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Abstrac t 

Recent studies suggest that participants commonly abstract 
rule s whe n learnin g concepts ,  bu t  a  remainin g questio n i s 
whethe r  the y retai n an d appl y knowledg e o f  individua l  in -
stance s subsequen t  t o rul e abstraction .  Researc h i n th e cate -
gor y learnin g domai n indicate s tha t  exempla r  informatio n i s 
retaine d an d tha t  exception s t o a  categor y rul e hav e specia l 
statu s i n memor y (Palme d &  Nosofsky ,  1995) .  Th e presen t 
experimen t  examine s whethe r  thes e findings  exten d t o func -
tio n learning .  Participant s learne d association s betwee n 
stimulu s an d respons e magnitude s tha t  wer e relate d accordin g 
t o a  negativ e linea r  function .  Twelv e stimulus-respons e pair s 
wer e given ,  som e consisten t  wit h th e negativ e linea r  rule , 
other s exception s t o th e rule .  Afte r  eac h o f  si x trainin g ses -
sions ,  previousl y studie d stimulu s magnitude s wer e presente d 
as test s o f  learnin g accuracy .  Participant s wer e als o give n ex -
trapolatio n trial s followe d b y a  final  recognitio n tes t  tha t  in -
clude d ol d an d ne w rule-congruen t  an d rule-incongruen t 
items .  Extrapolatio n wa s extensive .  I n addition ,  analyse s re -
veale d poore r  learnin g an d recognitio n fo r  exception s tha n fo r 
rule-congruen t  items ,  plu s a  hig h rat e o f  fals e alarm s fo r  ne w 
rule-congruen t  items .  Thes e findings  sugges t  tha t  althoug h 
th e conceptua l  knowledg e acquire d i n functio n learnin g task s 
center s o n rules ,  exception s t o thes e rule s d o no t  hav e specia l 
statu s i n memory . 

Introduction 

I n th e spiri t  o f  classi c hypothesis-testin g model s o f  classifi -
catio n learnin g (e.g. ,  Bowe r  &  Trabasso ,  1963 ;  Levine , 
1975 ;  Restle ,  1962) ,  contemporar y theorie s hav e revitalize d 
th e ide a tha t  conceptua l  behavio r  i s base d o n th e abstractio n 
and applicatio n o f  rules .  Recen t  rule-base d model s devel -
oped b y Nosofsky ,  Palmeri ,  an d McKinle y (1994 )  an d De -
Losh ,  Busemeyer ,  an d McDanie l  (1997 )  hav e bee n success -
fu l  i n accountin g fo r  a  variet y o f  dat a i n th e categor y an d 
functio n learnin g domains ,  respectively .  Bot h model s pro -
pos e tha t  conceptua l  behavio r  reflect s th e join t  influenc e o f 
exempla r  an d rule-base d processes .  Thi s emergin g theoreti -
cal  approac h beg s th e followin g empirica l  questions :  I n 
what  wa y d o rule s an d exemplar s jointl y contribut e t o con -
ceptua l  behavior ? Ar e individua l  instance s learne d an d re -
trieve d subsequen t  t o rul e abstraction ? I s  conceptua l  be -
havio r  characterize d b y individua l  difference s i n th e us e o f 
rule s versu s exemplars ? Th e presen t  experimen t  consider s 
thes e issue s a s the y appl y t o th e functio n learnin g domain . 

Rule Abstraction in Function Learning 

Function s ar e abstrac t  concept s tha t  characteriz e th e rela -
tionshi p betwee n tw o causa l  variables .  A  functio n map s a 
set  o f  inpu t  value s o n a  stimulu s continuu m int o a  se t  o f 

outpu t  value s o n a  respons e continuu m suc h tha t  eac h inpu t 
valu e i s assigne d onl y on e outpu t  value .  I n a  typica l  functio n 
learnin g task ,  inpu t  an d outpu t  dimension s ar e relate d ac -
cordin g t o a  simpl e mathematica l  function .  Learnin g occur s 
on a  trial-by-tria l  basi s throug h experienc e wit h individua l 
input-outpu t  pairs .  I n DeLos h e t  al .  (1997) ,  fo r  example , 
participant s learne d association s betwee n dru g dosage s an d 
th e magnitud e o f  clinica l  effec t  cause d b y thos e dosages . 
The dosage-effec t  relationshi p wa s eithe r  linear ,  exponen -
tial ,  o r  quadratic .  O n eac h learnin g trial ,  a  dru g dosag e wa s 
represente d o n a  compute r  monito r  a s a  ba r  length .  Partici -
pant s the n predicte d th e magnitud e o f  effec t  fo r  tha t  dosag e 
by changin g th e lengt h o f  a  secon d bar .  The n the y wer e 
shown th e "correct "  magnitud e o f  effec t  (represente d b y a 
thir d bar )  a s define d b y th e objectiv e function .  Numerou s 
trial s o f  thi s typ e wer e given ,  suc h tha t  eac h o f  man y dos -
age-effec t  pair s wa s presente d severa l  times . 

