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Rule s a n d Association s 

F.W.  Jone s (fwj1000@cus.cam.ac.uk ) 
I.P.L .  McLare n (iplm2@cus.cam.ac.uk ) 

Universit y o f  Cambridge ,  Psychologica l  Laboratory , 
Down in g Street ,  Cambridg e C B 2 3 E B .  U.K . 

Abs t rac t 

Two-process theories of human cognition, that state that 
learnin g ca n occu r  b y bot h associativ e an d rule-base d 
processes ,  ar e currentl y popular .  W e repor t  tw o 
experiment s whic h suppor t  suc h a  view .  Bot h employe d a 
set  o f  si x  stimul i  whic h varie d alon g a  luminanc e 
dimension ,  an d followe d th e sam e genera l  design .  Tha t  is , 
participant s wer e traine d t o discriminat e betwee n th e tw o 
stimul i  i n th e middl e o f  thi s  set ,  befor e bein g teste d o n th e 
whol e set .  I n Experimen t  I ,  th e lengt h o f  trainin g wa s 
varied .  Following  shor t  training ,  participants ' 
performanc e o n tes t  exhibite d a  peak-shift ,  an d therefor e 
may b e explaine d i n associativ e terms .  Afte r  longe r 
training ,  however ,  thei r  behavio r  wa s consisten t  wit h rule -
base d learning .  I n Experimen t  II ,  th e contingenc y durin g 
th e trainin g phas e wa s varied .  Participant s i n th e 'Ful l 
Contingency '  grou p performe d i n a  manne r  consisten t  wit h 
rule-learning ,  whil e th e 'Reduce d Contingency '  conditio n 
produce d a  peak-shift .  Thes e result s ar e discusse d i n term s 
of  McLaren ,  Gree n &  Mackintosh' s (1994 )  versio n o f  th e 
associative/rule-base d distinction . 

Introduction 

T h e ide a tha t  h u m a n cognitio n comprise s bot h associativ e 
and rule-base d processe s ha s a  lon g history ,  tha t  stretche s a t 
leas t  a s fa r  bac k a s Willia m James .  Moreover ,  it s  curren t 
popularit y i s illustrate d b y th e volum e o f  literatur e devote d 
t o th e subjec t  (e.g .  th e entir e issu e o f  Cognitio n 65) .  O n e 
recen t  incarnatio n o f  thi s 'hybrid '  vie w ca n b e foun d i n 
McLaren ,  Gree n &  Mackintos h (1994) .  Thei r  tw o proces s 
model  o f  h u m a n learnin g comprises :  (i )  a n associativ e 
syste m tha t  i s sensitiv e t o th e statistica l  structur e •-'•esen t  i n 
th e surfac e feature s o f  th e environment ,  an d operate s throug h 
th e establishmen t  an d alteratio n o f  connection s betwee n 
representations ;  an d (ii )  a  'cognitive '  proces s capabl e o f  rul e 
abstraction ,  whos e behavio r  resemble s tha t  o f  a  symboli c 
logi c machine . 

Ther e alread y exist s a  considerabl e bod y o f  evidenc e i n 
suppor t  o f  suc h a  dichotom y (se e Shank s &  S t  John ,  1994 ; 
Shanks ,  1995 ;  an d Sloman ,  199 6 fo r  reviews) .  Briefly ,  i n 
s o me categorizatio n experiment s participants '  performanc e 
on nove l  transfe r  item s i s  dependen t  o n thei r  similarit y t o 
th e trainin g exemplar s (e.g .  Perruchet ,  1994) ,  whic h 
suggest s tha t  th e knowledg e acquire d i s encode d i n term s o f 
surfac e features .  Alternatively ,  unde r  differen t  conditions ,  th e 
result s fro m transfe r  test s an d verba l  report s ar e mor e 
consisten t  wit h participant s havin g abstracte d rule s (e.g . 
Regeh r  &  Brooks ,  1993) .  Furthermore ,  thi s dissociatio n ca n 

be observe d withi n th e sam e experimen t  (e.g .  Nosofsky , 
Clar k &  Shin ,  1989) ,  wit h som e participant s respondin g o n 
th e basi s o f  similarit y an d other s abstractin g rules . 

Th e ai m o f  th e researc h presente d her e wa s t o flirthe r 
investigat e th e viabilit y o f  thi s associative/rule-base d 
distinction ,  an d examin e som e o f  th e condition s unde r  whic h 
eac h proces s coul d dominat e performance .  Lik e th e previou s 
wor k describe d above ,  w e differentiate d betwee n rule-base d 
and associativ e learnin g b y examinin g h o w participants ' 
performanc e generalize d t o nove l  stimuli .  T o mak e thi s 
mor e concrete ,  conside r  a  se t  o f  stimul i  tha t  var y alon g a 
hypothetica l  dimension ,  wit h a  midpoin t  'd' .  Further , 
suppos e tha t  w e creat e a  categor y structure ,  suc h tha t  al l 
thos e stimul i  t o th e lef t  o f  d  for m on e group ,  whil e thos e t o 
th e righ t  for m another ;  an d trai n participant s o n on e exampl e 

fro m eac h categor y -namel y Rtrai n ^ d Ljrain -  A n 
examinatio n o f  participants '  performance ,  whe n the y ar e 
subsequentl y require d t o categoris e stimul i  spannin g th e 
entir e dimension ,  shoul d the n allo w thes e tw o form s o f 
learnin g t o b e distinguished . 

