve y conceptua l  information .  Sometime s thi s 
dependenc y o f  conceptua l  expressio n o n perceptua l  propertie s 
ca n lea d t o confusio n betwee n graph s an d picture s (Clement , 
1990) ,  bu t  fo r  th e mos t  par t  i t  i s a n efficien t  representationa l 
mechanism .  Ou r  findings  hav e pedagogica l  implications ,  i n 
tha t  the y demonstrat e tha t  th e near-universa l  textboo k 
conventio n o f  plottin g altitud e o n th e vertica l  axis ,  thereb y 
preservin g a  pictoria l  mapping ,  i s extremel y detrimenta l  t o 
th e solutio n o f  problem s tha t  requir e inference s abou t 
relativ e rates . 
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An importan t  questio n fo r  futur e researc h i s t o determin e 
whethe r  th e Slope-Mappin g Constrain t  observe d her e i s 
base d o n a  dee p propert y o f  th e cognitiv e system ,  o r  whethe r 
i t  develop s a s a  produc t  o f  experienc e wit h graph s an d th e 
convention s o f  axi s assignment .  Lakof f  an d Johnso n (1980 ) 
hav e argue d tha t  th e metaphorica l  mappin g betwee n th e 
vertica l  dimensio n o f  spac e an d th e "upward "  directio n o f 
abstrac t  dimension s i s likel y t o b e a  cognitiv e universal . 
Fro m thi s perspective ,  ou r  result s sho w tha t  whe n w e mus t 
choos e betwee n maintainin g thi s spatia l  mappin g eithe r  a t  a 
pictoria l  leve l  {u p =  up )  o r  a t  th e leve l  o f  mor e abstrac t 
relation s {steepe r  =  faster) ,  th e latte r  mappin g i s mor e 
importan t  fo r  inferrin g rates .  I f  thi s vie w i s correct ,  w e 
woul d expec t  tha t  th e natur e o f  th e cognitiv e syste m ha s le d 
t o thi s graphin g convention ,  whic h i s non-arbitrary . 

Thi s issu e i s relate d t o th e large r  questio n o f  whethe r  othe r 
perceptual-conceptua l  linkage s foun d i n graph s aris e fro m 
menta l  representation s tha t  mediat e th e pictoria l  an d th e 
symbolic .  Grap h theorist s hav e fostere d th e belie f  tha t  rule s 
fo r  graphin g ar e th e product s o f  explici t  desig n decision s b y 
thos e schoole d i n th e ar t  an d scienc e o f  representation , 
imagery ,  o r  symbol s (e.g. ,  statisticians ,  graphica l  designers , 
and semioticians) .  Bu t  perhap s i n constructin g graph s peopl e 
have basicall y bee n enhancin g natura l  representation s tha t 
alread y exis t  i n th e huma n mind .  Evaluatin g th e latte r 
possibilit y  wil l  requir e searchin g fo r  othe r  rule s o f  graphin g 
tha t  ma y depen d o n analogica l  mapping s betwee n perceptua l 
propertie s an d conceptua l  relations .  I t  wil l  als o b e necessar y 
t o investigat e th e difference s betwee n relativel y direc t  visua l 
displays ,  suc h a s pictures ,  drawings ,  figures ,  maps ,  an d 
some diagrams ,  an d mor e abstrac t  visua l  displays ,  suc h a s 
graph s an d menta l  models .  I n addition ,  developmenta l 
studie s o f  th e relativ e eas e o f  learnin g t o interpre t  graph s 
under  alternativ e conventions ,  suc h a s thos e fo r  assignmen t 
of  axes ,  ma y cas t  ligh t  o n th e origin s o f  "natural "  rule s fo r 
grap h construction . 
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