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A b strac t

ON THE REPRESENTATION OF IMPLICITLY ACQUIRED KNOWLEDGE: 

TRANSFER ACROSS STIMULUS FORMS AND MODALITIES

by

LOUIS MANZA

A dvisor: P rofessor A rth u r S . R eber

Implicit learn ing  (IL) is  a  p ro cess  by  which knowledge is  

acqu ired  la rge ly  independen t of consciousness of e ith e r  th e  p rocess of 

acquisition  o r  th e  inform ation ultim ately acqu ired  (R eber, 1989).

Within th e  s tu d y  of IL , a con tro v ersy  h as  recen tly  em erged over th e  

is su es  concern ing  w hether ta c it know ledge is  rep re sen ted  in  e ith e r  an 

exem plar, a fragm en tary , o r  an a b s trac tiv e  m anner. To determ ine 

which of th e se  positions most accura te ly  re fle c ts  th e  form in which 

ta c it know ledge is  rep re sen ted  w ithin th e  mind, fo u r experim ents were 

conducted .

A tra n s fe r  design was employed to  ad d re ss  th e  implicit 

know ledge rep resen ta tion  issu e . This techn ique  basically  involved 

in itia lly  p resen tin g  to  su b jec ts  m aterials th a t  th ey  w ere req u ired  to  

le a rn , followed by  a  te s t  of th e ir  acqu ired  know ledge. The power of 

th e  tr a n s fe r  design orig inated  from th e  m anner in  which th e  form (s) of 

th e  inform ation p resen ted  d u ring  learn ing  and  te s tin g  were 

manipulated independent of each o th e r. What perm itted  th is  p rocedure
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to  investiga te  nonconsdous a sp ec ts  of le a rn in g  is  th a t  th e  tra n s fe r  

ta sk  was implemented w ithin a  p ro ced u re , common to  IL , re fe rre d  to  as 

an artific ial gramm ar (AG) learn ing  ta s k .  T h is  ta sk  involved two 

p hases, th e  f i r s t  of which cen tered  on th e  memorization of p resen ted  

stimuli which w ere g enera ted  from a f in i te -s ta te  artific ia l grammar. 

D uring th e  second p h ase , su b jec ts  decided  if  p re sen te d  stimuli 

adhered  to  th e  same ru le s  th a t th e  memorized item s followed. The 

aspect of th is  ta sk  th a t  allowed in s ig h t in to  know ledge rep resen ta tion  

was th a t  th e  tra in in g  (C ontrol) and te s tin g  (T ra n s fe r)  items d iffered  

in  th e ir  su rface  form s b u t re ta in ed  basic  u n d e rly in g , s tru c tu ra l 

commonalities.

The f i r s t  two s tu d ie s  in v estig a ted  tr a n s f e r  ac ro ss  d iffe ren t 

o rthograph ic form s, by  u tiliz ing  a  betw een- (E xperim ent 1) and 

w ith in- (Experim ent 2) su b jec ts  desig n . The la t te r  two s tu d ie s , on 

th e  o th e r hand , focused on modality e ffec ts  a n d  im plicit lea rn in g , as 

su b jec ts  in  th e se  investiga tions had  to  a ttem pt to  t ra n s fe r  senso ry  

inform ation across m odality-laden o rth o g rap h ic  (Experim ent 3 ) , as well 

as spatia l and  tem poral (Experim ent 4) form s of stim uli. The 

hypotheses fo r th e  fo u r s tu d ie s  cen te red  on determ ining if  ta c it 

knowledge is  s to red  in  (1) solely an  a b s tra c t,  exem plar-based , o r 

fragm entary  form , o r  if  nonconsdous inform ation is  (2) more likely 

s to red  a s  an eclectic mix of th e se  th re e  d a ta  form s.

Although various dependent m easures w ere ta k e n , two have a 

d irec t bearing  on th e  rep resen ta tio n  is su e : d ' sco res  and  reaction 

times (R T 's ) . M easuring su b jec ts ' sen s itiv itie s  to  T ra n sfe r  and
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Control stimuli in d ica te s  bo th  th e  d eg ree  to  which tra n s fe r  does o r 

does no t occur and  su b jec ts ' ab ility  to  c lassify  stim uli of d ifferen t 

su rface  form s. R esponse la tenc ies  a re  re lev an t to  th e  rep resen ta tion  

issu e  due to  th e  fa c t th a t  th e y  p rov ide in s ig h t in to  th e  possible 

mechanisms of t r a n s fe r .  B rooks and  Vokey (1991) have suggested  

th a t nonconsdous t r a n s f e r  o ccu rs  by  su b jec ts  m aking analogies 

betw een T ran sfe r an d  C ontrol sym bols, a  p rocess w hich re lies  heavily 

on exem plar-based  know ledge. R eber (1989) and Mathews (1991), 

how ever, hold th a t  th e  tra n s fe r  of im p lid t da ta  o ccu rs  v ia th e  

utilization of a b s tra c t know ledge. I t  is  a rg u ed  th a t  exem plar-based  

tra n s fe r  should yield lo n g er decision la te n d e s  th a n  a b s tra c t tra n s fe r , 

which h igh lig h ts  th e  notion th a t  R T 's can  p rovide a  w ealth of 

inform ation in to  how t a d t  know ledge is  re p re se n te d .

Experim ent 1 revea led  th a t  su b jec ts  could t r a n s f e r  complex 

knowledge across d iffe re n t o rthog raph ic  form s, a lthough  sub jec ts ' 

classification ab ility  w as b e t te r  fo r  C ontrol item s, in  com parison to  

T ran sfe r item s. Reaction tim es fo r T ra n s fe r  item s w ere slower than  

C ontrol R T 's d u rin g  an  in itia l te s tin g  block, b u t th is  d ifference was 

v irtu a lly  eliminated o v e r time as  T ra n s fe r  and  C ontrol R T 's m erged 

d o s e r  to g e th e r . T h is find ing  su g g e s ts  th a t  exem plar-based  elem ents 

may p lay  a  v ita l role in  th e  ea rly  s ta g e s  of th e  developm ent of a  t a d t  

system , although a b s tra c t elem ents assum e a dom inant ro le  a t  a  la te r  

time. Exposing su b jec ts  to  an  additional num ber of tra in in g  and  

classification item s fo r  Experim ent 2 (a s  com pared to  th e  num ber of 

item s in  Experim ent 1) d id  n o t change th e  h ig h e r se n s itiv ity  fo r
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C ontrol items found in  Experim ent 1, a lthough T ran sfe r and  Control 

decision latencies w ere equal in  Experim ent 2. Adding to  th e se  

find ings were th e  re s u lts  from Experim ent 3, which found b e tte r  

classification perform ance fo r  v isual stim uli, although positive 

nonconscious tra n s fe r  was found to  e x is t ac ross both  v isual and  

aud ito ry  forms of item s. T h is  find ing  was rep licated  in  Experim ent 4, 

which also found equal R T 's to  T ra n s fe r  and  Control item s, a  find ing  

which su p p o rts  th e  ea rlie r  notion th a t  while d is tr ib u tiv e  data  may be 

predom inant d u rin g  th e  in itia l s ta g e s  of a  rep re sen ta tio n 's  form ation, 

a b s tra c t knowledge may assum e a  more v ita l ro le a t  la te r  s tag es  in  a 

ta c it memorial system .

O verall, th e se  re su lts  a re  d iscussed  in  rela tion  to  how th e y  

co rrespond  to  ex isting  fram ew orks of ta c it know ledge, in  addition to 

how th e se  re su lts  may be  applied  to  a  new theore tica l model of th e  

implicit learn ing  p ro cess .
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1

In troduction

Imagine th a t  two college s tu d e n ts  e n te r  a  psychological 

labo ra to ry  to  p a rtic ip a te  in  a s tu d y  on memory. A fter being sea ted , 

each s tu d e n t is  g iven  a s to ry  to  re a d . S ub jec ts  in  Group 1 read  a 

passage as  follows:

"Suppose you a re  a  doctor faced w ith a p a tien t who has  a 

m alignant tum or in  h is  stom ach. I t  is  im possible to  

operate  on th e  p a tien t, b u t u n le ss  th e  tum or is  destroyed  

th e  p a tien t will d ie . T here  is  a  k ind  of r a y  th a t can be 

u sed  to  d es tro y  th e  tum or. I f  th e  ra y s  reach  th e  tum or 

all a t  once a t a  su ffic ien tly  h igh  in te n s ity , th e  tum or will 

be d e s tro y ed . U nfortunate ly , a t  th is  in te n s ity  th e  

healthy  tis su e  th a t th e  ra y s  p ass  th ro u g h  on th e  way to  

th e  tum or will also be  d estro y ed . A t low er in ten s itie s  th e  

ra y s  a re  harm less to  healthy  tis s u e , b u t th e y  will not 

a ffec t th e  tum or e ith e r . What ty p e  of p ro ced u re  might be 

u sed  to  d es tro y  th e  tum or with th e  r a y s ,  and  a t  th e  same 

time avoid destroy ing  th e  healthy  tissu e"  (Gick &

Holyoak, 1980, p p . 307-308).

Once th is  passage  has  been re a d , sub jec ts  in  G roup 1 a re  asked  to  

determ ine how th e  problem could be so lved , y e t th e y  have much 

d ifficu lty  in  doing th is .  S ub jects in  a  seco n d .g ro u p , how ever, a re  

given th e  following problem , with i t s  so lu tion , before being p resen ted  

with th e  rad ia tion  problem:
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2

"A small co u n try  fell u n d e r  th e  iron  ru le  of a  d ic ta to r.

The d ic ta to r ru led  th e  co u n try  from a s tro n g  fo r tre s s .

The fo r tre s s  was s itu a te d  in  th e  middle of th e  co u n try , 

su rrounded  by  farm s an d  v illages. Many roads rad ia ted  

outw ard from th e  fo r tre s s  like spokes on a w heel. A 

g rea t general a ro se  who ra ised  a  la rg e  arm y a t  th e  b o rder 

and  vowed to  c a p tu re  th e  fo r tre s s  and  fre e  th e  co u n try  of 

th e  d ic ta to r. The gen era l knew  th a t  if  h is  e n tire  arm y 

could a ttack  th e  fo r tre s s  a t once i t  could be c a p tu re d .

His troops w ere poised a t  th e  head  of one of th e  ro ad s  

leading to  th e  fo r tr e s s ,  read y  to  a tta c k . However, a  spy  

b rough t th e  genera l a  d is tu rb in g  re p o r t .  The ru th le ss  

d ic tato r had  p lan ted  mines on each of th e  ro ad s . The 

mines w ere se t so th a t  small bodies of men could p ass  over 

them safely , since th e  d ic ta to r needed to  be able to  move 

troops and  w orkers to  an d  from th e  fo r tre s s .  However, 

any  la rge  fo rce  would detonate  th e  m ines. Not only  would 

th is  blow up  th e  road  and  re n d e r  i t  im passable, b u t th e  

d ic ta to r would th en  d e s tro y  many villages in  re ta lia tion .

A fu ll-scale d irec t a tta c k  on th e  fo r tre s s  th e re fo re  

appeared  im possible.

The genera l, how ever, was u n d au n ted . He d iv ided  h is 

arm y up in to  small g ro u p s  and  d ispatched  each group  to 

th e  head of a  d iffe ren t ro ad . When all was read y  h e  gave
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th e  s ignal, and  each g ro u p  ch a rg e d  down a  d iffe ren t 

ro ad . All of th e  small g ro u p s  p assed  safely  over th e  

m ines, and  th e  arm y th e n  a ttack ed  th e  fo r tre s s  in  fu ll 

s tre n g th . In  th is  w ay, th e  g en era l was able to  cap tu re  

th e  fo r tre s s  and  overth row  th e  d ic ta to r"  (Gick & Holyoak,

1980, p . 351).

T hese two problem s may b e  superfic ia lly  d iffe ren t from one 

an o th e r , b u t s tru c tu ra lly , th e y  a re  iden tica l. T hat is ,  generally  

sp eak in g , th e  in itia l, in term ediate  and  goal s te p s ,  as  well a s  th e  

so lu tions, of th e  two problem  a re  iden tica l. The typ ical re su lt from 

th is  p ro ced u re  is  th a t  su b jec ts  in  G roup 2 solve th e  rad ia tion  problem 

fa s te r  and  with more accu racy  th a n  th o se  in  Group 1 (Gick & Holyoak, 

1980, 1983). T his re su lt o ccu rs  because Group 2 su b jec ts  a re : (1) 

ab le to  notice th e  analogies betw een th e  original and  te s t  problem , and 

(2) access th e  genera l solution to  th e  o rig inal problem , and  hence a re  

ab le to  solve th e  new problem . Those who fail to  solve th e  rad ia tion  

problem , su ch  a s  Group 1 su b je c ts , in  th is  s e tt in g , do so because 

th e y  lack  an  ap p ro p ria te  so u rce  problem  which would help them . This 

source  problem , such  a s  th e  one p re sen te d  to  su b jec ts  in  G roup 2, 

enab les su b jec ts  to  encode th e  re le v a n t s tru c tu ra l elem ents of th e  

in itia l problem , and  a s  a re s u lt ,  when th e y  attem pt to  re tr ie v e  th e  

so lu tion , th ey  can solve th e  problem  more successfu lly  th an  those  who 

do no t possess such  knowledge (Gick & Holyoak, 1980, 1983). S tud ies 

such  a s  th is  have been ca rr ied  o u t fo r  many y e a rs , and  re p re se n t
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classic tr a n s fe r  s tu d ie s . The w ays in  w hich su b jec ts  solve th e  various 

problem s p resen te d  to  them allows re se a rc h e rs  valuable in s ig h t in to  

how knowledge is  rep resen ted  w ithin th e  mind.

T ra n s fe r  S tud ies an d  Knowledge R epresentation

Overview

T ran sfe r s tu d ie s  in v estig a te  how know ledge acqu ired  on one 

ta sk  e ffec ts  perform ance on a  superfic ia lly  d iffe re n t, b u t s tru c tu ra lly  

sim ilar, su b seq u en t ta sk  (E llis, 1965). By looking a t  sub jects ' 

perform ance on a tra n s fe r  ta sk , one can  begin  to  specu la te  on th e  

deep n a tu re  of knowledge rep re se n ta tio n , because  fo r  tra n s fe r  to  

occu r, one m ust have a  com prehensive u n d e rs tan d in g  of a  stim ulus 

environm ent (S ingley & A nderson , 1989).

A lthough th e re  a re  a v a rie ty  of experim ental designs th a t  can be 

used  to  in v estig a te  tra n s fe r  (see  Ellis, 1965, fo r  a  review  of th e se  

d iffe ren t d e s ig n s ) , one design  in  p a r tic u la r  sh ed s  a  g re a t deal of lig h t 

on th e  con ten t of one 's  knowledge base  concern ing  th e  domain u n d e r 

investigation . T his tra n s fe r  design  is  a s  follows. A contro l g roup is  

in itia lly  tra in ed  on a certa in  ta sk  (T ask  A ) , an d  is  th en  te s ted  on 

ano th er ta sk  (T ask  A*) which u ses  th e  same stim uli a s  in  Task A b u t 

in  a d iffe ren t application. In  add ition , an  experim ental g roup also 

rece ives tra in in g  on Task A, b u t d u rin g  te s t in g , th e y  receive T ask B, 

w here th e  stim uli a re  physically  d iffe re n t b u t s tru c tu ra lly  identical to  

those  item s in  Task A*. T ra n sfe r  is  typ ica lly  easily  obtained in  th e
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contro l situation  (T ask  A —> T ask A * ), b u t fo r positive tra n s fe r  to 

occur in  th e  experim ental g roup  (T ask  A —> T ask  B ), one m ust 

engage in  what has come to  be known a s  tr a n s fe r  appropria te  

p rocessing , o r TAP (G raf & R yan, 1990).

Those arg u in g  in  fav o r of TAP s ta te  th a t  tr a n s fe r  is  facilitated 

when th e  same s e t  of cognitive operations a re  engaged  during  th e  

in itia l and  tra n s fe r  ta sk s  in  th e se  experim ents (G raf & R yan, 1990). 

From th is  p ersp ec tiv e , assum ing th a t  a  sub jec t i s  not made aw are of 

any  su b seq u en t te s tin g  ta s k , if  t r a n s fe r  o ccu rs , th e  inform ation on 

th e  learn ing  ta sk  would most likely be  re p re se n te d  in  a  dom ain-free 

form (Novick, 1990). I t  i s  th e re fo re  a  widely held  belief th a t in  o rd e r 

fo r one ta sk  to  facilita te  perform ance on an o th er ta sk , one must 

develop a  rep resen ta tio n  th a t  con tains commonalities between th e  two 

domains (T hornd ike , 1925; Katona, 1940; Ellis, 1965; Singley & 

A nderson, 1989). T h ere fo re , if  positive t r a n s fe r  en su es , one can 

assum e th a t  a gen era l, deep , rep resen ta tio n  of th e  domain in  question 

has been  developed. However, if perform ance on a tra n s fe r  ta sk  is  

ham pered by  th e  orig inal ta sk , th e n  one can  assum e th a t  an individual 

has  rep re sen ted  th e  inform ation from each ta sk  in  a  domain-specific 

fash ion . With th e se  notions in  mind, one can  see  how tra n s fe r  s tud ies 

and  models may be able to  prov ide a  d eep e r in s ig h t in to  th e  n a tu re  of 

mental con ten t.

Empirical F indings

Early s tu d ie s . T here  ex is ts  a  d a ta  base covering  over 75 y ea rs  

of re se a rc h  exploring th e  ex istence of a  re la tionsh ip  betw een tra n s fe r
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ta sk s  and  know ledge rep resen ta tio n . The ea rlie s t t r a n s fe r  s tu d ies  

were concerned  with th e  solving of arithm etic problem s given previous 

exposure to  sim ilar problem s. In  a  se rie s  of experim ents, Thorndike 

and  h is  associates (T hornd ike & Woodworth, 1901; T hornd ike , 1922, 

1925) found th a t when co n cre te , s tim u lus-response , elem ents remain 

constan t acro ss ta s k s ,  t r a n s fe r  would re s u lt .  While th is  approach , 

known as  th e  T heory  of Iden tical Elem ents, adequa te ly  accommodated 

T hornd ike 's  d a ta , i t  i s  no t a  com prehensive model. The major flaw of 

th is  th e o ry  is  th a t  i t  claims th a t  any  m anipulation of su rface  fea tu res  

of stim uli would cause  th e  tra n s fe r  p ro cess  to  b reak  down. T his claim 

was based  on th e  em pirical finding th a t  p rev io u s  ex posu re  to  algebra  

problem s d id  no t fac ilita te  perform ance on s tru c tu ra lly  identica l b u t 

superficially  d iffe ren t word problem s (T hornd ike , 1922). In  th is  

experim ent, fo r exam ple, su b jec ts  w ere in itia lly  shown and  asked  to  

solve th e  problem "X=6 and  Y=23, and  A-X + Y . What is  A?" and  then  

la te r  given "Bl=12 and  B2=7, and  C=B1 + B2. What is  C ?". The 

proportion c o rrec t fo r  th e  in itia l problem was .94, while perform ance 

on th e  second problem  was only .72. A ccording to T hornd ike, 

tra n s fe r  did not occur in  th is  situa tion  because th e  specific stim ulus 

elements in  each problem w ere not iden tica l. L ater w ork by  o th e rs  

(K atona, 1940; Gick & Holyoak, 1983, fo r exam ple), how ever, showed 

th a t in  o rd e r  to  in c rease  th e  p robab ility  of th e  occu rrence  of tra n s fe r , 

multiple tra in in g  problem s should be given to  su b jec ts , som ething 

Thorndike failed to  consider.
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In  th is  lig h t, Katona (1940) conducted  a  s e r ie s  of experim ents 

w here he p resen ted  su b jec ts  w ith s tic k s  a rra n g e d  in  ce rta in  

geom etrical configu ra tions, and  in s tru c te d  them to  a rra n g e  them in a 

d iffe re n t, specified , configu ra tion . In  one s tu d y , one g roup  (CON) 

of sub jec ts  was tra in e d  to  a r ra n g e  th e  s tic k s  in  one configura tion , b u t 

ano ther group (MEM) was tra in e d  w ith multiple co n figu ra tions, using  

d iffe ren t in itia l and  final a rran g em en ts . When g iven  a te s t  problem 

(which was identical to  th e  problem  th a t  CON su b jec ts  w ere tra ined  

w ith ) , th e  CON su b jec ts  solved i t  fa s te r  and  more o ften  th a n  th e  MEM 

su b jec ts . However when additional, novel problem s w ere th en  

p resen ted  to  both g ro u p s , th e  MEM su b jec ts  w ere able to  solve each 

problem more o ften  an d  w ith s h o r te r  la tencies  th a n  th e  CON group . 

