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

Title
Facilitation from Clustered Features: Using Correlations in Observational Learning

Permalink
https://escholarship.org/uc/item/5h4764zj

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 9(0)

Authors
Billman, Dorrit
Heit, Evan
Dorfman, Jennifer

Publication Date
1987
 
Peer reviewed

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

https://escholarship.org/uc/item/5h4764zj
https://escholarship.org
http://www.cdlib.org/


Fac i l i t a t i o n f r o m C l u s t e r e d F e a t u r e s : 

Using Correlations in Observational Learning^ 

Dorrit Billman 

University of Pennsylvania 

Evan Heit 

Stanford University 

Jennifer Dorfman 

University of California, San Diego 

I n learnin g categorie s an d rule s fro m observatio n withou t  externa l  feedback ,  peopl e mus t  mak e 
use o f  th e structur e intrinsi c t o th e instance s observed .  Succes s i n learnin g comple x categorie s 
fix)m  observation ,  a s i n languag e acquisition ,  suggest s tha t  learner s mus t  b e equippe d wit h 
procedure s fo r  efficientl y usin g structur e i n inpu t  t o guid e learning .  W e propos e on e wa y tha t 
learner s mak e us e o f  th e correlationa l  structur e availabl e i n inpu t  t o facilitat e observationa l 
learning :  increas e relianc e o n thos e feature s discovere d t o mak e goo d prediction s abou t  th e 
value s o f  othe r  features .  Suc h a  mechanis m predict s tw o type s o f  facilitatio n fro m multipl e 
correlation s amon g inpu t  features .  Thi s contrast s wit h th e effect s o f  correlate d feature s whic h 
hav e bee n suggeste d b y model s addressin g learnin g wit h explici t  feedback .  Thre e experiment s 
investigate d learnin g th e syntacti c categorie s o f  artifica l  grammars ,  withou t  externa l  feedback , 
and teste d fo r  th e predicte d patter n o f  facilitation .  Subject s di d sho w th e predicte d facilitation . 
I n addition ,  a  simulatio n o f  th e learnin g mechanis m investigate d th e condition s whe n i t  woul d 
provid e mos t  benefi t  t o learning .  Thi s researc h progra m begin s investigatio n o f  procedure s 
whic h migh t  underli e efficien t  learnin g o f  complex ,  natura l  categorie s an d nile s fino m 
observatio n o f  examples . 

Introduction 

How do people learn about complex categories and rules from observation of examples? 
Adept  performanc e i n a  variet y o f  domains -  fro m linguisti c t o social -  suggest s tha t  peopl e d o 
abstrac t  categorie s tha t  reflec t  th e organizatio n i n input .  Littl e i s know n abou t  learnin g fro m 
observatio n withou t  benefi t  o f  explici t  feedbac k o r  tutorin g sinc e researc h o n learning ,  bot h i n 
psycholog y an d i n artificia l  intelligence ,  ha s focuse d o n explici t  learnin g task s wit h direc t 
feedbac k provided .  Th e presen t  researc h explore s observationa l  learnin g withou t  feedbac k an d 
investigate s ho w peopl e us e correlationa l  stinctur e availabl e firo m example s t o lear n categorie s 
and rules . 

Severa l  researcher s hav e suggeste d tha t  categor y sd^ctur e fo r  psychologicall y coherent , 
natura l  catgorie s i s roote d i n th e correlationa l  structur e provide d b y feature s i n inpu t  (Rosch , 
1978 ,  Medin ,  1983) .  Discover y o f  correlation s amon g multipl e feature s ma y b e particularl y 
importan t  fo r  observationa l  learning .  Maratso s an d Cnalkle y argu e tha t  syntacti c categorie s ar e 
acquire d b y exti-actin g th e syste m o f  interpredictiv e relation s whic h hol d amon g member s o f  th e 
same syntacti c clas s (Maratso s &  Chalkley ,  1980) . 

Our  wor k begin s wit h thes e suggestion s tha t  correlationa l  structur e i s important ,  an d 
propose s ho w i t  migh t  b e use d i n learnin g withou t  feedback .  W e us e experimentatio n an d 
simulatio n t o tes t  tw o prediction s abou t  th e effect s o f  correlationa l  structur e an d t o investigat e 
learnin g procedure s responsibl e fo r  thes e effects . 

Bot n prediction s clai m tha t  availabilit y  o f  multiple ,  intercorrelate d feature s i n inpu t  wil l 
facilitat e learning .  W e propos e tw o level s o f  facilitation ,  on e general ,  an d on e specifi c  t o 
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individua l  rule s abou t  featur e covariation .  Th e first  predictio n woul d b e anticipate d b y man y 
learnin g models :  wit h multipl e cue s peopl e shoul d b e mor e likel v t o lea m a t  leas t  on e o f  th e 
featur e covariatio n rules ,  o r  a t  leas t  somethin g abou t  th e availabl e categories .  Th e odd s o f 
discoverin g a t  leas t  on e rule ,  o r  som e basi s fo r  categorizing ,  ar e bette r  whe n ther e ar e multipl e 
regularitie s t o b e discovere d (Trabass o &  Bower ,  1968) . 

The secon d predictio n point s t o a  stronge r  typ e o f  facilitatio n fro m multipl e covaryin g cue s 
and a  mor e powerfu l  metho d o f  capitalizin g o n correlationa l  structure .  Thi s predicte d patter n 
wil l  b e calle d clustere d featur e facilitation .  I t  claim s tha t  subject s wil l  b e mor e likel y t o discove r 
a targe t  correlationa l  rul e whe n tha t  rul e occur s i n a  contex t  whic h provide s othe r  rule s amon g 
th e sam e se t  o f  features .  Fo r  example ,  applyin g th e principl e t o syntacti c categorie s woul d impl y 
tha t  learnin g th e relation s betwee n semantic s an d phras e structur e rule s woul d b e facilitate d i n a 
syste m whic h has ,  i n addition ,  1 )  covariatio n rule s betwee n morpholog y an d semantic s an d 2 ) 
rule s betwee n morpholog y an d phras e structur e rules . 