Learnin g i n thi s typ e o f  tas k potentiall y  involve s memor y 
fo r  specifi c  input-outpu t  pairs ,  abstractio n o f  relationa l  in -
formatio n pertainin g t o th e inpu t  an d outpu t  dimensions ,  o r 
some combinatio n o f  thes e processes .  DeLos h e t  al .  (1997 ) 
examine d thes e possibilitie s b y presentin g a  serie s o f  ex -
trapolatio n tests .  Participant s wer e give n ne w dosag e value s 
outsid e th e rang e o f  thos e give n durin g learning .  The y re -
sponde d t o thes e extrapolatio n stimul i  b y generatin g output s 
beyon d th e rang e o f  learne d responses ,  an d di d s o i n a  man -
ner  consisten t  wit h th e for m o f  th e assigne d function .  A  pur e 
exemplar-base d mode l  o f  functio n learnin g (i.e. ,  a n exten -
sio n o f  A L C O V E;  cf .  Kruschke ,  1992 )  wa s unabl e t o ex -
trapolat e t o th e exten t  observe d wit h participants ,  revealin g 
th e necessit y fo r  rul e learnin g (i.e. ,  th e abstractio n o f  rela -
tiona l  informatio n durin g acquisition )  o r  rule-base d re -
spondin g (i.e. ,  th e abstractio n o f  relationa l  informatio n dur -
in g retrieval )  instea d o f  o r  i n additio n t o exempla r  learning . 

I n a  secon d lin e o f  research ,  DeLos h (1994 )  observe d dis -
continuou s pattern s o f  respondin g durin g functio n learning , 
and thes e discontinuitie s wer e simila r  fo r  a  conditio n wit h 
explici t  hypothesis-testin g instruction s an d a  conditio n wit h 
standar d free-strateg y instructions .  Thi s observatio n lend s 
suppor t  t o th e ide a tha t  functio n learnin g involve s th e sys -
temati c samplin g an d testin g o f  globa l  input-outpu t  rules .  I t 
appears ,  then ,  tha t  rul e abstractio n play s a  centra l  rol e i n th e 
learnin g an d applicatio n o f  function-base d concepts .  Bu t  t o 
what  exten t  i s exempla r  informatio n retaine d an d use d sub -
sequen t  t o rul e abstraction ? 

RULEX Model of Category Learning 

Thi s issu e ha s recentl y bee n examine d a s i t  applie s t o cate -
gor y learning .  Nosofsk y e t  al .  (1994 )  propose d a  rule-base d 
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model  o f  classificatio n ( R U L E X )  i n whic h participant s ab -
strac t  simpl e logica l  rule s base d o n singl e dimension s o r 
conjunction s o f  dimensions ,  supplemente d b y memor y fo r 
exception s t o thos e rules .  Becaus e member s o f  ill-define d 
categorie s ca n no t  b e classifie d base d solel y o n th e applica -
tio n o f  logica l  rules ,  informatio n pertainin g t o exception s i s 
centra l  t o th e succes s o f  th e model .  Th e mode l  therefor e 
assumes tha t  ther e i s residua l  m e m o r y fo r  ol d exemplar s an d 
tha t  ol d exception s hav e specia l  statu s i n memory .  Consis -
ten t  wit h thi s assumption ,  Palmer i  an d Nosofsk y (1994 ) 
observe d intac t  memor y fo r  ol d exemplars ,  an d bette r  rec -
ognitio n memor y fo r  ol d exception s tha n fo r  ol d rule -
congruen t  items . 

Note ,  however ,  tha t  ther e ar e severa l  difference s betwee n 
th e categor y learnin g task s examine d i n th e abov e studie s 
and th e functio n learnin g tas k considere d i n th e presen t  ex -
periment .  I n categor y learning ,  response s consis t  o f  discret e 
and nomina l  categorie s tha t  d o no t  hav e an y numerica l 
status .  Rule s learne d i n a  categor y learnin g tas k ar e logica l 
rule s fo r  mappin g stimul i  ont o arbitrar y respons e categorie s 
(e.g. ,  re d an d squar e stimul i  belon g t o Categor y A ) .  In/u«c -
tio n learning ,  response s li e o n a  continuu m an d ar e numeri -
call y relate d t o on e anothe r  an d t o stimuli .  Therefor e th e 
rule s abstracte d i n a  functio n learnin g tas k m a y reflec t  th e 
numerica l  relationshi p betwee n stimul i  an d response s (e.g. , 
dru g dosag e i s positivel y correlate d wit h hear t  rate) . 

