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W h at  I t  M e a n s t o B e "th e S a m e " :  T h e Impac t  o f 

Relationa l  Complexit y o n Processin g Efficienc y 

James K .  Kroge r  (KROGER@LlFESCl.UCLA.EDU) 
Departmen t  o f  Psycholog y 

Brai n Researc h Institut e 
Keit h J .  Holyoa k (holyoak@lifesclucla.edu ) 

Departmen t  o f  Psycholog y 
Universit y o f  California ,  Lo s Angele s 
Lo s Angeles ,  C A 90095-1563 ,  U S A 

Abstrac t 

The fundamental relations that underlie cognitive 
comparison s ~  "same "  an d "different "  -  ca n b e define d a t 
multipl e level s o f  abstraction ,  whic h var y i n relationa l 
complexity .  W e compare d reactio n time s t o decid e whethe r 
or  no t  tw o sequentially-presente d perceptua l  display s wer e 
th e sam e a t  thre e levels :  perceptual ,  relational ,  an d syste m 
(higher-orde r  relations) .  Fo r  bot h 15 0 mse c an d 5  se c inter -
stimulu s intervals ,  decisio n tim e increase d wit h leve l  o f 
abstraction .  Samenes s a t  lowe r  complexit y level s 
contribute d t o decision s base d o n th e highe r  levels . 
Relation s a t  multipl e level s o f  complexit y ca n b e 
abstracte d an d compare d i n workin g memory ,  wit h highe r 
complexit y level s requirin g mor e processin g time . 
Multipl e level s ca n cooperat e t o reac h a  decision . 

Introduction 

Perhap s th e mos t  fundamenta l  psychologica l  relatio n i s 
sameness .  Th e capacit y t o recogniz e tha t  tw o objects , 
situations ,  o r  event s ar e th e sam e wit h respec t  t o a  certai n 
criterio n underlie s objec t  recognition ,  categorization ,  an d 
analogica l  reasoning .  I t  i s  apparen t  tha t  th e concep t  o f 
samenes s ca n var y enormousl y i n abstraction .  A t  a n implici t 
level ,  al l  vertebrate s (an d m a n y invertebrate s a s well )  ca n 
trea t  distinc t  bu t  simila r  entitie s a s th e sam e (e.g. ,  a s prey) . 
M o r e comple x comparison s ca n b e m a d e b y explicitl y 
identifyin g dimension s o f  variation ,  makin g i t  possibl e t o 
trea t  object s a s th e sam e base d o n multipl e criteria .  A 
monkey ,  fo r  example ,  ca n selec t  whic h objec t  i s  th e sam e a s 
anothe r  o n th e basi s o f  shap e (ignorin g location )  o r  o n th e 
basi s o f  locatio n (ignorin g shape) .  A n adul t  h u m a n i s 
capabl e o f  fa r  m o r e abstrac t  comparisons ,  suc h a s 
recognizin g tha t  Wes t  Sid e Stor y ha s th e "same "  relationa l 
structur e a s R o m e o an d Juliet ,  despit e th e considerabl e 
surfac e differences .  I t  ha s bee n suggeste d tha t  h u m a n 
capacit y t o recogniz e samenes s a t  abstrac t  level s i s closel y 
linke d t o th e evolutio n o f  prefronta l  corte x (Holyoa k & 
Kroger ,  1995) .  Increasin g abilit y t o detec t  samenes s o f 
entitie s base d o n simila r  relationship s a m o n g thei r 
component s occur s a s species '  cortica l  developmen t  become s 

mor e advanced ,  an d a s human s matur e fro m childhoo d int o 
adulthood . 

