
Functiona l  a n d Condit iona l  Equivalence : 

Concep tua l  Contr ibut ion s f r o m Behav io r  Analysi s 

Angel Cabrera 
School  o f  Psycholog y 

Georgi a Inslitut e o f  Technolog y 
AUanta .  G A 30332-017 0 

a n g e l @ p s y . g a t e c h . e d u 

Abstrac t 

Behavior analysis has recently developed a new paradigm 
fo r  th e stud y o f  categorizatio n an d languag e base d o n th e 
mathematica l  notio n o f  equivalence .  Inspire d b y thi s 
paradigm ,  thi s pape r  present s a  defmitiona l  framewor k tha t 
coul d b e relevan t  fo r  severa l  o f  th e phenomen a unde r  stud y 
i n Cognitiv e Science .  First ,  categorie s ar e viewe d a s 
classe s o f  functiona l  equivalence .  B y doin g so ,  result s 
fro m behavio r  analysi s an d cognitiv e psycholog y see m t o 
converg e toward s a n experience-base d interpretatio n o f 
categor y basicness .  Second ,  conditiona l  equivalenc e i s 
propose d a s th e basi s fo r  symbol-meanin g an d symbol -
symbol  relationships .  Transfe r  o f  functio n throug h 
conditiona l  link s i s  suggeste d a s th e mechanis m o f 
connectio n betwee n languag e an d othe r  aspect s o f 
cognition .  Th e adoptio n an d extensio n o f  thes e 
functionalis t  formalism s provide s u s wit h significan t 
methodological ,  conceptua l  an d eve n empirica l 
advantages . 

I n t r o d u c t i o n :  E q u i v a l e n c e R e l a t i o n s 

Behavior analysis is not one of the constituent partners of 
Cognitiv e Scienc e becaus e o f  unfortunat e historica l 
circumstances .  Thi s pape r  wil l  tr y t o sho w h o w recen t 
conceptua l  an d methodologica l  innovation s develope d withi n 
th e behavio r  analyti c disciplin e ca n b e extremel y relevan t  fo r 
cognitiv e science .  T h e n e w paradigm ,  base d o n th e 
mathematica l  notio n o f  equivalenc e relation ,  provide s a 

coheren t  conceptua l  framewor k i n whic h result s an d theorie s 
of  categOTizatio n an d languag e ca n b e interpreted . 

Equivalenc e is ,  mathematicall y speaking ,  a  relatio n 
betwee n tw o object s o f  certai n spac e tha t  i s  reflexive , 
symmetri c an d transitive .  Le t  A ,  B ,  C ,  etc .  b e arbitrar y 
object s o f  a  give n space ,  an d - ,  a  relatio n define d amon g 
thos e elements .  Reflexivii y  require s tha t  an y objec t  i n th e 
spac e b e relate d t o itsel f  ( A -  A ) .  Symmetr y require s that ,  i f 
an objec t  A  i s relate d t o anothe r  objec t  B  ( A -  B ) ,  the n B 
must  b e relate d t o A  (f i  -  A ) .  Transitivit y require s that ,  i f  A 
-  B  an d B  -  C ,  the n i t  mus t  b e th e cas e tha t  A  ~  C .  I f  th e 
relatio n ~  i s a n equivalenc e relatio n an d A ~ B ,  the n A  an d B 
ar e sai d t o b e equivalen t  wit h respec t  t o - .  Eac h equivalenc e 
relatio n induce s a  partitio n o f  th e spac e int o no n overlappin g 
classe s o f  equivalence .  Give n an y particula r  objec t  A ,  th e 
set  o f  al l  object s tha t  ar e equivalen t  t o i t  constitut e th e 

equivalenc e clas s o f  A .  A n equivalenc e clas s i s completel y 
specifie d b y an y o f  it s  members . 

Th e notio n o f  relatio n ha s a  lon g histor y i n experimenta l 
psychology .  F ro m th e stimulus-stimulu s an d stimulus -
respons e link s propose d b y earl y theorie s o f  classica l  an d 
operan t  conditioning ,  u p t o som e o f  th e mos t  recen t  model s 
of  semanti c m e m o r y (Anderson ,  1991 )  an d categor y 
acquisitio n (Gluck ,  1991) ,  th e concep t  o f  relatio n amon g a 
set  o f  object s - b e the y stimuli ,  response s o r  cognitiv e 
structures -  seem s t o b e unavoidable .  However ,  i t  ha s no t 
bee n unti l  recentl y tha t  behavio r  analyst s hav e raise d th e 
questio n o f  whethe r  an y o f  th e relation s forme d b y animal s 
and human s ar e equivalenc e relations . 

