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L E V E LS O P G O AL D I R E C T I O N A N D T H E C A U S ES O P L E A R N I N G 

Dale M. McNulty 

Irvine Computational Intelligence Project 
and 

Cente r  fo r  th e Neurobiolog y o f  Learnin g an d Memor y 
Uiuver$it y o f  CaUfomi t 

Irvine ,  C A 0171 7 

ABSTRACT 
A genera l  purpos e mode l  an d learnin g progra m ar e describe d whic h accoun t  fo r  th e phenomen a o f  laten t  learnin g an d irrelevant -
incentiv e learning .  Th e mod d i s compose d o f  thre e separat e goa l  pursui t  leveb .  A t  th e lowes t  (latent )  leve l  ar e th e constant ,  implici t 
goal s associate d wit h th e system' s memor y managemen t  mechanisms .  A t  a  highe r  (overt )  leve l  ar e th e dynamic ,  explici t  behaviora l 
goal s whic h th e implici t  goal s enabl e b y manipulatin g memor y representation s t o confor m t o th e externa l  surroundings .  A t  th e 
highes t  (metarovert )  leve l  th e laten t  leve l  employ s knowledg e a s meta-schemata .  Functiona l  specific s whic h enabl e th e progra m t o 
demonstrat e th e learnin g behavio r  i n a  maz e environmen t  ar e discussed . 

1.0 Introduction and Relevant Historical Perspective 

Prio r  t o th e IQSO' s psychologist s associate d learnin g wit h performance .  Fo r  Pavlov ,  T h o m d i k e ,  Hull , 

Spence ,  etc .  learnin g w a s a  reinforcemen t  o f  stimulus-respons e associations .  I n 192 4 S i m m o n s observe d a 

contrar y phenomenon .  Unrewarde d rat s allowe d t o explor e a  m a z e wer e jus t  a s capabl e o f  finding  thei r 

w ay t o foo d durin g subsequen t  rewarde d trial s a s animal s whic h wer e rewarde d continuously .  Blodget t 
(1929 )  terme d thi s learnin g "latent "  becaus e th e animal s acquire d m a z e knowledg e i n th e absenc e o f  an y 
demonstratio n o f  learning .  Blodgett' s  conclusio n contradicte d th e firmly  entrenche d L a w o f  Effect ,  an d 
Hull' s  theor y o f  driv e reduction ,  whic h requir e behaviora l  reinforcemen t  t o strengthe n th e S- R connection s 

of  learning .  Earl y cognitivist s (To lma n an d Honzik ,  1930 )  explaine d Blodgett' s  conclusio n i n term s o f 
cognitiv e knowledg e o f  goal s an d goa l  acquisition .  T h e vas t  majorit y o f  m o d e m theorist s continu e t o con -
side r  learnin g t o b e goa l  directed . 

The split from earlier S-R theory is a result of two important observations from the latent learning experi-

ment s (Thistlethwaite ,  1951) .  First ,  reinforcement ,  suc h a s foo d o r  water ,  i s  no t  necessar y fo r  learnin g t o 
occTir .  Second ,  learnin g shoul d b e distinguishe d from  performance .  Knowledg e nee d no t  b e manifes t  fo r 
learnin g t o occur .  Informatio n i s  ofte n 'known '  an d no t  demonstrate d unti l  th e prope r  motivatio n i s 
presented .  Bearin g thes e distinction s i n mind ,  i t  i s  possibl e t o recogniz e tw o differen t  paradigm s whic h 
nee d t o b e explaine d b y learnin g models .  O n e typ e o f  experimen t  utilize s unrewarde d trials ,  o r  explorato -
r y behavior ,  t o tes t  th e subject' s abilit y  t o lear n h o w t o arriv e a t  a  locatio n tha t  ha s bee n associate d wit h 
a reward .  Experiment s o f  thi s typ e ar e testin g laten t  learning .  A  secon d typ e o f  experimen t  test s th e 
subjects '  abilit y  t o lear n h o w t o arriv e a t  th e locatio n o f  a n objec t  tha t  w a s irrelevan t  a t  th e tim e o f  expo -
sure .  A n exampl e o f  a n irrelevan t  objec t  i s  foo d whic h ha s bee n rendere d irrelevan t  b y feedin g subject s t o 
th e poin t  o f  satiation .  Ebcperiment s o f  thi s sor t  tes t  irrelevant-incentiv e learning . 