I f  thei r  learnin g i s rule-based ,  the n w e migh t  expec t  the m 
t o abstrac t  th e rule :  'greate r  tha n d  respon d categor y one ,  les s 
tha n d  respon d categor y two' .  A s a  result ,  unles s thei r 
jjerformanc e i s a t  asymptote ,  thei r  accurac y m a y wel l  b e 
dependen t  o n th e stimulus '  distanc e fro m th e categor y 
boundary ,  wit h mor e extrem e stimul i  bein g classifie d mor e 
accurately .  Alternatively ,  i f  thei r  learnin g i s jus t  encode d i n 
term s o f  surface-features ,  w e migh t  expec t  performanc e o n 
th e Uansfe r  stimul i  t o b e dominate d b y thei r  similarit y t o 
th e trainin g examples ,  an d t o exhibi t  a  patter n know n a s 
'peak-shift' .  Tha t  is ,  a s w e pas s alon g th e dimensio n from 
th e categor y boundary ,  w e migh t  expec t  accurac y t o increas e 
t o a  m a x i m u m an d the n dro p off ,  wit h th e pea k bein g 
positione d furthe r  alon g th e dimensio n tha n th e trainin g 
stimul i  -henc e th e ter m peak-shift .  Suc h a  patter n o f  result s 
was first  demonstrate d b y Hanso n (1959) ,  i n pigeon s traine d 
on a  wavelengt h discrimination ,  an d m a y b e explaine d i n 
associativ e terms. ' 

Conside r  th e simpl e associativ e networ k illustrate d i n 
Figur e IB .  Th e inpu t  laye r  comprise s a  ban k o f  featur e 
detectors ,  th e patter n o f  activatio n acros s whic h represent s 
th e curren t  stimulu s bein g presente d t o th e network .  Th e 
activatio n o f  eac h o f  thes e detector s i s a  Gaussia n functio n 
of  stimulus '  positio n o n th e dimension ,  wit h eac h uni t 

'  Th e associativ e explanatio n offere d her e i s a n extensio n o f  th e 
wor k o f  Spenc e (1932) ,  Bloug h (1975 )  an d Will s &  Mackintos h 
(1998) ,  respectively . 
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respondin g maximall y t o a  differen t  poin t  o n th e dimensio n 
(se e Figur e I  A ) .  Th e outpu t  laye r  comprise s tw o units , 
correspondin g t o th e tw o categories ,  an d th e tw o layer s ar e 
full y  interconnected .  Durin g training ,  o n eac h tria l  eithe r 

Rtrai n o r  Ltrai n i s presente d a s inpu t  t o th e network ,  an d th e 
activatio n targe t  fo r  th e appropriat e categor y uni t  i s  se t  t o 
one ,  whil e tha t  fo r  th e othe r  uni t  i s  zero .  Th e weight s ar e 
the n update d usin g th e delta-rul e (e.g .  McClellan d & 
Rumelhart ,  1985). ' 

A . 

L Trai n '^Trai n 

Figure 1: (A): The activation function for feature unit X. 
(B) :  A  delta-rul e network ,  wit h featur e unit s o n to p an d 
categor y unit s below .  (C) :  Categor y units '  activation s o n 
test . 

On test, the network's output activations, in response to 
stimul i  fro m differen t  point s o n th e dimension ,  ca n b e 
measured .  Th e result s o f  jus t  suc h a  simulatio n ar e 
illustrate d i n Figur e IC .  I t  ca n b e see n that ,  i f  participants ' 
response s ar e dependen t  o n th e differenc e i n activatio n 
betwee n th e tw o categor y units ,  the n the y wil l  b e mos t 
accurat e a t  position s outsid e th e trainin g examples ,  becaus e 
tha t  i s wher e th e differenc e betwee n th e curve s i s th e 
greatest. '  Thus ,  peak-shif t  ca n b e understoo d i n associativ e 
terms . 

The differin g prediction s o f  associativ e an d simpl e rule -
base d account s ar e illustrate d i n Figur e 2 .  Onl y hal f  th e 
dimensio n i s illustrated ,  becaus e th e patter n shoul d b e 

'  Thi s ma y b e formall y expressed :  dwg :  =  S  a p (t c -  a,- )  wher e 
'dwcp '  i s th e chang e i n th e weigh t  connectin g featur e uni t  'F '  t o 
categor y uni t  ' C ,  'â '  i s  th e activatio n o f  categor y uni t  c  (whic h 
i s equa l  t o th e weighte d su m o f  th e activatio n fro m th e featur e 
units) ,  'Ef '  i s  th e activatio n o f  featur e uni t  'F' ,  \ '  i s  th e 
activatio n targe t  fo r  categor y uni t  ' C ,  an d S  i s a  constan t  tha t 
determine s th e rat e o f  learning . 
'  I n fact ,  a  peak-shif t  ma y als o b e obtaine d i f  probabilit y  o f 
classifyin g a  stimulu s int o a  particula r  categor y i s dependen t 
upon th e rati o o f  tha t  categories '  activatio n t o th e tota l  outpu t 
activation ,  provide d tha t  nois e i s adde d t o th e system . 
Alternatively ,  i f  th e outpu t  activation s ar e first  transforme d 
usin g a n exponentia l  function ,  the n a  rati o rul e wil l  agai n 
produc e th e desire d pattern .  I n addition ,  a  'winner-take-all ' 
decisio n networ k (e.g .  se e Jones ,  Will s  &  McLaren ,  1998 ) 
actin g o n thes e activation s ca n als o produc e a  peak-shift . 

symmetrica l  eithe r  sid e o f  th e categor y boundary .  A s s h o w n , 
a monotonicall y increasin g tren d indicate s rule-base d 
learning ,  an d a  peak-shif t  i s diagnosti c o f  associativel y base d 
performance .  Thus ,  w e hav e a  w a y o f  distinguishin g 
betwee n rule-base d an d associativ e learning . 

N D 

Figur e 2 :  Th e prediction s o f  associativ e (ope n squares )  an d 
simpl e rule-base d (fille d circles )  accounts .  T  refer s t o 
trainin g stimuli ,  whil e N  an d D  denot e tes t  stimul i  tha t  ar e 
furthe r  ou t  o n th e dimension . 