Functional Equivalence and Categories 

The behavior analytic tradition studies behavior as a function 
of  stimul i  tha t  varie s wit h th e histor y o f  th e individua l 
organism .  Le t  u s defin e psychologica l  junctio n a s a  conlg] ^ 

dependen t  relatio n betwee n a  stimulu s an d a n action ,  wher e 
contex t  refer s no t  onl y t o situationa l  aspect s bu t  als o t o a n 

agent' s goal ^  Lik e algebrai c functions ,  ever y psychologica l 
functio n ca n b e sai d t o hav e a  domain ,  whic h i s define d a s 
th e se t  o f  al l  stimul i  wit h som e effec t  o n it s outcome .  Fo r 
example ,  "mushroom-gathering "  ca n b e though t  o f  a s a 
psychologica l  functio n whos e domai n consist s o f  al l  visua l 
perception s o f  mushrooms ,  an d whos e outcom e ca n b e 
specifie d a s a  positiv e o r  negativ e selectio n (th e mushroo m 
i s picke d o r  not) .  Psychologica l  function s ca n b e innat e o r 
acquired .  Throug h learning ,  a n agen t  ca n for m ne w 
function s o r  adap t  existin g one s i n orde r  t o increas e th e 
likelihoo d o f  achievin g it s goals .  Fo r  example ,  mountai n 
peopl e tha t  hav e develope d a n appropriat e mushroom -
gatherin g functio n ar e mor e likel y t o satisf y thei r  hunge r 
(feedin g goal )  an d avoi d poisonou s reaction s (sicknes s 
preventio n goal) . 

Eac h psychologica l  functio n /  induce s a n equivalenc e 
relatio n -/ -  amon g th e element s o f  it s domain ,  A ,  B ,  etc. , 
suc h tha t  A  ~/ -  B  i f  an d onl y ifflA )  =  f(B) .  I n othe r  words , 
tw o stimul i  ar e equivalen t  wit h respec t  t o a  give n 
psychologica l  functio n i f  the y ca n b e substitute d fo r  eac h 
othe r  withou t  affectin g th e outcom e o f  th e function .  Th e 

^  Sinc e th e concept s discusse d i n thi s pape r  appl y t o bot h 
natura l  an d artificia l  agents ,  th e term s "organism "  an d 
"agent "  wil l  b e use d interchangeably . 
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equivalenc e relatio n s o defined ,  aeate s a  partitio n o f  th e 
function' s domai n int o equivalenc e classe s o t  functiona l 
classes .  Th e element s o f  a  give n functiona l  clas s hav e th e 
common propert y o f  producin g th e sam e outcom e unde r  a 
certai n psychologica l  function .  Fo r  example ,  a  person' s 
mushroom-gatherin g functio n ma y partitio n al l  possibl e 
perception s o f  mushroom s int o tw o functiona l  classes : 
poisonou s an d non-poisonou s mushrooms .  O n th e contrary , 
element s o f  a  function' s domai n tha t  produc e differen t 
outcome s wil l  b e referre d t o a s functionall y distinct .  An y 
tw o element s o f  a  function' s domai n mus t  b e eithe r 
equivalen t  o r  distinc t  wit h respec t  t o th e function . 

Functiona l  classe s ar e th e behavioris t  counterpar t  t o 
categorie s i n cognitiv e science .  Unde r  th e functiona l 
approach ,  categor y acquisitio n i s viewe d a s th e inductio n o f 
a partitio n fo r  a  ne w psychologica l  function .  I n othe r 
words ,  th e proble m o f  learnin g a  ne w categor y consist s o f 
figuring  ou t  wha t  element s i n th e domai n o f  a  ne w functio n 
requir e th e sam e actio n an d wha t  element s requir e differen t 
actions .  T o th e exten t  tha t  functiona l  classe s relat e som e 
aspec t  o f  th e environmen t  wit h a  possibilit y o f  action , 
functiona l  classe s ma y als o b e viewed ,  fro m th e ecologica l 
perspective ,  a s Gibsonia n qffordance s (Greeno ,  1994) . 

The domain s o f  differen t  psychologica l  function s ar e no t 
necessaril y  disjoint .  I n fact ,  man y psychologica l  function s 
associate d wit h differen t  context s ma y hav e th e exac t  sam e 
domain .  Thi s doe s no t  mea n tha t  function s wit h th e sam e 
domai n mus t  induc e th e sam e partition .  Findin g woo d fo r 
constructio n an d fo r  makin g a  fire  ar e tw o function s o n th e 
same domai n (wood) ,  tha t  d o no t  induc e th e sam e partition : 
some sort s o f  woo d ma y b e goo d fo r  fire  an d construction , 
whil e other s ma y b e goo d fo r  fire  only .  However ,  i t  coul d 
be th e cas e tha t  tw o differen t  function s no t  onl y shar e thei r 
domain ,  bu t  als o induc e th e sam e partitio n o n th e domain . 
I n thi s case ,  th e member s o f  a  functiona l  clas s woul d b e 
equivalen t  wit h respec t  t o bot h functions ,  althoug h th e 
specifi c  outcom e the y woul d produc e unde r  eac h o f  th e tw o 
function s migh t  actuall y b e quit e different . 