One mechanis m whic h woul d produc e thi s rule-by-rul e facilitatio n i s a n attentiona l  learnin g 
procedure ,  calle d focuse d samplin g (Billman ,  1983) ,  whic h increase s attentio n t o predictiv e 
features .  I f  a  featur e i s predictiv e i n on e covariatio n rul e i t  woul d becom e favorea ,  o r  selecte d 
more often ,  i n testin g otne r  rules .  W h e n multipl e rule s hol d amon g a  se t  o f  feature s the y woul d 
provid e a  mutuall y reinforcin g effect ,  increasin g th e prominenc e o f  th e valuable ,  predictiv e se t  o f 
features .  A  mechanis m o f  thi s sor t  woul d resul t  i n mutua l  facilitatio n amon g correlate d cues . 
Thi s predictio n contrast s wit h th e patter n foun d fo r  learnin g simpl e concept s wit h feedbac k 
(Trabass o &  Bower ,  1968) :  here ,  attendin g t o an d learnin g abou t  on e cu e wa s independen t  o f 
learnin g abou t  a  second ,  covaryin g cue . 

Our  researc h orientatio n an d th e predictio n o f  clustere d featur e facilitatio n diffe r  fro m muc h 
categor y learnin g researc h i n tw o ways :  w e focu s o n learnin g withou t  externa l  feedbac k an d w e 
argu e tha t  successfu l  leaminj g her e require s capitalizin g o n covariatio n amon g multipl e cues . 
Specifically ,  w e argu e fo r  a  learnin g mechanis m whic h use s covariatio n amon g multipl e cue s t o 
facilitat e rul e an d categor y learning ,  rathe r  tha n on e wher e learnin g abou t  on e cu e i s independen t 
of  th e relation s amon g other s (Trabass o &  Bower ,  1968) ,  o r  wher e learnin g abou t  on e cu e onl y 
compete s wit h learnin g abou t  covaryin g cue s (Zeama n &  House ,  1963 ,  Lovejoy ,  1966) .  Th e 
experiment s tes t  fo r  facilitatio n from  multipl e covaryin g features . 

Experiments 

Rationale 

Three experiments tested for general facilitation and for clustered feature facilitation. They 
investigate d learnin g o f  syntacti c categorie s i n a n artificia l  language .  Thi s allowe d contro l  o f  th e 
regulantie s fro m whic h rule s migh t  b e induce d an d maximize d th e chance s o f  tappin g a  domai n 
wher e peopl e ar e naturall y successfu l  observationa l  learners .  Structure s i n th e grammar s wer e 
analogou s t o structure s wnic h occu r  i n natura l  languages .  Al l  experiment s investigate d 
acquisitio n o f  rule s distinguishin g tw o relationa l  classes .  Al l  experiment s presente d scene s wit h 
descriptiv e sentence s whic h subject s observe d t o lea m th e language .  Al l  experiment s compare d 
tw o conditions .  Structure d an d Isolating .  Al l  experiment s compare d leamin g o f  1 5 colleg e 
studen t  subject s i n eac h condition .  Condition s differe d i n th e correlationa l  structur e afforde d b y 
input .  Fo r  example .  Experiment s 1  &  2  compare d leamin g tw o relationa l  classe s (analogou s t o 
verb s an d prepositions) .  Eac h clas s participate d i n a  distinc t  se t  o f  phras e structur e rule s an d ha d 
distinc t  semantics-referrin g t o actio n o r  t o relativ e position .  I n th e Isolatin g Condition s 
(Experiment s 1  &  2) ,  semantic s an d phras e structur e rol e wer e th e onl y characteristic s whic h 
correlate d wit h on e anothe r  o r  whic h coul d serv e a s a  basi s fo r  leamin g th e syntacti c categories . 
I n th e Structure d Conditions ,  additiona l  feature s suc h a s morphology ,  agreemen t  mles ,  an d 
syntacti c marke r  word s covarie d wit h semantic s an d phras e structur e mles .  Th e tw o prediction s 
wer e teste d b y comparin g leamin g i n Stmcture d an d Isolatin g Conditions .  Som e test s assesse d 
genera l  facilitation .  Other s assesse d knowledg e o f  jus t  th e targe t  mle s c o m m o n t o bot h 
condition s an d teste d clustere d featur e facilitation . 
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Tabl e 1 

Rule s an d Vocabular y fo r  Structure d &  Isolatin g Condition s 

Experiment s 1  &  2 

Example s fo r  th e Structure d Condition ,  wit h Englis h Glosse s 

Phrase Structure Rules with Examples of Sentence Types 

1)  N P ^ G +  PPo B +  PPl c ( D O B O D)  (B O S A F A T V U L K )  (B O L A R A N N I N K ) 

The DOBO-sub j  i s  besid e th e SAFA-obj ,  belo w th e LARA-loc . 

2)  N P ^ G +  PPo B 

3)NPag + PPlc 

4) NPag + PPloC + VP 

5) NPag + VP 

( D O B O D)  (B O S A F A T V U L K ) 

The DOBO-sub j  i s  besid e th e SAFA-obj . 

(DOBOD) (BO LARAN NINK) 

The DOBO-sub j  i s  belo w th e LARA-loc . 

(DOBOD) (BO LARAN NINK) (PIR SAFAT TOFO) 

The DOBO-sub j  i s  belo w th e LARA-lo c an d 

exchange s place s wit h th e SAFA-obj . 

(DOBOD) (PIR SAFAT TOFO) 

The DOBO-sub j  exchange s place s wit h th e SAFA-obj . 