Despit e thes e differences ,  a  plausibl e explanatio n o f 
functio n learnin g i s tha t  participant s abstrac t  a  functiona l 
rul e an d memoriz e exception s t o tha t  rule ,  comparabl e t o th e 
processin g assumption s o f  R U L E X .  On e migh t  ask ,  then ,  d o 
th e findings  o f  Palmer i  an d Nosofsk y (1994 )  generaliz e t o 
functio n learning ? I s exempla r  informatio n retaine d subse -
quen t  t o rul e abstraction ? D o exception s t o function-base d 
rule s hav e specia l  statu s i n m e m o r y ? 

Overview of the Current Experiment 

The curren t  experimen t  examine s thes e question s b y ex -
tendin g o n th e metho d use d b y DeLos h e t  al .  (1997) .  Par -
ticipant s learne d association s betwee n stimulu s an d re -
spons e magnitude s (i.e. ,  ba r  heights )  tha t  wer e relate d ac -
cordin g t o a  negativ e linea r  function .  Twelv e stimulus -
respons e pair s wer e given ,  som e consisten t  wit h th e nega -
tiv e linea r  rule ,  other s exception s t o th e rule .  Afte r  eac h o f 
si x trainin g sessions ,  previousl y studie d stimulu s magni -
tude s wer e presente d a s test s o f  learnin g accuracy .  Durin g 
th e final  tes t  session ,  participant s wer e als o give n extrapola -
tio n trial s t o tes t  fo r  rul e abstraction .  T o examin e memor y 
fo r  individua l  stimulus-respons e pairs ,  participant s wer e 
the n give n a  final  recognitio n tes t  tha t  consiste d o f  ol d rule -
congruen t  items ,  ol d exceptions ,  ne w rule-congruen t  items , 
and ne w rule-incongruen t  items .  A  random-mappin g condi -
tio n wa s include d t o examin e performanc e whe n learnin g i s 
strictl y base d o n m e m o r y fo r  individua l  input-outpu t  pairs . 

Method 

Participants and Apparatus 

Sixty-eigh t  Colorad o Stat e Universit y undergraduate s par -
ticipate d i n partia l  fulfillmen t  o f  a  requiremen t  fo r  a n intro -
ductor y psycholog y course .  Participant s wer e teste d i n pair s 

or  group s o f  thre e i n a  laborator y roo m equippe d wit h thre e 
compute r  workstations .  Stimul i  wer e presente d o n a  14 " 
colo r  monito r  a t  a  distanc e o f  approximatel y 6 0 c m an d re -
sponse s wer e collecte d usin g a  standar d compute r  keyboar d 
place d o n th e des k i n fron t  o f  th e monitor .  A  compute r  pro -
gra m controlle d th e presentatio n o f  th e instruction s an d 
stimul i  a s wel l  a s th e collectio n o f  participants '  responses . 

Design 

The experimen t  include d tw o condition s base d o n th e map -
pin g betwee n stimulu s an d respons e magnitudes .  I n a  func -
nonal-mappin g condition ,  stimulu s an d respons e magni -
tude s wer e relate d accordin g t o th e negativ e linea r  functio n 
y -  20 0 -  l.lx .  Th e random-mappin g conditio n include d th e 
same stimulu s an d respons e magnitude s use d i n th e func -
tional-mappin g condition ,  bu t  stimul i  wer e randoml y paire d 
wit h responses .  Mappin g wa s manipulate d betwee n partici -
pants ,  wit h 3 5 participant s randoml y assigne d t o th e func -
tional-mappin g conditio n an d 3 3 t o th e random-mappin g 
condition . 

Stimuli and Responses 

Al l  stimul i  an d response s wer e presente d i n th e for m o f  ver -
tica l  bar s wit h th e heigh t  o f  eac h ba r  proportiona l  t o th e 
assigne d stimulu s o r  respons e magnitude .  Th e rang e o f  pos -
sibl e stimulu s magnitude s wa s 0  t o 10 0 a s indicate d b y a n 
unfille d vertica l  ba r  labele d 0  t o 100 .  Th e rang e o f  possibl e 
response s wa s 0  t o 20 0 a s indicate d b y a n unfille d vertica l 
bar  labele d 0  t o 200 .  D u e t o limite d resolutio n o f  th e com -
pute r  monitor ,  respons e magnitude s wer e constraine d t o 
intege r  values . 