Let  u s defin e functiona l  loa d o r  strengt h o f  a  functiona l 
clas s (o r  category )  a s a  measur e of :  (a )  th e numbe r  o f 
psychologica l  function s fo r  whic h it s  element s ar e 
equivalent ,  (b )  th e frequenc y o f  occurrenc e o f  thos e function s 
i n th e organism' s hfe ,  an d (c )  th e relevanc e o f  th e function s 
fo r  th e organism' s existence .  Tha i  i s  t o say ,  stron g o r 
highl y loade d categorie s ar e thos e whos e element s ar e 
equivalen t  wit h respec t  t o a  larg e clas s o f  frequentl y 
occurrin g relevan t  psychologica l  functions .  Functiona l  loa d 
has a  direc t  effec t  o n th e spee d an d accurac y wit h whic h a n 
organis m categorize s a  stimulus :  th e mor e frequentl y a n 
organis m need s t o mak e a  discrimination ,  an d th e mor e 
relevan t  th e discriminatio n is ,  th e mor e efficientl y th e 
discriminatio n i s performed .  A s w e wil l  see ,  functiona l  loa d 
may als o hav e a n importan t  effec t  i n th e learnin g o f  ne w 
categories . 

The element s o f  a  categor y (e.g .  IX)GS )  ca n b e furthe r 
partitione d b y a  ne w functio n int o smalle r  categorie s 
((jerman-Shepherd ,  Golden-Retriever ,  etc. )  Thes e embedde d 
functiona l  classe s ar e normall y referre d t o a s subcategorie s o f 
th e initia l  categor y (se e Figur e 1) .  Analogously ,  element s 
of  tw o distinc t  categorie s (e.g .  dogs ,  cats ,  horses )  ma y b e 

equivalen t  wit h respec t  t o a  ne w function .  I n thi s case ,  th e 
ne w functio n i s sai d t o induc e a  supercategor y (mantmals )  o f 
th e previousl y acquire d categories .  I n principle ,  i t  i s  als o 
possibl e tha t  a  ne w functio n induce s a  partitio n tha t  cut s 
acros s th e boundarie s o f  previousl y acquire d categorie s (se e 
Figur e 2) .  Fo r  example ,  th e partitio n P E T /  W I L D -
A N I M AL cut s acros s th e boundarie s o f  th e partitio n 
M A M M AL /  BIR D /  REPTILE . 

Doma i n 

Functio n 1 Functio n 2 

Figur e 1 :  Exampl e o f  embedde d partitio n o r  subcategory . 

Domain 

Functio n 1 Functio n 2 

Figur e 2 :  Exampl e o f  crosse d partitions . 

One of the main advantages of this definitional framework 
i s tha t  i t  allow s u s t o expres s hypothese s abou t  categor y 
acquisitio n i n a n unambiguou s way .  I t  provide s a  c o m m o n 
groun d o n whic h apparentl y unrelate d o r  eve n opposin g 
theorie s ca n b e compared .  Moreover ,  i t  let s u s addres s th e 
effec t  o f  prio r  categorie s i n th e formatio n o f  ne w categories . 
Conside r  fo r  instanc e th e followin g tw o hypotheses : 

Hypothesis 1 

When acquiring new categories, human learners are biased 
towar d considerin g partition s tha t  d o no t  cu t  acros s th e 
boundarie s o f  previousl y acquire d categories .  Th e highe r 
th e functiona l  loa d o f  th e previou s categories ,  th e stronge r 
th e bia s towar d preservin g thei r  boundaries . 
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Hypothesi s 2 

When acquiring new categories, human learners are biased 
towar d choosin g partition s tha t  hav e show n hig h 
Junctiona l  loa d i n th e past . 

An immediate implication of Hypothesis 1 is that human 
categorie s ten d t o b e hierarchicall y organized .  Wherea s thi s 
phenomeno n i s no t  bi g new s fo r  cognitiv e scienc e (Keil , 
1983) ,  th e functiona l  framewor k allow s u s t o describ e i t  i n 
term s o f  learnin g biase s o r  constraint s tha t  m a y resul t  i n 
suc h a n organization .  Onc e a  give n partitio n o f  a  domai n 
has bee n formed ,  learner s ar e biase d agains t  producin g ne w 
crosse d partition s lik e i n Figur e 2 .  Categor y formatio n i s 
not  onl y base d o n specifi c  learnin g contingencies ,  bu t  als o 
on th e categorie s th e learne r  ha s previousl y acquired .  Th e 
functiona l  framewor k als o allow s u s t o b e mor e explici t  i n 
claim s regarding  categor y basicness .  Le t  u s defin e th e basi c 
leve l  o f  categorie s i n a  give n domai n a s di e leve l  i n di e 
hierarch y o f  partition s wit h th e highes t  functiona l  load .  B y 
doin g so ,  w e giv e th e odierwis e "magic "  basi c leve l  a n 
experience-base d character .  Anothe r  implicatio n fro m di e 
first  hypothesi s i s th e clai m tha t  th e close r  w e ge t  t o di e 
basi c level ,  di e mor e difficul t  i t  become s t o for m crosse d 
categories .  T o m y knowledge ,  thi s clai m ha s stil l  no t  bee n 
direcd y teste d experimentally . 