Relationa l  Vocabular y &  Characteristic s 

A^-Ver b 
Characteristics : 

Vocabulary : 

A^-Pre p 
Characteristic s 

Vocabulary : 

Structure d 
V P uses , 

actions , 

ver b &  marke r  agree , 
tw o syllables , 

PI R o r  T E W. 
PIRITEW.. .  TOFOITAF A 
PIRITEW.. .  BOPOIBAPA 
PIRITEW.. .  JOSOIJAS A 

Structured 

PP uses , 

positions , 

no agreement , 

one syllable , 

B O. 
BO.. .  GIR K 
BO.. .  NIN K 
BO.. .  VUL K 

Isolatin g 

V P uses , 

actions . 
No Othe r 

Consisten t  Pattem . 

BO ... GORKIGARK 
PIRITEW.. .  BOPOIBAPA 
PIRITEW.. .  JU S 

Isolating 

PP uses , 

positions . 
No Othe r 

Consisten t  Pattem . 

PIRITEW... NINK 
BO.. .  TI F 
BO.. .  VALKIVOL K 

Note :  /  indicate s tw o form s o f  a  ver b o r  marker .  .. .  indicate s a  missin g shap e word . 
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tha n 

Experiment s 1  &  2 

Method 

Stimuli 

Sentence s i n "Neptunese "  describe d scene s wit h triple s o f  interactin g objects .  Thre e 
transitiv e action s wer e used ,  i n whic h a n agen t  shap e move s t o ac t  o n a  remot e objec t  whil e a 
shap e nea r  th e agen t  remains  inactive .  Sentence s aescribe d th e action s an d relative  position s 
among th e shapes .  Word s referring  t o object s wer e inflecte d fo r  case . 

Bot h Structure d an d Isolatin g Condition s ha d tw o syntacti c classe s o f  relationa l  word s 
whic h ha d differen t  role s i n th e phras e structur e rules .  I n th e Structure d Conditio n multipl e 
feature s covarie d an d provide d a  basi s fo r  groupin g thes e word s int o contrastin g categories .  I n 
th e Isolatin g Conditio n onl y a  subse t  o f  thes e feature s covaried ,  namely ,  semantic s an d 
distributio n i n phras e structur e rules .  I n bot h conditions ,  semantic s o f  referen t  an d phras e 
structur e rule s covarie d an d distinguishe d tw o syntacti c categories .  Word s referrin g t o action s 
had on e se t  o f  privilege s o f  occurrenc e i n phras e structur e rule s an d wil l  b e calle d /v-Verb s (fo r 
Neptunes e verbs) .  Word s referrin g t o relauv e position s ha d contrastin g (thoug h overlapping ) 
phras e structur e rule s an d wil l  b e calle d A -̂Preps .  Tabl e 1  show s th e f  phras e structur e rule s an d 
th e five  possibl e sentenc e type s whic h ca n describ e a  scene . 

Structure d an d Isolatin g Condition s differe d wit h respec t  t o regularities  amon g othe r 
features ,  a s summarize d i n Tabl e 1 .  I n th e Structure d Condition ,  additiona l  feature s covarie d 
wit h semantic s an d phras e structur e distribution .  Al l  N-Verb s ha d tw o syllable s an d th e vowel s 
i n th e syllable s change d t o agre e wit h th e subject ;  e.g .  "TOFO "  wa s use d whe n noun s o f  on e 
(phonologicall y defined )  gende r  clas s wer e use d a s subjec t  an d "TAFA "  wa s use d wit h th e othe r 
gender .  A H A -̂Verb s use d "PIR "  o r  " T E W "  a s thei r  syntacti c marke r  a t  th e beginnin g o f  th e ver b 
phrase ,  wit h selectio n betwee n PI R an d T E W agai n base d o n subjec t  gender .  I n contrast , 
V-Prep s wer e monosyllable s endin g i n "K" ;  the y ha d "r" s an d "U"' s i n thei r  ste m rathe r  t l 
"0"' s o r  "A"'s ;  the y di d no t  chang e for m wit h subjec t  gender ;  an d the y ha d a  single ,  fixed 
marke r  "BO" . 

I n th e Isolatin g Condition ,  eac h wor d ha d fixed  phonology ,  agreemen t  rules ,  an d marke r 
element ;  indeed ,  th e value s o f  thes e feature s her e wer e identica l  t o thos e use d i n th e Structure d 
Condition .  However ,  ther e wa s n o systematicit y i n th e manne r  b y whic h thes e feature s wer e 
assigne d t o word s withi n a  class ;  non e o f  thes e feature s covarie d wit h semantic s o r  phras e 
structur e distribution .  ̂ -Verb s ha d on e o r  tw o syllables ,  fixed  o r  changin g forms ,  marker s o f 
"BO"  o r  o f  "PIR"/"TEW" ;  similarly ,  variou s N-Prep s ha d al l  possibl e value s o f  thes e features . 
No pai r  o f  thes e feature s covarie d wit h anothe r  o r  wit h semantic s an d phras e structur e rules . 

I n th e Structure d Condition ,  semantics ,  phras e structur e distribution ,  phonology ,  agreement , 
and marke r  wor d al l  covaried .  I n th e Isolatin g Condition ,  onl y semantic s an d phras e structur e 
distributio n covaried . 

Procedure 

Subject s i n eithe r  conditio n learne d b y watchin g scene s an d readin g ou t  lou d th e 
accompanyin g descriptiv e sentences .  Th e learnin g phas e ra n fo r  tw o hour s o n eac h o f  tw o day s 
and include d som e auxiliar y task s (e.g .  writin g sentences) .  Followin g exposur e t o eithe r  th e 
grammar  o f  th e structure d o r  isolatin g condition ,  test s assesse d wha t  subject s ha d learne d abou t 
th e covariatio n pattern s definin g th e classes .  Thre e test s wil l  b e presente d here .  I n al l  test s 
subject s wer e presente d wit h a  nove l  displa y an d aske d t o judg e whethe r  i t  fit  i n wit h th e 
learnin g sentenc e o r  whethe r  i t  containe d an y error .  Subject s rate d sentence s o n a  six-poin t  scal e 
i n whic h on e en d poin t  indicate d th e subjec t  wa s certai n th e ite m wa s correc t  an d fit  i n wit h th e 
learnin g sentence s an d th e othe r  en d poin t  indicate d certaint y abou t  a n error . 