Wills & Mackintosh (1998, Experiments 3a & 3b) have 
alread y performe d experiments ,  o n people ,  followin g th e 
genera l  desig n outline d above .  Fo r  stimuli ,  the y employe d 
gree n rectangle s tha t  varie d alon g a  luminanc e dimension .  I n 
total ,  si x differen t  shade s o f  gree n wer e used ,  divide d equall y 
betwee n tw o categorie s -'dark '  (D )  an d 'light '  (L) .  W h e n 
arrange d i n orde r  o f  increasin g brightnes s thes e stimul i  ca n 

be referred  t o a s Ddistant .  Dnear .  Dtrain .  Ltrain .  Lnea r  an d 
Ldistant .  respectivel y (se e Figur e 3) .  Durin g training ,  o n 
eac h tria l  participant s wer e eithe r  presente d wit h Dtrai n o r 
Ltrain .  whic h the y ha d t o classif y usin g on e o f  tw o keys , 
befor e receivin g feedback .  Havin g learne d thi s 
discrimination ,  the y wer e transferre d t o a  tes t  phase .  O n eac h 
tria l  o f  this ,  an y on e o f  th e si x stimul i  coul d appea r  an d 
participant s wer e agai n require d t o categoriz e them ,  usin g th e 
same tw o keys .  N o feedbac k wa s given . 

W " ^ 

II : 

Figur e 3 :  F ro m lef t  t o right :  Dd.stant .  Dnear .  Dtrain -  Ltoain . 
Lnea r  an d Lqistant .  respectively . 

Wills & Mackintosh found that, during the test phase, 

participant s responde d mor e accuratel y t o th e 'Distant ' 

stimul i  tha n t o th e 'Near '  ones ,  an d wer e mor e accurat e o n 

th e 'Near '  stimul i  tha n o n thos e presente d i n training .  I n 

othe r  words ,  movin g alon g th e dimensio n awa y fro m th e 

categor y boundary ,  participants '  performanc e improve d 

monotonically .  This ,  i n conjunctio n wit h th e fac t  tha t  al l 

th e participant s wer e abl e t o verbalis e a  varian t  o f  th e 'brigh t 

respon d ke y one ,  dar k respon d ke y two '  rule ,  suggest s tha t 

thei r  learnin g wa s rule-based .  Will s  &  Mackintosh' s 

procedur e provide s th e basi s fo r  th e tw o experiment s reporte d 

here . 
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E x p e r i m e n t  I 

Th e ai m o f  th e first  experimen t  wa s t o establis h whethe r 
varyin g th e amoun t  o f  trainin g participant s receive d woul d 
determin e whethe r  associativ e o r  rule-base d processe s 
dominate d performanc e o n test .  Accordin g t o McLaren , 
Gree n &  Mackintos h (1994) ,  i t  migh t  b e expecte d tha t  a 
shor t  trainin g perio d woul d produc e a n associativ e patter n o f 
results ,  wit h rule-base d performanc e onl y emergin g afte r 
greate r  experienc e o f  th e contingencies .  The y argu e that , 
initially ,  th e stimuli-categor y association s wil l  b e to o wea k 
t o suppor t  rul e abstraction ;  bu t  that ,  a s trainin g progresses , 
thes e trace s wil l  becom e sufficientl y stron g t o enabl e th e 
'cognitive '  proces s t o us e the m a s th e basi s fo r  th e 
developmen t  o f  rules . 

I n orde r  t o tes t  thi s hypothesis ,  w e employe d a  simila r 
metho d t o Will s  &  Mackintosh .  Ther e was ,  however ,  a t 
leas t  on e importan t  difference .  Tha t  is ,  durin g bot h th e 
trainin g an d tes t  phases ,  th e gree n stimul i  wer e onl y 
presente d o n eve n numbere d trials .  O n od d numbere d trials , 
participant s wer e require d t o perfor m a  filler  task . 
Specifically ,  the y ha d t o classif y stimuli ,  tha t  comprise d a 
set  o f  colore d icon s (se e Figur e 4) ,  usin g th e sam e tw o keys. 
Asid e firom  th e stimul i  bein g different ,  th e filler  tas k wa s 
identica l  t o tha t  involvin g th e greens .  Th e inclusio n o f  thi s 
additiona l  tas k serve d t o increas e th e difficult y o f  th e initia l 
discrimination ,  wit h th e purpos e o f  increasin g th e likelihoo d 
of  obtainin g a n associativ e patter n o f  learnin g afte r  shor t 
training .  Withou t  th e filler  tas k th e discriminatio n woul d 
hav e bee n fa r  easier ,  becaus e th e nex t  gree n stimulu s woul d 
hav e appeare d immediatel y afte r  th e previou s on e ha d 
disappeared ,  allowin g participant s t o compar e the m mor e 
directly . 

Figur e 4 :  A n exampl e o f  a n ico n stimulus . 

Given space constraints, and the fact that the results from 
th e filler  tas k d o no t  bea r  directl y o n th e questio n unde r 
investigation ,  detail s concernin g th e constructio n o f  th e 
filler  stimuli ,  an d participant s performanc e o n them ,  wil l 
not  b e reporte d here .  However ,  asid e fro m makin g th e 
discriminatio n harde r  t o learn ,  w e d o no t  believ e tha t  th e 
filler  tas k affecte d th e result s fo r  th e greens ,  especiall y sinc e 
it s stimul i  wer e identicall y generate d fo r  bot h conditions . 
Suffic e t o sa y that ,  thei r  constructio n wa s identica l  t o tha t  i n 
Will s  &  Mackintosh' s Experiment s 2 a &  2b ,  an d tha t  th e 
result s fo r  th e filler  tas k d o no t  substantiall y  diffe r  fro m 
thei r  findings. 