This re su lt su p p o rted  th e  idea th a t  conceptually  re la ted  m ultiple- 

exem plar tra in in g  lead s  to  a  more genera l rep resen ta tio n  of th e  

stim ulus environm ent. T his h ypo thesis  h a s  s ince  been te s te d  and 

validated  num erous tim es by  m odem  re se a rc h e rs , with th e  general 

conclusion being th a t  t r a n s fe r  is  fo s te red  by  a  rep re sen ta tio n  th a t 

contains genera l, a b s tra c t com ponents, r a th e r  th a n  a  m ultitude of 

specific fac ts  about a  specific domain of in te re s t (Gick & Holyoak,

1980, 1983; Reed, 1987; Fong & N isbett, 1991).

Modem s tu d ie s . U nderstand ing  th e  rep re sen ta tio n s  th a t 

develop th rough  th e  tra n s fe r  p ro cess  involves a n  u n d ers tan d in g  of th e  

mechanisms of t r a n s fe r .  Two specific p ro cesses , encoding and  

re tr iev a l, play a ro le  in  tr a n s fe r ,  and  how th e y  o p era te  can  inform 

re se a rc h e rs  as to  how inform ation is  s tru c tu re d  an d  p rocessed . In
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delineating encoding and  re tr ie v a l p rocesses  as  th ey  re la te  to  

tra n s fe r ,  c u r re n t approaches have determ ined th a t ,  a t  f i r s t ,  a  

problem o r ta sk  m ust be encoded in  su ch  a way as  to  emphasize 

re lev an t s tru c tu ra l com ponents of a  stim ulus in stead  of superficial 

su rface  fea tu re s  (Gick & Holyoak, 1980, 1983; G en tner, 1983). As a 

re s u lt ,  t r a n s fe r  is  said  to  be  facilita ted  when one encodes inform ation 

in  a g enera l, a b s tra c t,  form (Fong & N isbett, 1991). Encoding, 

how ever, is  only th e  f i r s t  s te p  in  th e  tr a n s fe r  p ro cess . In  o rd e r  fo r 

tr a n s fe r  to  actually  o ccu r, one m ust app ly  p rev iously  acqu ired  

inform ation from i t s  orig inal domain to  an o th er domain. This 

application occurs  as  a re s u lt  of re tr ie v a l, in  some form , of th e  

encoded da ta . T ra n sfe r  is  t r u ly  fac ilita ted , th e re fo re , when source 

inform ation is  p ro p erly  encoded in to , and  successfu lly  re triev ed  from , 

memory, and  th e n  mapped onto  th e  new ta sk  (R eed, 1987).

T ran sfe r  Models

As a  re su lt of th e  above, and  o th e r, empirical validations, i t  is  

now believed th a t  t r a n s fe r  ta s k s  a re  h ighly  effic ien t in  determ ining 

mental con ten t (S ingley & A nderson , 1989). Several accounts have 

been proposed to  explain bo th  th e  n a tu re  of th e  con ten t of th e  mind 

and  how tra n s fe r  m ight occur w ithin a knowledge rep resen ta tio n  (KR) 

system . In  g enera l, th e  o ccu rrence  of tr a n s fe r  po in ts to  hypotheses 

th a t knowledge is  s to red  in  an  a b s tra c t,  general form (Gick &

Holyoak, 1983), similar to  th e  p robab ilistic  view, described  sh o rtly . 

How a KR s tru c tu re  might hand le th e  tra n s fe r  of th is  general 

knowledge has been proposed  b y  sev e ra l models. While th e re  a re
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slig h t d ifferences between th e se  ap p ro ach es, th e y  all sh a re  th e  

em phasis on th e  mapping of gen era l, s tru c tu ra l fea tu re s  from one 

domain to  ano ther (Gick & Holyoak, 1983; G en tner, 1983). Holland, 

Holyoak, N isbett, & T hagard  (1986) a rg u e  th a t  know ledge is  

re p re se n te d  in  a  p roduction-like system  (consisting  of condition-action 

s ta tem en ts  of th e  form 'If X Then Y ') , and  fo r  tr a n s fe r  to  occu r, a 

new problem  m ust be transform ed  in  a  way th a t  makes i t  appear 

analogous to  th e  original problem . Once th is  transform ation  occu rs , 

activation  will sp read  from th e  so u rce  analog to  th e  ta rg e t  analog.

When th e  ta rg e t analog is  ac tiv a ted , an y  mapping ru le s  th a t  ex ist 

within on e 's  KR system  a re  in  tu rn  ac tiv a ted , w ith th e  end  re su lt 

being th e  occurrence of analogical t r a n s fe r .  This idea of mapping is  

also th e  focus of G en tner's  (1983) s tru c tu re  mapping model of 

tr a n s fe r .  However, in  th is  case  th e  sou rce  problem  is  not 

transfo rm ed ; ra th e r ,  su rface  a t tr ib u te s  a re  simply removed a t  th e  time 

of re tr ie v a l, p rese rv in g  th e  crucia l s tru c tu ra l  re la tions th a t ex ist 

betw een two knowledge domains. T hese  re la tions a re  th en  mapped 

from one domain to  ano th er, re su ltin g  in  a  h ierarch ica l netw ork of 

s tru c tu ra l inform ation. For exam ple, one m ight s tu d y  all th e re  is  to 

know abou t atom s, and  th en  s tu d y  th e  so lar system . In  

u n d ers tan d in g  th e  relationship  betw een th e se  2 domains, one might (1) 

re tr ie v e  th e  v ital inform ation of e lec trons ro ta tin g  around  a nucleus, 

(2) d isca rd  irre lev an t specific inform ation abou t e lec trons and  nuclei, 

and  (3) re ta in  th e  basic notion of ou ts id e  elem ents ro ta tin g  about a 

cen tra l co re . This final s tep  has a  d ire c t co rre la te  in  s tu d y in g  th e
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solar system , and since i t  i s  devoid of specific  d a ta , i t  can  be applied 

to  s tudy ing  th e  re la tionsh ip  betw een th e  p la n e ts . However, while th e  

idea of s tru c tu re  mapping is  a  p lausib le  explanation  concerning how 

knowledge is  rep re se n te d  and  tra n s fe r re d  betw een domains, ano ther 

account ta k es  th e  position th a t  concep ts a re  s to re d  in  th e  form of a  

multi-dimensional schema (Gick & Holyoak, 1983) formed d u ring  

encoding. Such a  system  prim arily  u tilizes s tru c tu ra l  inform ation, bu t 

some su rface  com ponents also e n te r  in to  th e  system . The n a tu re  of 

schem as, as well a s  p roduction  system s, will be  d iscussed  in  more 

detail below.

Evaluation. T here  is  no doubt th a t  t r a n s fe r  s tu d ie s  and  models 

provide in s ig h ts  in to  th e  n a tu re  of know ledge rep re sen ta tio n s . 

However, trad itionally  sp eak in g , re se a rc h  on know ledge rep resen ta tion  

has not focused on tra n s fe r  s tu d ie s . In v es tig a tio n s  in to  th e  content 

and s tru c tu re  of th e  mind have u sed  o th e r m ethods to  investiga te  

in te rn a l mental p ro cesses , b u t th e  exclusion of tr a n s fe r  find ings from 

th ese  models makes them incom plete in  exp lain ing  how knowledge is  

rep re sen ted . The d iscussion will now tu r n  to  th e se  p ersp ec tiv es , with 

th e  purpose of delineating how th e se  accoun ts  m ight incorpora te  

tra n s fe r  re s u lts ,  and  how su ch  a  m erger would effec t th e  n a tu re  of 

th e se  models.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



11

Knowledge R ep resen ta tion : An Overview

Theories concern ing  th e  m anner(s) in  which individuals 

re p re s e n t inform ation w ere f i r s t  proposed  by  su ch  'classical' 

philosophers as  A risto tle  an d  B erkeley (P ikas, 1966). While m odem 

philosophers s till w restle  w ith th e  questions su rro u n d in g  knowledge 

rep re sen ta tio n , th e  p a s t c e n tu ry  has  seen  num erous psychologists, 

from Wilhelm Wundt an d  h is  rum inations on ab s trac tio n  (P ikas, 1966), 

to  m odem  artific ia l in te lligence th e o ris ts  (A nderson , 1983), postu late 

various fram ew orks an d  mechanisms to  account fo r  knowledge 

rep re sen ta tio n . Such models have prim arily  focused  on th e  

rep resen ta tio n  of exp lic it, consciously held  know ledge. R ecently, 

how ever, a debate  h a s  a risen  w ithin th e  field  of im plicit cognition 

concern ing  th e  form in  which know ledge acqu ired  la rg e ly  ou tside  of 

th e  realm of conscious aw areness is  re p re se n te d . R egard less of th e  

im plicit o r exp lic it s ta tu s  of inform ation, in  determ ining th e  n a tu re  of 

knowledge re p re se n ta tio n s , two issu es  m ust be d iscu ssed : (1) w hat is  

th e  form of mental re p re se n ta tio n s , i . e . , w hat ty p e  of know ledge is  

s to red  (specific , g en era l, o r  bo th  ty p e s  of in form ation), and  (2) w hat 

is  th e  s tru c tu re  of th e  mind, i . e . , what ty p e  of m ental a rch itec tu re  

'houses ' th e se  cognitive  co n ten ts . B efore d iscussing  th e  various 

approaches to  nonconscious knowledge rep re sen ta tio n , a  review  of th e  

genera l l i te ra tu re  on KR is  in  o rd e r , since  im plicit learn ing  accounts 

of knowledge rep re sen ta tio n  a re  b ased , in  p a r t ,  on  th e se  ea rlie r 

models. Once th is  in itia l review  is  com pleted, th e  d iscussion
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will th e n  focus on th e  is su e s  su rro u n d in g  th e  rep re sen ta tio n  of ta c it 

know ledge, in  an  ultim ate attem pt to  develop an  approach  which can 

adequately  handle th e  rep resen ta tio n  of im plicitly acqu ired  

inform ation.

O ver th e  p a s t c e n tu ry , num erous KR th eo ries  h av e  been 

p roposed . For th e  p re se n t d iscussion , a  d istinction  will be  made 

between th e  'classical' th eo rie s  of KR and  th e  more 'm odern ' 

approaches. Specifically, th e  f i r s t  p a r t  of th is  d iscussion  will b riefly  

review  th e  form er models, while th e  rem aining portion  of th is  in itia l 

d iscussion will focus on th e  la t te r  th e o rie s . A cross bo th  domains, 

num erous theo ries  have been proposed . The approach  th a t  will be 

tak en  tow ards th is  d iscussion of know ledge rep re sen ta tio n  will 

th e re fo re  be  one of genera l review  of th e  a rea  in  q u estion , followed by 

a  b rie f evaluation of th e  approach .

C lassical A pproaches to  Knowledge R epresen ta tion

Two general models (concerned with lexical access an d  semantic 

memory) of knowledge rep re sen ta tio n , su rfac in g  almost tw o decades 

ago, a re  no longer in  vogue when i t  comes to  theoriz ing  abou t th e  

s tru c tu re  of th e  mind. C u rre n t KR models, how ever, have evolved 

somewhat from th e se  th e o rie s , so a b rie f d iscussion of th e se  'classical' 

views is  app rop ria te  a t  th is  ju n c tu re .

General Models. Lexical access theo ries  have in v estig a ted  th e  

p rocess w hereby th e  u n d ers tan d in g  of indiv idual w ords is
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accomplished e ith e r by  isolating w ords o r  enclosing them within some 

ty p e  of sen ten tia l con tex t. Models in  th is  domain a re  form ulated by  

in te rp re tin g  re su lts  from p ro ced u res  which may ask  sub jec ts  question 

su ch  as  "Is HUMANE a word?" o r  "Determine if  th e  word in  capitals is  

a  word: The boy was HUMANE to  th e  do g ."  A general assum ption of 

lexical access models h as  been  th a t  th e  speed  w ith which a  w ord is  

iden tified  provides in s ig h t in to  how lexical da ta  a re  organized 

m entally. In  genera l, th e se  approaches have proposed th e  m anner in  

which th e  search  fo r a word o ccu rs . O verall, th e re  seems to  be a 

sp lit decision concerning th e  n a tu re  of 'word s e a rc h e s ', in  th a t  lexical 

sea rch es  a re  e ith e r: (1) seria l in  n a tu re , s ta r t in g  with th e  most 

freq u en tly  occurring  lexical form s (B ecker, 1976; F o rs te r , 1981), o r 

(2) of th e  form w here various w ord d e tec to rs  attem pt to  iden tify  

d iffe ren t fea tu res  (physical, se n so ry , e tc .)  of a  w ord, combining 

th e ir  d iscoveries to  facilita te  lexical access (M orton, 1969, S tanovich & 

West, 1981).

Semantic memory approaches to  KR, on th e  o th e r han d , have 

concerned  them selves w ith th e  rep re sen ta tio n  of meaning (C hang, 

1986). H ere, stimuli a re  p resen te d  a s  "Is a  can a ry  a  b ird?" o r  "Is a 

b ird  an  animal?" As with lexical access models, th e  speed  a t which 

m eanings can be determ ined is  p ostu la ted  to  p rovide inform ation 

reg a rd in g  memorial o rganization . However, th e se  models view 

rep resen ta tio n  as more th an  ju s t  a  lis tin g  of w ords; sem antic models 

can  be divided into two classes of h ie ra rch y  approaches: netw ork and 

s tag e  models. Network models postu la te  th a t inform ation is  s to red  by
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way of concept nodes connected by  rela tiona l lin k s  (Collins & Quillian, 

1969; G lass & Holyoak, 1974/1975). The genera l manner in  which such  

netw ork  models opera te  is  by  a  sp read in g  of activation (Collins & 

L oftus, 1975) occu rrin g  from th e  p re sen te d  concept to  all re la ted  

co n cep ts , w ith a  coun ter device reco rd in g  th e  num ber of fe a tu re s  o r 

concep ts  encoun tered . Once a  ce rta in  c rite rio n  is  exceeded , th e  

c o rre c t meaning can  be determ ined. Network organizations are  

co n tra s ted  by  s ta g e  models. The genera l s ta g e  approach  is  to  f i r s t  

com pare e ith e r  bo th  ch a rac te ris tic  and  defin ing  fea tu re s  of th e  sub jec t 

and  p red ica te  of a  statem ent in  a  tw o -stag e  approach  (Sm ith, Shoben & 

R ips, 1974), o r ju s t  ch a ra c te ris tic  fe a tu re s  in  one s te p  (McCloskey & 

G lucksberg , 1979). If  enough fe a tu re s  common to  th e  su b jec t a re  

sh a re d  by th e  p red ica te , a  positive m atch can be determ ined.

H owever, i f  a  decision cannot be  reached  d u rin g  th is  f i r s t  s ta g e , th e  

p rocessing  continues in  a  second s ta g e , w here all a t tr ib u te s  m ust be 

sh a red  in  o rd e r  fo r a positive match to  re s u lt .

E valuation . While th e se  'classical' models provided  a  s ta r tin g  

poin t fo r  m odem  KR th e o rie s , th e y  a re  in su ffic ien t fo r explain ing  th e  

organization  of th e  mind because , among o th e r  reaso n s, th e y  a re  too 

domain specific—knowledge is  most likely  re p re se n te d  in  a  v a rie ty  of 

w ays, no t solely by  th e  m anners in  w hich th e  'classical' models 

p ropose . A s f a r  a s  tr a n s fe r  is  concerned , i t  seem s th a t fo r  tr a n s fe r  

to  occu r, some genera l knowledge is  re q u ire d . Since th e  lexical 

access models a re  based solely on specific w ords and  how th e se  w ords 

a re  s to re d  in  th e  mind, th e se  models a re  h igh ly  co n ten t-spec ific . As a
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re s u lt ,  tr a n s fe r  would be d ifficu lt to  ob ta in  in  th is  se ttin g . On th e  

o th e r h an d , semantic approaches m ight b e  v e ry  well su ited  to  handling 

t r a n s fe r .  Since th e se  models con tend  th a t  m eaning is  s to red  within a 

KR system , and  tra n s fe r  models dealing with know ledge rep resen ta tion  

also em phasize meaning over su rface  a t tr ib u te s ,  tr a n s fe r  ta sk s  could 

add  to  th e  data  base on sem antic memory models. O verall, however, 

lexical access and  semantic memory app ro ach es  have  been eclipsed by 

more advanced  theo ries  of KR, and  i t  i s  to  th e se  'm odem ' approaches 

th a t  th is  d iscussion now tu rn s .

M odem A pproaches to  Knowledge R epresen ta tion

Overview

I t  has been th e  opinion of num erous re se a rc h e rs  (P ikas, 1966; 

Smith & Medin, 1981; Medin, 1989; Sm ith , 1989) th a t  th e  mind is  

organized  b y  rela tionsh ips betw een concep tual inform ation.

In tu itiv e ly , th is  seems to  be a  most p lausib le  ch arac teriza tion  of 

know ledge rep resen ta tio n , since i t  h a s  been  su g g es ted  th a t  w ithout 

conceptual s tru c tu re s ,  th e  mind would b e  a  c lu tte re d  sea  of ideas 

floating around  with no sense  of re la tion  o r p u rp o se  (Smith & Medin, 

1981). With th is  in  mind, v irtu a lly  all c u r r e n t  approaches to  KR have 

concerned  them selves w ith th e  organization  of conceptual inform ation. 

To u n d e rs tan d  th e  is su es  concern ing  conceptual p ro cesses , two 

issu es , mentioned ea rlie r , m ust be  a d d re s se d , specifically  a) th e  form 

th a t  conceptual inform ation assum es, a n d  b) th e  s tru c tu re  th a t  s to res
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conceptual d a ta . T hese two po in ts will be considered  in  tu rn .

Several em pirical approaches have been u n d ertak en  in  an 

attem pt to  determ ine th e  con ten t of conceptual rep resen ta tio n s . 

Although many d iffe re n t techn iques have been employed in  past 

empirical in v estig a tio n s , two methods a re  most common. One method 

in itia lly  involves su b jec ts  being  p resen te d  w ith a  genera l concept 

( e . g . , d o g ) , w ith th e ir  ta s k  being to  l is t  any  and  all ideas o r 

in s tances associated  w ith th e  p resen ted  con cep t. The common finding 

when utiliz ing  th is  p ro ced u re  is  th a t more ty p ica l in s tan ces  of a 

concept a re  re tr ie v e d  before  a typ ical ones, fo r  exam ple, a collie may 

be mentioned before a daschund  (R osch, 1978). The o th e r common 

procedure  re v e rse s  th e  form er app roach , in  th a t  su b jec ts  m ust decide 

if  an in stance  belongs to  a  genera l concept ( e . g . , "Is a collie a 

dog?"). In  th is  s itu a tio n , typ ical in s tan ces  (su ch  a s  th e  prev ious 

example) a re  verified  f a s te r  th a n  atyp ical in s ta n ces  ( e .g . ,  "Is a 

daschund  a dog?") (Sm ith, Shoben, & R ips, 1974). V arious o the r 

p rocedu res have been u tilized  in  th is  vein , w ith th e  common finding 

being th a t typ ical in s tan ces  of a  concept seem to  be accessed  fa s te r  

and  more freq u en tly  th an  le ss  typ ical in s tan ces  (Sm ith, 1989). These 

typ icality  find ings have  been u sed  a s  th e  da ta  in  th e  debate  

concerning th e  co n ten t of conceptual s t ru c tu re s ,  a d iscussion which 

has  re su lted  in  th e  form ation of th re e  models concern ing  th e  conten t of 

conceptual s tru c tu re s .
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C ontent Models

The C lassical View. T he f i r s t  of th e se  approaches is  re fe r re d  to  

as th e  Classical View (Sm ith & Medin, 1981). This p e rsp ec tiv e  has 

focused on th e  ab strac tio n  of inform ation from a  stim ulus environm ent 

(B ru n e r, Goodnow, & A ustin , 1956; P ikas, 1956), w ith th e  abstrac tion  

p rocess involving th e  d is reg a rd in g  of irre lev an t su rface  a t tr ib u te s  of 

a stim ulus; a tten tion  is  focused  on th e  more genera l s tru c tu ra l 

ch arac te ris tic s  of stim uli. T he re s u lt  of th is  p ro cess  is  th e  formation 

of a  single summary rep re sen ta tio n  of a p ro to typical ca tego ry  member. 