The Phras e Structur e Tes t  assesse d an y knowledg e fo r  distinguishin g betwee n classes . 
Compariso n betwee n condition s test s th e predicte d genera l  facilitatio n fro m multipl e correlate d 
cues .  Subject s judge d nove l  sentence s usin g famila r  word s bu t  presente d withou t  an y picture . 
They decide d whethe r  th e ne w sentenc e fit  int o th e lanjguag e an d wa s correc t  o r  whethe r  i t  di d 
not  belon g an d containe d a n error .  Error s wer e create d b y substitutin g a  TV-Ver b int o th e contex t 
wher e a  7V-Pre p wa s required  o r  a  A -̂Pre p int o a  contex t  fo r  N-Verbs .  Subject s coul d detec t 
error s i f  the y laie w an y o f  severa l  rules ,  sinc e th e incorrectl y use d wor d migh t  lea d t o 
inconsisten t  assignment s amon g phonologica l  properties ,  marke r  word ,  andphras e structur e role . 
Subject s i n th e structure d condition s migh t  b e abl e t o detec t  error s base d o n disruptio n o f  an y o f 
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severa l  relation s amon g predictiv e features ,  whil e subject s i n th e isolatin g conditio n woul d onl y 
be abl e t o detec t  a n erro r  base d o n misplacemen t  o f  th e particula r  wor d i n th e phras e structur e 
tree . 

T wo test s assesse d clustere d featur e facilitation :  th e Projecte d Us e Tes t  an d th e Semantic s 
Test .  Experimen t  1  use d onl y th e Projecte d Us e Test ;  Experimen t  2  use d both .  Thes e test s 
evaluate d knowledg e o f  a  singl e componen t  o f  th e grammar ,  on e availabl e t o learner s i n bot h 
conditions . 

The Projecte d Us e Tes t  assesse d knowledg e o f  phras e structur e rules ,  rule s whic h wer e 
identica l  i n bot h conditions .  Th e subject' s tas k wa s t o judg e compatibilit y  o f  a  second ,  projecte d 
use o f  a  nove l  wor d give n a n introductor y use .  Us e o f  nove l  word s mean s subject s canno t  mak e 
judgement s base d o n know n use s o f  th e word ,  bu t  mus t  rel y o n mor e abstrac t  knowledg e o f 
relation s amon g sentenc e forms .  Th e tas k wa s explaine d b y analog y t o ho w w e ca n mak e 
inference s abou t  availabl e use s o f  ne w word s i n English .  I n Enjglisn ,  i f  on e hear s a  ne w word , 
"glish" ,  use d i n "Sh e me t  a  glis h boy" ,  on e coul d b e fairl y certai n tha t  i t  woul d b e grammaticall y 
oka y t o sa y "Tha t  gir l  i s  ver y glish .  I n th e example ,  correc t  judgmen t  require s us e o f  implici t 
knowledg e o f  th e use s allowe d fo r  Englis h adjectives ;  i n th e test ,  analogou s judgment s assesse d 
knowledg e o f  contrastin g use s allowe d fo r  on e o f  th e tw o Neptunes e categories .  Subject s wer e 
tol d the y woul d b e give n on e correct ,  introductor y us e o f  a  ne w wor d an d the n woul d b e aske d t o 
judg e whethe r  a  secon d us e o f  th e ne w wor d wa s als o okay . 

Testin g clustere d featur e facilitiatio n mean s specificall y testin g knowledg e o f  th e relation 
among targe t  feature s availabl e t o subject s i n bot h conditions .  Henc e an y othe r  feature s whic h 
migh t  b e cufferentiall y  informativ e fo r  th e tw o condition s mus t  b e eliminated .  Semanti c cue s 
wer e eliminate d b y no t  displayin g an y picture .  Phonologica l  cue s wer e remove d b y simpl y 
indicatin g th e ne w wor d b y th e symbo l  * N E W * ,  whic h appeare d i n th e sentenc e a t  th e locatio n 
of  th e targe t  word ,  rathe r  tha n spellin g ou t  th e ne w word .  Cue s fro m th e marke r  word s wer e 
remove d b y indicatin g it s presenc e b y th e symbo l  //// ,  withou t  showin g whic h marke r  wa s used . 
Thes e convention s wer e agai n explaine d b y analog y t o inference s w e mak e listenin g t o speech ; 
sometime s w e ca n tel l  quit e a  bi t  abou t  a  ne w wor d eve n i f  w e don' t  catc h al l  th e word s i n th e 
sentence .  Englis h analogies ,  example s usin g th e contras t  betwee n Neptunes e relationa l  term s 
versu s nouns ,  an d explainin g th e tas k bac k t o th e experimente r  ensure d tha t  al l  subject s 
understoo d th e task . 