Definin g th e level s o f  abstractio n a t  whic h samenes s ca n 
exis t  involve s variation s i n relationa l  complexity .  A  numbe r 
of  theorist s hav e propose d variant s o f  a  three-leve l  taxonom y 
of  relationa l  complexit y base d o n th e predicate-argumen t 
structur e o f  proposition s (Centner ,  1983 ;  Halford ,  1993 ; 
Holyoa k &  Thagard ,  1995 ;  Premack ,  1983) .  Centne r 
distinguishe d samenes s a t  th e level s o f  attribute s (one-plac e 
predicates) ,  first-order  relation s (multi-plac e predicate s wit h 
object s a s arguments) ,  an d higher-orde r  relation s (multi-plac e 
predicate s wit h a t  leas t  on e argumen t  i n th e for m o f  a 
proposition) .  Halfor d (1993 )  linke d relationa l  complexit y t o 
working-memor y capacity .  Premac k (1983 )  propose d tha t  a 
mor e abstrac t  leve l  o f  samenes s distinguishe s th e reasonin g 
abilit y  o f  chimpanzee s traine d i n manipulatio n o f  symboli c 
token s fro m tha t  o f  thei r  untraine d conspecifics .  Holyoa k 
and Thagar d (1995 )  extende d Premack' s analysi s t o accoun t 
fo r  th e furthe r  ga p tha t  separate s th e reasonin g abilit y o f 
symbol-traine d chimpanzee s fro m tha t  o f  humans . 

Conside r  a  basi c compariso n tas k suc h a s match-to-sampl e 
(e.g. ,  Fuster ,  1989) .  I f  a n appl e i s presente d a s th e sample ,  a 
monkey ca n b e traine d t o selec t  a n appl e (rathe r  tha n a 
hammer)  a s th e match ;  i f  th e sampl e i s the n varied ,  th e 
anima l  wil l  continu e t o selec t  th e alternativ e tha t  i s  th e 
same shap e a s th e sample .  Thi s tas k ca n b e performe d b y 
makin g a  perceptua l  matc h betwee n tw o objects . 

Premac k (1983 )  describe s a  pairwis e versio n o f  th e match -
to-sampl e task ,  i n whic h th e sampl e i s a  pai r  o f  object s 
(e.g. ,  apple-apple) ,  an d th e alternative s ar e als o pair s (e.g. , 
hammer-hammer  versu s shoe-flower) .  Onl y symbol-traine d 
chimpanzee s ar e abl e t o choos e th e "same "  alternativ e i n th e 
pairwis e task .  Thi s tas k i s mor e comple x becaus e th e matc h 
must  b e mad e o n a  relation ,  rathe r  tha n directl y betwee n 
physica l  objects .  Tha t  is ,  i t  i s  necessar y t o cod e apple-appl e 
as "sam e objects" ,  o r  O-same ,  an d t o recogniz e tha t  hammer -
h a m m er  i s als o O-same ,  wherea s shoe-flowe r  i s 0-different . 
The tas k thu s require s a  relationa l  match . 

Holyoa k an d Thagar d (1995 )  observe d tha t  a  furthe r 
incremen t  i n relationa l  complexit y i s require d t o represen t 
samenes s o f  relation s s o tha t  analogica l  matche s ca n b e 
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recognized .  Th e match-to-sampl e tas k ca n b e furthe r 
generalize d t o item s base d o n pair s o f  pairs .  Th e relatio n 
betwee n apple-appl e (O-same )  an d tha t  betwee n hammer -
hammer  (0-same )  ar e themselve s th e sam e relation ,  o r  K -
same ( a higher-orde r  relatio n betwee n relations) . 
Recognizin g thi s abstrac t  samenes s woul d allo w a  matc h l o 
shoe-flowe r  (0-different )  an d bottle-bel l  (0-different) ,  a s th e 
relatio n betwee n th e latte r  relation s i s agai n R-same ,  eve n 
thoug h ther e i s n o overla p eithe r  o f  object s o r  first-orde r 
relations .  Thi s deepe r  leve l  o f  samenes s require s a  syste m 
match . 

The presen t  stud y introduce s a  speede d matchin g tas k 
relate d t o thes e variant s o f  match-to-sample .  W e compar e th e 
tim e require d t o mak e matche s betwee n visua l  display s a t 
eithe r  th e perceptual ,  relational ,  o r  syste m level ,  whil e 
holdin g th e physica l  characteristic s o f  th e display s a s 
constan t  a s possible .  W e hypothesize d tha t  highe r 
complexit y level s woul d requir e mor e processin g time .  B y 
varyin g samenes s a t  lowe r  complexit y levels ,  w e als o 
sough t  t o determin e whethe r  eac h typ e o f  matc h i s mad e 
independently ,  o r  whethe r  multipl e level s o f  representatio n 
can cooperativel y contribut e t o a  decision .  W e examine d th e 
impac t  o f  relationa l  complexit y o n decisio n tim e a t  bot h 
shor t  (Experimen t  1 )  an d longe r  (Experimen t  2 )  inter -
stimulu s intervals . 

a. 