Hypothesi s 2  o n th e odie r  hand ,  underline s di e effec t  o f 
functiona l  loa d i n guidin g ne w learning .  W h e n th e learne r 
face s th e tas k o f  finding  th e partitio n induce d b y a  ne w 
function ,  partition s tha t  hav e bee n successfu l  i n th e pas t  ar e 
preferre d ove r  nove l  partitions .  I f  i t  i s  th e cas e tha t  th e 
members o f  a  preexistin g categor y ar e als o equivalen t  wid i 
respec t  t o di e ne w function ,  dii s  bia s facilitate s di e learnin g 
considerabl y b y reducin g di e numbe r  o f  instance s neede d t o 
find  th e ne w partitio n o f  th e domain .  Evidenc e fro m a  larg e 
variet y o f  experiment s seem s t o suppor t  thi s claim .  Fo r 
example ,  whe n childre n lear n a  ne w propert y o f  a  certai n 
object ,  the y ten d t o generaliz e di e propert y t o di e member s 
of  th e basi c categor y th e objec t  belong s to ,  a s oppose d t o 
di e les s functionall y loade d subordinat e an d superordinat e 
level s (Gelma n &  O'Reilley ,  1988) .  W h e n acquirin g 
language ,  childre n ten d t o generaliz e nove l  label s t o 
taxonomicall y relate d object s a s oppose d t o diematicail y 
relate d one s (Markman ,  1990) .  I f  w e vie w "labeling "  a s a 
psychologica l  function ,  an d learnin g a  ne w wor d a s figuring 
out  di e categor y di e labe l  refer s to ,  th e taxonomi c bia s 
becomes a  particula r  cas e o f  Hypodiesi s 2 :  childre n ten d t o 
generaliz e ne w label s t o classe s o f  object s dia t  hav e show n 
functina l  equivalenc e i n di e past . 

Hypodiesi s 2  als o account s fo r  result s o f  anima l  learning . 
Vaugha n (1988 )  traine d pigeon s t o produc e discriminativ e 
response s i n di e presenc e o f  tw o classe s o f  visua l  stimuli . 
Then ,  h e reverse d th e patter n o f  respondin g severa l  time s b y 
manipulatin g reinforcin g contingencies ,  bu t  alway s 
preservin g di e sam e partitio n o f  di e domai n int o di e tw o 
origina l  classes .  Afte r  severa l  o f  dios e reversal s too k place , 
pigeon s wer e abl e t o generaliz e ne w respons e pattern s t o al l 
th e member s o f  eac h o f  th e tw o classe s i n jus t  a  coupl e o f 
unals .  Consisten t  wid i  ou r  secon d hypodiesis ,  di e reversal s 

had contiibute d t o increasin g di e functiona l  loa d o f  th e tw o 
classes ,  whic h facilitate d th e generalizatio n o f  a  ne w 
functio n withi n eac h o f  th e tw o categorie s (se e als o Bonardi , 
Rey.  Richmon d &  Hall ,  1993) . 

Hypodiese s 1  an d 2  combine d provid e a n explanatio n o f 
th e huma n preferenc e fo r  th e basi c leve l  i n generalizatio n 
tasks .  A n explanatio n base d no t  jus t  o n th e structur e o f  th e 
environment ,  bu t  o n di e histor y o f  interaction s betwee n di e 
learne r  an d it s environment . 

Conditional Equivalence and Symbol 

Groundin g 

Human and non human organisms can be taught conditional 
discriminatio n relation s betwee n arbiU'ar y classe s o f  stimuli . 
I n a  typica l  matchin g t o sampl e task ,  subject s lear n t o selec t 
a certai n targe t  fro m a  se t  o f  compariso n stimul i  followin g 
di e presentatio n o f  a  discriminativ e o r  sampl e stimulus .  Fo r 
instance ,  give n discriminativ e stimul i  A I  ( a re d light )  an d 
A 2 ( a gree n light) ,  th e subjec t  i s  taugh t  t o selec t  stimulu s 
BI  ( a square )  followin g di e presentatio n o f  A l  an d B 2 ( a 
circle )  followin g th e presentatio n o f  A 2 ,  b y positiv e 
reinforcemen t  o f  di e appropriat e choices .  Th e conditiona l 
relatio n bein g learne d i n a  tas k o f  dii s  sor t  i s  nodiin g bu t 
di e selectio n productio n "i f  stimulu s A l  i s observed ,  die n 
selec t  stimulu s 8 1 " .  Productio n rule s nee d no t  be ,  i n 
general ,  equivalenc e relations .  Fo r  example ,  di e fac t  tha t  a n 
organis m ha s learne d t o selec t  a  squar e i n th e presenc e o f  a 
re d ligh t  doe s no t  necessaril y  impl y tha t  di e organis m wil l 
choos e a  re d ke y wheneve r  a  squar e i s observed ,  unles s thi s 
relatio n i s  explicitl y  trained .  Th e questio n o f  whic h 
organism s ar e abl e t o generat e conditiona l  equivalenc e 
relation s widiou t  explici t  ti^aining  wa s initiall y  raise d b y 
Sidma n an d Tailb y i n 1982 . 