Removal  o f  informatio n abou t  phonology ,  marke r  words ,  an d a^eemen t  rule s fo r  th e nove l 
tes t  wor d i s critica l  t o a  fai r  tes t  o f  clustere d featur e facilitation .  Th e inten t  i s  t o tes t  whethe r 
subject s i n th e structure d conditio n wer e mor e likel y tha n thos e i n th e isolatin g condition s t o 
lear n a n identica l  se t  o f  targe t  rule s (here ,  th e phras e structur e rules) .  Whil e th e targe t  rule s wer e 
identica l  i n bot h conditions ,  additiona l  cue s covarie d wit h th e targe t  rule s i n th e Structure d 
Condition .  Clustere d featur e facilitatio n claim s tha t  th e identica l  rul e wil l  b e learne d faste r  whe n 
i t  occur s a s par t  o f  a  relate d syste m o f  rule s amon g th e sam e features .  A  tes t  o f  clustere d featur e 
facilitatio n require s tha t  informatio n availabl e durin g learnin g differ s betwee n conditions ,  bu t 
informatio n availabl e a t  tes t  i s  identical .  Differentia l  performanc e a t  tes t  ca n the n b e attribute d 
t o differentia l  learnin g abou t  th e sam e cues ,  no t  th e availabilit y  o f  mor e cue s t o us e i n detectin g 
errors . 

The Semantic s Tes t  assesse d learnin g th e relatio n betwee n semantic s an d th e se t  o f 
acceptabl e use s (phras e structur e rules) ;  actio n word s ar e use d i n on e se t  o f  rules ,  positio n word s 
i n another .  Thi s componen t  o f  th e gramma r  wa s th e sam e i n bot h Structure d an d Isolatin g 
Conditions .  A s i n th e Projecte d Us e Test ,  th e clustere d featur e predictio n i s teste d b y askin g 
subject s t o judg e nove l  display s wher e correc t  judgment s coul d onl y b e mad e base d o n th e targe t 
rule ,  c o m m o n t o bot h conditions .  Subject s wer e tol d the y woul d se e scene s wit h som e ne w 
aspec t  an d a  descriptiv e sentenc e whic h include d a  ne w wor d describin g th e ne w aspect .  Th e 
ne w wor d wa s indicate d b y * N E W * .  Subject s judge d whethe r  th e wor d fo r  th e ne w aspec t  wa s 
use d correctly .  Subject s coul d judg e correcti y i f  the y kne w whic h use s wer e acceptabl e fo r 
word s referrin g t o actio n an d whic h fo r  word s refemn g t o position .  Additiona l  informatio n 
abou t  syllables ,  agreement ,  an d marker s wa s eliminated . 

The Projecte d Us e Tes t  evaluate s whethe r  subject s ar e bette r  abl e t o lea m th e covariatio n 
betwee n syntacti c context s share d b y th e sam e wor d (th e phras e structur e rules )  whe n additiona l 
feature s covar y wit h th e feature s o f  th e targe t  rule .  Th e Semantic s Tes t  evaluate s whethe r 
subject s ar e bette r  abl e t o lear n th e covariatio n betwee n context s o f  us e define d b y phras e 
structur e rule s an d semantic s whe n additiona l  feature s covar y a t  learning .  Bot h tes t  th e predicte d 
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clustere d featur e facilitation . 

Results 

Bot h experiment s foun d a  stron g genera l  advantag e fo r  learnin g i n a  gramma r  wher e 
multipl e cue s covarie d t o defin e syntacti c categories .  Subject s i n th e Structure d Conditio n 
performe d bette r  tha n thos e i n th e Isolatin g Conditio n o n m e Phras e Structur e Test ,  i n bot h 
experiments .  Bot h experiment s als o provide d evidenc e fo r  clustere d featur e facilitation . 
SuDJect s from  th e Structure d Conditio n performe d bette r  o n th e Projecte d Us e Test ,  i n bot h 
experiments .  Th e Semantic s Tes t  consiste d o f  fou r  type s o f  items :  correc t  action ,  correc t 
position ,  incorrec t  action ,  an d incorrec t  positio n displays .  Structure d Conditio n subject s di d 
bette r  tha n Isolatin g Conditio n subject s o n tw o o f  th e fou r  measures ,  bu t  di d no t  diffe r  o n th e 
summary measure .  Se e Tabl e 2 . 

Table 2 

Scores for Experiments 1 & 2 

P H R A SE S T R U C T U RE 

(4 8 items ) 

P R O J E C T ED U S E 
(4 8 items ) 

P H R A SE S T R U C T U RE 

(4 8 items ) 

P R O J E C T ED U S E 
(4 8 items ) 

S E M A N T IC 
(4 8 items ) 

action/correc t 
position/correc t 
action/incorrec t 

position/incorrec t 

S T R U C T U R ED 

CONDll ' lO N 1 
mean(s.d. ) 

Experimen t  1 

4.66(.75 )  * 

4.03(.74 )  * 

Experimen t  2 

4.59(.84 )  * 

4.19(.76 )  * 

4.44(.29 ) 

5.44(.51 )  * 
4.17(.73 ) 

4.26(1.00 ) 
3.90(.86 )  * 

I S O L A T I O N 

C O N D I T I ON 2 

mean(s.d. ) 

3.80(.41 ) 

3.63(.29 ) 

4.10(.50 ) 

3.83(.23 ) 

4.22(.21 ) 

4.97(.61 ) 
4.57(.76 ) 
4.14(.71 ) 

3.19(.79 ) 

*  Stracture d Conditio n bette r  tha n Isolatin g Conditio n 2  (p<.05 ) 

Average scores on a 1 to 6 rating scale. Score of 6 means subject was certain every 
grammatica l  sentenc e wa s correc t  an d ever y ungrammatica l  sentenc e wa s incorrect . 
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Experimen t  3 

Experiment 3 investigated the contrast between two subcategories of verbs. As in 
Experiment s 1  &  2 ,  learnin g a  targe t  rul e wa s compare d i n Structure d an d Isolatin g Conditions . 
I n Experimen t  3  th e relatio n betwee n phras e structur e rule s an d lexica l  fom i  wa s preserve d i n 
bot h conditions ,  rathe r  tha n th e relatio n betwee n th e phras e structur e rule s an d semantics ,  a s i n 
Experiment s 1  &  2 .  Phras e structur e fomi s ar e show n schematicall y here : 