For example, if one w ere to  form an a b s tra c t p ro to type  of a dog , one 

might include such  v ita l fe a tu re s  a s  4 leg s , le ss  th a n  3 fee t in  h e igh t, 

and  th e  ability  to  b a rk . Specific da ta  su ch  a s  h a ir  color, 

tem peram ent, odor, e t c . , a re  n o t necessarily  v ita l to  th is  p ro to type , 

since such  secondary  elem ents will most likely  v a ry  widely from one 

dog to  ano ther. T h ere fo re , an  a b s tra c t rep resen ta tio n  contains all 

fea tu res  th a t  an in s tan ce  m ust possess to  be considered  a  member of a 

p a rticu la r concept, and  if a  su b jec t is  asked  to  determ ine if  a 

p resen ted  in stance  belongs to  a  ce rta in  concep t, th e  in stan ce  must 

possess all of th e  fe a tu re s  of th e  p ro to type  before being  classified  as a 

member of th e  concep t. A main problem with th is  exp lanation , 

how ever, stem s from th e  fac t th a t  th e  summary rep resen ta tio n  is  

formed prim arily th ro u g h  con tac t w ith typ ical members of th e  concept, 

and  all subsequen t in s tan ces  m ust possess all of th e  n ece ssa ry  and 

defining fea tu res  of th e  p ro to type in  o rd e r to  be classified  a s  an 

in stance  of th e  concep t. T his co n s tra in t causes problem s when an
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atyp ical in stance  of a  concept is  en co u n te red , because a lthough it  

m ight contain some of th e  defin ing  fe a tu re s  of th e  p ro to ty p e , some will 

most defin itely  be  m issing. B ecause of th is  em phasis on n ecessa ry  and 

defin ing  fe a tu re s , th e  C lassical View h a s  fallen o u t of favor a s  th e  

b e s t explanation fo r th e  con ten t of th e  m ind. While i t  may indeed  be 

th e  case th a t  genera l, a b s tra c t inform ation is  s to re d  in  a  KR system , 

i t  is  c learly  not th e  only form of inform ation th a t  is  rep re se n te d  within 

th e  m ind. The n ex t two app roaches deal w ith th e se  additional 

elem ents of rep resen ta tiona l sy stem s.

The P robabilistic  View. A s d iscu ssed  by  Smith & Medin (1981), 

th e  P robabilistic  View assum es th e  same notion of a  summary 

rep resen ta tio n  being s to red  in  o n e 's  memory abou t ca tego ry  members 

d u rin g  in itia l acquisition , b u t th e  em phasis on n ece ssa ry  and  defining 

fe a tu re s , cen tra l to  th e  C lassical View, is  a b se n t. R ather, th e  

P robab ilistic  View assum es th a t  th e  s to re d  rep re sen ta tio n  of a  concept 

con ta ins some asp ec t of cen tra l ten d en cy  th a t  can account fo r  a  wide 

v a rie ty  of in s tan ces , bo th  h igh ly  and  s lig h tly  sim ilar to  th e  p ro to type  

( e .g . ,  DOG—4 leg s , brown o r b lack  h a ir ,  b a rk s , bad  b re a th )  (Sm ith, 

Shoben, & R ips, 1974; Collins & L oftus, 1975; McCloskey &

G lucksberg , 1979; Medin, 1989). To handle th e  idea  of cen tra l 

ten d en cy , th re e  'sub-v iew s' of th e  P robab ilistic  View have been 

developed in  th e  l i te ra tu re  (Sm ith & Medin, 1981). A lthough sligh tly  

d iffe re n t, th e  commonality th a t  th e se  approaches sh a re  is  th a t  th e y  all 

postu la te  th a t th e  mind con tains concep tual p ro to ty p es . The fea tu ra l 

app roach , fo r one, holds th a t  th e  genera l conceptual inform ation
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sto red  in  on e 's  memorial system  is  a  s e t of d isc re te  modal fea tu res  

which will b e  found in  d iffe ren t d eg rees  in  d iffe re n t in stances of a  

concep t. In  c o n tra s t , th e  dimensional approach  holds th a t in stances 

of concep ts a re  re p re se n te d  along con tinuous dim ensions. This d iffe rs  

from th e  fea tu ra l approach  in  th a t  dim ensions a re  continuous, while 

fe a tu re s  a re  d isc re te . Finally, th e  ho listic  approach  views summary 

rep re sen ta tio n s  a s  being a  ty p e  of tem plate th a t  accounts fo r an 

av erag e  of all fe a tu re s  of a  concept.

The Exem plar View. By looking a t  th e  f i r s t  two views, one 

would th in k  th a t  th e  mind is  simply a  s to ra g e  space fo r general 

inform ation. However, th e  final con ten t model, re fe r re d  to  as  th e  

Exemplar View (B rooks, 1978; Medin & S ch affe r, 1978; Medin, 1989), 

eschew s th e  idea  of a  summary re p re se n ta tio n  in  favor of a  more 

detailed  rep resen ta tio n a l system  which s to re s  ev e ry  example of a 

concept w ithin a  netw ork-like s tru c tu re .  As in s tan ces  of a concept 

a re  en co u n te red , th e y  a re  simply added  to  o n e 's  da ta  base on a  certa in  

concep t. In  keeping  with th e  above exam ple, if one encoun ters  a 

collie, all th e  ch a ra c te ris tic s  th a t  make i t  a  collie a re  reco rd ed . Then 

if one la te r  en co u n te rs  a beagle, all of i t s  fe a tu re s  would be reco rded , 

sep a ra te  from th e  elem ents of th e  collie. Of co u rse , as  common 

in stan ces  will te n d  to  re p e a t them selves, th e se  fe a tu re s  will have th e  

g re a te s t chance of being associated w ith p a r tic u la r  concep ts.

However, th is  view on th e  con ten t of th e  mind is  in tu itive ly  

ineffic ien t, a s  th e  repea ted  sto rag e  of iden tica l conceptual in stances 

would seem ingly lead to  a  mind th a t  was extrem ely  c lu tte re d .
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Evaluation. These th re e  approaches to  th e  con ten t of th e  mind 

offer several possib le form s th a t  knowledge may ta k e  within th e  mind. 

The question s till rem ains, how ever, as to  which of th e se  perspectives 

is  th e  most acc u ra te . I t  has become clear in  th e  li te ra tu re  (Medin,

1989) th a t th e  C lassical View cannot account fo r  th e  data  supporting  

th e  o th e r view s, so th a t  approach seems to  be in ap p ro p ria te . With th e  

Probabilistic and  Exemplar views rem aining to  accoun t fo r th e  content 

of th e  mind, bo th  positions make valid claims. T he most plausible 

explanation seem s to  be  th a t  th e  inform ation s to re d  w ithin a  KR system  

is  both  general and  specific . Inform ation th a t is  h igh ly  typ ical of a 

concept has a  g re a te r  chance of being s to re d  in  a  general form , while 

atypical in s tan ces  of a  concept a re  probab ly  s to re d  in  a more specific 

form. The ro le o f tra n s fe r  within th e se  th re e  models is  re la tively  

c lear. As b efo re , with tra n s fe r  rely ing  on th e  rep resen ta tio n  of more 

general than  specific d a ta , th e  C lassical and  P robabilistic  views are  

b e tte r  su ited  to  handling  th e  tra n s fe r  p ro cess . T he Exemplar View, 

d iscussed  la te r  in  more detail, seems to be in tu itiv e ly  less  appealing 

fo r tra n s fe r , s ince  th is  perspective  is  based  upon th e  rep resen ta tion  

of specific ev en ts—data which th e  tr a n s fe r  p ro cess  cannot handle as 

effectively  a s  a b s tra c t inform ation.

A lthough knowing th e  con ten t of th e  mind is  n ecessary  fo r 

understand ing  how knowledge is  re p re se n te d , th e  possession of 

knowledge in  and  of itse lf  means re la tive ly  n o th in g . T hought 

p rocesses in  genera l a re  concerned with how know ledge is  applied , an 

aspec t th a t th e  p rev ious th re e  views failed to  enum erate . In  o rd e r to
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gain a  complete u n d e rs tan d in g  of th e  con ten t of th e  m ind, and 

th e re fo re  how knowledge is  re p re se n te d , one m ust also know how 

knowledge is  applied , because  th e  application of know ledge is  d irectly  

effected  by  both  th e  co n ten t of th e  mind and  th e  p rocessing  

mechanisms involved in  KR fram ew orks. The main approach  used  to  

investigate  th e  application o f know ledge has  been th e  t r a n s fe r  of 

tra in in g  techn ique , and i t  to  th is  method of investiga tion  th a t th e  

discussion con tinues.

Fram eworks o f Knowledge R epresen ta tion

Each of th e  following app roaches attem pting  to  u n d e rs tan d  th e  

s tru c tu re  of th e  mind can  b e  e x p re ssed  in  v e ry  detailed  form ats. The 

purpose  of th is  review , how ever, is  no t cen te red  on th e  in tricac ies  of 

KR fram ew orks. T h ere fo re , th e  approach  to  be tak en  w ith each 

framework will in itially  be  one of genera l rev iew . In  add ition , since 

th e  poin t has been made above th a t  t r a n s fe r  s tu d ie s  h ave  a d irec t tie -  

in  to  KR th eo ries , each fram ew ork will be a ssessed  in  i t s  ability  to  

deal w ith th e  tra n s fe r  of know ledge.

Instance-B ased  S tru c tu re s

Overview . The sim plest fram ew orks fo r  s to rin g  an d  re triev in g  

knowledge a re  p erh ap s th o se  re fe rre d  to  a s  e ith e r  in s tan ce-b ased  

(B rooks, 1978), con tex t (Medin & S ch affe r, 1978) o r  memory trac e  

(Hintzman 1986) models of KR. A lthough th e  names of th e se  models
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d iffe r , th e y  a re  all based  upon th e  main assum ption th a t  w hat is  

s to re d  in  a KR system  is  v e ry  specific  inform ation, acq u ired  th ro u g h  

experience with th e  environm ent.

Models. The organization of su ch  a  model is  basically one w here 

in s ta n ces  a re  simply s to red  w ithin a  conceptual netw ork th a t  t r e a ts  

inform ation as  e ith e r  an  exac t copy of an  in s tan ce  (Medin & S chaffer, 

1978) o r  as  a  memory tra c e  re p re se n te d  b y  th e  most prim itive 

a t tr ib u te s  of an  experience (H intzm an, 1986). These models would 

seem ingly tak e  an  exem plar approach  to  th e  con ten t of th e  mind.

Within th e se  in stan ce  based  models, memory tra c e s  a re  s to re d  

u n til th e y  a re  needed . R etrieval from a memory a r ra y  occurs  w hen a 

p robe  item  is  'in se rte d ' in to  th e  system  and  com pared to  in s ta n ces  th a t 

a re  sim ilar to  i t .  This p ro cess  can  o ccu r b y  e ith e r  a  se ria l com parison 

of each in s tance  to  th e  p robe (Medin & S chaffer, 1978) o r  by  a 

sim ultaneous comparison betw een a  summary of all re la ted  in s ta n ces  

and  th e  p robe (Hintzm an, 1986). However th e  p ro cess  o ccu rs , 

identification  seems to  be h igh ly  dependen t on a  sim ilarity  function .

Evaluation. A lthough m em ory-based approaches to  KR may be 

simple to  u n d e rs tan d , th e ir  sim plicity is  th e ir  main draw back. While 

concep t verification may indeed  occu r v ia some ty p e  of sim ilarity 

h e u ris tic , an in te rn a l s tru c tu re  b ased  upon an  in stan ce-b ased  notion 

would ap p ea r to  be  loosely o rgan ized  and  overly  c lu tte re d  with specific 

inform ation. Such a  reliance on specific  da ta  would seem ingly lend  

th e se  models to  be ineffective in  tra n s fe r r in g  know ledge, since i t  

seem s to  be th e  case  th a t th e  t r a n s f e r  p rocess depends on an
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abundance of general inform ation to  o ccu r effectively  (Singley & 

A nderson , 1989). However, B rooks an d  Vokey (1991) have recen tly  

hypothesized  th a t  in s tan ce-b ased  KR s tru c tu re s  can tra n s fe r  

know ledge by  making sim ilarity  analogies betw een d iffe ren t domains. 

T heir r e s u lts ,  described  in  more deta il la te r ,  do no t en tire ly  su p p o rt 

th is  h y p o thesis, and  to  preview  th e  c u r re n t  r e s u lts ,  such  a  mechanism 

was found to  provide only a  p a rtia l exp lanation  of th e  tra n s fe r  

p ro cess . T herefore , although th e se  in s ta n ce -b ased  models do have 

many good p o in ts, a s  an  overall a rc h ite c tu re  of th e  mind th ey  lack an 

effic ien t mode of p rocessing  inform ation.

Schema Theories

O verview . A nother possib le  s t r u c tu re  th a t  may s to re  conceptual 

inform ation is  w hat is  known a s  a  schem a. The exac t n a tu re  of w hat a 

schema consis ts  of has been  debated  s in ce  th e  1930's (B a rtle tt , 1932) 

b u t to  date  th e re  has y e t to  be an y  firm  conclusions on th is  topic 

(Alba & H asher, 1983). While th e  notion of a  schema is  rela tive ly  old, 

it  h as  recen tly  come back as  being  a  possib le  framework fo r knowledge 

rep resen ta tio n  (Alba & H asher, 1983; Sm ith, 1989). In  g enera l, th e  

term  'schem a' is  u sed  to  re fe r  to  a gen era l know ledge base th a t  an  

indiv idual possesses about a specific domain of in te re s t (Alba &

H asher, 1983), e . g . ,  on e 's  know ledge abou t autom obiles. Empirical 

s tu d ie s  usually  concern  them selves w ith how ind iv iduals u se  a n d /o r  

modify various knowledge schem as, accord ing  to  five basic encoding 

p rocesses—selection, ab s trac tio n , in te rp re ta tio n , in teg ra tio n , and
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reconstruc tion .

Models. Two tho rough ly  system atic schem a theories have been 

d iscussed  in  th e  l i te ra tu re  on th is  top ic , and  both  of them a sse r t th a t 

schemas consist of s tru c tu ra l know ledge abou t v arious domains of 

in te re s t to  ind iv iduals. Frame th e o ry  (M insky, 1975) a s se r ts  th a t 

knowledge rep resen ta tio n  is  accom plished th ro u g h  th e  u se  of fram es, 

th e  con ten t of w hich a re  genera l expec ted  inform ation about even ts— 

no specific a sp e c ts , excep t fo r th e  o rd e rin g  of ev en ts , a re  s to red . 

Schank & A belson 's s c r ip t th eo ry  (1977), on th e  o th e r hand , 

postu la tes th a t  s c r ip ts  contain th e  same genera l inform ation as fram es, 

b u t th e y  also contain  specific inform ation about th e  ev en ts  th ey  

re p re se n t. For exam ple, if  I  w ere to  have a  schema about d riv in g , i t  

would include basic  inform ation su ch  a s  how to  s ta r t ,  sh if t, s te e r , and 

stop th e  automobile. T his would make u p  th e  fram e. My driv ing  

sc r ip t, how ever, while possessing  th e  same inform ation as  in  th e  

fram e, would also contain  da ta  abou t d riv in g  in  S ta ten  Island , New 

York (w here I  liv e ) . Such additional inform ation would include 

w atching out fo r  reck less  d r iv e rs , knowing th a t  individuals will no t 

signal before tu rn in g , e tc . R egard less of th e  form of knowledge 

contained w ithin a  schem a, th e re  is  a  ce rta in  organization to  them , as 

well as  ce rta in  p rocesses th a t oversee  th e  inform ation within them . An 

u nders tand ing  of th e se  functions is  crucial to  th e  development of 

schema models of KR.

O rganization . Smith (1989) has o ffered  an  analysis of th e  

s tru c tu re  of schem as, which a re  postu la ted  to  consist of five fac to rs .
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F irs t, and  most basic , is  th e  notion th a t  a  schem a co n s is ts  of d iffe ren t 

general a t tr ib u te s  of a concept ( e .g . ,  CAR—body s ize , transm ission , 

fuel economy, eng ine s ize , e t c . ) .  T hen , each a t tr ib u te  possesses 

several possible in s tan ces  th a t  i t  may assum e ( e . g . , body s i z e -  

com pact, m idsize, lu x u ry ) . One of th e se  in s tan ces  is  no ted  as  a 

defau lt, i . e . , an  in s tan ce  th a t  th e  a t tr ib u te  assum es to  ta k e  on if  no 

o th e r inform ation is  g iven . T his defau lt is  sim ilar to  th e  idea of a 

p ro to type  su g g es ted  by th e  p robab ilistic  view d iscussed  above. These 

in s tan ces  a re  also g rouped  to g e th e r u n d e r one 'su p e rse t ' th a t  denotes 

th e  genera l concept th a t  th e  ind iv idual schema is  a  member of ( e . g . , 

TRANSPORTATION VEHICLES: C ar—Bus—T rain—Bicycle—A irp lan e ). 

This allows specific schem as to  be linked to  o th e r  schem as w ithin th e  

same concept. Like th e  sem antic netw ork models mentioned ea rlie r , 

schemas also have rela tional links  connecting a t tr ib u te s  th a t  a re  

re la ted  to  one an o th e r. L astly , an  a t tr ib u te  is  m arked accord ing  to  its  

im portance to  an  u n d ers tan d in g  of th e  e n tire  schem a. When 

attem pting verifica tion , described  below, th e  more v ita l a t tr ib u te s  

would be checked f i r s t  to  judge concept m em bership. With th is  

general fram ework in  p lace, i t  is  now possible to  see  how inform ation 

is  s to red  in  a schem a.

Processing  m echanisms. The p rocesses o f selection , 

ab s trac tio n , in te rp re ta tio n , in teg ra tio n , and  reco n stru c tio n  a re  by  no 

means limited to  th e  u n d ers tan d in g  a n d /o r  explanation  of schema 

th eo ries ; many o th e r cognitive approaches u tilize  th e se  mechanisms. 

However, th e se  p ro cesses , a s  a  g ro u p , a re  c ritica l to  th e  schema
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approach  to  KR (Alba & H asher, 1983).

When one f i r s t  e n co u n te rs  inform ation to  be  p ro cessed , th e  

m essage m ust be a tten d ed  to . In  o rd e r  to  access a  re le v an t schema, 

ce rta in  asp ec ts  of th e  p re sen te d  stim ulus m ust be se lec ted  an d  applied 

to  th e  schema to  see  if  th e  new inform ation can become p a r t  of th e  

ex isting  knowledge fram ew ork. W hether o r no t a p re sen te d  m essage is 

selected  to  be encoded w ithin an  ex istin g  schema h in g e s  on th re e  

fac to rs : (1) w hether o r  no t a  schem a re le v an t to  th e  in p u t m essage 

ex is ts , (2) w hether o r  no t a re le v an t schema can be  ac tiv a ted , and  (3) 

w hether o r not th e  new inform ation is  im portan t o r  v ita l to  th e  

ac tiva ted  schema. If  all of th e se  c r ite r ia  a re  met, th e  ab strac tio n  

p ro cess  beg ins. I f  n o t, th e  inform ation is  e ith e r  d isca rd ed  o r  applied 

to  th e  formation of a  new schem a.

Once re lev an t new inform ation is  se lec ted  fo r  encoding , any  

superfic ia l su rface  inform ation is  rem oved from th e  m essage b y  th e  

ab strac tio n  p ro cess . T h is p ro cess  re ta in s  th e  m eaning of th e  message 

while 's tr ip p in g  away' th e  o rig inal form at. In  o rd e r  to  make any  sense 

ou t of th e  ab s trac ted  form of th e  m essage, one m ust attem pt to  

asce rta in  th e  meaning of th e  s t ru c tu re  of th e  inform ation. T h is is  

accomplished th ro u g h  in te rp re ta tio n , o r  in fe ren ce , in to  th e  m eaning, 

and  th e re  a re  two form s th a t  have been  proposed (A lba & H asher, 

1983). Pragm atic im plication involves th e  conversion  of th e  exp lic it 

m essage into i ts  most likely  "deep", o r  u n d erly in g , m eaning. The 

o th e r form of in ference  o ccu rs  d u rin g  th e  com prehension of vague 

inform ation, and is  re fe r re d  to  a s  in s tan tia tio n . D uring  th is  p ro cess ,
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genera l inform ation is  converted  in to  more specific inform ation, and  

th a t  know ledge is  s to red  in  memory. A nother form of instan tia tion  

o ccu rs  when ce rta in  a sp ec ts  of a  piece of inform ation a re  m issing. In 

th is  case , an  individual will u tilize  th e  con tex t su rro u n d in g  th e  

m essage to  in te rp re t th e  meaning of th e  en tire  m essage. Once a 

m essage has passed  th ro u g h  th e  p rev ious th re e  p rocesses, i t  becomes 

p a r t  of an  ex isting  schema (o r  is  form ed in to  a  new schema) by  way of 

th e  p rocess known as  in teg ra tio n . T h is o ccu rs  by  combining w hatever 

inform ation has been se lec ted , a b s tra c te d , and  in te rp re te d  from a  

p re sen te d  message and  fittin g  i t  in to  a schem a, w here th e  new a n d /o r 

ex istin g  framework may be modified in  o rd e r  to  c rea te  a un ified , 

holistic  rep resen ta tio n .