A tota l  o f  1 2 stimulus-respons e pair s wer e give n durin g 
training .  Fo r  th e functional-mappin g condition ,  1 0 o f  th e 
stimulus-respons e pair s corresponde d t o th e negativ e linea r 
rule .  T w o wer e exception s t o th e rul e (Pair s 4  an d 9 ;  se e 
Figur e 1) ,  wit h th e learne d respons e deviatin g fro m th e rule -
define d respons e b y 4 2 units .  Fo r  th e random-mappin g con -
dition ,  th e stimulu s an d respons e magnitude s use d fo r  rule -
congruen t  item s i n th e functional-mappin g conditio n wer e 
randoml y paired .  T w o rando m mappin g set s wer e gener -
ated :  1 6 participant s receive d Se t  1  an d 1 7 receive d Se t  2 . 
Pair s 4  an d 9  o f  th e random-mappin g set s wer e identica l  t o 
th e exception s use d th e functional-mappin g condition .  Fig -
ur e 1  provide s a  graphica l  representatio n o f  th e stimulus -
respons e pair s use d i n th e functional-mappin g se t  an d on e o f 
th e random-mappin g sets . 

Not e tha t  th e specifi c  stimulu s magnitude s give n durin g 
trainin g range d fro m 22. 5 t o 77. 5 o n th e 0  t o 10 0 stimulu s 
scale ,  wit h correspondin g respons e magnitude s rangin g 
fro m 6 8 t o 16 2 o n th e 0  t o 20 0 respons e scale .  Value s be -
yon d thi s rang e wer e give n afte r  th e final  learnin g sessio n t o 
examin e extrapolauon .  Th e followin g stimulu s magnitude s 
wer e use d o n extrapolatio n trials :  2.5 ,  7.5 ,  12.5 ,  17.5 ,  82.5 , 
87.5 ,  92.5 ,  an d 97.5 . 

Procedure 

At  th e beginnin g o f  th e experiment ,  participant s rea d a  se t  o f 
instruction s o n th e compute r  monitor .  I n th e instructions , 
participant s wer e tol d tha t  the y woul d observ e a  hypotheti -
cal  pharmacolog y experimen t  i n whic h dosage s o f  a n 
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Figur e 1 :  Graphica l  representatio n o f  th e stimulus-respons e pair s give n i n th e 
functional -  an d random-mappin g conditions .  Pair s 4  an d 9  ar e exceptions . 

unknow n dru g ar e give n t o subject s an d th e leve l  o f  arousa l 
produce d b y eac h dosag e i s measured .  The y wer e instructe d 
t o predic t  th e leve l  o f  arousa l  produce d b y eac h dru g dosag e 
given ,  an d whe n give n feedback ,  t o remembe r  th e leve l  o f 
arousa l  associate d wit h eac h dosage .  The y wer e neve r  tol d 
t o figur e ou t  th e relationshi p betwee n dosag e an d arousa l 
levels ,  o r  tha t  a  systemati c relationshi p migh t  exist .  Wit h 
regar d t o th e learnin g tas k itself ,  th e instruction s describe d 
th e forma t  o f  th e presentatio n scree n an d th e appropriat e 
key s fo r  makin g a  prediction .  Onc e thes e instruction s wer e 
understood ,  a  sampl e tria l  wa s give n i n orde r  t o familiariz e 
th e participan t  wit h th e presentatio n scree n an d respons e 
procedure . 

Afte r  th e sampl e trial ,  participant s proceede d throug h al -
ternatin g trainin g an d tes t  sessions ,  wit h eac h o f  si x trainin g 
session s followe d b y a  tes t  session .  Durin g training ,  th e 
stimulu s magnitude s tha t  constitute d th e stimulu s se t  wer e 
presente d on e a t  a  tim e i n rando m order .  Fo r  eac h trial ,  thre e 
unfille d vertica l  bar s wer e presente d simultaneousl y o n th e 
monitor .  Th e leftmos t  ba r  wa s title d Dru g Dosag e an d ha d 
tic k mark s an d valu e label s ever y twent y unit s fro m 0  t o 
100 ,  an d th e remainin g tw o bar s wer e title d Predicte d Leve l 
of  Arousa l  an d Observe d Leve l  o f  Arousal ,  respectively , 
wit h tic k mark s an d valu e label s ever y twent y unit s fro m 0 
t o 200 .  Th e relativ e length s o f  thes e unfille d bar s o n th e 
scree n wer e proportiona l  t o th e numbe r  o f  unit s the y repre -
sented . 

On a  give n trial ,  th e lef t  ba r  wa s fille d i n fro m th e zer o 
poin t  (a t  th e botto m o f  th e bar )  t o th e inpu t  valu e represent -
in g th e amoun t  o f  dru g administered .  Participant s the n use d 
th e arro w key s o n thei r  keyboar d t o fill  i n th e secon d verti -
cal  ba r  fro m th e zer o poin t  t o th e desire d predictio n value , 
and presse d th e spac e ba r  whe n finished.  Participant s wer e 
allowe d a s muc h tim e a s neede d t o mak e thei r  prediction . 
Once th e spac e ba r  wa s pressed ,  th e correc t  leve l  o f  arousa l 
(i.e. ,  th e respons e valu e assigne d t o th e stimulu s accordin g 
t o th e mappin g condition )  wa s show n o n th e rightmos t  ver -
tica l  bar ,  alon g wit h a n accurac y scor e o f  0  t o 100 ,  com -
pute d a s 10 0 minu s th e squar e o f  th e participant' s predictio n 

error .  Thi s correct-respons e feedbac k wa s displaye d fo r  6  s . 
The nex t  tria l  wa s initiate d b y pressin g th e ente r  key . 