Class 1: S--> NP^q + ISfPoB + (Marker NPl^ ^l) 

S - - > N P ^ Q + (Marke r  N P l c Vi ) 

S- > N P ^ G +  N P q b +  V i 

Clas s 2 :  S-- > NP^^ q +  N P l ^  +  (Marke r  N P q b V2 ) 

S-->NPy^Q + (Marke r  N P l c  ̂ l ) 

Metho d 

I n th e structure d condition .  Clas s 1  word s ha d a  distinc t  se t  o f  allowabl e use s o r  phras e 
structur e rules ;  the y referre d t o transitiv e actions ;  the y ha d unchanging ,  single-syllabl e lexica l 
form s whic h ha d "I"' s  o r  "U"' s fo r  vowels ;  an d the y use d th e marke r  BO" .  Clas s 2  word s ha d 
contrastin g phras e structur e rules ;  the y referre d t o indirec t  causativ e actions ;  the y ha d tw o 
syllables ;  the v ha d agreemen t  rule s whic h change d th e ver b vowel s t o "0"' s o r  A"' s t o agre e 
wit h th e gende r  o f  th e subject ;  an d the y use d th e marker s "PIR "  o r  "TEW" ,  selecte d t o agre e wit h 
th e subject' s gende r  a s well .  I n th e Isolatin g Condition ,  onl v on e o f  thes e characteristic s 
covarie d wit h phras e structur e rules :  agreement .  On e clas s ha d agreemen t  rule s whic h change d 
th e for m o f  th e ver b an d th e othe r  clas s ha d fixe d form s wit h n o agreemen t  rule .  Numbe r  o f 
syllables ,  marke r  word ,  an d semantic s wer e unsystematicall y assigned ;  the y di d no t  covar y wit h 
eac h other ,  wit h use s define d b y th e phras e structur e rules ,  o r  wit h fixed  o r  changin g 
phonologica l  form . 

Learnin g an d tes t  procedure s wer e exactl y analogou s t o thos e use d i n Experiment s 1  an d 2 . 
The Phras e Structur e Tes t  assesse d genera l  facilitatio n i n leamin g an y rule s relevan t  t o th e tw o 
syntacti c categorie s (ver b subcategories) .  Th e Projecte d Us e Tes t  assesse d leamin g th e 
dependencie s amon g differen t  use s (phras e structur e rules )  t o se e i f  leamin g a  targe t  rul e wa s 
facilitate d b y th e availabilit y  o f  additiona l  covaryin g feature s i n leaming .  Th e analo g o f  th e 
Semantic s Tes t  wa s th e Lexica l  Test .  Th e Lexica l  Tes t  assesse d subjects '  knowledg e o f  th e 
covariatio n rule s betwee n lexica l  for m (fixe d o r  varyin g wit h agreement )  o f  th e wor d an d 
allowabl e positio n i n th e phras e structur e tree .  I n th e Lexica l  Test ,  subject s wer e presente d wit h 
sentence s usin g a  ne w word .  Onl y th e firs t  par t  o f  th e wor d wa s shown ,  enoug h t o revea l 
whethe r  o r  no t  i t  agree d wit h th e subjec t  bu t  no t  enoug h t o tel l  whethe r  i t  wa s on e o r  tw o 
syllables .  Informatio n abou t  marke r  an d semantic s wa s als o deleted .  Subject s coul d b e 
consistentl y correc t  onl y i f  the y kne w th e relatio n betwee n positio n i n th e sentenc e an d whethe r 
or  no t  th e wor d shoul d agre e wit h th e subject . 

Results 

Subject s i n th e Stmcture d Conditio n di d bette r  tha n thos e i n th e Isolatin g Conditio n o n al l 
tests ,  th e Phras e Structur e Test ,  th e Projecte d Us e Test ,  an d th e Lexica l  Test .  Result s ar e 
summarize d i n Tabl e 3 . 
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Tabl e 3 

Scores for Experiment 3 

STRUCTURED ISOLATION 
C O N D I T I ON 1  C O N D I T I O N 2 

MEDIANS MEDIANS 

PHRASE STRUCTURE 5.90 * 3.90 

(4 8 items ) 

PROJECTED USE 5.52 4,00 

(4 8 items ) 

Clas s 1  use s mean=5.0 4 * *  mean=4.3 0 
Clas s 2  use s mean=5.0 6 mean=4.4 8 

LEXICAL 3.96 * 3.46 

(2 4 items ) 

*Structured Condition median better than Isolating Condition 2 (p<.05) 

Median s use d du e t o nonnorma l  distributions . 

**Structured Condition mean better than Isolating Condition 2 (p<.05) 

Average scores on a 1 to 6 rating scale. Score of 6 means subject was certain every 
grammatica l  sentenc e wa s correc t  an d ever y ungrammatica l  sentenc e wa s incorrect . 

Discussion of Findings 

The results from the Phrase Structure tests found general benefit to learning about the 
syste m fro m th e availabilit y  o f  multipl e correlate d features ,  consisten t  wit h severa l  prio r  finding s 
(Morga n &  Newport ,  1981 ,  Green ,  1979) .  Th e benefi t  wa s foun d fo r  tw o pair s o f  syntacti c 
classe s an d whe n semantic s o r  morphologica l  feature s covarie d wit h distributionall y define d 
class .  I n addition ,  th e Projecte d Use ,  Semantics ,  an d Lexica l  Test s sugges t  tha t  whe n multipl e 
feature s covary ,  learner s d o capitaliz e o n th e availabilit y  o f  on e covariatio n patter n t o discove r 
others .  Subject s di d sho w clustere d featur e facilitation . 