A program capable of both types of behavior will be described here. For the sake of simplicity, these two 
experimenta l  paradigm s wil l  onl y b e distinguishe d i n thi s discussio n wher e specifi c  progra m operation s dis -
tinguis h th e two . 

2.0 Levels of Goals and the Caiises of Learning 

Sinc e learnin g doe s occu r  i n th e absenc e o f  reinforcemen t  an d withou t  associate d performance ,  previou s 
learnin g theorie s relyin g o n reinforcemen t  ar e no t  satisfactory .  I n formulatin g n e w model s th e obviou s 
questio n t o as k is :  wha t  ar e th e cause s o f  learning ? Fou r  possibl e explanation s c o m e t o mind : 
(l ]  Learnin g i s no t  goa l  directed .  Thi s positio n i s difficul t  t o conclusivel y prov e o r  disprove ,  howeve r  th e 
nonrando m natur e o f  learnin g suggest s tha t  learnin g i s eithe r  goa l  directed ,  or ,  tha t  animal s atten d t o an d 
stor e ever y experientia l  event .  T h e late r  doe s no t  see m supportable ,  s o i t  mus t  b e conclude d tha t  learnin g 
is ,  i n som e way ,  associate d wit h goals . 

Thi t  reiearc h wa i  tuppoHe d i n par t  b y ik e Nationa l  Scienc e Foundatio n *nde r  gran t  IST-81-i088 5 an d th e Nava l  Ocea n Sy$ier m 
Cente r  unde r  contract !  N001SS-81-C-107 8 an d N86001-8S-C-0t55 . 
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[2 ]  Subject s i n th e laten t  learnin g an d irrelevant-incentiv e learnin g paradigm s receiv e reinforcemen t  i n 

ways othe r  tha n feedin g o r  drinkin g and ,  thus ,  th e Hullia n Mode l  o f  stimulus-respons e adequatel y explain s 

th e phenomena .  A  numbe r  o f  author s hav e argue d tha t  th e rat s lear n th e maz e becaus e the y ar e drive n b y 

suc h thing s a s a  nee d fo r  handlin g o r  a  desir e t o escap e th e maze .  Th e experimenta l  result s ar e ver y com -

ple x an d th e possibilit y  fo r  m a n y type s o f  reinforcemen t  ca n no t  b e totall y rule d out ,  bu t  a s 

Thistlethwait e shows ,  reinforcemen t  doe s no t  adequatel y explai n th e entir e laten t  learnin g effect .  M a n y 

others ,  includin g Mackintos h (1974 )  an d Bowe r  an d Hilgar d (1981) ,  hav e als o effectivel y dismisse d th e 

reinforcemen t  cirgimients ,  thus ,  th e consensu s i s tha t  laten t  learnin g i s a  rea l  phenomeno n whic h i s no t  ex -

plaine d b y th e L a w o f  Effec t  o r  reinforcemen t  theory . 

[3 ]  A  modifie d versio n o f  th e Hullia n Mode l  o f  stimulus-respons e explain s th e laten t  learnin g phenomena . 

Thi s positio n i s no t  supporte d b y th e evidence .  Agai n Thistlethwaite ,  Mackintosh ,  an d other s effectivel y 

argu e agains t  this .  Th e S- R mode l  o f  learnin g i s generall y no t  accepte d today ,  s o th e argumen t  wil l  no t  b e 

carrie d o n here . 