Th e experimen t  comprise d tw o conditions ,  namely , 
'Short '  an d 'Long '  training ,  whic h differe d onl y i n th e 
number  o f  trial s o f  discriminatio n trainin g th e participant s 
received .  A s alread y discussed ,  o n th e basi s o f  McLaren , 
Gree n &  Mackintos h w e migh t  expec t  associativ e learnin g 
t o occu r  i n th e Shor t  Trainin g condition ,  wit h rule-base d 
learnin g bein g manifes t  b y Lon g Trainin g participants .  I f 
thi s wer e th e case ,  the n w e woul d expec t  th e result s fo r  th e 

forme r  grou p t o exhibi t  a  peak-shift ,  compare d t o a 
monotonicall y increasin g tren d fo r  th e latter .  Therefore ,  i f 
thes e prediction s ar e bor n out ,  performanc e o n th e Nea r  an d 
Distan t  tes t  stimul i  shoul d diffe r  betwee n th e tw o 
conditions ,  wit h Nea r  bein g responde d t o mor e accuratel y 
tha n Distan t  afte r  shor t  trainin g an d vic e vers a fo r  lon g 
training . 

Method 

Participants and Apparatus The participants were 58 
Cambridg e Universit y undergraduates ,  whos e age s range d 
betwee n 1 8 an d 35 .  The y wer e randoml y divide d equall y 
betwee n th e tw o conditions ,  an d di d no t  receiv e paymen t  fo r 
thei r  help .  Th e experimen t  wa s ru n o n a  R I S C P C 70 0 
computer ,  situate d i n a  quie t  room .  Illuminatio n wa s 
provide d b y a  smal l  des k lamp .  Th e lo w ligh t  leve l  wa s 
employe d becaus e pilo t  wor k suggeste d tha t  som e 
participant s woul d b e unabl e t o discriminat e betwee n som e 
of  th e shade s o f  gree n unde r  norma l  illumination . 

Stimuli Both types of stimuli occupied a rectangle 
measurin g 3. 6 c m wid e b y 2. 8 high ,  tha t  wa s surrounde d b y 
a thi n gre y border .  Fo r  th e green s thi s rectangl e wa s entirel y 
filled  i n green .  Th e luminanc e o f  thes e stimul i  wa s 
determine d b y th e valu e o f  a  compute r  parameter ,  tha t  range s 
betwee n 0  an d 255 .  Thi s wa s se t  t o 50 ,  108 ,  137 ,  166 ,  19 5 

and 253 ,  fo r  Ddisjant '  Dnear > Djrain > Ljrain > L^ea r  3 ™ 
Ldistant .  respectively .  Th e filler  stimul i  comprise d 1 2 icon s 
arrange d i n a  4  b y 3  grid ,  withi n th e rectangle .  Se e Figur e 4 
fo r  a n example ,  an d Will s &  Mackintos h (1998) , 
Experiment s 2 a &  2b ,  fo r  furthe r  detail s concernin g thei r 
construction . 

Design In the Short Training condition, training lasted for 
48 trials ,  compare d t o 9 6 fo r  th e Lon g Trainin g group .  Th e 
orde r  o f  stimulu s presentatio n followe d a  pseudo-rando m 
sequence ,  suc h tha t  Lorai n an d D r̂ai n appeare d 3  time s 
durin g ever y se t  o f  1 2 trial s an d onl y o n eve n numbere d 
trials .  Th e tes t  phas e wa s identica l  fo r  bot h condition s an d 
comprise d 12 0 trials .  O n test ,  th e green s appeare d i n a 
rando m order ,  withi n th e constraint s tha t  durin g ever y batc h 
of  2 4 trial s eac h o f  th e si x stimul i  ha d t o appea r  twic e an d 
onl y o n eve n numbere d trials .  Whil e th e order s o f 
presentatio n wer e designe d i n batches ,  ther e wa s n o actua l 
batchin g o f  th e stimuli .  I n bot h trainin g an d test ,  fille r 
stimul i  appeare d o n od d numbere d trials .  Th e ke y 
assignment s wer e counterbalanced ,  suc h that ,  fo r  a  rando m 
hal f  o f  th e participant s i n eac h condition ,  th e 'x '  ke y 
equalle d 'light '  an d th e '. '  ke y equalle d 'dark' .  Th e remainin g 
participant s ha d th e mappin g reversed . 

Procedure Participants sat approximately Im away from 
th e compute r  monitor ,  whic h wa s positione d roughl y a t  eye -
level .  S o m e genera l  instruction s an d one s specifi c  t o 
trainin g phas e wer e explaine d b y th e experimenter ,  befor e h e 
lef t  th e room .  Participant s wer e informe d tha t  the y woul d b e 
performin g tw o unrelate d categorizatio n task s an d tha t  th e 
compute r  woul d switc h betwee n th e tw o o n alternat e trials . 
The y wer e tol d t o us e th e feedbac k t o hel p the m lear n whic h 
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key wen t  wit h whic h stimulus .  Participant s initiate d 
trainin g b y pressin g th e Spacebar.  O n eac h trial ,  th e 
appropriat e stimulu s speare d i n th e centr e o f  th e screen , 
and,  afte r  3  sec ,  th e word s 'Pleas e respon d now '  appcaa' d 
belo w it .  Participant s the n ha d t o respon d usin g eithe r  th e 
'x '  o r  '. '  key ,  a s quickl y a s possible ,  whils t  avoidin g errors . 
I f  the y presse d th e wron g on e o f  thes e tw o keys ,  the n th e 
compute r  beeped .  I n addition ,  i f  the y presse d a  ke y othe r 
tha n 'x '  o r  '.' ,  o r  ha d no t  responde d withi n 5  see s o f  th e 
prompt' s onset ,  the n th e stimulu s wa s replace d b y erro r 
messages .  Respectively ,  thes e read :  'Yo u hav e presse d a n 
invali d key '  an d 'Yo u di d no t  respon d i n time' .  Ke y presse s 
prio r  t o th e appearanc e o f  th e promp t  wer e ignored .  Th e nex t 
tria l  followe d immediatel y afte r  th e response . 