T o tes t  th e conditiona l  equivalenc e capacit y o f  a n 
organism ,  di e experimente r  firs t  train s th e subjec t  t o 
perfor m certai n conditiona l  discrimination s an d die n test s 
whedie r  dios e specifi c  relation s tha t  prov e madiematica l 
equivalenc e emerg e widiou t  explici t  u-aining .  Spontaneou s 
emergenc e o f  conditiona l  equivalenc e wa s first  reporte d b y 
Sidma n an d Tailb y (1982) .  Severa l  retarde d youdi s wer e 
u-aine d t o selec t  on e o f  2 0 picture s { B stimuli )  conditionall y 
upo n hearin g an y o f  2 0 nove l  pictur e name s ( A stimuli) . 
The n die y wer e taugh t  t o selec t  nove l  printe d name s ( C 
stimuli )  conditionall y upo n hearin g on e o f  th e pictur e name s 
(A) .  Finally ,  test s o f  emergen t  conditiona l  relation s showe d 
dia t  subject s wer e abl e t o selec t  th e picture s correspondin g 
t o eac h printe d nam e an d vic e versa .  So ,  afte r  havin g learne d 
2 0 production s "i f  A  die n B "  an d 2 0 "i f  A  die n C ,  subject s 
demonstrate d t o hav e forme d 2 0 ne w production s "i f  B  the n 
C"  an d 2 0 "i f  C  die n B" . 

An extensiv e bod y o f  researc h show s tha t  human s 
(childre n an d adults )  ar e capabl e o f  formin g comple x 
conditiona l  equivalenc e classe s wit h stimul i  o f  differen t 
kinds :  visua l  (Lazar ,  Davis-Lan g &  Sanchez ,  1984 ;  Sidma n 
& Tailby ,  1982 ;  Sidman ,  Kir k an d Willson-Monis .  1985) , 
auditor y (Dube ,  Gree n &  Sema ,  1993) ,  interoceptiv e -i.e . 
drugs -  (DeGrandpre ,  Bicke l  &  Higgins ,  1992) ,  reinforcing 
item s (Dube ,  Mcllvane ,  Macka y an d Stoddard ,  1987) ,  etc . 
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Ther e i s als o som e preliminar y evidenc e relatin g 
conditiona l  equivalenc e formatio n wit h functiona l 
equivalence .  Sidman ,  e t  al .  (1989 )  foun d tha t  norma l  adult s 
spontaneousl y induc e conditiona l  equivalenc e amon g th e 
members o f  a  functiona l  class .  Moreover ,  the y foun d tha t 
ne w stimul i  coul d b e adde d t o a n existin g functiona l  clas s b y 
establishin g a  conditiona l  relatio n betwee n som e o f  th e 
members o f  th e functiona l  clas s an d th e ne w stimuli . 
Curiousl y enough ,  thes e fmding s see m t o furthe r  suppor t 
Hypothesi s 2 .  Conditiona l  discrimination s are ,  accordin g t o 
our  definition ,  instance s o f  psychologica l  functio n whos e 
domai n i s th e se t  o f  compariso n stimul i  an d whos e outcom e 
consist s o f  selectin g on e o f  th e sampl e stimuli .  I n th e 
learnin g o f  a  ne w discriminatio n rule ,  i t  i s  likel y tha t  prio r 
stron g functiona l  classe s b e use d a s functio n generalizatio n 
vehicles . 

I t  i s  a  c o m m o n belie f  amon g conditiona l  equivalenc e 
researcher s tha t  formin g conditiona l  equivalenc e link s m a y 
be tightl y relate d t o th e abilit y  o f  associatin g verba l  label s 
wit h categorie s (Haye s &  Hayes ,  1992) .  I f  a  chil d i s taugh t 
t o pic k u p som e objec t  afte r  a  particula r  nou n i s uttered ,  th e 
chil d ma y late r  utte r  som e approximat e versio n o f  th e sam e 
wor d whe n show n tha t  sam e object ,  withou t  specifi c 
insu-uctio n t o d o so .  W h e n tha t  happens ,  w e ca n argu e tha t 
th e chil d ha s learne d a  conditiona l  equivalenc e relatio n 
betwee n th e wor d an d th e clas s o f  object s i t  refer s t o 
(Sidma n &  Tailby ,  1982) .  Th e stron g versio n o f  thi s 
hypothesi s ca n b e state d as : 

Hypothesis 3 

The relationship between a verbal label and the category it 
refer s t o i s a  conditiona l  equivalenc e relation . 