[4 ]  Learnin g i s goa l  based ,  bu t  ther e ar e multipl e level s o f  goa l  pursuit ,  som e o f  whic h hav e no t  bee n pre -

viousl y recognised .  (Goa l  i s use d her e t o mea n objective ,  includin g th e pursui t  o f  a n endeavor ,  suc h a s 

Hull' s  driv e reduction. )  A t  on e leve l  th e organis m pursue s goal s suc h a s eatin g an d drinking ,  an d a t 

anothe r  leve l  th e pursui t  o f  a  differen t  typ e o f  goa l  explain s phenomen a suc h a s laten t  learnin g an d 

irrelevant-incentiv e learning .  A t  leas t  on e publicatio n ha s speculate d o n th e possibilit y  o f  another ,  les s 

obvious ,  leve l  o f  goa l  pursuit .  O'Keef e an d Nade l  (1978 )  argued ,  withou t  detailin g th e mechanism s where -

by i t  occurs ,  tha t  rat s ar e drive n t o creat e cognitiv e maps . 

The most platisible explanation for learning seems to involve multiple levels of goal pursuit, but if multi-

pl e level s o f  goa l  directio n d o exist ,  the n th e earlie r  questio n ca n b e rephrase d t o ask :  wha t  ar e th e variou s 
goal  level s associate d wit h learning ? 

The GEL model (Granger, 1983a, 1983b) propose-* three levels of goal pursuit. At the lowest level, innate, 
laten t  mechanism s semi-autonomousl y pursu e constan t  goal s whic h creat e an d manipulat e memor y struc -

ture s i n suc h a  wa y tha t  knowledg e and ,  thus ,  performance ,  eventuall y confor m t o th e externa l  environ -

ment .  Th e goal s a t  thi s leve l  ar e functionall y invariant ,  bu t  th e structure s tha t  th e mechanism s operat e 

on vcir y dynajnicall y wit h th e goal s o f  th e higher ,  over t  leve l  whic h chang e i n respons e t o th e varyin g 

need s o f  th e organism .  Thi s distinctio n betwee n functiona l  invarianc e wit h dynami c target s a t  th e laten t 
leve l  an d dynami c goal s a t  th e over t  leve l  ca n b e likene d t o a  packin g machin e i n a  sod a factory .  On e da y 

th e machin e m a y b e employe d t o plac e orang e sod a i n th e cartons .  Th e nex t  day ,  dependin g o n th e 

(overt )  need s o f  th e plant ,  cherr y sod a m a y b e packe d int o carton s wit h differen t  labels .  Th e machin e 
continue s from  da y t o da y performin g th e sam e functio n (packin g 2 4 bottle s a t  a  tim e int o a  carton) ,  bu t 

usin g th e bottle s an d boxe s targete d b y th e higher ,  over t  leve l  o f  th e plant .  Th e over t  goal s o f  th e plan t 

var y i n th e sam e wa y a s th e over t  goal s o f  th e organis m chang e t o reflec t  a  dynami c environmen t  an d th e 

way th e organis m mus t  respon d t o it .  I f  th e anim£ j  ha s bee n starved ,  th e laten t  mechanism s assis t  th e 

anima l  i n finding  food .  I f  i t  ha s bee n deprive d o f  water ,  th e laten t  mechanism s stil l  searc h an d matc h 
data ,  bu t  now ,  instea d o f  matchin g memor y structure s tha t  pertai n t o food ,  th e mechanism s wi U b e con -

cerne d wit h knowledg e relate d t o water . 

The third level of goal pursuit accounts for still higher level goals such as reasoning, planning, and possi-

bl y learnin g se t  learning .  A t  thi s leve l  th e orgcinis m manipulate s lo w leve l  knowledg e wit h othe r  lo w leve l 

knowledge .  Thi s leve l  i s  calle d th e meta-over t  leve l  becaus e th e lo w leve l  knowledg e serve s a  met a rol e i n 

th e acquisitio n o f  over t  goals . 