Possible Learning Mechanism 

Focused sampling is part of the internal feedback approach (Billman, 1983) which 
specificall y addresse s Teamin g withou t  externa l  feedback .  Th e interna l  feedbac k approac h 
predict s clustere d featur e facilitatio n b y combinin g generatio n an d testin g o f  predictiv e rule s 
wit h attentiona l  learning .  Th e learne r  project s hypothese s abou t  th e expecte d valu e o f  a  secon d 
(se t  of )  feature(s) ,  give n th e valu e o f  a  fu-st .  Thes e hypothese s ar e evaluate d b y comparin g th e 
predicte d wit h th e observe d valu e o f  th e projecte d featur e an d usin g thi s matc h o r  mismatc h a s 
internall y generate d feedback .  Henc e th e firs t  leve l  o f  learnin g consist s o f  generatin g an d testin g 
conditiona l  rule s abou t  predictiv e relation s amon g features .  Focuse d sampling ,  th e attentiona l 
learnin g procedure ,  systematicall y alter s th e samplin g o f  feature s use d i n hypothesi s generatio n 
and testing .  Wheneve r  th e predictio n o f  a  rul e i s confirmed ,  focuse d samplin g increase s th e 
salienc e (o r  samplin g probaoility )  o f  th e feature s whic h participat e i n tha t  rule .  Followin g ba d 
predictions ,  salienc e o f  participan t  feature s i s reduced .  Focuse d samplin g wil l  benefi t  rul e 
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learnin g whe n successfu l  participatio n i n on e rul e i s i n fac t  predictiv e o f  tha t  feature' s 
participatio n i n othe r  rules .  Wher e inpu t  doe s provid e a  syste m o f  covariatio n rule s amon g a n 
overlappin g se t  o f  features ,  focusex i  samplin g wil l  lea d t o learnin g th e individua l  rule s faste r  tha n 
when inpu t  provide s onl y on e o f  th e individua l  rule s b y itself .  Rul e learnin g wit h focuse d 
samplin g lead s directi y t o th e predicte d clustere d featur e facilitation . 

Thi s accoun t  o f  attentiona l  learnin g contrast s bot h wit h mos t  featura l  an d mos t  instance -
base d views .  Typically ,  model s d o no t  propos e tha t  th e importanc e o f  o r  attentio n t o a  featur e 
increase s i n th e contex t  o f  othe r  covaryin g features .  I t  ma y no t  chang e systematicall y a t  al l 
(Medi n &  Schaffer ,  1978 ,  Trabass o &  Bower ,  1968) ,  o r  covaryin g feature s ma y compet e wit h 
eac h othe r  (Zeama n &  House ,  1963 ,  Fishe r  &  Zeaman ,  1973) .  Direc t  compariso n t o thes e 
model s i s no t  possibl e becaus e th e tas k change s whe n n o feedbac k i s available ;  extendin g thes e 
model s t o addres s learnin g withou t  feedbac k migh t  indee d promp t  modification s i n ho w th e 
learne r  use s correlationa l  structure .  Whil e th e findin g o f  clustere d featur e facilitatio n migh t  b e 
predicte d b y othe r  type s o f  models ,  i t  contrast s wit h a  broa d rang e o f  alternativ e types . 

Simulation 

Rationale 

The exact effects of focused sampling are not transparent from an informal statement, so we 
turne d t o simulation .  Simulation ,  unlik e experiment s wit h people ,  allow s additio n an d deletio n 
of  a  componen t  a t  will ;  henc e th e contributio n o f  tha t  componen t  ca n b e directi y assessed .  Th e 
simulatio n compare s tw o version s o f  a  learnin g mechanism ,  wit h an d withou t  focuse d sampling . 
We adopte d a  desig n perspectiv e an d varie d th e learnin g problem s t o as k whethe r  an d whe n 
focuse d samplin g woul d provid e substantia l  facilitatio n (Billma n &  Heit ,  1987) . 

Inpu t  fo r  th e simulatio n wa s abstract ,  schematicall y specifie d examples .  Eac h exampl e 
consiste d o f  a  se t  o f  features ;  eac h featur e assume d on e o f  fou r  values .  Wit h focuse d samplin g 
featur e salience ,  o r  importance ,  change s wit h leaming .  Her e eac h learnin g cycl e consiste d o f 
thes e steps :  1 )  on e predicto r  featur e i s sample d and ,  give n it s value ,  a  predictio n mad e abou t  th e 
valu e o f  a  secon d feature ;  2 )  th e predictio n i s teste d agains t  th e valu e specifie d i n th e inpu t 
example ;  an d 3 )  salienc e o f  th e feature s a s wel l  a s confidenc e i n th e predictio n ar e bot h 
modified .  Rul e strengt h i s increase d o r  decrease d dependin g o n success .  Th e salience s o f 
feature s i n th e rul e ar e als o increase d o r  decreased ,  changin g thei r  probablit y o f  sampling ; 
salienc e acros s feature s i s normalize d afte r  eac h change ,  producin g indirect ,  compensator y 
chang e too .  Th e relatio n amon g feature s ca n b e bot h supportiv e an d competitive :  supportiv e 
becaus e o f  convergenc e o n a  c o m m o n se t  o f  rule s vi a focuse d sampling ,  competitiv e becaus e 
limite d attentio n i s stil l  allocate d amon g th e features .  Withou t  focuse d samplin g th e leamin g 
cycl e doe s no t  includ e modifyin g featur e salience ,  bu t  i s otherwis e identical . 

Findings 

A series of experiments with varying leaming stimuli were mn to compare leaming with 
and withou t  focuse d sampling .  Inpu t  set s varie d i n numbe r  o f  instances ,  numbe r  o f  features ,  an d 
most  importanti y i n relativ e numbe r  o f  correlate d an d uncorrelate d features .  Acros s a  wid e rang e 
of  learnin g stimuli ,  focuse d samplin g di d produc e benefit .  Amoun t  o f  benefi t  wa s assesse d b y 
comparin g differenc e i n leamin g wit h an d withou t  focuse d samplin g a t  a  criterio n defme d t o 
matc h amoun t  o f  exposur e i n th e tw o conditions .  Th e patte m o f  factor s resultin g i n mor e o r  les s 
benefi t  ca n b e summarize d i n fou r  points . 