T he final p rocess involved in  th e  schema process is  known a s  

reco n stru c tio n . This p ro cess  ta k es  place when one a ttem pts to  

rep ro d u ce  an  episode s to red  in  memory, and  involves tak ing  any  

ep isodes of a  schema th a t  a re  accessib le in  memory and  combining them 

with genera l knowledge abou t th e  schem a, in  an  attem pt to  re -c re a te  

th e  schema from memory. Since th is  p rocess involves some fabrication  

on th e  p a r t  of th e  indiv idual, many e r ro rs  between th e  reco n s tru c ted  

and  ac tual schema may occur.

Evaluation. The schema view of knowledge rep resen ta tio n  is  

indeed  a  com prehensive and  possib le explanation of how 

rep resen ta tio n s  a re  orig inally  form ed and  subsequen tly  s tru c tu re d . 

The inclusion of learn ing  mechanisms is  v ita l to  th e  u n d ers tan d in g  of 

knowledge rep resen ta tio n , and  th is  inclusion makes schema th eo ries
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plausib le explanations of mental ac tiv ity . As fo r  th e  ability  of a 

schema to  handle th e  tra n s fe r  of know ledge, su ch  s tru c tu re s  seem 

b e tte r  su ited  fo r  tra n s fe r  due to  th e  fa c t th a t  schem as can hold 

genera l inform ation. Indeed , th e  Gick & Holyoak (1983) model of 

know ledge rep resen ta tio n  is  derived  from  tra n s fe r  s tu d ie s , w ith th e  

model's main s tru c tu re  being a  schema which contains general 

inform ation about solving problem s. H owever, a lthough somewhat 

effective  a t explaining mental s t ru c tu re ,  th e re  rem ain o th e r ways to  

postu la te  th e  mental a rch itec tu re , in  add ition  to  schem as.

P roduction System  Models

O verview . Theories based on production  system s have come 

in to  vogue over th e  course of th e  p a s t 10 y e a rs  o r  so , coinciding with 

th e  com puter "explosion" th a t has o ccu rred  worldwide. In  th e ir  most 

basic form , th e se  system s (A nderson, 1983) a re  based  on th e  

fundam ental idea  th a t th e  mechanisms beh ind  human cognition a re  v ast 

s e ts  of condition-action statem ents re fe r re d  to  a s  p roductions ( e . g . , 

IF little  ch ild ren  a re  req u ired  to  be  immunized ag a in st polio and  only 

doctors adm inister th e  immunizations, THEN a  child  m ust go to  a 

doctor to  be im m unized.) .  When inform ation is  p resen te d  to  a 

production  system , th e  condition elem ent sea rch es  fo r a  match in  

sh o rt-te rm  (or w orking) memory. I f  a  match is  found , th e  action is  

c a rried  o u t; conversely , if  th e  sea rch  fails  to  find  a  m atch, th e  action 

is  te rm inated . Numerous production system s have been proposed to  

account fo r how th is  p rocess o p era tes , b u t two in  p a rticu la r exemplify
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th e  n a tu re  of th e  field—th e  ACT* approach  (A nderson , 1983) and  th e  

SOAR model (L aird , Newell, & Rosenbloom, 1987). To gain a  b e tte r  

u nders tand ing  of how production  system s p ropose to  re p re se n t 

knowledge and  th o u g h t p ro cesses , each  of th e s e  models will be  

summarized below.

Models. The ACT* (A daptive C ontrol of T hought) model of 

cognition (A nderson , 1983) is  made up  of th re e  ty p e s  of memory 

system s: w orking, declara tive , and  p ro d u c tio n . Working memory 

consists  of inform ation th a t  has e ith e r  been  rece n tly  p resen ted  in  some 

senso ry  fashion o r  has been re tr ie v e d  from  th e  declarative s to re . 

D eclarative memory is  made up  of fa c ts  ab o u t th e  w orld th a t  have been 

encountered  and  encoded a t  some p rev ious tim e, and  production 

memory co n sis ts  of production  ru le s  of th e  ty p e  described  above. 

Within th is  fram ew ork, th re e  ty p e s  of know ledge rep resen ta tio n s  

o perate . Temporal KR's code th e  o rd e rs  of s e ts  of inform ation, spatial 

KR's a re  concerned  with th e  spatia l a rran g em en t of inform ation, and 

a b s tra c t KR's prim arily  encode th e  m eaning of stim uli. In  general, 

these  th re e  ty p e s  of rep re sen ta tio n s  in te ra c t w ithin th e  ACT* 

framework in th e  following s te p s . S enso ry  inform ation from th e  

environm ent is  p u t in to  w orking memory. T h is inform ation is  th en  

e ith er s to red  in to  declara tive  memory (a t  w hich point th e  process 

e n d s ) , o r  is  u sed  a s  a "probe" to  sea rch  dec lara tive  memory fo r a 

match in  o rd e r  to  c a r ry  ou t a  p roduction . I f  a  match is  re triev ed , 

th is  match is  applied  to  production  memory, w here an  additional match 

is  searched  fo r . I f  an o th er match is  found , th e  production is
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execu ted  in to  w orking memory, and  th e  p rocess e n d s  (o r begins again 

if  sev era l p roductions a re  n ecessa ry  to  c a r ry  ou t an  action ).

A lthough a n y  of th e  rep resen ta tio n a l sy stem s, p roduction  o r 

o therw ise, describ ed  so  fa r  can be charac te rized  a s  'p rob lem -so lvers ', 

th e  SOAR a rch itec tu re  is  specifically  designed to  so lve problems of 

various n a tu re s  (L aird , e t  a l . ,  1987). The SOAR (S ta te , O perato r. 

And R esult) approach  views any  situa tion  a s  a  problem  th a t needs to 

be  so lved . The so lu tion , o r  goal, is  a tta in ed  b y  app ly ing  various 

p roductions in  a  s tepw ise fashion th ro u g h  a  se rie s  of subgoals, 

continuing u n til th e  d esired  goal is  a tta in e d . A t th is  poin t, th e  SOAR 

model is  almost iden tica l to  th e  ACT* method of app ly ing  productions. 

The two approaches d iffe r , how ever, in  th e  fac t th a t  w hereas ACT* 

has  th re e  ty p e s  of memories and  rep re sen ta tio n s , SOAR has a  single 

fram ework fo r long-te rm  know ledge, th a t  s tru c tu re  being a production 

system .

The ty p e  of p roduction  system  th a t  SOAR u tilizes  is  one th a t 

f ire s  all sa tisfied  p roductions in  a  parallel fash ion . When a problem 

has  to  be solved, th e  e n tire  problem s ta te  is  re p re se n te d  in  working 

memory. Within w orking memory, th e re  e x is ts  a  'con tex t s tack ' which 

determ ines th e  h ie ra rc h y  of problem s and goals, ob jec ts  (which a re  

th e  s ta te s  and goals th em selves), and  p re fe ren ces  w hich play a ro le in  

th e  encoding of p ro ced u ra l know ledge. Working memory is  connected 

to  a processing  system , which contains production memory and  a 

decision p ro ced u re . P roduction memory is  simply a  s to rag e  system  of 

th e  actual p roductions n ecessa ry  to  solve any  problem , and th e
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decision p rocedure  analyzes th e  inform ation c u rre n tly  in  working 

memory in  o rd e r to  guide th e  problem solving p ro ced u re . Connected 

to  th e  production system  is  a chunk ing  mechanism which ad d s new 

productions to  production memory b y  co n stru c tin g  them o u t of ex isting  

productions. Finally, th e re  is  a working-m em ory m anager which 

removes used  o r  n o n -n ecessary  inform ation from w orking memory in 

o rd e r to  stream line th e  problem -solving p ro cess .

Evaluation. T hese overview s of th e  ACT* and  SOAR models a re  

v e ry  sim plified. The models, in  th e ir  fu ll form ulations, a re  

exceedingly complex, and  a  fu ll explication of th e ir  functions is  

ou tside th e  scope of th is  d iscussion . The attem pt h e re  w as to  provide 

additional examples of how know ledge may be  re p re se n te d  in  th e  mind. 

To th e ir  c red it, th e se  p roduction  approaches ta k e  th e  most 

com prehensive and  unified  view of know ledge rep re sen ta tio n , 

encom passing v irtua lly  all of th e  p rev ious app roaches. T he one 

draw back to  th e se  system s, how ever is  th a t  th e  know ledge contained 

within them is  v e ry  dom ain-specific. While th is  is  fine  fo r  dealing with 

specific problem s, i t  p re se n ts  a  problem  when attem pting  tra n s fe r .  In  

o rd e r  fo r tra n s fe r  to  occur, one m ust re p re se n t knowledge in  a 

general form , devoid of much specific  inform ation. The only way th a t 

a production system  could accomplish th is  is  if  th e re  w ere some 

mechanism built in to  th e  system  th a t  could a b s tra c t v ita l inform ation 

and  d iscard  irre lev an t d a ta . Such a  model, to  th e  b e s t of my 

knowledge, does not ye t e x is t ,  leading to  th e  conclusion th a t  while 

production system s a re  effective  a t  modeling human th o u g h t, th ey  a re
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not th e  most effective s tru c tu re s .  Such a  complete framework does 

e x is t, how ever, and  i t  ap p ea rs  to  b e  p e rh ap s  th e  most com prehensive 

of all approaches to  knowledge rep re sen ta tio n —connectionist netw orks.

The ConnectLonist Approach

O verview . While p roduction  system s model th e  a rch itec tu re  of 

th e  mind as  an  analogy to  a  com puter, connectionist fram eworks 

consider th e  rep resen ta tio n  of know ledge as  th e  b ra in  itse lf would 

function . This i s ,  how ever, an  assum ption th a t  has not yet borne 

o u t. As a  re su lt of th is  n eu ra l approach  to  know ledge rep resen ta tio n , 

connectionist models a re  exceedingly  complex, b u t  th e y  a re  also th e  

most com prehensive KR fram ew orks developed to  da te .

Mechanisms. C onnectionist models (McClelland & Rum elhart, 

1985, fo r exam ple), in  th e ir  n eu ra l approach  to  KR, utilize a m ultitude 

of p rocessing  u n its , resem bling an  ab s trac tio n  of a n eu ron , as th e  

core of any  KR system  (Fodor & P y ly sh y n , 1988; Rum elhart, 1989). 

These u n its  a re  a rran g ed  in  a la y e r- lik e  fash ion  (Hanson & B u rr ,

1990), with th o u g h t rep re se n te d  a s  in te rac tio n s  between d ifferen t 

u n its  a t  th e  same a n d /o r  d iffe ren t lev e ls . While th e  actual processing  

th a t produces mental ac tiv ity  is  com plex, any  connectionist model can  

be understood  by  looking a t  sev e ra l v ita l com ponents (Rum elhart, 

1989).

The basic p rocessing  com ponent, a s  m entioned above, is  

re fe r re d  to  as a  u n it. Each u n it w ithin a  connectionist framework can 

s to re  b its  of various inform ation about an  ob ject, and  in te ra c t w ith
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o th e r re la ted  u n its  to  produce some ty p e  of m eaningful o u tp u t. A 

second assum ption of a connectionist netw ork  is  th a t  th e re  is  a  ce rta in  

level of activation  which se rv e s  as a  p a tte rn  of ac tiv ity  over all u n its  

co n trib u tin g  to  a  rep resen ta tio n  a t a  g iven  tim e. To achieve th is  ty p e  

of ac tiva tion , each u n it has  an  o u tp u t function  which determ ines 

w hether o r  no t a  connected u n it will f ire  o r  in h ib it th e  data  fea tu re  

th a t i t  con ta ins. For exam ple, if  a  com pact c a r  is  a  v e ry  common ty p e  

of c a r ,  i t  will have a h igh activation  level associated  with th e  concept 

of 'c a r ';  a  le ss  common member of th e  'c a r ' ca teg o ry  (such  as  a 

lu x u ry , fo r  exam ple), how ever, will likely  have  a lower level of 

activation . This notion of connectiv ity  is  essen tia l to  th e se  models, a s  

th e re  a re  v e ry  specific ways in  which u n its  a re  connected .

Specifically, th e  connections betw een u n its  a re  w hat determ ine th e  

p a tte rn  of ac tiv ity  th a t  th e  en tire  fram ew ork p ro cesses . To c larify  

th is  p o in t, each u n it is  said  to  have a  'fan  in ' and  'fan  ou t' function 

(R um elhart, 1989). The 'fan  in ' function  is  th e  am ount of excitation 

o r inhib ition  th a t  is  imposed on a  g iven  u n it from o th e r  u n its  

connected to  i t .  This function is  a  summed w eight of all ac tiv ity  

coming from o th e r u n its . As fo r th e  'fan  ou t' function , th is  is  th e  

amount of ac tiv ity  th a t a given u n it se n d s  o u t to  an o th er u n it. In  

add ition , connectionist fram eworks also contain  'h idden  u n its ' (Hanson 

& B u rr , 1990), which a re  basically u n its  th a t  e x is t in  th e  connections 

between re g u la r  u n its . These h idden  u n its  a re  hypothesized  to  ac t in  

a sim ilar fashion as  actual neu ra l in te m e u ro n s  do—th e y  a s s is t in  th e  

transm ission of activation levels between u n its  by  discrim inating
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between necessary  p a tte rn s  and  n o n necessary  p a tte rn s , mapping only 

those  activation levels th a t  a re  needed  from one u n it to  an o th e r. As a 

re s u lt ,  an y  knowledge th a t  a connectionist fram ework h as  is  derived 

from p a tte rn s  of connected  u n its , with each ind iv idual u n it providing 

a  fragm ent of th e  to ta l know ledge b ase . T h is p a tte rn  of connectiv ity  

fo r any  g iven concep t is  no t a  s tab le  e n tity . R a th e r, any  knowledge 

within su ch  a  system  can be modified th ro u g h  experience  (Rum elhart, 

1989; Hanson & B u rr ,  1990). This o ccu rs  w hen connected  u n its  a re  

continually  active , causing  th e  s tre n g th  of th e  connection to  increase . 

While th is  is  o ccu rring  a  p rev ious connection th a t  i s  no longer in  use 

may lose s tre n g th . For exam ple, if  th e  only ty p e  c a r  one was exposed 

to  was a  compact s ty le , th e  connection c a r—size—compact would be 

h igh ly  active . However, if  one th e n  began  to  en co u n te r o th e r c a rs , 

th a t connection m ight lose some s tre n g th  because a connection like 

ca r—size—lu x u ry  beg ins to  a lte r  th e  o rig inal p a tte rn  of connectiv ity .

In  sum , while th e re  a re  v aria tions betw een d iffe re n t models 

(Hanson & B u rr , 1990), any  connection ist fram ew ork co n sis ts  of 

p rocessing  u n its  connected to  one a n o th e r , w ith know ledge (a) coming 

from th e  p a tte rn s  of activation betw een th e  u n its  and  (b ) being 

effected  b y  th e  s tre n g th  of various connections. As can  be seen , 

connectionist KR system s a re  v e ry  com plex, b u t th e y  a re  also 's ta te  of 

th e  a r t ' in  KR system s.

R ep resen ta tio n . As mentioned above, th e  knowledge th a t  a 

connectionist model possesses is  contained  w ithin th e  connections 

between u n its , o r  more specifically , th e  w eights th a t  th e  connections
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have. This know ledge can  be rep re sen ted  in  sev era l w ays. F irs t, 

any  inform ation can be completely local, which means th a t  h ighly  

specific symbolic fe a tu re s  a re  rep re sen ted  in  a  h ierarch ica l fashion 

( e .g . ,  my car— [re d -m id s iz e —Oldsmobile], similar to  th e  semantic 

netw orks d iscussed  e a rlie r . The second ty p e  of rep resen ta tio n  is  

similar to  th e  f i r s t ,  b u t th e  inform ation is  a  b it more general ( e . g . , 

ca r— [Buick—C h ry s le r—Oldsmobile]. The th i rd  ty p e  of rep resen ta tion  

is  more similar to  connectionist netw orks a s  have been d iscussed  h ere , 

w here a  d is tr ib u ted  rep resen ta tio n  (McClelland & Rum elhart, 1985) 

connects all specific and  general inform ation in  one netw ork , with 

connections em anating from all u n its  and  ex tend ing  to  all u n its . The 

final rep resen ta tio n  is  also a  d is tr ib u ted  netw ork , like  th e  th ird ,  b u t 

some of th e  nodes a re  completely b lank—any ty p e  of inform ation can 

be encoded in them  fo r a  given concep t. T his la s t ty p e  of 

arrangem ent is  probab ly  th e  most feasib le  way to  handle th e  formation 

of new o r a b s tra c t id eas.

E valuation. C onnectionist models of th e  mind a re  indeed  highly 

advanced and in te g ra te d  theo ries  concern ing  knowledge 

rep resen ta tio n . While some may critic ize  th e  com plexity of th e  

netw orks, one m ust also consider th a t  th e  b ra in , which th e se  system s 

a re  modelled a f te r ,  is  also exceedingly  complex. A connectionist 

approach to  th e  mind is  also a  su p erio r way to  view KR because 1) it  

deals w ith knowledge acquisition , som ething which th e  classical 

approaches to  know ledge rep resen ta tio n  failed to  do. On th e  o the r 

hand , a lthough th e  ex istence of 'em pty ' u n its  should  enable
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connectionist netw orks to  a b s tra c t s tru c tu ra l  inform ation from stimuli 

and  s to re  such  know ledge in  an  a b s tra c t form—a p ro cess  which would 

facilitate th e  tr a n s fe r  of know ledge, th e se  system s have d ifficulty  with 

tra n s fe r  ta sk s . T h is problem lies in  th e  fac t th a t  connectionist 

rep resen ta tio n s  te n d  to  be  fixed  in  th e  form in  which in p u t stim uli a re  

form ed, and  such  a  knowledge s to re  would seem ingly in te r fe re  w ith 

th e  tra n s fe r  p ro cess . With th is  in  m ind, i t  seems to  be th e  case  th a t 

connectionist netw orks need  fu r th e r  developm ent to  re c tify  th is  v ery  

rea l problem if  th e y  hope to  sim ulate actual human " th o u g h t" .

In term ediate  Summary

T hus fa r ,  th is  review  has o ffered  various p e rsp ec tiv es  on th e  

n a tu re  of knowledge rep resen ta tio n  ac ro ss  many a re a s  of cognitive 

psychology. With such  a  v a rie ty  of th eo ries  p ostu la ted  to  handle th e  

KR is su e , i t  is  easy  to  see  th a t  an  analy sis  of th e  rep resen ta tio n a l 

n a tu re  of mind, and  with th a t  th e  tr a n s fe r  p ro cess , is  c ritica l fo r 

u n d erstand ing  any  subfield  in  cognitive psychology. T he discussion  

will now review th e  is su e s  su rro u n d in g  know ledge rep re sen ta tio n  and 

tra n s fe r  within a  field  of psychological re se a rc h  th a t  h a s  ex isted  fo r 

over tw enty  y ea rs  b u t has recen tly  ig n ited  a minor co n tro v e rsy — 

implicit learn ing  th e o ry .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



37

Implicit L ea rn in g : A n Overview

For almost a  q u a r te r -c e n tu ry , th e  term  im plicit learn ing  (IL) 

has been  used  to  describe  th e  p ro cess  b y  which one acqu ires  a  deep 

unders tan d in g  of a complex stim ulus environm ent la rg e ly  independen t 

of conscious aw areness of th e  specific  elem ents of th a t environm ent 

(R eber, 1967). Such nonconscious lea rn in g  has been found to  occur 

ac ro ss  a v a rie ty  of experim ental ta s k s ,  w ith th e  fac to r common to  all 

th ese  p rocedu res  being th a t  th e  stim uli p re sen te d  to  su b jec ts  is  h igh ly  

complex and  ru le -g o v e rn ed . T h is la t te r  term  re fe rs  to  th e  fac t th a t 

th e  stim uli in  th e se  experim ents have a  deep , m eaningful s tru c tu re  

embedded within them , in  th e  same sen se  th a t  a  formal language 

grammar h as  a  deep s tru c tu re  (A nderson , 1985). Due to  th e  

com plexity of th e  ta sk s , su b jec ts  typ ica lly  re p o r t little  o r  no conscious 

aw areness of th is  u n derly ing  s t ru c tu re ,  y e t th e y  a re  able to  

manipulate th e  stim uli in  su ch  a  way a s  to  fac ilita te  perform ance 

d u rin g  w hatever p rocedu re  is  being  im plem ented.