E x p e r i m e n t  1 

Metho d 

Participant s Thirty-eigh t  U C L A undergraduate s 
participate d i n th e experimen t  a s par t  o f  th e requirement s o f 
an introductor y psycholog y course . 

Materials ,  Desig n an d Procedur e Th e experimen t 
was controlle d b y a n Appl e Macintos h compute r  wit h a 
colo r  monitor .  A  compute r  progra m presente d al l 
instruction s an d stimul i  an d recorde d response s an d reactio n 
time s (RTs )  fo r  eac h trial .  Stimul i  consiste d o f  a  grou p o f 
fou r  colore d square s (blue ,  green ,  red ,  o r  gray )  arrange d a s 
shown i n Figur e 1 ,  presente d agains t  a  blac k background . 
The overal l  figur e wa s 1.6 "  hig h an d 1.5 "  wide .  Participant s 
sat  approximatel y 30 "  fro m th e screen ,  wit h thei r  inde x 
fingers  restin g o n th e compute r  keyboard . 

Each stimulu s remaine d o n th e scree n unti l  th e subjec t 
presse d a  respons e key .  Participant s wer e instructe d t o 
indicat e fo r  eac h figur e whethe r  i t  demonstrate d th e 
"designate d change "  relativ e t o th e previou s figure  (excep t 
tha t  n o respons e wa s mad e fo r  th e first  figure).  Response s 
wer e indicate d b y pressin g th e "c "  ke y (change )  o r  "n "  ke y 
(n o change )  o n th e compute r  keyboard .  T w o second s afte r 
th e response ,  th e figure  wa s replace d b y a  blac k scree n fo r 
150 msec ,  afte r  whic h th e nex t  stimulu s appeared .  On e tria l 
consiste d o f  a  presente d figure  an d th e participant' s response , 
indicatin g whethe r  o r  no t  eac h figur e wa s change d i n a 
prescribe d wa y fro m th e previou s figure .  Th e stimul i  wer e 
presente d i n a  continuou s fashion ,  s o tha t  eac h figure  (afte r 
th e first)  wa s first  compare d t o th e precedin g figure  o n on e 
trial ,  an d the n serve d a s th e compariso n figure  fo r  th e nex t 
trial . 

b. 
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Figur e 1 .  Example s o f  tw o trials .  Eithe r  coul d occu r  i n 
any o f  th e complexit y conditions .  I n (a )  th e secon d figure  i s 
th e sam e a s th e first  a t  al l  thre e level s o f  complexity .  Th e 
figures  i n (b )  ar e differen t  a t  th e perceptua l  an d relationa l 
level s bu t  ar e th e sam e a t  th e syste m level . 

Three kinds of designated change were described to 
participants ,  correspondin g t o thre e level s o f  relationa l 
complexity .  Thes e thre e decisio n criteri a wer e use d i n 
separat e block s o f  trials .  I n th e perceptua l  condition ,  a 
"change "  wa s define d a s an y chang e i n th e colo r  o f  on e o r 
mor e square s i n th e precedin g figure  (e.g. ,  to p lef t  squar e 
changin g from  re d t o green) . 

I n th e relationa l  condition ,  a  "change "  wa s define d i n 
term s o f  th e relation s betwee n th e color s o f  th e square s 
withi n eac h o f  th e tw o pair s (to p an d bottom) .  Fo r 
example ,  i f  bot h square s i n a  pai r  wer e re d (O-same) ,  the n a 
relationa l  chang e woul d requir e tha t  th e correspondin g pai r  i n 
th e nex t  figur e b e o f  differen t  colors ,  o r  0-differen t  (e.g. , 
green-blu e woul d defin e a  change ,  wherea s green-gree n woul d 
not) .  Similarly ,  i f  th e initia l  pai r  wer e O-differen t  (e.g. ,  red -
green) ,  the n green-gree n (O-same )  woul d coun t  a s a  change , 
but  green-blu e (O-different )  woul d not . 