First ,  wher e comparabl e condition s wer e ru n varyin g i n numbe r  o f  instance s (4 ,  8 ,  an d 16) , 
focuse d samplin g benefi t  wa s greate r  fo r  th e large r  numbe r  o f  instances . 

Second ,  benefi t  wa s greate r  whe n inpu t  instance s ha d mor e features ,  particularl y fo r  th e 
firs t  leve l  o f  increas e fro m ver y fe w (e.g .  4 )  t o somewha t  mor e (e.g .  6) ;  effec t  o f  addin g mor e 
feature s levele d of f  wit h large r  number s (e.g .  12) . 
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DIFFERFTMCES I N RULE STRENGTH 
rOCUSEf  r.AMPl .  IN C ADVANTAGE 
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(4 AND 8  I.EAFNU W INSTANCES) 

A 
D 
V 
A 
N 
T 
A 
G 
E 

20 -

15 -

10 

5 -

0 -

- 5 - I  4  INSTANCES 
..  8  INSTANCES 

NUMBER OF RELEVANT FEATURES 

Third ,  relativ e n u m b e r  o f  correlate d a n d unpredictiv e feature s h a d m a j o r  effect s o n benefit . 
T h e effect s o f  add in g m o r e relevan t  o r  m o r e irrelevan t  feature s interac t  wi t h e a c h othe r  a n d w i t h 
tota l  n u m b e r  o f  features ;  on l y th e m a j o r  point s ar e s u m m a r i z e d here .  F o r  e x a m p l e ,  w h e n th e 
n u m b e r  o f  tota l  feature s i s fixe d a t  8 ,  benefi t  increase s a s correlate d feature s increas e f r o m 2  t o 4 , 
bu t  benefi t  decrease s a s stil l  m o r e o f  th e tota l  ar e m a d e correlated ,  a s s h o w n i n F igur e 1 .  Benef i t 
increase s a s m o r e feature s o f  a  fixe d tota l  ar e m a d e relevant .  I n addition ,  benefi t  increase s a s 
n e w relevan t  feature s ar e added .  H o w e v e r ,  thi s patter n hold s onl y fo r  th e initia l  increas e (e.g . 
m a x i m a l l y fo r  th e increas e f r o m 2  t o 3  relevan t  features )  a n d attenuate s o r  decrease s w i t h 
increasin g additions .  Benefi t  als o increase s a s m o r e irrelevan t  feature s ar e a d d e d ,  w h e n 
irrelevan t  feature s initiall y  ar e f e w i n n u m b e r .  I n s u m ,  benefi t  i s  greates t  w h e n ther e ar e mult ipl e 
correlate d feature s bu t  ther e ar e stil l  a  significan t  proport io n o f  irrelevan t  feature s ( f ro m w h i c h 
th e relevan t  feature s ca n stea l  attention) .  T h u s ,  thi s simulatio n p r o d u c e d clustere d featur e 
facilitatio n ove r  a  w i d e rang e o f  conditions ,  bu t  onl y w h e r e a  significan t  n u m b e r  o f 
"unsystematic "  feature s w e r e als o present . 

Finally ,  w e f o u n d o n e se t  o f  condition s w h e r e focuse d s a m p l i n g hur t  learnin g th e relatio n 
b e t w e e n th e t w o correlate d features ,  th e targe t  rule .  Th i s occurre d w h e n onl y fou r  instance s 
w e r e i n th e learnin g set ,  a n d onl y 2  o f  8  feature s w e r e correlate d ( 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 3 3 3 3 3 3 
2 2 4 4 4 4 4 4 ) .  H e r e instanc e leve l  structur e a m o n g th e unsystemati c 6  feature s p r o v e d m o r e 
predictiv e tha n th e targe t  rule ;  k n o w i n g th e valu e o f  featur e 3  al low s perfectl y reliabl e predictio n 
o f  5  othe r  features ,  e v e n t h o u g h a n y suc h rul e onl y applie s t o onl y o n e instance .  T h e targe t 
features ,  overall ,  ar e les s predictiv e a n d predictiv e i n t e w e r  rules .  T h u s ,  focuse d s a m p l i n g i s 
usefu l  on l y w h e n ther e i s signfican t  structur e availabl e a b o v e th e instanc e level . 

T h e s e result s m i g h t  b e glosse d b y th e c la i m tha t  focuse d s a m p l i n g p rov ide d greate r  benefi t 
fo r  m o r e c o m p l e x ( m o r e instances ,  m o r e features )  a n d m o r e "natural "  (multipl e correlate d c u e s 
i n a  contex t  o f  m a n y u n c o r r e c t e d o n e s ,  regularitie s b e y o n d th e instance )  learnin g p r o b l e m s . 
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S u m m a r y 

This research presents evidence and arguments for how learners use correlated structure to 
guid e comple x learnin g withou t  feedback .  Thre e experiment s confirme d th e predicte d rul e b y 
rul e facilitatio n fro m a  mor e structure d contex t  (clustere d featur e facilitation) .  A  mechanism , 
focuse d sampling ,  wa s oudine d fo r  usin g correlationa l  structur e t o guid e rul e selectio n b y 
alterin g th e importanc e o f  features .  Th e result s o f  simulatin g th e focuse d samplin g procedur e 1 ) 
produce d clustere d featur e facilitatio n a s predicte d informall y an d a s demonstrate d b y subject s 
and 2 )  suggeste d tha t  focuse d samplin g ma y b e a  particularl y beneficia l  strateg y fo r  comple x 
natura l  learnin g withou t  feedback . 
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