At  th e en d o f  training ,  th e compute r  displaye d a  messag e 
requestin g th e participant s t o find  th e experimenter ,  w h o 
the n explaine d th e instruction s fo r  th e tes t  phase ,  befor e 
agai n leavin g th e room .  Participant s wer e tol d t o us e 
whateve r  the y ha d learne d i n trainin g t o classif y th e ne w 
stimul i  the y woul d see .  Th e tes t  phas e commence d a t  thei r 
initiation .  Tes t  trial s wer e identica l  t o thos e i n training , 
excep t  ther e wa s n o w n o prompt .  Participant s wer e informe d 
tha t  the y coul d respon d a s soo n a s th e stimulu s appeared , 
and wer e agai n aske d t o b e a s fas t  a s possible ,  whils t 
avoidin g errors .  N o feedback ,  concernin g th e accurac y o f 
thei r  responses ,  wa s given .  Sinc e ther e wa s n o prompt ,  th e 
time-ou t  occurre d 5  se c afte r  th e beginnin g o f  th e trial . 

Followin g testing ,  participant s agai n ha d t o fetc h th e 
experimenter ,  w h o administere d a  structure d questionnaire . 
Thi s comprise d a  serie s o f  increasingl y specifi c  questions , 
designe d t o determin e wha t  strategie s th e participant s ha d 
employe d durin g th e tas k an d whethe r  the y coul d verbalis e 
th e underlyin g rule . 

Results and Discussion 

Durin g training ,  unsurprisingly ,  participant s i n th e Lon g 
Trainin g conditio n responde d significantl y mor e accuratel y 
tha n thos e i n th e Shor t  Trainin g grou p (mean s 71. 7 an d 
55. 5 % correct ,  respectively ;  t(56)=2.96 ,  p<0.05) .  Th e 
result s fo r  th e tes t  phas e ar e show n i n Figur e 5 .  I t  ca n b e 
see n tha t  th e accurac y o f  th e Lon g Trainin g grou p follow s a 
monotonicall y increasin g trend ,  whil e th e mean s fo r  th e 
Shor t  Trainin g conditio n exhibi t  a  pea k shift .  A s alread y 
discussed ,  i f  ou r  prediction s ar e correct ,  the n i t  i s 
performanc e o n th e Nea r  an d Distan t  stimul i  tha t  shoul d 
distinguis h betwee n th e groups .  Therefore ,  i n orde r  t o asses s 
whethe r  th e grou p difference s wer e significant ,  th e mea n 
accurac y o n Distan t  stimul i  wa s subtracte d fro m th e valu e 
fo r  Nea r  stimuli ,  fo r  eac h participant ,  an d a  planne d contras t 
performe d o n th e resultin g scores .  Thi s demonstrate d tha t  th e 
tw o condition s did ,  indeed ,  significantl y diffe r 
(F(l,56)=5.03 ,  p<0.05) . 

Give n this ,  an d i n orde r  t o allo w a  mor e detaile d 
examination ,  th e dat a fro m th e tw o group s wa s the n 
analyse d separately .  Planne d contrast s wer e use d t o compar e 
performanc e o n Trainin g an d Nea r  stimuli ,  an d performanc e 
on Nea r  an d Distan t  stimuli .  Sinc e th e hypothesi s w e wer e 
testin g mad e clea r  th e direction s o f  th e expecte d effects ,  thes e 
contrast s wer e one-tailed .  Fo r  th e Shor t  Trainin g group ,  th e 
contrast s reveale d tha t  Nea r  stimul i  wer e responde d t o 

significantl y mor e accuratel y tha n t o bot h Trainin g an d 
Distan t  one s (F(l,28)=8.0 5 an d 3.2 9 respectively ,  one-taile d 
p<0.0 5 fo r  both) .  Therefore ,  th e peak-shif t  wa s reliable . 
Wit h regard s t o th e Lon g Trainin g condition ,  accurac y o n 
Near  stimul i  wa s significan t  highe r  tha n tha t  o n Trainin g 
one s (F(l,28)=28.37 ,  one-taile d p<0.01) .  However ,  whil e 
participant s responde d mor e accuratel y t o Distan t  stimul i 
tha n t o Nea r  ones ,  thi s differenc e wa s onl y marginall y 
significan t  (F (  1,28) = 1.75 ,  one-taile d p<0.10) .  Nevertheless , 
th e result s fo r  thi s conditio n ar e consisten t  wit h applicatio n 
of  a  rule ,  an d clearl y d o no t  exhibi t  a  peak-shift .  Moreover , 
when questioned ,  al l  th e Lon g Trainin g participant s wer e 
abl e t o verbalis e a  varian t  o f  th e underlyin g rule ,  a s 
compare d t o non e i n th e Shor t  Trainin g group . 
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Figur e 5 :  Participants '  mea n accurac y o n test ,  fo r 
Experimen t  I .  Ope n squares=Shor t  Training ,  Fille d circles = 
Lon g Training .  T=Training ,  N=Near ,  D=Distant . 

In summary, as predicted, the short training participants 
produce d a  patter n o f  performance ,  o n test ,  tha t  i s exphcabl e 
i n associativ e terms .  Followin g mor e length y exposur e t o 
th e contingencies ,  participant s wer e abl e t o abstrac t  th e 
underlyin g rule ,  an d thei r  behavio r  wa s consisten t  wit h it s 
application . 

Experiment II 

McLaren ,  Gree n &  Mackintos h (1994 )  argu e tha t  a s w e 
increas e th e complexit y o f  th e contingencie s betwee n 
stimuli ,  s o als o w e increas e th e amoun t  o f  informatio n tha t 
need s t o b e store d i n workin g m e m o r y i n orde r  fo r  a  rul e t o 
be abstracted .  Thus ,  a s th e difficult y o f  th e to-be-Ieame d 
mapping s i s increased ,  s o th e likelihoo d tha t  performanc e 
wil l  b e associatively-based ,  rathe r  tha n rule-based ,  increases . 