I n th e syste m condition ,  a  chang e wa s define d i n term s o f 
th e higher-orde r  relatio n betwee n th e samenes s relation s fo r 
th e tw o pairs .  Fo r  example ,  i f  th e initia l  figure  consiste d o f 
red-re d (O-same )  abov e green-blu e (O-different) ,  the n th e 
higher-orde r  relatio n betwee n thes e tw o relation s woul d b e 
R-different .  Accordingly ,  i f  th e nex t  figur e presente d 
consiste d o f  red-re d (O-same )  abov e green-gree n (O-same) , 
formin g a  higher-orde r  relatio n o f  R-same ,  thi s woul d coun t 
as a  change .  I n contrast ,  i f  th e nex t  figure  wer e red-gra y (O -
different )  abov e green-gree n (O-same) ,  th e higher-orde r 
relatio n woul d remai n R-differen t  (i.e. ,  n o change) . 

The progra m presente d animate d instruction s explainin g 
th e designate d chang e fo r  th e firs t  conditio n (includin g tw o 
examples) ,  administere d practic e trial s unti l  five  consecutiv e 
correc t  response s wer e obtained ,  an d execute d a  bloc k o f 
trial s fo r  tha t  condition .  Thi s wa s followe d b y instructions , 
practice ,  an d a  tria l  bloc k fo r  eac h o f  th e tw o remainin g 
level-of-complexit y conditions .  Si x mor e block s o f  trial s 
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followed ,  eac h preceile d b y a  shor l  paragrap h indicatin g th e 
designate d chang e to r  tha t  block .  Th e nin e twenty-tria l 
block s (thre e fo r  eac h level-of-complexit y condition )  forme d 
a Lati n squar e desig n tha t  controlle d fo r  orde r  effects . 
Successiv e tria l  block s wer e separate d b y a  res t  perio d o f 
approximatel y 1 5 seconds . 

A n equa l  numbe r  o f  Matc h (n o change )  an d Mismatc h 
(change )  trial s wer e randoml y ordere d withi n eac h level-of -
complexit y condition .  I n th e perceptua l  conditio n Matc h 
trials ,  al l  fou r  square s wer e th e sam e colo r  a s i n th e previou s 
figure .  I n th e Mismatc h trial s fo r  th e perceptua l  condition , 
tw o randoml y chose n square s wer e o f  differen t  color s relativ e 
t o th e previou s trial .  W h e n a  squar e change d color s fro m on e 
tria l  t o th e next ,  th e colo r  wa s randoml y chose n amon g th e 
othe r  thre e colors . 

Sinc e judgment s a t  th e relationa l  an d syste m level s o f 
complexit y di d no t  depen d directl y o n whethe r  square s wer e 
th e sam e colo r  a s i n th e previou s figure,  i t  woul d hav e bee n 
possibl e t o chang e al l  th e squares '  color s o n an y give n trial . 
However ,  w e wishe d t o induc e participant s t o perfor m th e 
desire d comparison s a t  greate r  level s o f  complexit y whil e 
keepin g th e numbe r  o f  actua l  colo r  change s amon g th e fou r 
square s generall y consisten t  wit h th e numbe r  o f  square s 
changin g colo r  i n th e perceptua l  trials .  Accordingly ,  a  rathe r 
comple x schem e o f  colo r  change s wa s adopte d fo r  th e tw o 
highe r  complexit y condition s s o a s t o implemen t  th e 
designate d change s fo r  trial s i n th e highe r  complexit y 
condition s i n a  wa y tha t  counterbalance d th e frequenc y o f 
change s amon g square s an d pairs ,  whil e als o minimizin g th e 
number  o f  square s changin g color s o n a  give n trial .  Th e 
effec t  o f  th e schem e wa s t o ensur e tha t  th e numbe r  o f 
individua l  square s changin g colo r  fro m on e figure  t o th e nex t 
was approximatel y equate d acros s al l  complexit y levels . 

Results and Discussion 

As depicte d i n Figur e 2 ,  mea n correc t  R T s increase d 
monotonicall y wit h complexit y leve l  (mean s o f  1095 ,  134 0 
and 172 7 msec ,  respectively ,  fo r  th e perceptual ,  relational , 
and syste m conditions) ,  F  (2 ,  74 )  =  63.86 ,  M S E =  120556 , 
p <  .()001 .  Error s rate s als o increase d wit h complexit y leve l 
(9 ,  1 3 an d 1 4 percent ,  respectively) ,  indicatin g tha t  th e R T 
patter n canno t  b e attribute d t o a  speed-accurac y trade-off . 
Overall ,  decision s wer e faste r  fo r  Matc h tha n fo r  Mismatc h 
trial s (128 2 versu s 149 3 msec) ,  F  (1 ,  37 )  =  48.70 ,  M S E = 
52034 ,  p  <  .0001 .  Tria l  typ e interacte d wit h leve l  o f 
complexity ,  F  (2 ,  74 )  =  8.83 ,  M S E =  20720 ,  p < . 0 0 \ 
(Figur e 4) ,  reflectin g a  smalle r  differenc e betwee n Matc h an d 
Mismatc h trial s fo r  th e perceptua l  condition . 