Afte r  participant s complete d a  trainin g session ,  the y wer e 
give n 1 2 tes t  trial s consistin g o f  th e exac t  stimulu s value s 
show n durin g training .  Th e tes t  stimul i  wer e presente d i n 
rando m order .  Individua l  trial s proceede d i n exactl y th e 
same fashio n a s trainin g trials ,  excep t  th e rightmos t  ba r  (fo r 
presentin g th e correc t  respons e magnitude )  wa s no t  include d 
and n o othe r  feedbac k wa s provided .  Durin g th e sixt h an d 
final  tes t  session ,  a  sequenc e o f  eigh t  extrapolatio n trial s 
was give n afte r  th e standar d tes t  trials .  Thes e extrapolatio n 
trial s wer e give n i n rando m order ,  an d lik e tes t  trials ,  feed -
bac k wa s no t  provided . 

The experimen t  conclude d wit h a  final  yes-n o recognitio n 
test .  A  serie s o f  2 4 stimulus-respons e pair s wa s show n o n 
th e compute r  monitor .  Fo r  eac h ite m participant s wer e in -
structe d t o respon d ye s (pres s th e "y "  key )  i f  the y believe d 
th e pai r  wa s previousl y give n durin g th e experimen t  o r  n o 
(pres s th e "n "  key )  i f  the y believe d th e pai r  wa s no t  give n 
durin g th e experiment .  Th e recognitio n tes t  consiste d o f  1 2 
ol d item s (eac h show n a  tota l  o f  1 2 time s durin g th e alter -
natin g trainin g an d tes t  sessions )  an d 1 2 ne w items .  Fo r  th e 
functional-mappin g condition ,  thes e item s ca n b e groupe d 
int o fou r  types :  ol d rule-congruen t  item s (th e 1 0 rule -
generate d pair s give n durin g training) ,  ol d rule-incongruen t 
item s (th e 2  exception s give n durin g training) ,  ne w rule -
congruen t  item s ( 2 lure s wit h th e sam e stimulu s value s a s 
exceptions ,  bu t  paire d wit h th e appropriat e rule-generate d 
response) ,  an d ne w rule-incongruen t  item s (1 0 completel y 
ne w pair s inconsisten t  wit h th e negativ e linea r  rule) .  Th e 2 4 
recognitio n trial s wer e presente d i n rando m order . 

Results 

Learning 

I n orde r  t o compar e learnin g performanc e fo r  exception s 
versu s non-exceptions ,  th e averag e absolut e predictio n erro r 
on tes t  trial s wa s compute d a s a  functio n o f  ite m typ e an d 
tes t  sessio n fo r  eac h participant .  Thes e average s wer e sub -
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mitte d t o a  2  x 2  x  6  (Mappin g x  Ite m Typ e x  Tes t  Session ) 
mixe d analysi s o f  varianc e ( A N O V A ) .  Th e rejectio n leve l 
was se t  a t  .0 5 fo r  thi s an d al l  othe r  analyse s reporte d i n th e 
curren t  study .  Mai n effect s o f  mappin g [F(l,66 )  =  16.49 , 
jW5£ =  428.41] ,  ite m typ e [F(l,66 )  =  10.87 ,  yV/5 £ =  257.86] , 
and tes t  sessio n [f(5,330 )  =  15.66 ,  M S E =  150.89 ]  wer e 
obtained .  A s observe d i n previou s experiment s (e.g. , 
Carroll ,  1963 ;  DeLosh ,  1996) ,  performanc e wa s bette r  i n th e 
functional-mappin g conditio n tha n i n th e random-mappin g 
condition ,  an d improve d fro m tes t  sessio n t o tes t  session .  I n 
addition ,  predictio n accurac y wa s bette r  fo r  non-exception s 
tha n fo r  exceptions . 

A significan t  interactio n betwee n mappin g an d ite m typ e 
[F(l,66 )  =  70.44 ,  M S E =  150.89 ]  wa s als o observed .  I n th e 
random-mappin g condition ,  performanc e wa s bette r  fo r  ex -
ception s (Mea n Predictio n Erro r  =  24.85 )  tha n fo r  ran -
doml y paire d stimulus-respons e value s ( M =  30.58) .  I n th e 
functional-mappin g condition ,  performanc e wa s bette r  fo r 
rule-congruen t  item s ( M =  15.25 )  tha n fo r  exception s ( M = 
28.40) .  Therefore ,  th e specifi c  stimulus-respons e pairing s 
use d a s exception s wer e easie r  t o lear n tha n rando m pair -
ings ,  bu t  despit e this ,  participant s wer e les s accurat e wit h 
exception s tha n wit h rule-congruen t  item s i n th e functional -
mappin g conditio n (se e Figur e 2 ;  als o se e Figur e 3) . 