An indirect way of supporting this hypothesis consists of 
showin g tha t  no n verba l  organism s d o no t  for m conditiona l 
equivalenc e link s ver y easil y o r  a t  all .  Base d o n th e 
experimenta l  evidenc e collecte d i n th e las t  years ,  thi s seem s 
t o b e th e case .  Devany ,  Haye s an d Nelso n (1986 )  compare d 
performanc e i n a  conditiona l  equivalenc e tas k amon g norma l 
and retarde d childre n wit h differen t  degree s o f  linguisti c 
ability .  Th e result s o f  thei r  matchin g t o sampl e tas k 
showed tha t  onl y childre n wit h n o verba l  competenc e wer e 
unabl e t o for m conditiona l  equivalenc e relations .  Sidma n e t 
al .  (1982 )  compare d conditiona l  discriminatio n performanc e 
of  monkeys ,  baboon s an d children ,  an d onl y foun d evidenc e 
fo r  symmeu y i n th e children .  D'Amai o e t  al .  (1985 )  foun d 
transitivit y i n monkey s bu t  no t  i n pigeons .  Neithe r 
monkey s no r  pigeon s wer e abl e t o for m symmetri c 
relations .  Wherea s a  larg e numbe r  o f  animal s ca n lear n 
conditiona l  discriminatio n rules ,  n o vali d proo f  o f 
conditiona l  equivalenc e i n animal s i s ye t  available . 

I f  hypothesi s 3  i s true ,  i.e .  i f  th e lin k betwee n a  labe l  an d 
th e clas s o f  object s th e labe l  refer s t o actuall y ca n b e 
characterize d a s a  conditiona l  equivalenc e relation ,  th e 
questio n o f  whethe r  an d h o w functio n i s transferre d throug h 
a conditiona l  equivalenc e lin k acquire s tremendou s relevance . 
It  doe s s o becaus e th e answe r  t o tha t  questio n woul d hel p 
explai n th e relationshi p betwee n languag e an d othe r  aspect s 

of  cognitio n an d action .  A  genera l  tentativ e answe r  i s give n 
below : 

Hypothesis 4 

Conditional discrimination links between functional 
classe s an d th e symbol s o f  a  languag e ca n induc e s o m e 
degre e o f  functiona l  transfe r  fro m th e classe s t o th e 
symbol s ari d vic e versa . 

This notion of function transfer could provide a learning 
accoun t  o f  th e couplin g betwee n semanti c an d syntacti c 
structur e i n adult s (Fisher ,  Gleitma n &  Gleitman ,  1991) ,  th e 
effect s o f  languag e suiictur e i n categor y formatio n (Cabrer a 
& Billman ,  1993 )  an d othe r  relevan t  phenomena. . 

S o me preliminar y suppor t  fo r  thi s hypothesi s ha s bee n 
presente d b y Barne s an d Keena n (1993) .  Severa l 
undergraduat e student s wer e taugh t  th e conditiona l 
equivalenc e relation s A l  - > B 1 , A 2 - > B2 ,  A l  - > C I  an d A 2 
- > C 2 (al l  label s represen t  categorie s o f  visua l  stimuli) . 
Then ,  tw o differen t  pattern s o f  action s wer e traine d unde r 
contro l  b y C I  an d C2 :  subject s wer e taugh t  t o produc e fas t 
response s i n th e presenc e o f  C I  an d slo w response s i n th e 
presenc e o f  C2 .  The y foun d tha t  th e pattern s o f  respondin g 
learne d fo r  C I  an d C 2 transferre d withou t  explici t  instructio n 
t o th e classe s B l  an d B2 .  Althoug h thes e ar e interestin g 
results ,  th e issu e o f  wha t  exac t  sort s o f  function s ar e 
transferre d throug h conditiona l  rule s i s stil l  t o b e 
experimentall y solve d (Hayes ,  1989 ;  Haye s &  Hayes ,  1992) . 

I n summary ,  conditiona l  link s m a y provid e channel s 
throug h whic h som e function s ca n b e transferred .  Figurin g 
out  th e natur e o f  tha t  transfe r  remain s a n ope n experimenta l 
challenge . 

Discussion 

One of Cognitive Science's present obstacles is the scarcity 
of  coheren t  an d unambiguou s definitiona l  formalism s o f  it s 
subjec t  matter .  Despit e th e extensiv e researc h tha t  ha s bee n 
devote d t o tryin g t o understan d th e huma n abilit y  t o for m 
categories ,  n o consensu s ha s ye t  bee n reache d a s t o wha t 
categorie s reall y  are .  Whethe r  the y ar e internall y represente d 
as a  syste m o f  prototypes ,  exemplars ,  connectio n weight s o r 
correlation s amon g features ,  nobod y seem s t o dar e t o specif y 
what  i t  i s  tha t  w e ar e studyin g whe n w e stud y categories . 
An analogousl y disappointin g statemen t  ca n b e mad e abou t 
many othe r  problems ,  suc h a s th e relationshi p betwee n 
languag e an d othe r  aspect s o f  cognition .  I n thi s pape r  I  hav e 
u-ie d t o tak e a  ste p towar d developin g a  definitiona l 
framewor k fo r  categorizatio n researc h b y borrowin g a  fe w 
conceptua l  notion s fro m th e behavio r  analyti c field. 