3.0 Examples of Latent Mechanisms 

8. 1 Introductio n t o th e P r o g r a m 
CEL- 0 i s a  progra m embodimen t  o f  th e G E L (Gomponent s o f  Experientia l  Learning )  mode l  o f  learnin g 

and memory .  Th e program ,  lik e th e model ,  consist s o f  twelv e paralle l  an d semi-independen t  primitive s 

whic h buil d an d manipulat e hierarchica l  memories .  Thes e operator s collectivel y perfor m five  classe s o f 

dat a manipulatio n o n memor y representation s terme d episodi c schemata .  I n brief ,  th e twelv e operator s 

hav e th e followin g functions : 
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Receptio n Operator a 

D E T T E CT -  sensor y event s from  th e variou s modalitie s (sight ,  touch ,  etc.) . 
S E L E CT -  ivel y atten d t o sensor y input s o n th e basi s o f  pas t  experience . 

N O T I CE -  inpu t  whic h matche s th e desirabl e an d undesirabl e state s an d trigge r  C O L L E C T. 

COLLEXII T -  sensor y event s int o packet s (episodi c schemata )  fo r  memor y storage . 

I N D E X -  schemat a int o th e memor y hierarch y fo r  futur e reference . 

Retrieval Operators 

R E M I ND -  th e syste m o f  pas t  experience s whic h ar e relate d t o th e presen t  situation . 

A C T I V A T E -  R E M I N D e d schemat a base d o n predictiv e value s o f  schemat a an d behavio r  desired .  A C -

T I V A T E trigger s reconstruction . 

Reconstruction Operators 
E N A CT -  th e appropriat e efferen t  action s i n th e activ e schema ;  tun e SELEXDT t o atten d t o predicte d 

afferen t  events . 
S Y N T H E S I ZE -  ne w schemat a b y matchin g input s agains t  predicte d events ;  trigge r  refinemen t  operator s 

t o modif y schem a base d o n matche s o r  mismatches . 

Refinerrunt Operators 
R E I N F O R CE -  strengthe n successfu l  schemat a t o reflec t  thei r  predictiv e success . 

B R A N CH -  withi n a  schemat a t o indicat e mismatche s 
D E T O UR -  withi n a  schemat a t o indicat e branche s t o b e avoided . 

In the maze environment these mechanisms combine to enable CEL-0 to demonstrate a latent learning 
abilit y  enabl e CEL- 0 t o demonstrat e t o demonstrat e a  laten t  learnin g abilit y  simila r  t o rats .  A  run-tim e 
listin g o f  CEL-O' s mas e performiinc e i s availabl e i n [McNult y an d Granger ,  1985] . 

To understand CEL-O's operation it is convenient to divide its activity into two functionally distinct 
classes :  th e acquisitio n o f  knowledg e an d th e us e o f  tha t  learne d knowledg e (i.e .  performance) .  Thi s dis -
tinction ,  however ,  i s  completel y artificial .  CEL- 0 i s constantl y learning ,  an d thus ,  i t  i s  difficul t  t o distin -
guis h betwee n CEL-O' s learnin g an d performance ,  bu t  th e distinctio n i s usefu l  fo r  purpose s o f  analysis .  A 
detaile d explanatio n o t  ho w CEL- O perf<»in s i n th e mas e i s provide d i n [Grange r  an d McNulty ,  1984a , 
1984b ]  an d [McNult y an d Granger ,  1985] .  Thi s discussio n wil l  focu s o n th e laten t  role s tha t  som e o f  th e 
operator s pla y an d ho w the y interac t  wit h th e over t  level . 