The increase in decision time as complexity level 
increase d support s th e hypothesi s tha t  manipulatin g 
representation s a t  highe r  level s o f  relationa l  complexit y 
place s greate r  demand s o n processin g capacity .  I t  shoul d b e 
note d tha t  thi s patter n i s actuall y opposit e t o tha t  predicte d 
by th e minima l  numbe r  o f  cross-stimulu s comparison s 
require d a t  eac h level .  A t  th e perceptua l  leve l  a  "match " 
decisio n require s fou r  comparison s (on e fo r  eac h individua l 
square) .  A t  th e relationa l  leve l  a  "match "  decisio n require s 
tw o comparison s (on e fo r  eac h pair ,  base d o n th e relation s 
O-same o r  O-different) .  A t  th e syste m leve l  a  "match " 

decisio n require s on e compariso n (fo r  th e overal l  higher-orde r 
relatio n betwee n pairs ,  R-sam e o r  R-differenl) .  Ou r  result s 
indicat e tha t  an y reductio n i n loa d du e t o th e lesse r  numbe r 
of  require d cross-stimulu s comparison s fo r  highe r 
complexit y level s i s mor e tha n offse t  b y th e increas e i n th e 
tim e require d t o construc t  an d manipulat e mor e abstrac t 
relations . 

1900 -

1700 -

1500 -

y 1300-

U 1100-

900 

•••" •  Matc h 

Mismatc h 

Perceptua l  Relationa l  Syste m 

Complexity Condition 

Figure 2. Mean correct RTs for perceptual, relational, and 
syste m conditions . 

More detailed aspects of the results allow us to test 
alternativ e processin g account s o f  ho w highe r  leve l  decision s 
ar e made .  On e possibilit y  i s  tha t  decision s a t  eac h leve l  ar e 
independen t  o f  on e another .  A t  eac h level ,  decision s coul d b e 
base d solel y o n th e mos t  abstrac t  relevan t  code ,  whic h i n 
effec t  summarize s al l  lowe r  leve l  information .  Fo r  example , 
a syste m decisio n coul d b e mad e b y derivin g th e higher-orde r 
relatio n fo r  th e first  stimulus ,  doin g th e sam e fo r  th e secon d 
stimulus ,  an d the n comparin g th e tw o higher-orde r  relations . 
Alternatively ,  decision s a t  th e highe r  level s m a y b e 
interdependen t  wit h thos e a t  lowe r  levels .  Rathe r  tha n 
decidin g solel y o n th e basi s o f  th e mos t  abstrac t  relevan t 
code ,  a  decisio n coul d b e base d o n a  mappin g betwee n ful l 
representation s a t  eac h level .  Fo r  example ,  i n a n 
interdependen t  processin g model ,  a  syste m decisio n coul d b e 
made b y mappin g multipl e representationa l  levels ,  wit h eac h 
stimulu s bein g encode d no t  onl y b y a  singl e higher-orde r 
relation ,  bu t  als o b y th e first-order  relation s fo r  eac h pair , 
and th e colo r  attribute s o f  eac h individua l  square . 

The independen t  an d interdependen t  processin g model s ca n 
be distinguishe d b y examinin g whethe r  o r  no t  lowe r  leve l 
matche s hav e an y effec t  o n th e tim e t o asses s highe r  leve l 
matches .  Suc h cross-leve l  effect s woul d suppor t  a n 
interdependen t  mode l  i n whic h cooperativ e processin g 
occurs .  Fo r  eac h o f  th e tw o highe r  complexit y levels ,  w e 
examine d RT s fo r  type s o f  trial s tha t  varie d i n th e degre e o f 
suppor t  provide d b y lowe r  level s fo r  th e correc t  decision . 
Not e tha t  i f  al l  fou r  square s matc h acros s figure s a t  th e 
perceptua l  level ,  the n th e figures  ar e necessaril y  th e sam e a t 
bot h th e relationa l  an d th e syste m level .  Similarly ,  i f  bot h 
pair s matc h a t  th e relationa l  level ,  the n th e figure s mus t 
matc h a t  th e syste m level .  (Neithe r  convers e holds. )  Figur e 
3 present s mea n correc t  RT s fo r  th e variou s ite m types .  Th e 
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Figur e 3 .  M e a n correc t  R T s fo r  relationa l  conditio n an d 
syste m conditio n Matc h trial s a s a  functio n o f  suppor t  fro m 
matche s a t  lowe r  complexit y levels . 