A su rv ey  of th e  p ro ced u res  u sed  to  in v estig a te  th e se  

nonconscious learn ing  p ro cesses  co v ers  a  v a rie ty  of ru le -g o v ern ed  

ta sk s . To begin w ith, severa l re s e a rc h e rs  (B erry  & B roadben t, 1988; 

Hayes & B roadbent, 1988) have  in v estig a ted  IL by  u tiliz ing an  

in te rac tiv e  production con tro l ta s k .  T h is p rocedu re  involves 

prov id ing  sub jec ts  w ith a problem  th a t  h a s  an  in itia l and  goal s ta te , 

and  th e  sub jec ts  ta sk  is  to  reac h  th e  goal s ta te  by  engaging  in  some 

ty p e  of p roduction-like behav io r. To p rov ide an  exam ple, sub jec ts
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may w ork in  a  hypothetica l su g a r  p roduction  fac to ry  w here th ey  a re  in 

ch arg e  of p roducing  specified  am ounts of s u g a r . They accomplish th is  

by m anipulating th e  num ber of w orkers employed as  well as 

considering  th e  am ount of su g a r c u rre n tly  being  p roduced . The 

amount of s u g a r  produced  by  th e  chosen  num ber of w orkers is  

determ ined by  a  form ula, unknown to  th e  su b jec t, which considers th e  

p a s t am ounts of su g a r  production  and  th e  c u r re n t  num ber of 

em ployees. Subjects a re  able to  perform  th is  ta sk  a t  above chance 

accu racy , b u t a re  n o t able to  verbalize th e  form ula. A nother version  

of th is  ta sk  has su b jec ts  in te rac tin g  w ith a  'com puter p e rs o n ', with 

th e  object of th e  ta sk  being to  ge t th e  'com puter person ' to  exhib it a 

ce rta in  ty p e  of emotion (B erry  & B roadben t, 1988). The emotion th a t 

th e  'com puter perso n ' shows is  based upon bo th  th e  su b jec t's  emotional 

response  to  th e  'com puter p erso n 1 a s  well as  p a s t emotions of th e  

com puter p e rso n . As with th e  fac to ry -lik e  ta sk , sub jec ts  

p artic ip a tin g  in  th is  p rocedu re  show little  conscious knowledge of th e  

u n d erly in g  ru le  th a t  determ ines th e  'com puter p e rso n 's ' reac tion , ye t 

th ey  a re  ab le to  con tro l th e  com puter's  re sp o n ses  a t  above chance 

levels.

A nother ta sk  u sed  to  investiga te  IL p rocesses is  known a s  a 

v isual a r ra y  search  p rocedu re  (Lewicki, Hill, & Bizot, 1988). This 

ta sk  involves su b jec ts  a ttend ing  to a  v isual a r ra y  w here certa in  stim uli 

ap p ea r in  ce rta in  locations. A fter an  in itia l exposu re  to  various 

sequen tia l spatia l p a tte rn s , a  stim ulus may be p resen ted  in  one 

location an d  th e  su b jec ts  ta sk  is  to  re sp o n d  a s  quickly  as  possible as
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to  w here th e  stim ulus will ap p ea r n ex t. The locations a re  determ ined 

by  some ty p e  of p a tte rn  which m andates which stim uli can appear a t 

what times in  which locations. For exam ple, a com puter monitor may 

be divided in to  4 q u ad ran ts , and  a stim ulus (a  num ber, a flash  of 

lig h t, a  s ta r ,  e t c . ) will ap p ea r in  one of th e  fo u r q u ad ran ts  on one 

tr ia l, th e n  i t  will ap p ea r in  e ith e r  th e  same o r  d iffe ren t q u ad ran t on 

th e  n ex t tr ia l ,  e t c . , un til th e  en tire  p a tte rn  h as  been p resen ted . In  

th e  Lewicki, e t a l . , s tu d y  (1988), th e  location of th e  f i r s t  two stimuli 

was pseudo-random , in  th a t th e y  could no t a p p ea r in  th e  same 

location. The c ruc ia l locations w ere th e  n e x t th re e  positions, where 

th e  ru le  govern ing  location was th a t  th e  stim ulus would appear in  a 

q u ad ran t th a t  depended  on w here th e  stim ulus ap peared  previously . 

For exam ple, if on T rials 1 and  2 th e  stim ulus moved vertically , th en  

th e  stim ulus would n e x t appear in  a q u a d ra n t horizontal to  th e  

p rev ious location; if  movement th e n  o ccu rred  diagonally , th e  nex t 

location would be  v e rtica l, and  so on . The su b jec ts ' ta sk  h ere  was to  

indicate in  which location th e  n e x t stim ulus would appear. As with th e  

production ta sk , su b jec ts  on th is  ta sk  w ere able to  p red ic t fu tu re  

locations a t  accuracy  levels above chance, y e t th e y  rep o rte d  only 

vague reasons fo r  choosing th e  locations th e y  d id  ( e . g . , "It seemed 

r ig h t" ) ,  and  showed little  conscious aw areness of any  s tru c tu re  to  th e  

p a tte rn s .

R ecently , how ever, th e  idea th a t su b jec ts  perform ing such  

spatial ta sk s  a re  ab s trac tin g  complex ru le s  from th e  p a tte rn s  has been 

challenged. P e rru ch e t, Gallego, & Savy (1990) a rg u ed  th a t  th e
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knowledge acqu ired  d u rin g  su ch  a  ta sk  is  no t a b s tra c t a t a ll. R a th er, 

th e se  au th o rs  feel th a t  su b jec ts  simply s to re  freq u en cy  inform ation in  

re g a rd s  to  th e  spa tia l locations of stim uli, no t complex p a tte rn s . In  a 

reana lysis  of Lewicki, e t a l . 's  (1988) p ro ced u re  and  re s u lts ,  P erru ch e t 

and  h is  colleagues found  th a t  th e  ru le  th a t  Lewicki u sed  to  p red ic t 

location was not th e  only ru le  th a t  could c a p tu re  th e  stim ulus d isp lay . 

Specifically, P e rru c h e t, e t  a l. (1990) found  th a t  specific ta rg e t 

movement p a tte rn s  on T ria ls  1 and  2 o ccu rred  more in freq u e n tly  th an  

movement p a tte rn s  from  T ria ls  3 to  5, and  b y  u sing  freq u en cy  

inform ation, ra th e r  th a n  know ledge of a  complex ru le  system , sub jec ts ' 

p red ic tions fo r fu tu re  ta rg e t  locations w ere sign ifican tly  fa s te r  fo r th e  

more freq u en t p a tte rn s  on T ria ls  3 to  5 as  com pared to  p red ic tions fo r 

T ria ls  1 to  2. A lthough P e rru c h e t e t  a l . 's  argum ent does have some 

valid  po in ts (especially  in  re g a rd s  to  th e  is su e  of equally  d is tr ib u ted  

stim ulus locations—see  P e rru c h e t, e t  a l. fo r a deeper d iscu ssio n ), it  

fa ils to  completely co n tra d ic t th e  fin d in g s  to  da te  on p a tte rn  learn ing , 

since sub jec ts  a re  s till  unable to  p rov ide valid reasons fo r  th e ir  

responses  on th e se  spa tia l ta s k s ,  i . e . ,  implicit learn ing  is  s till tak in g  

place.

While th e se  la t te r  two ta sk s  have p rov ided  additional w ays to  

investiga te  nonconscious le a rn in g  p ro cesses , th e  o ld est, most 

freq u en tly  employed p ro ced u re , and  th e  one which h a s  accum ulated 

th e  la rg e s t data base  on im plicit le a rn in g , is  known a s  artific ia l 

grammar (AG) lea rn in g  (R eb er, 1967, 1969; B rooks, 1978; R eber & 

Allen, 1978; R eber & Lewis, 1977; McAndrews & M oscovitch, 1985;
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Mathews, B uss, S tan ley , B lanchard -F ie lds, Cho, & D ruhan , 1989; 

P e rru ch e t & P acteau , 1990). The stim uli u sed  fo r  th is  p roced u re  a re  

genera ted  from a  f in ite -s ta te  artific ia l gram m ar, which is  basically  a 

ru le-g en era tio n  system  capable of p roducing  stim uli which conform to  

ce rta in  s tru c tu re d  p a t te rn s .

The p rocedure  itse lf  involves th re e  p h ases . The f i r s t  phase , 

re fe r re d  to  as th e  acqu isition , o r  learn in g  p h ase , has come to  tak e  

severa l form s. In  some cases , su b jec ts  simply a tte n d  to  A G -generated  

stim uli (P e rru ch e t & P acteau , 1990), while in  o th e r  s tu d ie s  one must 

a tten d  to  and  memorize p re sen te d  stim uli up  to  a  specified  perform ance 

c rite rio n  (R eber, 1969; R eber & Lewis, 1977). Once th is  p hase  is  

com pleted, su b jec ts  a re  inform ed th a t  th e  sequences th e y  saw  followed 

ru le s  which determ ined th e  o rd e r  of stim uli w ithin each sequence , 

although no mention is  made a s  to  w hat th e  ru le s  actually  a re .

S ubjec ts a re  th en  shown additional stim uli, with some of them  being 

perm issible sequences and  o th e rs  contain ing  a violation in  a  ce rta in  

position ( e .g . ,  from th e  gram m ar in  F igure 1, th e  sequence MHXH is 

perm issible, b u t HHXH is  n o t) . The su b jec ts ' ta sk  is  to  decide if  each 

p resen ted  stim ulus is  perm issible o r n o t. Once th is  phase h as  been 

com pleted, sub jec ts  a re  in terv iew ed in  o rd e r  to  a sce rta in  w hat o v e r t, 

declara tive  know ledge, if  a n y , of th e  grammar th e  su b jec t was able to 

acq u ire  from th e  two p rev ious p h ases . The ty p ica l re s u lt  from 

experim ents of th is  n a tu re  is  th a t  su b jec ts  make th e ir  perm issib ility  

decisions well above chance leve ls , y e t fail to  verbalize  concre te  ru le s  

of th e  grammar th a t th e y  have been u s in g .
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R ecently , re se a rc h e rs  have developed y e t ano ther technique 

th a t  combines both  p a tte rn  lea rn in g  and  AG learn ing  in  th e  same ta sk . 

In  th is  techn ique, sub jec ts  a re  p re sen te d  with e ith e r  visual 

(Cleerem ans & McClelland, 1991) o r  au d ito ry  (Manza, 1991) p a tte rn s , 

with th e  ru le s  th a t  determ ine th e  location a n d /o r  o rd e r of stimuli 

determ ined by artific ia l gram m ars. The re s u lts  of th e  application of 

th is  new techn ique is  v irtu a lly  iden tica l to  th e  re su lts  of th e  

'trad itiona l' p a tte rn  learn ing  o r  AG learn in g  ta sk s : sub jec ts ' 

perform ance exceeds chance leve ls , y e t th e y  re p o r t  little , if  any , 

conscious aw areness of th e  u n d erly in g  s tru c tu re  of th e  p a tte rn s .

P erspectives on th e  R epresen ta tion  of T acit Knowledge

R esearchers within th e  IL field  have tak en  re su lts  from such  

artific ia l grammar learn ing  ta s k s  an d  applied  them to theories 

concern ing  how nonconscious inform ation is  re p re se n te d . The re su lts  

th a t  have shed  th e  most lig h t on th e  rep resen ta tio n a l issu e  a re  those  

th a t  have come from tra n s fe r  s tu d ie s , w here th e  physical 

ch a rac te ris tic s  of inform ation p re sen te d  d u rin g  learn ing  ( e .g . ,  an 

artific ia l grammar item such  a s  MHHXH) and  te s tin g  ( e .g . ,  LJJZJ) 

phases d iffe r, ye t th e y  sh a re  an  u n d erly in g  s tru c tu ra l commonality. 

The power of th e  tra n s fe r  design  comes from th e  m anner in  which th e  

form (s) of th e  inform ation p re sen te d  d u rin g  learn ing  and  te s tin g  may 

be m anipulated independen t of each o th e r .
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B y in te rp re tin g  tra n s fe r  re s u lts ,  some re se a rc h e rs  have argued  

fo r  a b s tra c t rep re sen ta tio n s  of ta c it know ledge (R eber, 1989;

Mathews, 1991), while o th e rs  have co u n te red  w ith an  instan tia ted  

account of nonconscious knowledge rep re sen ta tio n  (B rooks, 1978; 

Brooks & Vokey, 1991). A th ird  position , known as  th e  fragm entary  

view, is  no t based  on tra n s fe r  f in d in g s , y e t is  re lev an t to  th e  c u r re n t 

d iscussion on th e  rep resen ta tio n  of im plicitly acqu ired  information 

(D ulany, C arlson , & Dewey, 1984; P e rru c h e t & P acteau , 1990, 1991). 

These opposing positions have led  to  a  debate  among IL re sea rch e rs  as 

of la te  (P e rru ch e t & Pacteau , 1990, 1991; M athews, 1990, 1991; R eber, 

1990), b u t in  o rd e r  to  u n d ers tan d  th e  c u r re n t  debate  i t  is  necessary  

to  review  each of th e se  a lte rn a tiv e  rep resen ta tio n a l hypotheses to  

determ ine which position if an y , is  most accu ra te .

The A bstrac tive  View

O verview . T he o ldest persp ec tiv e  concern ing  th e  n a tu re  of a 

ta c it know ledge rep resen ta tio n  is  known a s  th e  ab s trac tiv e  view 

(B erry  & B roadben t, 1988; Lewicki, C zyzew ska, & Hoffman, 1987; 

McAndrews & M oscovitch, 1985; Mathews, e t  a l . ,  1989; R eber, 1969, 

1989, 1990; R eber & Lewis, 1977; R eber & A llen, 1978). The term  

a b s tra c t,  a s  used  h e re , su g g es ts  th a t  th e  in itia l form of stimuli is  

modified by  a  'tak ing  away1 of ce rta in  elem ents of th e  in itia l stim ulus. 

As a re su lt of th is  ab strac tion  p ro cess , th e  new item s tan d s  a p a rt , as 

a  sep a ra te  e n tity , in  comparison to  th e  in itia l in stan tia tion  of th e  

stim ulus. In  th e  case of implicit know ledge, th e  superficial su rface
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elem ents of artific ia l g ram m ar-generated  item s a re  removed from th e  

in itia l rep re sen ta tio n , leaving a  new stim ulus which is  a  modification of 

th e  orig inal item. T his new rep resen ta tio n  con tains little , if  any , 

inform ation p erta in ing  to  specific stim ulus fe a tu re s ; th e  em phasis h ere  

is  on s tru c tu ra l elem ents w ithin stim uli. For exam ple, if th e  le tte r  

s tr in g  MKKP was p re sen te d  to  a  su b jec t, th e  a b s tra c tiv e  view would 

propose th a t  th e  ind iv idual le tte rs  making up  th e  item could be 

ab s trac ted  aw ay, leav ing  a  rep resen ta tio n  of th e  form 'One occurrence 

of symbol ty p e  1, followed by  two o ccu rrences of symbol ty p e  2, 

ending with an  occurrence of symbol ty p e  3 '.  S everal t r a n s fe r  s tud ies 

have prov ided  some su p p o rt fo r  th is  a b s tra c tiv e  th e o ry  of ta c it 

knowledge rep re sen ta tio n .

The in itia l IL tra n s fe r  s tu d y  was conducted  by  R eber (1969).

In  th is  experim ent, su b jec ts  w ere ru n  th ro u g h  two learn ing  phases of 

an  artific ial grammar ta s k .  In itia lly , all su b jec ts  w ere p resen ted  with 

le tte r  s tr in g s  in  g ro u p s  of th re e , w ith th e  c r ite rio n  fo r each tr ip le t 

being to  co rrec tly  rep roduce  each member of th e  tr ip le t  on th e  same 

tr ia l .  The c ritica l m anipulation came on th e  second learn ing  ta sk , 

w here fo u r d iffe ren t ty p e s  of tr a n s fe r  ta s k s  w ere em ployed. A lthough 

th e  ta sk  itse lf  was iden tical to  th e  in itia l lea rn in g  p h ase , th e  tra n s fe r  

manipulation varied  betw een g ro u p s . One g ro u p  of su b jec ts  were 

p resen ted  w ith item s th a t  d iffered  from in itia l le a rn in g  item s in  th e ir  

o rthograph ic  form, although th e  grammar was id en tica l; an o th er group 

had th e  symbol se ts  remain constan t betw een p h ases , b u t th e  ru le  

s tru c tu re  changed; a  th ird  g roup  had  th e ir  sym bols and  grammar
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changed between p h ases , an d  a  final g roup  se rv ed  as a  con tro l, with 

le t te r  s e t  and  gramm ar rem aining co n stan t betw een p h ases . The 

significant re s u lts ,  from th e  second learn ing  ta sk , w ere th a t  while 

changing  th e  grammar re su lte d  in  perform ance levels th a t  w ere 

sign ifican tly  lower th a n  con tro l perform ance, changing  th e  le t te r s  se t 

only did not re s u lt in  a  perform ance decrem ent, a s  com pared to  control 

su b jec ts . This lack of a  perform ance decrem ent a s  a re su lt of th e  

tra n s fe r  m anipulation led  R eber (1969) to  conclude th a t implicit 

knowledge is  most likely  re p re se n te d  in  an  a b s tra c t,  stim ulus- 

independen t form . B uilding upon th is  assum ption and  apply ing  a 

t r a n s fe r  design  ac ro ss  sen so ry  m odalities, Howard & Balias (1982) 

w ere also able to  ob ta in  positive tra n s fe r  w ithin th e  fram ework of an 

IL p ro ced u re . T hese in v e s tig a to rs  p re sen te d  su b jec ts  with 

environm ental sounds ( e . g . ,  sq ueak , d r ip , h is s , c lang , & flu sh ) in  

e ith e r  a  v isual ( th e  w ritten  w ords) o r  au d ito ry  ( th e  sounds 

rep re sen ted  b y  th e  w ords) m anner d u rin g  an  o b se rv a tio n -sty le  

learn ing  phase  of an  AG ta s k . D uring th e  su b seq u en t te s tin g  phase , 

one group  of su b jec ts , which had  rece ived  v isual stim uli d u rin g  

lea rn in g , was now p re sen te d  with au d ito ry  stim uli. The perform ance 

of th is  group  on th e  w ell-form edness ta sk  did no t d iffe r sign ifican tly  

from sub jec ts  who w ere p re sen te d  with stim uli from th e  same sensory  

modality (v isual o r  au d ito ry ) d u rin g  th e  learn ing  and  te s tin g  phases. 

The au th o rs  concluded th a t  R eb er 's  a b s trac tiv e  view was su p p o rted  by 

th e ir  data .
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Finally, M athews, e t  a l. (1989) employed a  tr a n s fe r  design 

investiga ting  th e  e ffec ts  of changed le t te r  s e ts  over a  fo u r  week 

period . In  th is  s tu d y , each su b jec t partic ipa ted  in  fo u r sessions, 

each one week a p a r t .  For each sessio n , sub jec ts  in itia lly  s tud ied  a 

l i s t  of item s genera ted  from an  artific ia l gram m ar. T hey w ere th en  

te s te d  by  a  multiple cho ice-type ta sk : successive  se ts  of five item s 

w ere p resen ted , w ith each s e t consisting  of fo u r nongrammatical items 

and  one grammatical item ; th e  ta sk  was to  select which of th e  five 

stim uli was most grammatical. The stim uli fo r each individual 

le a rn in g /te s tin g  session  u tilized  th e  same le tte r  s e t d u rin g  th e  two 

ph ases  of th e  experim ent. The t r a n s fe r  element en te red  in to  th e  

design  in  each successive  w eek, in  th a t  a  d iffe ren t le t te r  s e t ,  w ith th e  

same deep s tru c tu re  a s  prev ious s e ts ,  was used  to  in s ta n tia te  th e  

gramm ar fo r  each sessio n . For exam ple, d u ring  week 1, a  sub jec t 

m ight have encountered  th e  item DKKDS d u rin g  te s tin g , and  d u rin g  

th e  second week th a t  item might have  been p resen ted  a s  WMMWZ. 

R esu lts  indicated th a t  su b jec ts  who rece ived  stimuli from d iffe ren t 

le t te r  s e ts  each week ( th e  tr a n s fe r  su b jec ts) w ere able to  perform  th e  

m ultiple-choice ta sk  sign ifican tly  above chance, although th e ir  

perform ance was sign ifican tly  low er th a n  those  su b jec ts  who were 

p resen te d  with items from th e  same le t te r  s e t  each week (control 

s u b je c ts ) .

Evaluation. Taken to g e th e r , th e  re su lts  of th e se  s tu d ie s  

su g g e s t th a t th e re  is  a  s tro n g  possib ility  th a t  ta c it knowledge is  

rep re sen ted  ab s tra c tly . The fac t th a t  su b jec ts  can accura te ly
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discrim inate between grammatical and  nongramm atical item s th a t a re  

in s tan tia ted  with d iffe ren t le t te r s  th a n  th o se  orig inally  learned  

su g g e s ts  th a t sub jects in  im plicit le a rn in g  experim ents induce 

s tru c tu ra l fea tu re s  of stim uli r a th e r  th a n  su rface  fe a tu re s . However, 

th is  ab s trac tiv e  view of th e  tr a n s fe r  f in d in g s  has been challenged by 

a lte rn a tiv e  explanations, ou tlined  below, th a t  m ust be considered  in  

o rd e r  to  cap tu re  th e  fu ll essence  of th e  is su e s  su rro u n d in g  implicit 

know ledge rep resen ta tio n .