Th e secon d experimen t  sough t  t o tes t  thi s prediction , 
usin g th e sam e rational e a s th e first.  I t  comprise d tw o 
groups ,  namel y 'Ful l  Contingency '  an d 'Reduce d 
Contingency' .  Th e forme r  wa s identica l  t o th e Lon g 
Trainin g conditio n i n th e first  experiment ,  whil e th e latte r 
differe d onl y i n that ,  i n th e trainin g phase ,  th e contingenc y 
betwee n th e tw o gree n stimul i  an d thei r  respectiv e categorie s 
was reduced .  Th e wa s achieve d b y reversin g th e key s 
assigne d t o Ltrai n an d Dtrai n o n 2 5 % o f  th e trainin g trials . 
Participant s wer e no t  tol d abou t  thi s manipulation . 

I f  McLare n e t  al.' s  prediction s prove d accurate ,  w e woul d 
expec t  th e Ful l  Contingenc y conditio n t o exhibi t  rule-base d 
performance ,  an d th e Reduce d Contingenc y grou p t o produc e 
a peak-shift .  Finally ,  give n tha t  th e Ful l  Contingenc y grou p 
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was a  straigh t  replicatio n o f  th e Lon g Trainin g condition , 
and tha t  i n th e previou s experimen t  thi s di d no t  produc e a 
completel y reliabl e monotonicall y increasin g trend ,  a  large r 
number  o f  participant s wer e ru n i n thi s group .  I t  wa s hope d 
tha t  th e resultin g extr a powe r  woul d lea d t o a  significan t 
monotonicall y increasin g trend . 

Method 

Participants, Apparatus, Stimuli and Procedure 
8 0 n e w participant s wer e draw n fro m th e sam e poo l  a s i n 
Experimen t  I ,  spli t  60:2 0 betwee n th e Ful l  an d Reduce d 
Contingenc y conditions ,  respectively .  Th e stimuli , 
apparatu s an d procedur e wer e identical . 

Design The Full Contingency condition was identical to 
th e L o n g Trainin g conditio n i n Experimen t  L  Th e Reduce d 
Contingenc y conditio n differe d fro m thi s onl y i n tha t  durin g 
training ,  o n a  randoml y selecte d quarte r  o f  th e Ljrai n trial s 
an d arbitrar y quarte r  o f  th e Dtrai n trials ,  th e ke y assignment s 
wer e reversed . 

Results and Discussion 

Th e dat a fro m Experimen t  I I  wa s analyse d i n exactl y sam e 
w ay a s tha t  fro m th e first  experiment .  A  compariso n o f  th e 
trainin g score s reveale d tha t  participant s i n th e Ful l 
Contingenc y conditio n responde d significantl y mor e 
accuratel y tha n thos e i n th e Reduce d Contingenc y grou p 
(mean s 67. 4 an d 54. 9 % correct ,  respectively ;  t(78)=2.87 , 
p<0.01) .  Figur e 6  show s th e m e a n accurac y result s fro m th e 
tes t  phase .  F r o m thi s i t  i s  clea r  that ,  th e tren d i n th e 
Reduce d Contingenc y grou p follow s a  peak-shift ,  whil e tha t 
produce d b y th e Ful l  Contingenc y conditio n monotonicall y 
increases .  A s previously ,  th e reliabilit y  o f  thes e grou p 
difference s wa s assesse d b y performin g a  planne d contras t  o n 
th e difference s betwee n Nea r  an d Distan t  stimuli .  Thi s 
demonstrate d tha t  th e condition s wer e significantl y differen t 
(F(I,78)=5.28 ,  p<0.05) . 
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Figur e 6 :  Participants '  m e a n accurac y o n test ,  fo r 
Experimen t  IT .  O p e n squares=Reduce d Contingency ,  Fille d 
circles = Ful l  Contingency .  T=Training ,  N=Near ,  D=Distant . 

For each group, planned contrasts were used to compare 
performanc e o n Trainin g an d Nea r  stimuli ,  an d performanc e 
on Nea r  an d Distan t  stimuli .  Again ,  sinc e th e directio n o f 
th e predicte d effect s wa s pre-specified ,  thes e contrast s wer e 
one-tailed .  Fo r  th e Ful l  Contingenc y condition ,  thes e 
reveale d tha t  Distan t  stimul i  wer e responde d t o significantl y 

mor e accuratel y tha n t o th e Nea r  ones ,  whic h i n tur n wer e 
responde d t o mor e accuratel y tha n th e Trainin g stimul i 
(F(l,59)=5.5 1 an d 25.8 5 respectively ,  one-taile d p<0.0 5 fo r 
both) .  Therefore ,  th e monotonicall y increasin g tren d wa s 
reliable ,  suggestin g rule-base d performance .  Sinc e thi s 
conditio n wa s a  straigh t  replicatio n o f  th e Lon g Trainin g 
conditio n i n Experimen t  I ,  thi s resul t  compensate s fo r  th e 
failur e t o find a  completel y reliabl e tren d i n tha t  experiment , 
and reinforce s th e conclusio n tha t  Lon g Trainin g participant s 
wer e rule-learners .  Wit h regard s t o th e Reduce d contingenc y 
condition ,  participant s wer e significantl y mor e accurat e o n 
Near  stimul i  tha n Trainin g one s (F (  1,19) = 15.69 ,  one-taile d 
p<0.01) ,  bu t  th e differenc e betwee n Nea r  an d Distan t  stimul i 
was no t  significan t  (F(l,19)=1.51 ,  one-taile d p=0.12) .  Whil e 
thi s mean s tha t  th e peak-shif t  observe d i n thi s experimen t 
was no t  completel y reliable ,  i t  i s  clea r  tha t  performanc e i n 
thi s conditio n wa s mor e consisten t  wit h th e associativ e 
prediction s tha n th e rule-base d ones . 

Th e structure d questionnair e reveale d tha t  6 3 % o f  th e 
participant s i n th e Ful l  Contingenc y grou p reporte d learnin g 
a versio n o f  th e underlyin g rule ,  compare d t o 4 0 % i n th e 
Reduce d Contingenc y condition .  A  chi-square d performe d o n 
thes e score s demonstrate d that ,  a s predicted ,  thi s proportio n 
was significantl y highe r  fo r  th e Ful l  Contingenc y grou p 
(X^(l) = 3.34 ,  one-taile d p<0.05) . 