The analysi s als o yielde d a  significan t  interactio n betwee n 
mappin g an d tes t  sessio n [£(5,330 )  =  2.36 ,  M S E =  150.89] , 
revealin g greate r  improvemen t  ove r  tes t  session s fo r  th e 
functional-mappin g conditio n tha n fo r  th e random-mappin g 
condition .  Non e o f  th e remainin g interaction s wer e statisti -
call y reliabl e ips > .10) . 

Recognitio n 

I n orde r  t o analyz e recognitio n performance ,  hi t  an d fals e 
alar m rate s wer e compute d fo r  eac h participan t  i n th e func -
tional -  an d random-mappin g conditions .  O n e participan t  i n 
th e functional-mappin g conditio n terminate d th e experimen t 
prio r  t o completin g th e recognitio n test ,  therefor e th e fol -
lowin g analyse s ar e base d o n th e remainin g 6 7 participants . 
Independent-sampl e t  test s reveale d a  highe r  hi t  rat e fo r 
item s i n th e functional-mappin g conditio n ( M =  .80 )  tha n fo r 
item s i n th e random-mappin g conditio n ( M =  .73) .  Th e fals e 
alar m rat e di d no t  significantl y diffe r  acros s condition s ( p > 
. \ 0 \ M = .2 4 an d .30 ,  respectively) . 

A mor e detaile d analysi s o f  th e recognitio n dat a wa s the n 
conducte d fo r  th e functional-mappin g condition .  Hi t  an d 
fals e alar m rate s wer e compute d fo r  th e fou r  type s o f  item s 
give n o n th e recognitio n test ,  yieldin g th e mean s give n i n 
Tabl e 1 .  Th e hi t  rat e fo r  ol d rule-congruen t  item s signifi -
cantl y differe d fro m tha t  o f  ol d rule-incongruen t  item s [f(33 ) 
= 4.29] ,  suc h tha t  recognitio n m e m o r y fo r  rule-base d item s 

Table 1: Hit and false alarm rates for each 
typ e o f  ite m i n th e functional-mappin g condition . 

Ite m typ e Proportio n o f 
ye s response s 

Ol d rule-congruen t  item s .8 9 
Ol d rule-incongruen t  item s .5 9 
N e w rule-congruen t  item s .5 9 
N e w rule-incongruen t  item s .1 7 
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Figur e 2 :  Accurac y o f  prediction s acros s th e si x tes t  session s 
fo r  exception s an d non-exception s i n th e functional -  an d random-mappin g conditions . 
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was bette r  tha n recognitio n m e m o r y fo r  exceptions. '  I n ad -
dition ,  th e fals e alar m rat e differe d fo r  ne w rule-congruen t 
item s an d n e w rule-incongruen t  items ,  /(33 )  =  7.00 .  Item s 
consisten t  wit h th e negativ e linea r  rul e produce d a  highe r 
rat e o f  fals e recognitio n tha n wa s observe d wit h othe r  ne w 
items .  I n fact ,  th e fals e alar m rat e fo r  th e rule-congruen t 
lure s di d no t  diffe r  fro m th e hi t  rat e fo r  exception s (/ ? >  .10) . 

Extrapolation 

Performanc e o n extrapolatio n trial s wa s examine d t o furthe r 
asses s whethe r  learnin g i n th e functional-mappin g conditio n 
was base d o n rul e abstraction .  O n e participan t  di d no t  com -
plet e th e extrapolatio n trials ,  s o th e followin g dat a ar e base d 
on th e remainin g 3 4 participants .  Figur e 3  show s th e aver -
age o f  participants '  prediction s a s compare d t o th e objectiv e 
response s acros s al l  stimulu s value s fro m th e las t  tes t  ses -
sion .  Th e stimulu s magnitude s withi n th e dotte d line s corre -
spon d t o stimul i  give n durin g learning ;  thos e outsid e th e 
dotte d line s ar e extrapolatio n stimuli . 

Th e figur e reveal s tha t  participant s extrapolate d wel l  be -
yon d th e rang e o f  learne d response s i n bot h extrapolatio n 
regions ,  extendin g 1 6 an d 2 4 unit s beyon d learne d re -
sponse s i n th e lo w an d hig h extrapolatio n regions ,  respec -
tively .  Moreover ,  th e extrapolatio n response s wer e highl y 
systematic ,  closel y approximatin g th e objectiv e function . 
Participants '  prediction s were ,  i n fact ,  close r  t o th e objectiv e 
value s fo r  extrapolatio n stimul i  { M =  12.19 )  tha n fo r  excep -
tion s ( M =  19.49) .  Thi s extensiv e extrapolatio n replicate s 
pas t  findings  (DeLosh ,  1994 ,  1996 )  an d provide s stron g 
evidenc e fo r  rul e abstractio n (se e Discussion) . 