The D istribu tive  View

O verview . This p e rsp ec tiv e , cham pioned by  Lee Brooks and  h is 

colleagues (B rooks, 1978; B rooks & V okey, 1991) proposes th a t  ta c it 

knowledge is  rep resen ted  no t in  an  a b s tra c t m anner, b u t r a th e r  in  an 

exem plar-based  fash ion . T hat i s ,  when a  stim ulus is  encoun tered , 

reg u la ritie s  a re  no t ex trac ted  an d  re p re se n te d  in  a  pro to typical 

fash ion . R ather, Brooks p roposes th a t  ind iv idual items a re  s to red  

in to  memory in  th e ir  original form , w ith th e  re su ltin g  knowledge base 

filled with num erous in stances of specific item s. Taking th e  item 

MKKP once again , th e  d is tr ib u tiv e  view would re p re se n t th is  item in 

i t s  raw form , MKKP. This p ersp ec tiv e  of nonconscious p rocessing  is  

based  on a seminal s tu d y  (B rooks, 1978) aimed a t assessin g  w hether 

th e  im plicit learn ing  process o ccu rred  by  way of ab strac tio n  o r 

in s tan tia tio n . One g roup of su b jec ts  was exposed to  30 paired  

associates (P A -1), with one member of each p a ir  being a  s tr in g  of 

le tte rs  genera ted  from an a rtific ia l gramm ar and  th e  o th e r member
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being e ith e r th e  name of an  animal o r th e  name of a  c ity  ( e . g . , VTRR- 

-  tig e r , W T R V T —New Y o rk ). Half of th e  le t te r  s tr in g s  fo r th ese  PA- 

1 item s w ere gen era ted  from a ce rta in  a rtific ia l gramm ar (Grammar A ), 

while th e  o th e r half w ere gener ated  from a  d iffe re n t grammar 

(Grammar B ) . The d is trib u tio n  of animals and  c itie s  was 

counterbalanced  betw een item s from th e  two gram m ars, and th e  le tte rs  

used  to  in s ta n tia te  bo th  gram m ars w ere id en tica l. A second group of 

su b jec ts  (PA-2) was also exposed to  30 p a ire d -a sso c ia te s , b u t instead  

of pairing  le t te r  s tr in g s  w ith animal and  c ity  nam es, 15 item s from 

Grammar A w ere p a ired  w ith th e  word "city" and  15 items from 

Grammar B w ere p a ired  w ith th e  word "animal" ( e . g . , VTRR—animal, 

W T R V T —c ity ) .  For both g ro u p s , once th e  p a irs  were memorized to  a 

c rite rio n , su b jec ts  had  to  complete a so r tin g  ta s k ,  w here th ey  had to 

s o r t 30 additional le t te r  s tr in g s  in to  one of th re e  categories: Old 

World, New World, o r  N either. T hese th re e  categories  corresponded 

to  Grammar A , Grammar B , and  n e ith e r  gram m ar, respective ly . An 

additional g roup  of su b jec ts , re fe r re d  to  a s  concept le a rn e rs  (CL), 

were no t in itia lly  exposed  to  p a ired -associa te  le a rn in g . In s tead , these  

sub jec ts  w ere p resen te d  w ith th e  same 30 item s th a t  g roups PA-1 and 

PA-2 had to  s o r t ,  and  w ere in s tru c te d  to  c lass ify  th e  s tr in g s  in to  

e ith e r  Grammar A, Grammar B , o r N either. T hese sub jects  were also 

inform ed as  to  th e  accu racy  of each ind iv idual c lassification . The 

resu ltin g  d a ta  ind icated  th a t 1) th e re  w ere no d ifferences in  th e  

so rting  accuracy  of th e  two PA g ro u p s , an d  2) a ll th re e  g ro u p s (PA- 

1, PA-2, and  CL) so rted  te s t  item s in to  th e  th re e  categories well
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above chance leve ls , a lthough CL su b jec ts  perform ed significantly  less  

accu ra te  (Mean=46% co rrec t)  th a n  th e  combined sco re  of th e  two PA 

g roups (Mean=62% c o rre c t) .  In  in te rp re tin g  th is  h ig h e r so rtin g  

perform ance of th e  two PA g ro u p s a s  com pared to  th e  CL g roup , 

Brooks concluded th a t  when su b jec ts  memorize an d  s to re  individual 

in s tan ces  of item s, th e y  develop a more accu ra te  rep resen ta tio n  of a 

stim ulus environm ent. This position is  c learly  d iffe re n t from th e  

ab s trac tiv e  view, although  a s tu d y  by R eber & Allen (1978) shed  some 

lig h t onto w hy th e  PA su b jec ts  in  Brooks' experim ent perform ed b e tte r  

th an  th e  CL su b jec ts .

R eber & Allen (1978) explained B rooks' r e s u lts  a s  possib ly  being 

due to  th e  n a tu re  o f th e  learn ing  ta sk , in  th a t  " . .  . th e  PA ta sk  

i ts e lf . .  .encourages ind iv iduated  memorial rep resen ta tio n  and  reasoning 

by  analogy qu ite  indep en d en t of th e  su b te rfu g e  of Brooks' procedure" 

(p . 196). To te s t  th is  assum ption, th e y  u tilized  tw o d ifferen t 

gramm ars (w ith iden tica l le tte rs )  and  two ty p e s  of learn ing  phases 

(paired  associate (PA) and  observation  (OBS)) in  a  w ith in -sub jects 

design . For each su b jec t, if  Grammar A was u sed  fo r  PA learn ing , 

Grammar B would b e  u sed  fo r OBS lea rn in g , and  v ic e -v e rsa . The PA 

ta sk  involved th e  p resen ta tio n  of 20 le t te r s  s t r in g s ,  each paired  with 

th e  name of a  c ity , w ith a  perform ance c rite rio n  es tab lished  fo r each 

item. For th e  OBS ta s k , on th e  o th e r h an d , su b jec ts  w ere p resen ted  

le tte r  s tr in g s  and  w ere in s tru c te d  to  simply pay  a tten tio n  to  them . 

Immediately following each ta sk , su b jec ts  w ere p re sen te d  with a 

classification ta sk , w here th e y  had  to  c lassify  each  of 100 le tte r
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s tr in g s  as e ith e r (1) being a possible sequence fo r  a c ity  (following 

PA learn ing) o r  (2) being  well-form ed according  to  th e  ru le s  of th e  

grammar th a t th e  s t r in g s  w ere g enera ted  from (following OBS 

le a rn in g ) . Half of th e  su b jec ts  w ent th ro u g h  th e  PA -classification 

ta sk  f i r s t  and half w ent th ro u g h  th e  O BS-classification ta sk  f ir s t .  On 

th e  average, 19.8 d ay s  sep a ra ted  th e  two p ro ced u res . R eber & Allen 

(1978) found th a t  OBS su b je c ts  c lassified  te s t  item s sign ifican tly  more 

accurate ly  th an  PA su b jec ts  (81% v s . 74%, re sp ec tiv e ly ), suggesting  

th a t sub jects  seem to  have an  in s tan tia ted  rep resen ta tio n  following th e  

PA p rocedure  and an  a b s tra c t rep resen ta tio n  following OBS learn ing .

A nother s tu d y  h a s  recen tly  looked a t th is  e ffec t o f th e  demand 

ch arac te ris tic s  of th e  acquisition  portion  of IL p ro ced u res . Manza 

(1992) had two g ro u p s o f su b jec ts  each s tu d y  2 l is t  of 20 item s each 

by  utilizing an observation  method sim ilar to  th a t  employed by  R eber & 

Allen (1978). The item s on th e  two lis ts  fo r G roup 1 su b jec ts  were 

identica l, b u t Group 2 su b jec ts  s tu d ied  item s in  d iffe re n t su rface  

in s tan tia tions. For exam ple, th e  item TXXS appeared  on both  s tu d y  

lis ts  fo r Group 1 su b je c ts , while G roup 2 su b jec ts  w ere in s tead  

p resen ted  with TXXS an d  its  s tru c tu ra l 'tw in1, MKKP. Once both lis ts  

were stu d ied , all su b je c ts  c lassified  C ontrol item s (stim uli in s tan tia ted  

in  th e  same le tte r  s e ts  a s  th e  item s th a t  w ere in itia lly  s tu d ied ) and 

T ran sfe r items (stim uli th a t  sh a red  s tru c tu ra l ,  b u t no t su rface , 

elements with S tudy  L ist item s) a s  conforming o r no t conforming to  th e  

ru le s  of an  artificial gram m ar. R esu lts  ind icated  th a t  b y  encouraging , 

genera l, tra n s fe r-a p p ro p ria te  p rocessing  (G raf & R yan, 1990), one 's
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rep resen ta tio n  could be e ith e r  exem plar-based  o r  a b s tra c t, a  re su lt 

su p p o rtin g  th e  suggestion  made ea rlie r  b y  R eber & Allen (1978). 

Specifically, with both  g ro u p s  perform ing significantly  above chance, 

th e  perform ance of G roup 2 su b jec ts  in  classify ing  T ran sfe r and  

C ontrol item s did no t d iffe r from each  o th e r  (both  Means=57% c o rre c t) , 

while Group 1 sub jec ts  showed s ign ifican tly  h ig h e r accuracy w ith 

C ontrol item s as  com pared to  T ra n s fe r  item s (Means=63% v s . 53% 

c o rre c t, re sp e c tiv e ly ) . This r e s u lt  su g g e s ts  th a t  when one is  led  to  

s tu d y  inform ation in  a conceptual m anner, th e  ensuing  rep resen ta tio n  

may be prim arily a b s tra c t,  b u t when one focuses th e ir  a tten tio n  on 

individual in s tan ces , th e  re su ltin g  rep resen ta tio n  may be prim arily 

exem plar-based .

Since tr a n s fe r  s tu d ie s , like th e  ones described  above, can 

p rovide a  wealth of inform ation re g a rd in g  th e  rep resen ta tion  of 

im plicitly acqu ired  know ledge, su p p o r te rs  of th e  d is trib u tiv e  view 

(B rooks & Vokey, 1991) have o ffered  y e t an o th er explanation of how 

ta c it knowledge is  rep re se n te d  in  re fe ren c e  to  th e  tra n s fe r  p ro ced u re . 

B rooks St Vokey (1991) contend  th a t  tr a n s fe r  perform ance can  be 

accounted fo r  by  su b jec ts  making analogies from p resen ted  stim uli to  

sim ilar, s to red  examples d u rin g  th e  classification ta sk . A ccording to 

th is  persp ec tiv e , in  dealing w ith t r a n s fe r  w ithin a  le tte r  s e t ,  if  a 

su b jec t had  a  s to red  in stance  of, fo r  exam ple, th e  le tte r  s tr in g  

PTTSXS, and  was p resen ted  th e  s tr in g  PHXSPS, a sub ject might 

decide th a t  th e  la tte r  s tr in g  is  gramm atical because of th e  sim ilar P a t 

th e  beginning and  a lte rn a tin g  S 's  n ea r th e  en d . In  term s of tra n s fe r
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betw een d iffe ren t le t te r  s e ts .  B rooks & V okey (1991) a rg u e  th a t 

nonconscious tra n s fe r  is  accomplished by  a  sub jec t draw ing an 

'a b s tra c t analogy' between two item s, b ased  on sim ilarity . For 

exam ple, if  one stu d ied  th e  item PTTXS an d  la te r  had  to  classify  

BMMZQ, one would reach  th e ir  decision b y  noticing th a t ,  fo r  exam ple, 

"P is  rep laced  by  B , T rep laced  b y  M, X b y  Z, and  S by  Q ." I f  i t  

w ere found th a t  th is  ty p e  of analogy w ere tru ly  being  form ed, i t  would 

weaken th e  ab s trac tiv e  view. While th e re  do ex is t da ta  in  su p p o rt of 

th e  d is tr ib u tiv e  view, th e re  is  no concre te  da ta  to  su p p o rt th e  ty p e  of 

m apping th a t  Brooks and  Vokey d esc rib e . However, th e  Manza (1992) 

s tu d y  d escribed  above te s te d  fo r  th e  ex isten ce  of th e se  analogies, and  

th e  re s u lts  of th is  investigation  showed th a t  su b jec ts  could no t 

determ ine, above chance, which le t te r s  from one le t te r  se t w ere 

rep laced  b y  which o th e r le t te r s  from a  d iffe re n t le t te r  s e t. However, 

th is  is  ju s t  one find ing , and by  no means conclusive. T herefo re , it  

ap p ea rs  to  b e  th e  case  th a t  bo th  th e  d is tr ib u tiv e  and  a b s trac tiv e  

p e rsp ec tiv es  on implicit know ledge rep re sen ta tio n  o ffer plausible 

exp lanations fo r  th e  questions su rro u n d in g  th e  rep re sen ta tio n  of 

complex inform ation.

E valuation. In  review ing th e  d is tr ib u tiv e  model of ta c it 

know ledge rep resen ta tio n , a p ic tu re  beg in s to  em erge a s  to  th e  form in  

which ta c it know ledge is  s to re d . An exem plar-based  memorial system  

d iffe rs  from an  a b s tra c t system , b u t i t  is  most likely  th e  case  th a t 

bo th  form s of knowledge may be cognitively  p ro cessed . I f  any th ing  

h as been accomplished by  th e  above rev iew , i t  s e rv e s  th e  pu rpose  of
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pointing out th a t  a b s trac tiv e  and  d is tr ib u tiv e  mental components may 

have a sy n e rg is tic  e ffec t on one a n o th e r.

The F ragm entary  View

O verview . The final position in  th e  c u r re n t  debate  focusing on 

th e  n a tu re  of nonconscious know ledge rep re sen ta tio n  is  known as  th e  

fragm entary  p e rsp ec tiv e  (D ulany, C arlson , & Dewey, 1984; P erru ch e t 

& Pacteau , 1990, 1991). This view d iffe rin g  rad ically  from th e  

ab s trac tiv e  p ersp ec tiv e  and  mildly from th e  d is tr ib u tiv e  view, holds 

th a t  th e  form of rep resen ta tio n  th a t  re s u lts  from  IL p rocedu res is  a 

fragm entary  one, consisting  of (1) specific know ledge of le tte r  b i- and 

tr i-g ra m s ( e .g . ,  th e  s tr in g  TSSXPH is  re p re se n te d  as TS, SX, and 

PH, not a s  an  in teg ra te d  w hole), a s  well a s  (2) sa lien t knowledge of 

frequencies of covariational p a tte rn s . In d ep en d en t of th e  actual 

n a tu re  of th e  stim ulus d isp lay , su p p o r te rs  of th is  position su g g est 

th a t sub jec ts  'sp lit ' a  fu ll stim ulus in to  sev e ra l fragm en tary  pieces, 

chunks of da ta  which s tan d  alone in  a  d is tr ib u tio n  of many d iffe ren t, 

b u t sim ilar, fragm en tary  u n its .

The f i r s t  explanation o f, and  th e  m ethods u sed  to  p roduce, th e  

data  th a t claim to  su p p o rt th is  th e o ry  w as g a th e red  by  D ulany, e t al. 

(1984). T heir experim ent had  su b jec ts  in itia lly  p a rta k e  in  a  typical 

AG learn ing  ph ase . For th e  te s tin g  ph ase  each su b jec t was p resen ted  

a  l is t  of grammatical and  nongramm atical item s on a  sh e e t of p ap er, 

with th e ir  ta sk  being to : (a) id en tify  which s tr in g s  were 

nongrammatical by  c ro ssing  ou t th e  section  of such  s tr in g s  th a t they
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th o u g h t violated th e  ru le s  of th e  gramm ar, and  (b ) iden tify  

grammatical s tr in g s  by  underlin ing  com ponents of su ch  s tr in g s  th a t 

th e y  believed were s ign ifican t in  making them grammatical. The 

au th o rs  claimed th a t  th e  sub jec ts ' perform ance on th is  ta s k , which was 

above chance (and paralleled prev ious artific ia l grammar learn ing  

find ings ( e .g . ,  R eber & Lewis, 1977, R eber & Allen, 1978), w here 

more trad itiona l Y es/N o w ell-form edness ta sk s  w ere u tilized  during  

te s t in g ) , re flec ted  th e ir  conscious knowledge of th e  ru le  s tru c tu re  of 

th e  gram m ar. I t  was fu r th e r  a rgued  th a t  th e  know ledge base  acquired 

du rin g  th e  p rocedu re  consisted  prim arily of specific b i-  and  tri-g ram  

p a tte rn s . In  a comment on Dulany e t a l . 's  evaluation of th e  form of 

th e  ta c it know ledge b ase  th a t  sub jec ts  acqu ire  d u rin g  th e  AG ta sk , 

R eber, Allen, & Regan (1985) countered  with th e  argum ent th a t  th e  

ta sk  th a t Dulany e t  a l (1984) implemented to  a sse ss  th e ir  sub jec ts ' 

knowledge of th e  gramm ar did no t ta p  exp licit p ro cesses , a s  Dulany 

and  h is  colleagues claimed. R a th er, i t  was proposed th a t  th e  

recognition ta sk  th a t  was u sed  may not have been a  valid  m easure of 

explicit know ledge, a  claim which has su bsequen tly  been  su p p o rted  by 

re sea rch  in  implicit memory which has utilized recognition p rocedures 

as  m easures of nonconscious knowledge (G raf, Shimamura, & S quire , 

1985; Roediger & B laxton, 1987; S chacter & G raf, 1989). In  addition , 

R eber e t  a l. (1985) posited  th a t  even though  su b jec ts  m ight acquire  

some fragm entary  knowledge of th e  ru le  s tru c tu re  of th e  grammar 

du ring  an  AG ta sk , th e ir  know ledge, fo r th e  most p a r t ,  is  an  a b s tra c t 

u n d ers tan d in g  of deep covariational p a tte rn s  in  th e  stim uli. One final
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point to  R eber e t a l . 's  argum ent is  th a t  Dulany and  h is colleagues 

failed to  d istingu ish  between consciousness d u rin g  th e  AG ta sk  and 

th e  capacity  fo r re tro sp ec tiv e , conscious, analysis la te r  on—a point 

which is  crucial to  u n d ers tan d in g  nonconscious earn ing  p ro cesses . 

A fter th is  b rie f sk irm ish , th e  fragm en tary  view seemed to  fall ou t of 

s ig h t fo r a  few y e a rs , u n til i t  was rece n tly  reb o rn  b y  two French 

re se a rc h e rs , P ie rre  P e rru c h e t and  C hantal Pacteau .

P erru ch e t and  Pacteau (1990), in  a  se rie s  of experim ents, 

claimed to  have evidence th a t th e  know ledge th a t one acqu ires  du ring  

an  AG ta sk  is  prim arily fragm en tary , consisting  (like D ulany, e t  al) of 

p a tte rn s  of bigram s. The au th o rs  reached  th is  conclusion in  

Experim ent 1 of th e ir  1990 p ap er b y  u tiliz ing  th e  following p rocedure . 

D uring learn ing , le t te r  sequences g en era ted  from an  artific ial grammar 

w ere listed  on a  sh ee t of p ap er in  e ith e r  one column in  th e ir  whole 

form ( e .g . ,  TXXS) o r  in  th re e  columns of 17 bigram s each—a 

fragm entary  form. T he freq u en cy  of bigram s was contro lled  to  match 

th a t of th e  occurrences in  th e  "whole form" item s. A fter s tu d y in g  

e ith e r  lis t , all su b jec ts  w ere shown whole form item s and had to  make 

grammaticality judgm ents concern ing  th e se  item s.

Subjects who had  whole form le a rn in g  were co rre c t 61.5% of th e  

time in  th e  grammaticality decisions, while those  su b jec ts  who stud ies  

bigram s du rin g  learn ing  had  a  p e rce n t c o rre c t sco re  of 57 .2 , a  score 

which was significantly  above chance, y e t sign ifican tly  lower th a n  th e  

perform ance of th e  whole form g ro u p . D espite th is  obvious 

d iscrepancy , P e rru ch e t and  Pacteau (1990) claimed th a t th is  above
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chance perform ance of th e  b ig ram -learn ing  g roup  is  ev idence th a t ta c it 

knowledge is  prim arily  re p re se n te d  in  a  fragm en tary  form . However, 

since th e  whole form su b jec ts  perform ed sign ifican tly  b e tte r  th an  th e  

bigram  g ro u p , P e rru ch e t & P ac teau 's  conclusion seems o v e rs ta ted . 