Functiona l  equivalenc e ha s bee n suggeste d a s a 
definitiona l  basi s fo r  categories .  B y doin g so ,  result s fro m 
differen t  area s i n psycholog y see m t o converg e towar d th e 
ide a tha t  learner s m a y b e biase d towar d preservin g highl y 
functionall y loade d partition s whe n acquirin g ne w categorie s 
(Hypothese s 1  an d 2) ,  an d towar d preferrin g neste d 
(hierarchical )  ove r  crosse d partition s (Hypothesi s  1) .  Thi s 
vie w m a y challeng e curren t  notion s o f  categor y basicnes s 
(Corte r  &  Gluck ,  1992 ;  Anderson ,  1991 )  accordin g t o 
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which ,  th e correlaiiona l  structur e o f  th e environmen t  i s 
responsibl e fo r  a  give n leve l  o f  categorie s (th e basi c level ) 
bein g mor e accessibl e tha n it s subordinat e Ok superordinat e 
levels .  Instead ,  basicnes s m a y b e du e t o th e repeate d 
successfu l  occurrenc e o f  a  give n partitio n throughou t  th e lif e 
of  a n organism .  So ,  th e fac t  tha t  D O G i s a  basi c categor y 
m ay no t  b e du e t o th e perceptua l  propertie s o f  dog s pe r  se , 
but  t o th e fac t  that ,  i n ou r  lives ,  th e partitio n D O G /  C A T / 
C OW /  H O R SE tend s t o b e mor e funcuonall y loade d tha n 
th e parUUo n M A M M A LS /  B I R D S /  R S H /  REPTILE . 

Th e notio n o f  functiona l  equivalenc e i s no t  nove l  t o 
linguists .  I n s o m e sense ,  psychologica l  functio n an d 
functiona l  equivalenc e ar e analogou s t o th e concept s o f 
syniagmaii c an d paradigmati c relationships .  W h e n tw o 
linguisti c unit s ar e combine d t o buil d a n expression ,  the y 
ar e sai d t o b e i n syntagmati c relationship .  T w o linguisti c 
object s ar e sai d t o b e i n paradigmati c relationshi p whe n the y 
ca n hol d th e sam e syntagmati c relationshi p wit h som e 
linguisti c unit ,  i.e .  whe n the y ca n pla y simila r  role s i n 
buildin g a  mor e comple x unit .  Fo r  example ,  "m y cousin" , 
"th e perso n nex t  t o m e "  an d "he "  ar e paradigmaiicall y relate d 
becaus e o f  thei r  syntagmati c subjecthoo d relationshi p wit h 
"i s eating" ,  "feel s bad "  o r  "won' t  come" .  Notic e tha t 
syntagmati c relationship s ca n b e viewe d a s linguisti c 
functions ,  an d paradigmati c relationshi p a s th e equivalenc e 
relation s induce d b y thos e functions .  Paradigmati c relation s 
ca n b e though t  o f  a s partitionin g th e spac e o f  linguisti c 
unit s int o linguisti c categories .  Th e questio n o f  whethe r 
linguisti c function s an d linguisti c categorie s shar e an y 
propertie s a t  al l  wit h othe r  modalitie s o f  psychologica l 
function s an d functiona l  classe s i s a n ope n empirica l 
problem . 

Thi s pape r  ha s als o suggeste d tha t  conditiona l  equivalenc e 
coul d offe r  a n interestin g interpretatio n o f  symbol-meanin g 
an d symbol-symbo l  relationship s (Hypothesi s 3) .  Speec h 
understandin g ca n b e though t  o f  a s conditiona l  matchin g o f 
auditor y t o visua l  stimuli ,  interna l  state s o r  actions . 
Readin g alou d coul d b e though t  o f  a s conditiona l  matchin g 
of  visua l  stimul i  t o ora l  responses .  Learnin g a  secon d 
languag e ca n b e though t  o f  a s a  combinatio n o f  expandin g 
th e existin g symboli c equivalenc e classe s b y addin g ne w 
members t o eac h class ,  an d th e acquisitio n o f  ne w classe s 
not  existin g i n th e firs t  language .  Thi s interpretatio n o f 
languag e m a y provid e ne w insigh t  int o th e wa y languag e 
interact s wit h h u m a n behavior .  Conditiona l  link s m a y ac t 
as functio n transfe r  channel s betwee n perceptua l  categorie s 
and th e unit s o f  th e languag e referin g t o thos e categorie s 
(Hypothesi s  4) . 

I t  ha s recentl y bee n suggeste d tha t  conditiona l  equivalenc e 
link s m a y jus t  b e a  particula r  cas e o f  functio n transfe r 
relatio n o r  relationa l  f ram e (Haye s an d Hayes ,  1992) .  A 
relationa l  fram e i s a  relatio n wit h specifi c  functio n transfe r 
characteristic s tha t  i s  establishe d i n a  particula r  context . 
Relationa l  frame s ca n b e learned .  Learnin g a  relationa l 
fram e consist s o f  abstracting ,  fro m experience ,  th e sor t  o f 
functiona l  transfe r  require d b y relation s establishe d i n a 
certai n context .  Th e first  tim e tha t  a  categor y i s associate d 
wit h a  labe l  i n a  n e w context ,  n o transfe r  o f  functio n m a y 
tak e place .  However ,  if ,  throug h direc t  experienc e wit h th e 
categor y an d th e label ,  th e agen t  discover s som e c o m m o n 

function s i n bot h categor y an d label ,  a  relationa l  fram e 
associate d wit h tha t  contex t  ca n b e abstracte d s o tha t 
automati c functio n transfe r  ca n tak e plac e th e nex t  tim e a 
categor y i s give n a  labe l  i n th e sam e context .  Thi s abilit y 
has th e beneficia l  consequenc e o f  allowin g th e agen t  t o b e 
instructe d fro m othe r  agent s abou t  h o w t o behav e i n nove l 
situation s withou t  necessaril y  havin g t o experienc e thos e 
situation s personally . 