I t  i s  als o noteworth y tha t  extrapolatio n response s i n th e 
random-mappin g conditio n wer e positivel y correlate d wit h 
stimulu s magnitude s ( M =  43.85 ,  62.82 ,  83.12 ,  79.33 , 
106.42 ,  109.94 ,  114.94 ,  an d 117.4 2 fo r  extrapolatio n trial s 1 
throug h 8 ,  respectively) .  Thi s suggest s tha t  participant s at -
tempte d t o appl y a  rul e eve n i n th e random-mappin g condi -
tion .  Moreover ,  th e particula r  patter n o f  extrapolatio n i s 
consisten t  wit h findings  i n th e function-learnin g literatur e 
tha t  revea l  biase s towar d increasin g monotoni c function s 
(Brehmer ,  1974 ;  Busemeye r  e t  al. ,  1997) . 

Individual Differences 

T o determin e whethe r  th e averag e dat a describe d abov e i s 
representativ e o f  individua l  learners ,  extrapolatio n perform -
anc e wa s examine d fo r  eac h o f  th e 3 4 participant s i n th e 
functional-mappin g condition .  Fiv e o f  thes e participant s 
deviate d fro m th e grou p data ,  failin g t o extrapolat e i n th e 
tw o extrapolatio n regions .  Contrar y t o th e larg e advantag e 
fo r  rule-congruen t  item s observe d i n th e grou p data ,  thes e 
participant s als o showed :  (a )  simila r  learnin g performanc e 
fo r  rule-congruen t  item s (Mea n Predictio n Erro r  =  20.95 ) 
and exception s ( M =  26.57) ;  (b )  a  simila r  hi t  rat e fo r  ol d 
rule-congruen t  item s ( M =  .84 )  an d exception s ( M =  .80) ; 
and (c )  a  simila r  fals e alar m rat e fo r  ne w rule-congruen t  ( M 
= .40 )  an d rule-incongruen t  item s (A /  =  .34) . 
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For  comparison ,  ther e wa s n o differenc e betwee n th e hi t  rat e fo r 
exceptio n pair s (A /  =  .75 )  an d rando m pair s (A /  =  .70 )  i n th e ran -
dom-mappin g conditio n (/ ? >  .  10) . 

0 1 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 0 10 0 
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Figure 3: Participants' final test predictions 
fo r  th e functional-mappin g condition . 

Discussion 

Rule Abstraction in Function Learning 

The presen t  finding s suppor t  th e vie w tha t  participant s ofte n 
abstrac t  an d appl y rule s whe n learnin g function-base d con -
cepts ,  a t  leas t  fo r  simpl e functiona l  relations .  Firs t  conside r 
th e extrapolatio n results .  Th e observe d patter n o f  extrapola -
tio n response s approximate s th e objectiv e negativ e linea r 
functio n an d therefor e suggest s tha t  participant s abstracte d 
and applie d informatio n abou t  th e stimulus-respons e rela -
tionship .  I n suppor t  o f  thi s interpretation ,  DeLos h e t  al . 
(1997 )  formall y teste d a  pur e exemplar-base d mode l  o f 
functio n learnin g (a n extensio n o f  A L C O V E ;  se e Kruschke , 
1992 )  an d showe d tha t  th e mode l  ca n no t  accoun t  fo r  exten -
siv e extrapolation ,  a s observe d here .  I n orde r  t o produc e 
extensiv e extrapolation ,  i t  i s  necessar y t o includ e a  rule -
base d mechanis m i n whic h relationa l  informatio n i s ab -
stracte d durin g th e learnin g o r  retrieva l  o f  individua l  in -
stance s (cf .  Busemeye r  e t  al. ,  1997 ;  DeLos h e t  al. ,  1997) . 

The presen t  experimen t  als o provide s ne w corroborativ e 
suppor t  fo r  rul e abstraction .  I f  participant s onl y lear n an d 
remember  individua l  stimulus-respons e pairs ,  on e migh t  no t 
expec t  difference s betwee n th e functional -  an d random -
mappin g conditions .  Ther e was ,  however ,  a n advantag e fo r 
th e functional-mappin g conditio n i n bot h learnin g an d rec -
ognition .  Similarly ,  i f  participant s rel y o n exempla r  learnin g 
eve n i n th e functional-mappin g condition ,  on e migh t  no t 
expec t  difference s betwee n rule-congruen t  item s an d excep -
tions .  I n th e random-mappin g conditio n i n whic h partici -
pant s wer e require d t o memoriz e individua l  instances ,  ther e 
was n o advantag e fo r  rule-congruen t  items .  However ,  i n th e 

142 



functional-mappin g conditio n ther e wa s a n advantag e fo r 
rule-congruen t  item s ove r  exception s i n bot h learnin g an d 
recognition .  I n addition ,  th e experimen t  yielde d a  hig h rat e 
of  fals e alarm s fo r  ne w rule-congruen t  items .  Participant s 
ofte n judge d rule-congruen t  lure s a s havin g occurre d before , 
and di d s o a t  a  rat e equivalen t  t o tha t  o f  exception s tha t  wer e 
shown 1 2 time s durin g acquisition . 