8.2 The Role of Latent Mechanisms in the Acquisition of Knowledge 
Durin g th e explorator y phas e o f  th e laten t  learnin g experimen t  CEL- 0 i s satiate d and ,  thus ,  possesse s n o 
over t  goal .  W h e n first  place d i n th e mas e CEL- 0 'knows '  nothin g o f  th e environmen t  itself .  I t  begin s wit h 

fou r  innat e schemat a (mov e forward ,  tur n left ,  tur n right ,  an d tur n around )  an d knowledg e o f  whe n thos e 
schemat a apply .  CEL-O' s knowledg e o f  th e maz e i s constructe d from  th e sensor y inpu t  i t  encounter s a s i t 
negotiate s th e maze . 

3.2.1 The NOTICE Operator 
N O T I CE ha s th e innat e goa l  o f  comparin g afferen t  sensor y event s wit h event s o n th e Desirabl e Stat e 
List(DSL )  an d th e Undesirabl e Stat e List(USL) .  Th e D S L an d U S L ar e dynami c structure s whic h chang e 
as CEL-O' s over t  goal s chang e i n respons e t o th e ambien t  environmen t  an d innat e need s (e.g. ,  hunger , 
thirst) .  An y matc h indicate s tha t  CEL- 0 ha s experience d somethin g o f  not e an d shoul d stor e awa y fo r  pos -
sibl e late r  us e th e experience s whic h lea d u p t o tha t  event . 

8.2.2 The COLLECT and INDEX Operators 

C0LLEX!3 T an d I N D E X ar e th e operator s responsibl e fo r  creatin g episodi c schemat a an d placin g the m i n 
memory fo r  late r  use .  C O L L E C T group s th e mos t  recen t  sensor y event s <i s a  schema ,  place s th e schem a 

i n th e memor y hierarchy ,  an d call s I N D E X t o creat e pointer s t o th e ne w piec e o f  knowledg e s o tha t  i t  i s 
recallable .  Becaus e th e pointer s ar e th e onl y link s betwee n presen t  an d past ,  i t  i s  critica l  tha t  th e correc t 
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attribute s b e indexed .  INDE X use s th e first  an d las t  sensor y event s o f  th e episod e a s pointers .  Th e forme r 

allow s CELr O t o find  episode s relate d t o curren t  sensor y events .  Th e latter ,  calle d th e goa l  index ,  enable s 

CEL- 0 t o find  schemat a associate d wit h over t  goals .  I n th e laten t  learnin g paradig m tw o circumstance s 

caus e th e creatio n o f  ne w memorie s (se e [Grange r  an d McNulty ,  1984 ]  fo r  a  mor e complet e discussion) : 

a)SYNTHESIZ E detect s a  successfu l  completio n o f  a n ACTIVATE d schem a 

b) a N O T I C E o f  a n even t  o n th e DS L o r  US L 

I N D E X i s veste d wit h a n additiona l  goa l  whic h play s a  ver y importan t  par t  i n CEL-O' s abilit y  t o improv e 

it s performanc e durin g rewarde d trials .  A  COLLE^CTed schem a i s compose d o f  seve n sensor y event s 

representin g th e mos t  recen t  CEL- 0 experiences .  Frequently ,  onl y a  subse t  o f  tha t  grou p i s pertinen t  t o 

th e over t  goa l  whic h cause d th e schem a t o b e lai d dow n i n memory .  Th e event s no t  pertinen t  t o th e goa l 

ar e extr a baggag e whic h CEL- 0 may ,  bu t  probabl y not ,  find  usefu l  durin g performance .  INDE X help s th e 

refinemen t  o f  performanc e b y creatin g man y schemat a from  th e on e original .  Eac h newl y create d schem a 

i s a  sequentia l  subse t  o f  th e origina l  event s CEL- 0 experienced .  Thi s functio n i s calle d 'sensitivit y analysis ' 

sinc e th e ne t  effec t  i s  t o tes t  th e individua l  sensor y event s fo r  relevanc e t o th e outcom e o f  th e schema . 

8.S The Role of Latent Mechanisms m Performance 

Durin g initia l  trial s i n th e maz e CEL- 0 acquire s knowledg e o f  th e maz e a s i t  'explores '  wit h n o over t  goal . 