A nother s tu d y  in  th e  same investig a tio n  (Experim ent 3) had  sub jects 

p resen ted  with a  l is t  of whole form  s tr in g s  d u rin g  lea rn in g , followed 

by  a  l is t  of bigram s d u rin g  th e  te s tin g  p h ase . S ub jec ts ' ta sk  h e re , 

how ever, was to  ra te  each  bigram  in  te rm s of how confident th e y  were 

th a t each item was p a r t  of a  whole s tr in g .  To do th is ,  sub jec ts  used  a 

6 po in t scale , ran g in g  from 1 (m eaning 's u re  th a t  th is  p a ir  was no t 

p a r t  of a  whole s tr in g ')  to  6 (m eaning 's u re  th a t  th is  p a ir  was p a r t  of 

a whole s t r in g ') .  The mean ra tin g  sco re  on th is  ta sk  was 3 .31 , and 

th e  au th o rs  claimed th a t  th is  r e s u l t  p rov ided  additional su p p o rt to 

th e ir  fragm en tary  p e rsp ec tiv e . However, sco res  betw een 3 and  4 on 

th is  scale a re  indications of u n c e r ta in ty  abou t th e  s ta tu s  of each 

bigram , so i t  is  no t c lea r th a t  su b jec ts  a re  en tire ly  confiden t in 

judg ing  th e  w ell-form edness of ru le -g o v e rn ed  bigram s. N evertheless, 

th e  au th o rs  maintain th e ir  view th a t  sy n th e tic  grammar learn ing  

re s u lts  in  th e  formation of a  know ledge base  th a t  is  fragm en tary  in  

form .

Evaluation. Noting th e se  inadequacies of P e rru ch e t & Pacteau 's  

(1990) conclusions, R eber (1990) and  Mathews (1990, 1991) attem pted 

to  show th a t  P e rru ch e t and  Pacteau  a re  e rro n eo u s in  claiming th a t all 

ta c it knowledge is  re p re se n te d  in  a  fragm en tary  fash ion . Both pointed 

ou t th a t  although some ta c it know ledge may be rep re sen ted  in  a

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



57

fragm en tary  form, th e re  a re  o th e r  ways to  re p re se n t nonconscious 

inform ation. Mathews (1990, 1991) goes on to  poin t out th a t t r a n s fe r  

s tu d ie s , which a re  believed to  be th e  b e s t eva lua to rs  of th e  form of a 

know ledge b ase , have no t been attem pted  to  su p p o rt th e  fragm entary  

p ersp ec tiv e , and  th e  tra n s fe r  re s u lts  th a t  have been  rep o rted  in th e  

implicit learn ing  li te ra tu re  cannot be  accounted fo r  by  a fragm entary  

argum ent. P e rru ch e t and  Pacteau (1991) coun te red  th is  la tte r  

suggestion  b y  tak ing  a  stance  th a t  resem bles th e  d is trib u tiv e  account 

of th e  tr a n s fe r  p ro cess . Specifically, th e y  postu la ted  th a t sub jects  

p artic ipa ting  in  a tr a n s fe r  ta sk  t r y  to  re tr ie v e  specific , s to red  

exem plars th a t  have sim ilar p a tte rn s  to  th e  tr a n s fe r  item s. This new 

position tak en  by  P e rru ch e t and  Pacteau  (1991) seems to  be d rifting  

them away from th e ir  fragm en tary  p e rsp ec tiv e , tow ards a more 

d is tr ib u tiv e  view, a  poin t also mentioned b y  Mathews (1991). This 

fa ilu re  to  su ffic ien tly  account fo r  tr a n s f e r ,  a s  well as poor 

perform ance by su b jec ts  who m ust determ ine th e  grammatical s ta tu s  of 

isolated b igram s, a re  th e  main reasons w hy th e re  is  reason to  believe 

th a t  th e  fragm en tary  view is  no t th e  only possible perspective  

perta in in g  to  th e  rep resen ta tio n  of nonconscious know ledge. This is  

not to  say  th a t  P e rru ch e t and  Pacteau a re  to tally  w rong—quite  th e  

c o n tra ry . I t  is  most likely  th e  case  th a t  some ta c it knowledge is  

rep re sen ted  in  a  fragm entary  form , b u t most of i t  is n 't .

Summary

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



58

From th is  review , th e  ch arac teriza tion  of a  ta c it knowledge base 

seems to  be one in  which inform ation is  (1) acqu ired  and  held 

prim arily ou tside of conscious aw areness, and  (2) rep re sen ted  in  

a b s tra c t, d is tr ib u te d , and  fragm en tary  form s. However, as  with 

knowledge in  g enera l, knowing solely w hat th e  con ten t of a ta c it 

knowledge base  is  neg lects  an o th er a re a  of im plicit learn ing . This 

a rea  has to  do with th e  mechanisms responsib le  fo r  th e  s tru c tu rin g  

and  p rocessing  of ta c it know ledge. In  an  a ttem pt to  determ ine how a 

ta c it knowledge base is  p rocessed  and  s tru c tu re d ,  severa l re sea rch e rs  

have recen tly  proposed d iffe ren t models of nonconscious p rocessing . 

T herefore , to  ge t a complete account of th e  ex is tin g  knowledge base 

on implicit rep re sen ta tio n s , th e  d iscussion  will now review  th e  various 

models proposed to account fo r th e  s tru c tu r in g  of ta c it knowledge 

within th e  mind.

Models of nonconscious function ing

THIYOS

R ecently , R oussel, Mathews, & D ruhan  (1990) proposed a 

computational model of implicit learn ing  th a t  is  p red ica ted  upon a 

production-based  c lassifier system  (H olland, e t  a l . ,  1986). This 

model, term ed THIYOS, is  basically  made up  of condition-action pa irs  

of th e  form "IF [a ce rta in  condition is  met] THEN [perform  a  certa in  

o p era tio n ]." Such production ru le s  a re  th e  h e a r t and  soul of 

production system  models of th e  mind (A nderson , 1983). THIYOS
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functions by way of two d iffe ren t algorithm s, re fe r re d  to  as a genetic 

algorithm  and  a  fo rg e ttin g  algorithm . The genetic  algorithm  is  used  to  

c rea te  new ru le s  a n d /o r  a lte r  ex isting  ones. T his is  accomplished by 

tak ing  a ru le  and  sp littin g  i t ,  and  th en  app ly ing  each  half to  c rea te  a 

new ru le . The fo rg e ttin g  algorithm , on th e  o th e r h an d , re ta in s  one 

p a r t  of a stim ulus an d  d isca rd s , o r 'fo rg e ts ',  th e  r e s t  of th e  stim ulus 

in  an  attem pt to  develop new ru le s  in  a  more economical fash ion . An 

example will help  to  c la rify  th e se  p ro cesses . L e t's  say  th a t  two 

stim uli, W TR D V  an d  TVTRDV, a re  p re sen te d  to  th is  system . The 

genetic algorithm  will f i r s t  make a  copy of each sequence and  th en  

sp lit th e  f i r s t  one in to  W T  and  RDV and  th e  second into TVT and 

RDV. I t  will th en  combine d iffe ren t halves in  a ttem pt to  c rea te  new 

ru le s  ( e .g .  W T T V T  and  RDVRDV), w ith th e se  new ru les  being 

s to red  with th e  p re se n te d  on es . The fo rg e ttin g  algorithm , on th e  

o th e r  han d , would ta k e  a  sequence , e . g . ,  W T R D V , and  remove th e  

W T  p a r t to  c rea te  th e  ru le  "IF a  sequence en d s  in  RDV, THEN i t  is  a 

valid  ru le ."  As additional sequences a re  p re sen te d  to  th e  system , 

th ey  a re  checked ag a in st th e  ex isting  ru le s  in  o rd e r  to  determ ine if  i t  

should be chosen as  a  valid  ru le , an  invalid  ru le , o r  reform ed to  

c rea te  a new ru le . I f  a  p resen ted  sequence fin d s  a  match in  s to rag e , 

th e n  i t  is  chosen a s  a  valid  ru le . If  a p re sen te d  sequence is  found to 

contain a violation, i t  is  chosen a s  an  invalid  ru le , and  if  no match a t 

all is  found, a  new ru le  will be  c rea ted , depending  on which algorithm  

is  functioning . T h u s , th e  THIYOS model postu la tes  th a t  both  specific 

and  general know ledge can  be s to red  in  a production  system  th a t
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basically  contains num erous condition-action ru le s  th a t  determ ine how 

stim uli a re  formed and  p ro cessed . While th e  inclusion of bo th  general 

and  item -based inform ation is  a  sign ifican t fe a tu re  of th is  model, 

THIYOS would most likely  have a d ifficu lt time handling  t ra n s fe r ,  a 

po in t which re n d e rs  th is  model incomplete in  term s of fu lly  

charac teriz ing  th e  im plicit learn ing  p ro cess . T his model, fo r  example, 

has no mechanism fo r  co nverting  one symbol s e t to  an o th e r ( e . g . , 

u n d ers tan d in g  th a t CCT and  HHQ a re  s tru c tu ra lly  eq u iv a len t) , so 

while i t  can model th e  acqu istion  of t a d t  know ledge somewhat, i t  needs 

to  b e  modified in  some way in  o rd e r  to  hand le  th e  tra n s fe r  of t a d t  

know ledge, a p rocess th a t  has been shown to  occur em pirically 

(R eber, 1969; Howard & B alias, 1982; Mathews, e t  a l . , 1989).

Competitive Chunking

A nother proposed model of im plid t learn ing  was recen tly  

form ulated by  S e rv an -S ch re ib er and  A nderson  (1990). While th is  

model seems to  cap tu re  th e  da ta  from th e  im plid t lea rn in g  p ro cess , i t  

fa lls  sh o r t of completely re p re se n tin g  th e  acquisition  of nonconsdous 

inform ation due to  th e  fa c t th a t  i t  too canno t adequately  deal with 

t r a n s fe r .  This approach , known a s  com petitive chunk ing  (C C ), 

proposes th a t th e  main p ro cesso r of inform ation acqu ired  d u rin g  

a r tif id a l grammar learn ing  is  a  chunking  mechanism th a t re p re se n ts  

t a d t  knowledge in  th e  form of ch u n k s . The ch u n k s a re  postu la ted  to  

be organized in  long term  memory in  a  h ie ra rch ica l fash ion , similar to  

various sem antic-netw ork models (C hang , 1986). The main CC
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processor holds in  i t s  memory tw o b its  of inform ation about ev e ry  

chunk  in  th e  system : (1) th e  s tre n g th  of th e  ch u n k , i . e . , how often i t  

has been used  in  th e  p a s t, and  (2) w hat a p a rticu la r chunk 's  

immediate subchunks a re .  P rocessing  in  th is  system  is  said  to  occur 

in  a bottom -up fash ion , proceed ing  from th e  most basic to  th e  most 

complex ch u n k s. For exam ple, th e  rep resen ta tio n  of th e  s tr in g  

TTXCZCVT might be as  follows:

1. [TTXCZCVT]

2. [(TTXC) (ZCVT)]

3. [ (TT)  (XC) (ZC) (VT)]

4. [(X) (T) (X) (C) (Z) (C) (V) (T)]

P rocessing would in itia lly  occur from  th e  bottom (#4) chunks u p  to  th e  

complete, e igh t u n it chunk  a t  th e  top  of th e  h ie ra rch y  (#1). Each 

time th e  TTXCZCVT stim ulus i s  en co u n te red , i t  re q u ire s  less  

p rocessing  th an  on i t s  p rev ious  p re sen ta tio n , w ith processing  s ta rtin g  

a t h igher levels in  th e  h ie ra rch y  on each successive p resen ta tio n . For 

example, th e  f i r s t  time th is  item  is  en coun tered , i t  m ight be processed  

from Level 4 th ro u g h  Level 1. On th e  n e x t p resen ta tio n , if th e  delay 

between th e  f i r s t  and second p resen ta tio n s  is  no t too long, th e  item 

might req u ire  processing  only from Level 2 to  Level 1, due to  th e  

increased  s tre n g th  of th e  stim ulus a s  com pared to  when i t  was f i r s t  

encountered . Eventually , p rocessing  only req u ire s  accessing th e  top 

level of th e  rep resen ta tio n . As a  re s u lt  of th is  ty p e  of fram ew ork, CC
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holds th a t  specific in s tan ces  a re  s to re d , much like th e  d is tribu tive  

view of ta c it know ledge. Working u n d e r  th e  assum ption th a t if  one 

simply s to re s  in s tan ces , with no re fe ren ce  to  general s tru c tu re , 

com petitive chunking  could no t tr a n s fe r  t a d t  knowledge between 

stim ulus domains, ren d erin g  th is  model, like  THIYOS, incomplete in  

te rm s of cap tu rin g  th e  im plid t learn ing  p ro cess .

Parallel D istribu ted  P rocessing : SRN

The final model of IL c u rre n tly  available is  known a s  a simple 

re c u r re n t netw ork (SRN). Cleeremans & McClelland (1991), who have 

form ulated th e  model, propose th a t  im p lid t learn ing  can be modelled 

by  im plem enting a  th re e  level rep resen ta tio n a l s tru c tu re  in  th e  

following m anner. Level 1 contains th e  c u r re n t  in p u t in to  th e  system , 

level 2 co n sis ts  of h idden  u n its  th a t  encode re lev an t fea tu res  of a 

stim ulus and  level 3 contains th e  o u tp u t of th e  system . In  addition, 

connected to  th e  in p u t u n it is  a  con tex t u n it th a t s to re s  th e  en tire  

stim ulus con ten t a t  time t .  A fter a stim ulus is  p rocessed  a t  th e  h idden 

u n it , i t  is  'fed  back1 to  th e  con tex t u n it , w here th e  n e x t stim ulus is  

en coun tered . For exam ple, if  th e  le tte r  s e t TSXS was p resen ted  to 

th e  system , th e  le tte r  T is  in itia lly  p ro cessed , and  th en  se n t to  th e  

h idden  u n it . A t th is  po in t, a  copy of th e  T is  back p ropagated  to  th e  

con tex t u n it and  s to red  th e re . Then th e  n e x t stim ulus, S , is  in p u t 

in to  th e  h idden u n it, w here i t  is  p rocessed  and  a copy of i t  is  sen t to  

th e  con tex t u n it, w here i t  becomes spatia lly  associated  with th e
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prev ious T . T his p rocess continues u n til th e re  is  no stim ulus 

p re se n t. A t th is  p o in t, th e  e n tire  s t r in g ,  TSXS, is  s e n t to  th e  ou tpu t 

u n it and  is  s to red  in  memory. As new stim uli a re  in p u t, th ey  a re  

compared to  s to red  stim uli, in  th e  co n tex t u n it .  The main s to rage  

component of th is  system , th e re fo re , lies in  th e  con tex t u n it , where 

sequences a re  s to red  an d , over tim e, gain s tre n g th  a s  th e y  a re  

continually  en coun tered . This system , like th e  p rev ious two models, 

seems to  s to re  d a ta  in  a  stim ulus-specific fash ion , an d  apply ing  th e  

main c ritiq u e  of THIYOS and  CC to  th e  simple re c u r re n t netw ork 

model, tra n s fe r  ap p ea rs  to  be a  d ifficu lt p ro cess  fo r  th e  SRN to  

re p re se n t.

Summary

Each of th e se  models p re se n ts  v iable accoun ts  of th e  framework 

and processing  mechanisms behind th e  acqu istion  and  utilization of 

ta c it know ledge. Specifically, th e y  all p rov ide an  adeq u a te  account of 

th e  re triev a l p rocesses involved in  a  nonconscious rep resen ta tiona l 

system . However, w here each of th e se  models fa ils  is  th a t none of 

them can adequately  handle th e  encoding of inform ation in  a  fashion 

th a t is  independen t of th e  form in  which d a ta  is  o rig inally  in p u t in to  a 

system , a p rocess which would facilita te  th e  t r a n s fe r  p ro cess . While 

one of them (THIYOS) does seem qu ite  capable of developing ab s trac t 

rep resen ta tio n s  (by  way of th e  fo rg e ttin g  a lgo rithm ), th e  

rep resen ta tio n s  a re  s till limited to  a specific stim ulus domain. This 

lack of ability  to  develop dom ain-free rep re sen ta tio n s  is  a major
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shortcom ing of th e se  models, and  th e  end  re s u lt  of th e  c u r re n t 

investigation  will hopefully  p rov ide in s ig h ts  in to  how th e  tra n s fe r  

p rocess can be handled  b y  some model of th e  implicit learn ing  p rocess.

In term ediate  Summary

This review  of th e  c u r re n t  s ta te  of th e  l i te ra tu re  on 

nonconscious know ledge rep re sen ta tio n s  h as  se rv e d  th e  pu rpose  of 

draw ing a tten tio n  to  th e  d a ta  th a t  ex is t in  th e  im plicit learn ing  field 

concerning th e  rep re sen ta tio n  of complex inform ation. The models 

th a t  ex is t all have flaw s, and  th e  th eo ries  p roposed  to  account fo r the  

con ten t of nonconscious th o u g h t (a b s trac tiv e , d is tr ib u tiv e , and  

fragm entary) do not have  an overwhelm ing amount of su p p o rt in  favor 

of any  one over th e  o th e rs .  While tr a n s fe r  ta s k s  have been ca rried  

ou t in  some ca ses , th e  re s u lts  have no t been conclusive. T herefore , 

to  explore fu r th e r  th e  is su e s  su rro u n d in g  th e  rep resen ta tio n  of tac it 

know ledge, fo u r im plicit learn ing  artific ial grammar lea rn in g  tra n s fe r  

experim ents w ere conducted . The f i r s t  two s tu d ie s  in v estig a te  

tra n s fe r  e ffec ts  ac ro ss  d iffe re n t physical stim ulus form s ( le tte r  se ts )  

by  implementing both  a betw een (Experim ent 1) and  a  w ithin 

(Experim ent 2) su b jec ts  d esig n . Experim ent 3 p robes tra n s fe r  effects 

ac ross d iffe ren t sen so ry  m odalities, while th e  final s tu d y  looks a t 

tra n s fe r  across bo th  physical form and sen so ry  modality.

As th e re  is  a considerab le amount of overlap  between th e  

p rocedures employed in  th e  fo u r s tu d ie s , a  genera l method section will
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outline th e  basic method u sed . The only inform ation, o the r th a n  th a t 

in th e  General Method below, th a t  will be d iscussed  in  each method 

section will be methods and  p rocedures th a t  were specific to  th e  

p a rticu la r experim ents.

G eneral Method

Subjects and M aterials

Brooklyn College u n d e rg rad u a te s  th a t were e ith e r  m onetarily 

com pensated o r  rece ived  cou rse  c red it se rv ed  as su b jec ts  in  all four 

s tu d ie s .

Stimuli fo r  th e  experim ents w ere genera ted  from various fin ite  

s ta te  artific ial gram m ars, sim ilar to  th e  one in  F igure  1 below. 

A lthough th ese  system s can genera te  an  in fin ite  num ber of stim uli of 

in fin ite  le n g th s , only selected  item s th a t  b e s t rep re se n te d  th e  

s tru c tu re  and item -d istribu tion  of th e  gram m ars w ere selected  fo r 

p resen ta tion . Both Grammatical (G) and Nongrammatical (NG) stim uli, 

rang in g  in  len g th  from 3 to  8 sym bols, w ere g en era ted  for 

p resen ta tio n . The form er item s a re  formed by  sim ply following any  

perm issible path  in  th e  grammar and  'p icking u p 1 stim uli th a t  appear 

along th e  p a th . Nongrammatical item s, on th e  o th e r h an d , a re  

genera ted  by rep lacing  a  symbol a t  some position in  th e  gramm ar with 

a  symbol th a t does no t conform to  th e  s tru c tu re  of th e  grammar. For 

example, th e  grammar in  F igure  1 can  g enera te  th e  item TSSXS by  

following a ce rta in  p a th ; th is  item is  considered  Grammatical.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



66

However, if th e  in itial T is  rep laced  by th e  le tte r  H, th e  new item 

HSSXS is  no t perm issible; th is  item is  considered  Nongrammatical.

s

Out

T

Grammatical item s Nonynim m :iticiil items

PHH TX H
PHPS TX PH
TSSXS X XSHT
TX X TH H  PTH H H H
p h p x h h  HSTXHHS
TSXXTHPS PHXPHXPX

F igu re  1 . A fin ite  s ta te  artific ial gram m ar, including  exam ples of

Grammatical and Nongrammatical item s.

P rocedure

L earn ing . Subjects would in itia lly  be  in s tru c te d  th a t th e y  were

to  basically memorize p resen ted  item s up to  a s e t c rite rio n ; no mention
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was made a s  to  th e  ru le -g o v e rn ed  n a tu re  of th e  stim uli o r  th a t any  

ta sk  would follow th e  learn ing  p ro ced u re . Only Grammatical items 

w ere p resen te d  d u rin g  lea rn in g , b u t  th e  su b jec ts  w ere not made aw are 

of th is  fac t u n til th e y  had  completed th is  portion  of th e  p rocedu re . 

Except fo r two conditions in  Experim ent 3 w here stim uli were read  

aloud to  su b jec ts , all learn ing  item s w ere p re sen te d  in  th e  c e n te r  of a 

com puter m onitor fo r  5 seconds, a f te r  w hich th e  stim ulus was rem oved 

from th e  d isp lay  and  th e  su b jec t had  to  rep ro d u ce  th a t item. 