Note ,  however ,  tha t  a  fe w learner s deviate d fro m th e 
grou p average s describe d above .  Thes e participant s di d no t 
extrapolat e beyon d th e rang e o f  learne d response s i n th e tw o 
extrapolatio n regions .  A s discusse d b y DeLos h e t  al .  (1997) , 
thi s failur e t o extrapolat e ma y reflec t  a  strateg y tha t  center s 
on exempla r  learnin g (als o se e DeLos h 1994 ,  1996) .  I n an y 
case ,  respondin g doe s no t  appea r  t o b e base d o n rule s fo r 
thi s subse t  o f  participants .  I f  thes e participant s d o no t  ab -
strac t  an d us e rules ,  on e woul d expec t  simila r  learnin g an d 
recognitio n performanc e fo r  rule-congruen t  an d rule -
incongruen t  item s (i n contras t  t o th e larg e advantag e fo r 
rule-congruen t  item s observe d i n th e grou p data) .  Thi s i s 
precisel y wha t  wa s found .  I t  appears ,  then ,  tha t  th e larg e 
majorit y o f  participant s abstrac t  an d appl y rules ,  bu t  a  fe w 
may rel y exclusivel y o n memor y fo r  individua l  instances . 

Memory for Instances in Function Learning 

Althoug h rul e abstractio n appear s t o pla y a  centra l  rol e i n 
functio n learnin g fo r  mos t  participants ,  result s sho w tha t 
thes e participant s als o hav e residua l  memor y fo r  individua l 
instances .  Withi n th e functional-mappin g condition ,  ol d 
rule-congruen t  item s wer e mor e likel y t o b e judged  a s hav -
in g occurre d befor e tha n wer e ne w rule-congruen t  items . 
Likewise ,  ol d rule-incongruen t  item s (i.e. ,  exceptions )  wer e 
more likel y t o b e judge d a s havin g occurre d befor e tha n 
wer e ne w rule-incongruen t  items .  Thi s indicate s tha t  par -
ticipant s d o no t  simpl y mak e recognitio n decision s b y 
judgin g whethe r  a n ite m i s consisten t  o r  inconsisten t  wit h 
th e abstracte d rule .  Rather ,  recognitio n judgment s appea r  t o 
be based ,  a t  leas t  i n part ,  o n familiarit y wit h o r  recollectio n 
of  individua l  stimulus-respons e pairs . 

Memory for Exceptions to Function-Based Rules 

Even thoug h participant s i n function-learnin g task s d o ap -
pear  t o retai n exempla r  information ,  exception s d o no t  see m 
t o hav e specia l  statu s i n memory .  Contrar y t o finding s fro m 
categor y learnin g experiment s (se e Palmer i  &  Nosofsky , 
1995) ,  rule-congruen t  item s wer e bette r  learne d an d bette r 
recognize d tha n exceptions .  I n fact ,  performanc e fo r  stimu -
lus-respons e pair s tha t  wer e use d a s exception s wa s muc h 
wors e whe n thos e pair s wer e learne d i n conjunctio n wit h 
rule-generate d pair s (th e functional-mappin g condition )  tha n 
when learne d i n conjunctio n wit h rando m pair s (th e ran -
dom-mappin g condition) .  I t  therefor e appear s tha t  learnin g a 
function-base d rul e interfere s wit h learnin g an d memor y fo r 
specifi c  instance s tha t  ar e exception s t o tha t  rule . 

Conclusions 

I n sum ,  th e curren t  stud y support s th e vie w tha t  th e learnin g 
and applicatio n o f  function-base d concept s involve s rul e 
abstractio n a s wel l  a s memor y fo r  specifi c  instances .  On e 
possibl e instantiatio n o f  thi s hybri d approach ,  followin g 

fro m th e R U L E X mode l  o f  categor y learning ,  i s tha t  partici -
pant s lear n functiona l  rule s an d remembe r  exception s t o 
thos e rules .  However ,  thi s particula r  rule-plus-exempla r 
accoun t  i s no t  supporte d b y th e presen t  experiment .  Unlik e 
finding s fro m th e categor y learnin g literature ,  exception s t o 
function-base d rule s d o no t  appea r  t o hav e specia l  statu s i n 
memory. 
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