Exploratio n i s drive n b y CEL-O' s laten t  goa l  leve l  wher e th e innat e mechanism s autonomousl y g o abou t 

satisfyin g thei r  goals .  I n subsequen t  trial s CEL- 0 i s mad e hungr y an d foo d i s place d a t  on e en d o f  th e T -

maze.  Durin g th e rewarde d trials ,  CEL- 0 must : 

a)  associat e th e nee d (satisf y himger )  wit h th e rewar d 

b)associat e th e locatio n o f  th e rewar d wit h store d schemat a 

c)  A C T I V A T E th e appropriat e schemat a 

d)Improv e performanc e b y refinin g learne d schemat a int o mor e appropriat e ne w schemat a 

S.S.I The NOTICE Operator 

On th e first  rewarde d tria l  CEL- 0 proceed s a s o n previou s trial s becaus e i t  ha s n o knowledg e o f  th e rewar d 
unti l  i t  i s  encountered .  Onc e detected ,  N O T I C E initiate s a  C O L L E CT an d INDE X whic h result s i n ep -

isodi c schemat a indexe d b y an d terminatin g i n 'th e sigh t  o f  food' .  I f  allowe d t o eat ,  N O T I C E wil l  als o 

COLLEXJT an d INDE X schemat a whic h resul t  i n 'consumptio n o f  food' .  Th e distinctio n betwee n thes e 

tw o schemat a i s importan t  t o CEL-O' s performanc e i n th e irrelevant-incentiv e learnin g experiment s be -
caus e schemat a resultin g i n th e 'sightin g o f  food '  whe n satiate d mus t  b e associate d wit h schemat a result -
in g i n th e 'consumptio n o f  food '  whe n hungry . 

S.S.2 The REMIND Operator 
REMIND' s goa l  i s  t o matc h afferen t  sensor y event s an d goal s agains t  previousl y store d indices .  A  matc h 

means tha t  a  curren t  sensor y even t  i s  relate d t o a  previou s experience . 

S.S.S ACTIVATion of Schemata 

REMINDed schemat a migh t  b e prediction s o f  futur e experiences .  ACTIVATE' s jo b i s t o choos e th e bes t 

possibl e predicto r  (schema )  give n CEL-O' s curren t  goals .  A C T I V A T E proceed s autonomousl y applyin g 

metric s o f  compariso n an d matchin g schemat a result s t o goa l  relationships .  Th e goal s i t  matche s agains t 
ar e th e dynami c goal s communicate d from  th e over t  goa l  level . 

S.S.4 ENACTment of Efferent Actions 
Episodi c schemat a ar e compose d o f  tw o type s o f  events .  On e typ e o f  even t  result s from  environmenta l 

sensor y dat a whic h CEL- 0 ha s encountered .  Th e othe r  typ e o f  even t  represent s th e sensor y dat a CEL- 0 

has perceive d o f  it s  ow n actions .  CEL- 0 respond s t o it s environment ,  an d a s a  resul t  perceive s ne w sensor y 

dat a whic h represen t  a  ne w situatio n i n th e environment .  CEL- 0 mus t  no w respon d t o tha t  ne w situation . 

Thus ,  fo r  a  schem a t o b e a n accurat e predicto r  o f  a n outcome ,  CEL- 0 mus t  usuall y effec t  action s compar -

abl e t o thos e containe d i n th e store d schema .  ENACT' s goa l  i s  t o searc h th e activ e schem a fo r  thes e 

efferen t  act s sm d initiat e them . 