types are described by a three-letter code signifying whether 
th e figure s matc h (S ,  fo r  "same" )  o r  mismatc h (D ,  fo r 
"different" )  a t  th e perceptual ,  relationa l  an d syste m levels . 
For  example ,  SS S trial s yiel d a  matc h a t  al l  thre e levels ; 
D DS trial s yiel d a  mismatc h a t  th e perceptua l  an d relationa l 
levels ,  bu t  a  matc h a t  th e syste m level . 

The result s (se e Figur e 3 )  provid e clea r  suppor t  fo r 
interdependen t  processing .  A t  th e relationa l  level ,  R T wa s 
lowe r  fo r  SS S tha n fo r  D S S trial s (108 8 versu s 172 6 msec) , 
F (1 ,  31 )  =  38.80 ,  M S E =  167430 ,  p  <  .0001 .  I n SS S 
trials ,  bu t  no t  D S S trials ,  a  lower-leve l  perceptua l  matc h 
support s th e require d relationa l  match .  Similarly ,  a t  th e 
syste m leve l  R T increase d acros s SSS ,  D S S ,  an d D D S trial s 
(1207 ,  196 1 an d 237 1 msec ,  respectively) ,  F  (2 ,  70 )  = 
71.36 ,  M S E =  175928 ,  p  <  .0001 .  Lowe r  leve l  matche s le d 
t o faste r  matche s a t  th e mos t  abstrac t  level ;  an d whe n bot h 
lowe r  level s o f  complexit y supporte d a  matc h a t  th e syste m 
level ,  decision s wer e faste r  tha n whe n onl y th e relationa l 
leve l  provide d support .  I t  appear s tha t  multipl e level s o f 
representatio n operat e cooperatively ;  decisio n efficienc y a t 
th e syste m leve l  increase s wit h th e numbe r  o f  lowe r  level s 
tha t  suppor t  th e highe r  leve l  decision . 

A mor e seria l  processin g mode l  migh t  b e propose d a s a n 
alternativ e t o cooperativ e processing .  Perhap s participant s 
became awar e o f  th e conditiona l  implication s relatin g 
matche s a t  lowe r  level s t o matche s a t  highe r  levels ,  an d 
adopte d a  strateg y o f  seriall y  checkin g fo r  matche s fro m th e 
leas t  t o mos t  comple x level ,  respondin g a t  th e firs t  leve l 
tha t  yielde d a  firm  decision .  Thi s strateg y coul d b e applie d 
fo r  al l  thre e type s o f  designate d changes .  Fo r  example ,  i f  a 
matc h i s foun d a t  th e perceptua l  leve l  (SS S trials) ,  the n a 
"match "  respons e woul d b e mad e immediately ,  regardles s o f 
th e nomina l  complexit y level .  Thi s strategy ,  rathe r  tha n 
cooperativ e processin g a t  multipl e levels ,  coul d explai n th e 
reductio n i n R T s observe d whe n a  highe r  leve l  matc h wa s 
supporte d b y lowe r  level s (Figur e 3) . 

100 0 -
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Complex i t y Condi t io n 

Figure 4. Mean correct RTS across complexity levels for 
SSS trials ,  fo r  whic h a  "match "  respons e migh t  alway s b e 
generate d a t  th e perceptua l  level . 