T o summarise ,  th e Ful l  Contingenc y grou p produce d a 
rule-base d patter n o f  performance ,  wit h th e majorit y o f 
participant s als o bein g abl e t o verbalis e a  rule .  Thi s 
reinforce s th e finding s o f  Experimen t  I .  Th e result s o f  th e 
Reduce d Contingenc y conditio n significantl y differe d from 
this ,  an d exhibite d a  peak-shif t  trend .  Moreover , 
significantl y fewe r  participant s i n thi s conditio n wer e abl e t o 
repor t  th e rule .  Thi s i s consisten t  wit h th e McLaren ,  Gree n 
& Mackintosh' s predictio n tha t  reducin g th e contingenc y 
decrease s th e likelihoo d o f  rul e abstraction ,  leavin g 
associativ e learnin g t o dominat e performance . 

General Discussion 

We have argued that associative and rule-based learning, in 
thi s typ e o f  discriminatio n task ,  m a y b e distinguishe d b y 
examinin g h o w participants '  performanc e generahse s t o tes t 
stimuli :  rul e abstractio n bein g indicate d b y a  monotonicall y 
increasin g tren d an d associativ e learnin g b y a  peak-shift .  I n 
tw o experiments ,  w e hav e show n that ,  b y thes e criteria , 
bot h shor t  trainin g an d a  reduce d trainin g contingenc y 
produc e associativel y base d performance ,  wit h ml e 
abstractio n onl y emergin g afte r  longe r  trainin g wit h a  100 % 
contingency . 

Thes e finding s ca n b e understoo d i n term s o f  McLare n e t 
al.' s  (1994 )  cognitive/associativ e dichotomy :  Afte r  litd e 
training ,  o r  exposur e t o a  reduce d contingency ,  stimulus -
categor y association s wil l  b e to o wea k t o suppor t  rul e 
inducfion ,  bu t  nevertheles s stron g enoug h t o produc e abov e 
chanc e tes t  performance .  Wit h furthe r  training ,  th e strengt h 
of  thes e associativ e trace s wil l  increas e sufficientl y t o enabl e 
rul e abstraction ,  an d th e resultin g rule-base d knowledg e wil l 
the n dominat e respondin g o n test .  Moreover ,  a  simila r  peak -
shift/rule-base d dissociatio n ha s bee n foun d usin g a  differen t 
tas k an d typ e o f  stimul i  (Aitken ,  McLaren ,  &  Mackintosh , 
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i n preparation) ,  suggestin g tha t  thes e finding s appl y mor e 
generally . 

We wil l  no w addres s thre e possibl e criticism s o f  thi s 
work .  First ,  perhap s apparen t  rul e learnin g participant s 
correctl y guesse d th e rul e o n test ,  rathe r  tha n learnin g i l 
durin g training .  Thi s i s a  rea l  possibility ,  sinc e a  light-dar k 
rul e i s a n obviou s wa y t o divid e a  se t  o f  stimul i  varyin g i n 
luminance .  However ,  i f  th e participant s ha d jus t  guesse d th e 
rule ,  the n thei r  performanc e a s a  grou p woul d no t  hav e bee n 
significantl y abov e chance ,  becaus e the y woul d no t  hav e 
known whic h ke y t o assig n t o brigh t  an d whic h t o dark . 

Second ,  mayb e participant s classifie d a s rule-learner s 
woul d i n fac t  hav e show n a  peak-shif t  ha d w e teste d the m 
wit h mor e extrem e stimul i  fro m th e dimension .  W e di d no t 
use suc h stimul i  becaus e the y n o longe r  appeare d gree n i n 
color ,  a  fac t  whic h coul d hav e introduce d som e ne w artifac t 
int o th e data .  However ,  w e ar e confiden t  i n ou r  conclusio n 
tha t  the y wer e rul e learners ,  becaus e th e majorit y o f  the m 
wer e abl e t o verbalis e th e rule .  Moreover ,  previou s wor k 
suggest s tha t  increasin g th e amoun t  o f  trainin g shoul d 
produc e a  peak-shif t  wit h it s  pea k close r  t o th e trainin g 
example s (Aitken ,  e t  al. ,  i n preparation) .  Thi s make s i t 
unlikel y tha t  th e Lon g Training/Ful l  Contingenc y group s 
wer e showin g a  peak-shift ,  wit h it s pea k furthe r  alon g th e 
dimensio n tha n w e wer e testing . 

Third ,  a  mor e comple x rule-base d accoun t  ca n predic t  a 
peak-shift ,  enablin g bot h pattern s o f  performanc e t o b e 
explaine d i n rule-base d terms .  Suppos e tha t  afte r  shor t 
training ,  o r  exposur e t o a  reduce d contingency ,  th e rul e tha t 
develop s i s highl y contex t  dependent .  I f  thi s wer e th e case , 
the n Distan t  stimul i  migh t  evok e th e rul e les s tha n Nea r 
stimuli ,  resultin g i n a  peak-shif t  pattern .  However ,  i t  woul d 
be wron g t o assum e tha t  thi s "single '  mechanis m i s  mor e 
parsimoniou s tha n separat e cognitiv e an d associativ e 
processes ,  becaus e i t  als o comprise s tw o processe s -namely , 
th e similarit y base d contex t  activatio n o f  th e rule ,  an d th e 
applicatio n o f  th e rul e itself .  Neithe r  i s i t  clea r  tha t  suc h a 
contex t  sensitiv e rule-base d accoun t  ca n explai n th e larg e 
body o f  evidenc e consisten t  wit h th e cognitive/associativ e 
distinctio n (e.g .  Sloman ,  1996) .  Moreover ,  i f  w e adopte d 
thi s explanatio n the n w e woul d los e th e abilit y t o accoun t 
fo r  peak-shif t  i n pigeon s usin g th e sam e mechanism ,  sinc e 
we probabl y d o no t  wis h t o ascrib e rule-learnin g capabilitie s 
t o them .  I n short ,  w e believ e tha t  considerin g bot h pigeon s 
and peopl e together ,  th e cognitive/associativ e explanatio n i s 
th e mor e parsimonious . 