The functionalis t  framewor k presente d i n thi s pape r  fits 
particularl y wel l  wit h th e researc h agend a o f  situate d an d 
ecologica l  approache s t o cognitio n (Greeno ,  1994) .  O n th e 
contrary ,  i t  ma y awake n som e discomfor t  amon g advocate s 
of  traditiona l  "symbolic "  cognitiv e scienc e fo r  it s apparen t 

disregar d fo r  interna l  mechanisms^ .  Th e question ,  som e 
woul d claim ,  i s no t  whethe r  functiona l  loa d o f  categorie s 
affect s futur e learning ,  bu t  wha t  mechanism s m a y b e 
responsibl e fo r  tha t  effect .  However ,  D .  Marr ,  A .  Newel l 
and J .  Anderso n (see .  Anderson ,  1991 )  hav e agree d o n th e 
importanc e o f  analyzin g cognitio n no t  jus t  a t  th e leve l  o f 
possibl e interna l  mechanism s (algorith m o r  symbo l  level) , 
but  als o a t  th e leve l  o f  overal l  computationa l  goal s 
(computational ,  knowledg e o r  rationa l  level) .  Th e 
functiona l  formalis m discusse d i n thi s pape r  belong s t o th e 
latter .  Th e stud y an d desig n o f  model s tha t  ca n accoun t  fo r 
or  reproduc e tha t  behavio r  i s a  relate d bu t  independen t 
problem . 

My conjectur e wit h regar d t o thi s issu e i s tha t 
connectionis t  architecture s m a y b e particularl y wel l  suite d 
fo r  modelin g functiona l  loa d learnin g biase s fo r  severa l 
reason s (Clark ,  1993) :  (a )  connectionis t  model s ar e goo d 
partitionin g devices ,  (b )  connectionis t  model s reproduc e i n 
an elegan t  wa y phenomen a relate d t o categor y boundar y 
fuzziness ,  an d (c )  th e adaptatio n o f  hidde n laye r  node s i n 
orde r  t o detec t  comple x feature s o f  th e inpu t  coul d b e 
interprete d a s a  bia s towar d considerin g categor y boundarie s 
resultin g fro m previou s learnin g experiences .  I t  i s  no t 
obvious ,  however ,  whethe r  purel y connectionis t  model s 
coul d b e abl e t o dea l  wit h conditiona l  equivalenc e an d 
u-ansfe r  o f  function .  I t  woul d b e interestin g t o se e whic h o f 
th e curren t  model s o f  artificia l  adaptiv e agent s hav e tha t 
capacity .  A  preliminar y tes t  coul d b e a s follows : 

I. Train the agent to produce action A under stimulus 
categor y A  an d actio n B  unde r  stimulu s categor y B . 
2.  Trai n th e agen t  t o chos e labe l  A  unde r  stimulu s 
categor y A  an d labe l  B  unde r  stimulu s categor y B . 
3.  Trai n th e agen t  t o produc e actio n A  unde r  labe l  A . 
4.  Test :  I s th e agen t  abl e t o produc e actio n B  unde r  labe l 
B withou t  bein g explicitl y  traine d t o d o so ? 

C o n c l u s i o n 

Behavior analysis has been unfairly stereotyped and 
disregarde d b y cognitiv e scienc e i n general .  I t  i s  probabl y 
U'u e tha t  behavio r  analysis '  lo w toleranc e fo r  ambiguit y ha s 
kep t  it s disciple s fro m facin g problem s abou t  comple x 

^Thi s issu e was ,  i n fact ,  raise d b y on e o f  th e anonymou s 
reviewer s o f  th e earlie r  versio n o f  thi s paper . 
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human skills .  However ,  thi s Skinneria n obsessio n fo r 
scientifi c rigor  ha s ha d th e sid e effec t  o f  producin g a  highl y 
coheren t  bod y o f  conceptua l  formalism s tha t  shoul d no t  b e 
underestimated .  I n thi s pape r  I  hav e trie d t o sho w ho w 
cognitiv e scienc e ca n tak e advantag e o f  som e o f  thes e 
formalism s i n tryin g t o buil d it s own .  Bridgin g th e 
doctrina l  schis m betwee n th e cognitivis t  an d th e behavioris t 
tradition s ma y b e fruitfu l  i n severa l  ways :  methodologically , 
conceptuall y an d empirically .  I t  ma y eve n preven t  u s fro m 
reinventin g th e wheel . 
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