This serial self-terminating strategy predicts that RTs will 
depen d solel y o n th e lowes t  complexit y leve l  tha t  generate s 
a decision .  I n particular ,  "match "  response s fo r  SS S trial s 
shoul d b e equa l  acros s complexit y levels .  Bu t  a s Figur e 4 
indicates ,  RT s fo r  SS S trial s increase d monotonicall y wit h 
complexit y leve l  (986 ,  107 4 an d 119 4 msec ,  respectively) , 
F (2 ,  72 )  =  11.83 ,  M S E =  33841 ,  p  <  .0001) .  Thus , 
"match "  decision s fo r  perceptuall y identica l  stimul i  varie d 
wit h complexit y level ,  eve n thoug h i t  woul d hav e bee n 
possibl e i n principl e t o alway s generat e a  "match "  respons e 
at  th e perceptua l  level .  Th e combinatio n o f  variation s i n 
R Ts fo r  differen t  trial s type s withi n complexit y level s 
(Figur e 3 )  an d variation s i n R T s fo r  th e sam e tria l  typ e 
acros s complexit y level s (Figur e 4 )  i s  uniquel y accounte d fo r 
by a  cooperativ e processin g model . 

A n alternativ e explanatio n o f  increasin g R T acros s 
complexit y condition s migh t  focu s o n th e tota l  numbe r 
across-stimulu s plu s within-stimulu s comparison s necessar y 
fo r  eac h trial ,  considere d wit h subjects '  opportunit y t o 
respon d i n perceptua l  trial s a s soo n a s a  differenc e i s detecte d 
(whic h woul d decreas e th e numbe r  o f  compariso n performe d 
on average) .  I n th e SS S trial s n o suc h prematur e terminatio n 
i s possible ,  an d th e tota l  numbe r  o f  within-stimulu s plu s 
across-stimulu s comparison s i s fou r  pe r  tria l  i n al l  thre e 
conditions .  Th e increas e i n SS S R T s acros s condition s ca n 
be attribute d onl y t o increasin g relationa l  complexit y o f  th e 
require d comparisons . 

Experiment 2 

I t  migh t  b e argue d tha t  th e monotoni c increas e i n R T s 
acros s complexit y level s observe d i n Experimen t  1  coul d b e 
partl y attributabl e t o som e sor t  o f  automati c "pop-out "  tha t 
facilitate d detectio n o f  change s a t  th e perceptua l  level .  Th e 
brie f  inter-stimulu s interva l  (15 0 msec )  migh t  hav e allowe d 
iconi c memor y fo r  th e first  figur e t o provid e a  basi s fo r 
automati c chang e detection .  A s ou r  interes t  i s  i n th e 
influenc e o f  complexit y leve l  o n deliberate ,  attentiona l 
processing ,  w e wishe d t o rul e ou t  automati c chang e 
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detectio n a s a n explanatio n fo r  th e fas t  decision s a t  th e 
perceptua l  level . G e n e r a l  D i s c u s s i o n 

M e t h o d 

Experiment 2 replicated Experiment 1 with a single 
change :  th e inter-stimulu s interva l  wa s increase d t o 5  sec , 
ensurin g tha t  eve n perceptua l  leve l  decision s woul d hav e t o 
rel y o n representation s bein g maintaine d i n workin g 
memory,  rathe r  tha n direc t  visua l  traces .  A  5-se c dela y i s 
comparabl e t o tha t  typicall y use d i n match-to-sampl e studie s 
tha t  hav e implicate d prefronta l  workin g memor y (Fuster , 
1989) .  Twenty-fiv e U C L A undergraduate s participate d i n th e 
experimen t  a s par t  o f  th e requirement s fo r  a n introductor y 
psycholog y course . 