Finally ,  i t  shoul d b e mad e clea r  tha t  w e ar e no t  suggestin g 
tha t  learnin g mus t  alway s b e initially ,  purel y associativel y 
driven .  Existin g evidenc e suggest s tha t  thi s woul d b e to o 
simplisti c a  vie w fo r  th e rea l  worl d (fo r  a  discussio n se e 
Keil ,  Carte r  Smith ,  Simon s &  Levin ,  1998) .  Rather ,  w e 
woul d argu e that ,  i n everyda y life ,  learnin g occur s vi a som e 
complex  interactio n betwee n cognitiv e an d associativ e 
processes .  Clearly ,  attentio n no w need s t o b e focuse d o n 
furthe r  specifyin g thes e tw o processes ,  an d th e wa y i n whic h 
the y interact . 

Acknowledgements 

Thi s researc h wa s funde d b y a  BBSRC gran t  awarde d t o 
I.P.L .  McLare n an d a n M R C researc h studentshi p awarde d t o 

F.W.  Jones .  Th e author s woul d than k Chri s Ingram ,  R o b 
Leec h an d Danie l  Reisel ,  w h o ra n th e participant s fo r 
Experimen t  II ;  an d a n anonymou s reviewer ,  fo r  thei r  helpfu l 
comments . 

References 

Aitken ,  M.R.F. ,  McLaren ,  I.P.L. ,  &  Mackintosh ,  N.J .  (I n 
preparation) . 

Blough ,  D.S .  (1975) .  Stead y stat e dat a an d a  quantitativ e 
model  o f  generalizatio n an d discrimination .  Journa l  o f 
Experimenta l  Psychology :  Anima l  Behavio r  Processes ,  1 , 
3-21 . 

Hanson ,  H.M .  (1959) .  Effect s o f  discriminatio n trainin g o n 
stimulu s generalization .  Journa l  o f  Experimenta l 
Psychology ,  58 ,  321-34 . 

Jones ,  F.W. ,  Wills ,  A.J. ,  McLaren ,  I.P.L .  (1998) . 
Percepma l  categorization :  Connectionis t  modellin g an d 
decisio n rules .  Quarterl y Journa l  o f  Experimenta l 
Psychology ,  5\B{\) ,  33-5% . 

Keil ,  F.C. ,  Carte r  Smith ,  W. ,  Simons ,  D.J. ,  &  Levin ,  D.T . 
(1998) .  T w o dogma s o f  conceptua l  empiricism : 
Implication s fo r  hybri d model s o f  th e structur e o f 
knowledge .  Cognition ,  65 ,  103-135 . 

McClelland ,  J.L. ,  &  Rumelhart ,  D.E .  (1985) .  Distribute d 
memory an d th e representatio n o f  genera l  an d specifi c 
information .  Journa l  o f  Experimenta l  Psychology : 
General ,  114,159-188 . 

McLaren ,  I.P.L. ,  Green ,  R.E.A. ,  &  Mackintosh ,  N.J . 
(1994) .  Anima l  learnin g an d th e explicit/implici t 
distinction :  O r  wh y wha t  w e thin k o f  a s explici t  fo r  u s ca n 
be implici t  fo r  them .  I n N .  Elli s  (Ed.) ,  Implici t  an d 
Explici t  Learnin g o f  Languages .  Academi c Press . 

Nosofsky ,  R.M. ,  Clark ,  S.E. ,  &  Shin ,  H.J .  (1989) .  Rule s 
and exemplar s i n categorization ,  identification ,  an d 
recognition .  Journa l  o f  Experimenta l  Psychology : 
Learning ,  Memory ,  an d Cognition ,  15 ,  282-304 . 

Perruchet ,  P .  (1994) .  Learnin g fro m comple x rule-governe d 
environments :  O n th e prope r  function s o f  nonconsciou s 
and consciou s processes .  I n C .  Umilt a &  M .  Moscovitc h 
(Eds.) ,  Attentio n &  Performanc e XV :  Consciou s an d 
nonconsciou s informatio n processin g (pp .  811-835) . 
Cambridge ,  M A :  M I T Press . 

Regehr ,  G. ,  &  Brooks ,  L.R .  (1993) .  Perceptua l 
manifestation s o f  a n analyti c structure :  th e priorit y o f 
holisti c individuation .  Journa l  o f  Experimenta l 
Psychology :  General ,  122 ,  92-114 . 

Shanks ,  D.R. ,  &  S t  John ,  M.F .  (1994) .  Characteristic s o f 
dissociabl e huma n learnin g systems .  Behaviora l  an d Brai n 
Sciences ,  17 ,  367-447 . 

Shanks ,  D.R .  (1995) .  Th e Psycholog y o f  Associativ e 
Learning .  Cambridge ,  U K :  Cambridg e Universit y Press . 

Sloman ,  S.A .  (1996) .  Th e empirica l  cas e fo r  tw o system s o f 
reasoning .  Psychologica l  Bulletin ,  11 9 (1) ,  3-22 . 

Spence ,  K.W .  (1937) .  Th e differentia l  respons e i n animal s 
t o stimul i  varyin g withi n a  singl e dimension . 
Psychologica l  Review ,  44 ,  430-441 . 

Wills ,  S. ,  &  Mackintosh ,  N.J .  (1998) .  Pea k shif t  o n a n 
artificia l  dimension .  Quarterl y Journa l  o f  Experimenta l 
Psychology ,  5\'&{,\) ,  1-31 . 

245 


	cogsci_1999_240-245