S.S.S The SYNTHESIZE Operator 
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S Y N T H E S I ZE ha s responsibilit y  fo r  constructin g ne w schemat a ft-om  previousl y store d episodes .  I t  doe s 

thi s i n concer t  wit h R E M I N D an d A C T I V A T E .  Recal l  tha t  ne w sensor y input s ar e constantl y causin g 

R E M I N DS o f  previou s experience s an d A C T I V A T E i s selectin g schemat a whic h migh t  serv e a s tool s fo r 

achievin g over t  goals .  Th e E N A C T e d efferen t  event s caus e ne w sensor y event s an d th e 

R E M I N D / A C T I V A T E proces s continues .  A s CEL-O' s locatio n i n th e mat e changes ,  A C T I V A T E m a y 

selec t  a  mor e appropriat e schem a ove r  th e on e tha t  i s currentl y active .  Th e ne w schem a wil l  hav e ne w 

efferen t  event s whic h wil l  caus e ne w sensor y stimulation .  Al l  o f  thes e sensor y events ,  ne w an d old ,  wil l  b e 

incorporate d b y S Y N T H E S I Z E int o ne w schemat a whic h wil l  b e COLLEXDTed an d INDEXed .  I n thi s 

way,  new ,  refine d schemat a ar e constructe d fro m previou s experiences. .  Thes e ne w schemat a can ,  i n turn , 

be furthe r  refine d b y th e sam e proces s durin g late r  trial s i n th e maze .  [McNult y an d Granger ,  1985 ] 
discusse s thi s i n mor e elaborat e detai l  an d show s ho w thes e mechanism s wor k wit h sensitivit y analysi s t o 

produc e a  stepwis e refinemen t  o f  behavior . 

8.8.6 REINTORCEment 

A C T I V A T Ed schemat a ar e predictions .  Som e prediction s prov e t o b e successfu l  an d som e d o not .  A  suc -

cessfu l  predicto r  i s mor e usefu l  tha n a n unsuccessfu l  predicto r  and ,  a s such ,  deserve s specia l  statu s amon g 
CEL-O' s store d experiences .  W h e n S Y N T H E S I Z E detect s th e successfu l  completio n o f  a n A C T I V A T E d 

schema,  R E I N F O R CE i s triggere d t o mar k tha t  schem a a s successfu l  A C T I V A T E wil l  us e tha t 
strengthenin g a s on e o f  it s metric s whe n selectin g th e bes t  availabl e predictor . 

4.0 Conclusions 
Experiment s from  th e psycholog y literatur e sugges t  tha t  som e type s o f  learnin g ca n no t  b e explaine d b y 

th e unidimensiona l  goa l  directio n man y previou s learnin g theorist s hav e employed .  T w o suc h type s o f 
learnin g ax e laten t  learnin g an d irrelevant-incentiv e learning .  A  multidimensiona l  syste m involvin g thre e 

level s o f  goa l  directio n seem s a  mor e reasonabl e explanatio n o f  learning .  Th e lowes t  leve l  i s  th e laten t 
leve l  wher e semi-autonomou s mechanism s operat e t o m a p th e externa l  environmen t  ont o th e interna l  dat a 
structure s suc h tha t  th e organism' s behavio r  conform s t o th e externa l  surroundings .  Th e goal s a t  thi s lev -

el  ar e implicit ,  innat e and ,  thus ,  unchanging .  A t  a  highe r  level ,  an d workin g i n concer t  wit h th e laten t 
mechanisms ,  i s th e over t  leve l  wher e goal s ar e dynamic ,  reflectin g th e changin g desire s an d changin g en -
vironmen t  th e organis m finds  itsel f  in .  A t  th e highes t  level ,  existin g knowledg e structure s (i.e .  episodi c 
schemata )  ar e use d a s meta-schemat a t o pursu e over t  goals .  Typica l  function s a t  th e meta-over t  leve l 
are :  reasonin g abou t  prio r  experienc e (suc h a s deductio n an d induction) ,  planning ,  understanding ,  selec -
tio n o f  schemat a fo r  activation ,  an d 3- D rotatio n o f  spatia l  knowledge .  Thes e thre e level s workin g i n con -

cer t  enabl e simpl e structure s t o exhibi t  comple x behavior . 
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