Results and Discussion 

The patter n o f  result s observe d i n Experimen t  1  wa s full y 
replicate d i n Experimen t  2 .  Figur e 5  (comparabl e t o Figur e 
2 fo r  Experimen t  1 )  depict s th e monotoni c increas e i n RT s 
as complexit y leve l  increase d (1577 ,  1830 ,  an d 205 4 mse c 
fo r  th e perceptual ,  relational ,  an d syste m conditions , 
respectively) ,  F  (2 ,  48 )  =  18.40 ,  M S E =  44903 ,  p  <  .0001 . 
Erro r  rate s als o increase d acros s level s (12 ,  17 ,  an d 1 7 
percent ,  respectively) .  Matc h trial s wer e significantl y faste r 
tha n Mismatc h trials ,  F  (1 .  24 )  =  27.69 ,  M S E =  127183 ,  / ? 
< .0001 ,  an d th e tw o factor s yielde d a n interaction ,  F  (2 ,  48 ) 
= 3.55 ,  M S E =  44903 ,  p  <  .05 ,  reflectin g a  smalle r  Matc h 
advantag e a t  th e perceptua l  level .  W e als o performe d 
analyse s o f  th e variou s tria l  type s acros s complexit y level s 
as i n Experimen t  I .  Thes e analyse s yielde d th e sam e pattern s 
as thos e depicte d i n Figure s 3  an d 4 .  Th e clos e replicatio n 
support s th e robustnes s o f  th e findings.  Th e us e o f  a  5-se c 
dela y i n Experimen t  2  indicate s tha t  th e relativel y fas t 
decision s i n th e perceptua l  condition s ar e no t  attributabl e t o 
automati c visua l  processes ,  bu t  rathe r  t o deliberativ e 
processe s applie d t o working-memor y representation s o f  lo w 
complexity . 
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The capacit y t o for m an d manipulat e representation s o f 
comple x relationship s i s a  ke y elemen t  o f  th e highl y 
evolve d cognitiv e abilitie s o f  humans .  Th e experiment s 
reporte d her e establis h a  ne w metho d fo r  investigatin g ho w 
peopl e proces s relationa l  complexity .  Decision s abou t 
whethe r  o r  no t  tw o figures  matche d too k increasingl y mor e 
tim e a s th e "match "  wa s define d a t  progressivel y highe r 
level s o f  complexity .  A t  th e sam e time ,  matche s a t  lowe r 
level s contribute d t o decision s a t  highe r  levels ,  providin g 
evidenc e fo r  a n interdependent ,  cooperativ e mod e o f 
processing .  Suc h multi-leve l  processin g i s consisten t  wit h 
computationa l  model s o f  analogica l  mappin g (e.g. , 
Falkenhainer ,  Forbu s &  Centner ,  1989 ;  Holyoa k & 
Thagard ,  1989 ;  H u m m el  &  Holyoak ,  1997) ,  a s wel l  a s wit h 
interactiv e model s o f  similarit y judgment s (Goldston e & 
Medin ,  1994) .  Ou r  result s ar e broadl y consisten t  wit h othe r 
evidenc e fro m task s base d o n unspeede d similarit y 
judgments ,  whic h als o hav e foun d evidenc e tha t  peopl e 
abstrac t  an d us e higher-orde r  relation s derivabl e fro m 
perceptua l  display s (Goldstone ,  Medi n &  Centner ,  1991 ; 
Markman &  Centner ,  1993) . 

The overal l  patter n o f  relationa l  processin g wa s virtuall y 
identica l  regardles s o f  whethe r  th e inter-stimulu s interva l 
was brie f  (15 0 mse c i n Experimen t  1 )  o r  longe r  (5-se c i n 
Experimen t  2) .  Response s wer e abou t  30 0 t o 50 0 mse c 
longe r  whe n th e interva l  wa s longer ,  an d accurac y decrease d 
slightl y acros s conditions ,  consisten t  wit h previou s findings 
concernin g th e effec t  o f  dela y i n match-to-sampl e studie s 
(e.g. ,  Bodner ,  Kroger ,  &  Fuster ,  1996) .  Fuste r  (1989 )  ha s 
argue d tha t  humans '  highl y advance d fronta l  lobe s permi t 
the m t o us e symboli c representation s o f  contingenc y 
relationships ;  th e fronta l  lobe s ar e brough t  progressivel y 
int o pla y whe n suc h relationship s becom e comple x o r  mus t 
be retaine d acros s tim e i n th e absenc e o f  actua l  stimuli .  I t 
appear s fro m ou r  result s tha t  thi s generalizatio n ma y b e 
extende d t o th e processin g o f  relationa l  complexity . 
Relationa l  complexit y probabl y engage s som e o f  th e sam e 
neura l  architectur e tha t  ha s bee n th e objec t  o f  match-to -
sampl e research .  Ou r  findings  suggest s tha t  fronta l  corte x 
underlie s th e abilit y t o manipulat e relationa l  informatio n a t 
a leve l  o f  complexit y tha t  set s huma n cognitio n apar t  fro m 
tha t  o f  lowe r  primates . 
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Figur e 5 .  Mea n correc t  RT s fo r  perceptual ,  relational ,  an d 
syste m condition s wit h a  5  secon d intertria l  delay . 
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