R eproduction was accomplished b y  p re ss in g  th e  k ey s  on a  keyboard  

th a t  co rresponded  to  th e  p resen ted  item s. T h is sequence of 

p resen ta tio n  and  rep roduction  con tinued  u n til a  c rite rio n  was met, 

a f te r  which th e  n ex t item  would be p re se n te d . Once su b jec ts  had  met 

th e  perform ance c rite rio n  fo r all le a rn in g  stim uli, th e y  were allowed to 

re lax  fo r 3 m inutes, a f te r  which th e  in s tru c tio n s  fo r th e  n ex t ta sk  

w ere adm inistered .

T es tin g . Upon completion of th e  acqu isition  ta sk , su b jec ts  were 

inform ed fo r  th e  f i r s t  time th a t  th e  item s th e y  stu d ied  prev iously  w ere 

ru le -g o v e rn ed  in  th e  sen se  th a t  th e re  w ere a  s e t  of ru le s  which 

determ ined th e  o rd e r  of th e  sym bols w ithin each item . No mention was 

made a s  to  w hat th e  specific ru le s  w ere. S ub jec ts  w ere th en  

in s tru c te d  th a t  th e ir  ta sk  was to  decide if  each of a  se rie s  of 

p resen ted  stim uli was well-formed accord ing  to  th e  ru le s  of th e  

gram m ar. An equal num ber of Grammatical and  Nongrammatical item s 

w ere p resen te d  to  each su b jec t. Each item ap p ea red  in  th e  c e n te r  of a 

com puter sc reen  un til th e  su b jec t decided  'Yes' (meaning 'y e s , th is
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item is  w ell-form ed') o r  'No' (meaning 'no, th is  item is  no t well 

formed ') .  Decisions w ere made by  d ep ress in g  th e  'Y' o r  'N' key  on 

th e  k eyboard . Once th e  decision was in d ica ted , th e  stim ulus would be 

removed from th e  d isp lay  and  a  confidence ra tin g  scale would appear 

before th e  su b jec t. S ub jec ts ' ta sk  h ere  was to  ra te  th e ir  confidence in  

th e  accuracy  of th e ir  p rev ious decision, accord ing  to  a  scale rang ing  

from 1 (no t confiden t a t  all) to  7 (v e ry  co n fid e n t) , with 4 being 

n eu tra l. Once a  ra tin g  was made by  d ep ress in g  th e  app rop ria te  

num ber key  on th e  k eyboard , th e  scale would be  removed and th e  nex t 

item would be p re se n te d .

In te rv iew . Once a  decision and  confidence ra tin g  was made fo r 

th e  la s t stim ulus, su b jec ts  w ere asked  a  se r ie s  of questions (shown in 

A ppendix A) designed  to  determ ine: (a) w hat know ledge about th e  

grammar was acqu ired  from th e  two p h ases  of th e  experim ent, and  (b ) 

w hat ty p e s  of m ental ac tiv ity  w ere being engaged  th ro u g h o u t th e  two 

p hases of th e  experim ent. This in terv iew  was conducted  over several 

s ta g e s . S ub jec ts w ere f i r s t  handed  th e  q u estionnaire  and  asked  to  

answ er all of th e  questions as  completely a s  possib le . This process 

took approxim ately 5-10 m inutes to  com plete. Once su b jec ts  indicated 

th a t th e y  had  com pleted th e  questionnaire , th e  experim enter would 

attem pt to  g e t th e  su b jec t to  recall any  add itonal ru le s  th ey  may have 

been using  by  ask in g  them repea ted ly  if  th e y  could reca ll any 

additional inform ation. This would go on fo r  approxim ately ano ther 

10-15 m inutes, w ith th e  to ta l time of th e  in terv iew , th e re fo re , lasting  

15-25 m inutes.
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Experim ent 1

As detailed above, sev era l im plicit learn ing  s tu d ie s  have looked 

a t  tra n s fe r  ac ro ss d iffe re n t o rth o g rap h ic  form s. However, th ese  

s tu d ies  (R eber, 1969; M athews, e t  a l . , 1989) d id  n o t change th e  form 

of th e  stimuli betw een th e  learn ing  and  te s tin g  p h ases . R eber (1969) 

employed two consecu tive learn ing  ta sk s ,  while M athews, e t  a l. (1989) 

changed th e  le t te r  s e ts  each w eek, b u t no t d u rin g  each  session . 

R ecently , B rooks and  Vokey (1991) a lte red  th e  le t te r  s e t between the  

learn ing  and te s tin g  p h ases , b u t th e ir  re s u lt  w ere inconclusive in  

term s of th e  is su es  su rro u n d in g  th e  rep resen ta tio n  of tac it knowledge. 

T herefore , to  determ ine how im plicitly acqu ired  inform ation is  

rep re sen ted , an d  to  d iffe ren tia te  th e  e ffec ts  of a lte rin g  th e  su rface  

forms of stimuli immediately a f te r  in itia l acqu isition , Experim ent 1 

req u ired  sub jec ts  to  u se  know ledge acqu ired  while w orking with 

stim uli w ith one physical in s tan tia tio n  to  make decisions about th e  

s tru c tu ra l in te g rity  o f stim uli in s ta n tia ted  with d iffe re n t physical 

form s. If sub jec ts  a re  actually  u tiliz ing  th e  s tru c tu re  of th e  grammar 

d u ring  th e  tr a n s fe r  ta s k ,  th e y  should  be able to  perform  th e  well- 

form edness ta sk  a t  levels  above chance, and  th e  ind iv idual le tte r  se ts  

used  during  both  lea rn in g  and  te s tin g  should  have  no effect on 

perform ance, independen t of th e  tr a n s fe r  m anipulation. The re su lts  

of th is  s tu d y  will hopefully  sh ed  more lig h t on th e  is su e  of th e  

rep resen ta tion  of ta c it know ledge.
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Method

Subjects. Design and Materials

N inety Brooklyn College s tu d e n ts  w ere solicited to  p artic ip a te  in 

th is  s tu d y . Subjects w ere com pensated e ith e r  by  being paid a  fla t fee 

of $5.00 o r  receiv ing  c o u rse  c re d it fo r  th e ir  partic ipa tion . A 2 

( tra in in g  le tte r  s e t  A o r B) X 3 (te s tin g  le t te r  s e t  A, B, o r  

Scram bled) betw een su b je c ts  design  yielded six  experim ental g roups 

(w hen described  below, th e  f i r s t  le t te r  of a  g ro u p 's  abbrev iation  

re fe r s  to  th e  le t te r  s e t  p re se n te d  d u rin g  lea rn in g , while th e  second 

le t te r  re fe rs  to  th e  te s tin g  le t te r  s e t ) .

The artific ia l gram m ar in  F igu re  2 was used  to  g en era te  th e  

stim uli fo r  th is  s tu d y ; all le a rn in g  and  te s tin g  stim uli a re  d isp layed  in  

A ppendix B. As can be  seen  from th e  f ig u re , each symbol h as  a 

d ire c t co rre la te  a t  each position  in  each le t te r  s e t .  To il lu s tra te  th is  

co rrespondence , th e  gram m ar in  F igure 2 can g enera te  th e  s tr in g  

MXXMMQBH using  le t te r  s e t  A. By mapping th e  le tte rs  d ire c tly  from 

one s e t  to  an o th e r, th is  item  can  ap p ea r a s  LZZLRWJ in  s e t B , 

QHHQQXMB in  s e t A*, and  RJJRRZLW in  s e t B*.

The A-A and  B-B g ro u p s  se rv ed  a s  con tro ls , a s  su b jec ts  in 

th e se  g roups were p re sen te d  w ith stim uli from th e  same le t te r  s e ts  

d u rin g  th e  two main p h ases  of th e  experim ent. The A-B and  B-A 

g ro u p s  were p resen ted  w ith item s th a t  conformed to  th e  same 

gram m ar, y e t were in s ta n tia ted  with a  d iffe ren t le t te r  s e t d u rin g  th e  

two phases of th e  experim ent. F inally , to  see if  th e  ind iv idual le tte rs  

p rov ide  in te rfe ren ce  in  developing a  rep re sen ta tio n , th e  stim uli
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Symbol 
Set A

i i

Symbol

Symbol 
Set A*

Out

SetB

S3

Symbol ^

S4

Out

Figure 2 . The artific ial grammar used  to  genera te  stim uli fo r 

Experim ent 1, with i t s  fo u r in s tan tia tio n s .

p resen ted  to  g roups A-A* and B-B* consisted  of th e  same le tte rs  

du ring  learn ing  and te s t in g , b u t th e  positions of th e  le t te r s  within th e  

grammar were sw itched fo r item s u sed  d u rin g  th e  te s tin g  phase , as 

compared to  th e  learn ing  phase .

Procedure

L earn ing . D uring th is  p hase , su b jec ts  were in itia lly  informed 

th a t  th e ir  ta sk  was simply to  memorize and  rep roduce  each of 20
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individually  p resen ted  item s th a t  would ap p ea r a t th e  cen te r of a  

com puter m onitor. T hese  stim uli w ere p resen te d  in  th e  same o rd e r fo r 

all su b jec ts , w ith th e  c rite rio n  fo r each item being two consecutive 

c o rrec t rep roductions.

T estin g . A fter being  in s tru c te d  abou t th e  general n a tu re  of th e  

ru le s  of th e  gramm ar, R egular T ran sfe r su b jec ts  (conditions A-B and 

B-A) received th e  additional inform ation th a t  although th e  le tte rs  in  

each te s t  item would be d iffe re n t, th e  ru le s  th a t  determ ine th e  o rd e r 

of th e  le tte rs  within each item  a re  iden tica l to  th e  ru le s  th a t  th e  

determ ined th e  o rd e rs  of th e  item s s tud ied  during  learn ing . Subjects 

in  th e  Scrambled T ra n sfe r  conditions (A-A* and  B-B*) w ere inform ed 

th a t  th e  te s t  items will co n s is t of th e  same le tte rs  a s  in  th e  learn ing  

item s, b u t th e ir  positions w ith in  each stim ulus will be d iffe ren t.

As fo r  th e  ta sk  its e lf ,  su b jec ts  judged th e  well-form edness of 25 

Grammatical and  25 Nongrammatical item s, individually  p resen ted  in  a  

pseudorandom  o rd e r—G an d  NG s tr in g s  w ere mixed within th e  

p resen ta tion  l is t ,  b u t all su b je c ts  received  th is  mixed lis t in  th e  same 

o rd e r . Once th e  s e t  of 50 was com pleted, p resen ta tion  continued  with 

th e  f i r s t  item on th e  l i s t ,  concluding again with th e  50th. T herefo re , 

th e  te s tin g  phase consisted  of 100 tr ia ls  (50 s tr in g s  X 2 p resen ta tions 

each ).

In terv iew . A t th e  conclusion of th e  te stin g  phase , sub jec ts  

w ere adm inistered th e  questionnaire  shown in  Appendix A , which was 

designed to  assess  w hat know ledge, if  a n y , su b jec ts  could verbalize 

about th e  ru le  s tru c tu re  of th e  grammar.
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R esu lts  and  D iscussion

Learning Phase 

T ria ls  to  C riterion

In  o rd e r to  determ ine if  tlie  ind iv idual le t te r  s e t  u sed  to  

in s ta n tia te  th e  artific ial grammar had  an y  e ffec t on lea rn in g  th e  items 

p resen ted  d u ring  th e  in itia l s tu d y  ph ase , a  one-w ay ANOVA was 

conducted  on th e  tr ia ls  to  c rite rio n  d a ta . T his analysis  confirm ed th e  

hypo thesis  th a t  th e  le t te r  s e t  in  which stim uli a re  p resen ted  h a s  no 

sign ifican t e ffec t (F < 1) on lea rn in g , a s  th e  mean tr ia ls  to  c rite rio n  

fo r  each  le t te r  s e t was v irtu a lly  iden tica l (L e tte r S e t A mean=2.9 

tr ia ls ,  L ette r S et B mean=2.8 t r ia ls ) .

T esting  Phase 

P ercen t C orrect

Comparisons Between C ontrol. 'R egu la r1, & 'Scram bled'

T ra n s fe r . Analyzing p e rce n t c o rre c t sco res  allows a  genera l in s ig h t 

in to  th e  occurrence (o r lack of) positive tra n s fe r .  In itia lly , a  one­

way ANOVA revealed  a  sign ifican t d ifference between th e  six  g roups 

in  term s of th e ir  overall accuracy  in  making w ell-form edness decisions, 

F(5 ,84)=10.7 , MSe=112.7, p  < .0001. To determ ine exactly  w here th is  

d ifference o ccu rred , sev era l p lanned com parisons w ere ca rried  ou t and 

found no sign ifican t d ifferences betw een 'R egular' T ra n s fe r  g ro u p s 

(those  g roups th a t  w ere p re sen te d  w ith to ta lly  d iffe re n t le t te r  s e ts  

d u rin g  learn ing  and  te s tin g )  o r  'Scram bled' T ran sfe r g ro u p s  ( th e  two 

g ro u p s th a t  w ere p re sen te d  with th e  same le t te r  s e t  d u rin g  th e  two 

p hases  of th e  experim ent, b u t th e  positions of th e  le t te r s  w ithin th e
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gramm ar w ere 'scram bled ' fo r  p re sen ta tio n  d u rin g  te s t in g ) , a s  well as 

no sign ifican t d ifferences betw een th e  tw o C ontrol conditions o r  th e  

d iffe re n t te s tin g  phase symbol s e ts .  However, when th e  d a ta  were 

collapsed across both  C ontrol cond itions and  all fo u r T ran sfe r 

conditions, T ran sfe r su b jec ts  (Mean=56.3% co rrec t)  w ere show n to  be 

s ign ifican tly  le ss  accu ra te  in  m aking w ell-form edness decisions as  

com pared to  Control su b jec ts  (Mean=64.6% c o rre c t) ,  F( 1,84)=47.7, 

MSe=27, p < .01. A lthough th is  d iffe ren ce  e x is ts  betw een T ran sfe r 

and  C ontrol g ro u p s, su b jec ts  in  th e se  re sp ec tiv e  conditions w ere still 

perform ing significantly  above chance, a s  determ ined by a  C lassical 

Normal Approximation to  Binomial t e s t  (T ra n s fe r  su b jec ts : z=9.7, p < 

.001; Control su b jec ts : z=16.0, p < .001). T h ere fo re , a lthough 

T ra n s fe r  sub jec ts  w ere perform ing sign ifican tly  poorer th a n  C ontrols, 

th e y  s till p icked up  th e  s tru c tu re  of th e  gramm ar and  w ere ab le  to 

t r a n s fe r  i t  across d iffe ren t stim ulus fo rm s. Any speculation a s  to  th e  

theore tica l significance of th is  fin d in g  canno t be made with th e se  d a ta , 

how ever. This stem s from th e  fa c t th a t  th e  p e rce n t co rrec t sco res 

g en era ted  from sub jec ts ' Y es/N o decisions a re  v e ry  likely influenced 

b y  a  response  b ias, and  th is  possib ility  m ust be elim inated before 

accuracy  on th e  w ell-form edness ta s k  can  be  u sed  to  theo rize  on how 

im plicit knowledge is  re p re se n te d . T he controlling of resp o n se  bias is  

accomplished by  m easuring su b jec ts ' sen s itiv ity  in  respond ing  to  te s t  

item s; th is  is  accomplished by  ob ta in ing  d ' sco res , and  th e  analysis of 

th e se  sco res is  d iscussed  la te r .
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Reaction Times

T heoretical C onsiderations. One variab le  which can possibly 

p rov ide  more in s ig h t in to  th e  is su e  of th e  rep resen ta tion  of 

nonconscious inform ation is  th e  speed  w ith which w ell-form edness 

judgm ents a re  made. I f  e ith e r  a b s tra c t o r  d is trib u tiv e  com ponents a re  

dominant in  a  t a d t  system , ce rta in  p a t te rn s  of reaction  times (R T 's) 

should em erge. T heoretically , i f  know ledge was rep re sen ted  in  an 

exem plar-based  o r  fragm en tary  form , T ra n s fe r  sub jec ts  would have to  

co n v ert p resen ted  te s t  item s to  match tra in in g  item s in  some ty p e  of 

analogical p ro cess , re su ltin g  in  T ra n s fe r  su b jec ts ' R T 's being longer 

th an  C ontrol su b jec ts ' R T 's . As m entioned e a rlie r , such  a  p rocess has 

recen tly  been  su g g es ted  by  Brooks & Vokey (1991), who a rg u e  th a t 

nonconsdous tra n s fe r  ac ro ss  o rth o g rap h ic  form s occurs  v ia sub jec ts  

forming 'a b s tra c t analog ies '. To p rov ide an  exam ple, if  one stud ied  

th e  item TXXS and was te s te d  on th e  item LBBW, tra n s fe r  would occur 

by  th e  su b jec t reason ing  th a t  'L rep laces  T , B rep laces X , and  W 

rep laces S '.  On th e  o th e r han d , if  t a d t  knowledge is  prim arily 

rep re sen ted  b y  a b s tra c t p ro to types  of ru le s ,  such  a  conversion would 

no t be  n ecessa ry , since th e  in itia l s ta g e s  of th e  rep re sen ta tio n 's  

formation would re s u lt  in  th e  form ation of such  a  p ro to type . For 

exam ple, if  th e  item TXXS was in itia lly  s tu d ie d , i t  would be  converted  

in to  th e  p ro to type  'One occurrence of symbol 1, followed by  2 

occurrences of symbol 2, end ing  with 1 occurrence of symbol 3 '.  If  

th e  item LBBW was la te r  en coun tered , i t  would map d irec tly  onto th e  

ex isting  p ro to ty p e , w ith no conversion  p ro cess  n ecessary . I f  sub jec ts
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re p re se n t ta c it know ledge in  th e  form of a b s tra c t p ro to ty p es , th e re  

should be little , if  a n y , d ifferences betw een T ra n sfe r  and  Control 

g ro u p s ' reaction  tim es.

In itia l Com parisons; C ontrol. 'R eg u la r '. & 'Scram bled' T ra n s fe r . 

In itia lly , th e  same com parisons made fo r  p e rce n t co rrec t of 'R egular' 

and  'Scram bled' T ran sfe r g ro u p s , a s  well a s  th e  two Control g roups, 

w ere ca rr ied  o u t. 'R egu lar' T ran sfe r g ro u p s  d id  no t d iffe r from one 

ano ther; th is  find ing  was rep licated  in  com paring th e  two Control 

g ro u p s . However, th e  A-A* group was found to  be  making 

gramm aticality decisions slow er th an  th e  B-B* g ro u p . A closer 

inspection of th e  raw  da ta  revealed  th is  d ifference to  have been due to 

5 sub jec ts  in  th e  A-A* condition th a t  w ere respond ing  w ith R T 's twice 

a s  long as  th e  rem aining 10 su b jec ts  in  th e  g ro u p , fo r no explainable 

reaso n . As th e se  5 su b jec ts  w ere no t d iffe re n t in  an y  o th e r way from 

th e  rem aining su b jec ts  in  th e  g ro u p , th e se  o u tlie rs  w ere removed from 

th e  ana ly sis , which eliminated th e  d ifference  betw een th e  two 

'Scram bled' T ran sfe r g ro u p s , a s  well a s  th e  d ifference between the  

'R egular' and  'Scram bled' T ran sfe r g ro u p s . T h is equality  in  R T 's 

between th e  two ty p e s  of T ran sfe r g ro u p s  su g g e s ts  th a t  a b s tra c t 

elem ents may p lay  a  more dominant ro le in  th e  sy n e rg is tic  relationship  

between th e se  elem ents and  th e ir  more exem plar-based  c o u n te rp a rts .

A d is trib u tiv e  account of th e se  data  would su g g e s t th a t  R T 's fo r 

'Scram bled ' T ran sfe r g roups should  be slow er th a n  R T 's fo r  'R egular' 

T ran sfe r su b jec ts , a s  th e  'Scram bled' item s m ust be  f i r s t  be  "undone" 

in  o rd e r to  u n d ers tan d  th e ir  rela tionsh ip  to  tra in in g  item s. Such a

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



77

process seems in tu itiv e ly  more d ifficu lt (and  longer) th an  plainly 

mapping one su rface  form to  an o th e r, y e t th e  d a ta  do no t re flec t th is  

explanation.

Main A nalyses. To exp lo re  any  additional im plications of R T 's 

on implicit memorial sy stem s, sev era l ANOVA's w ere ca rried  ou t on th e  

RT d a ta . With th e  five  o u tlie rs  rem oved from condition A-A*,

T ran sfe r and  C ontrol g ro u p s  w ere collapsed ac ro ss  each o th e r. The 

f i r s t  te s t  looked a t  Symbol M anipulation (T ra n s fe r  o r C ontrol) x S tring  

Type (G and  NG) x Block (1 and  2 ) , while th e  second looked a t 

Symbol Manipulation x  Judgm ent A ccuracy (C o rrec t and  In co rrec t) x 

Block. The re s u lts  ind ica ted  sev era l in te re s tin g  fin d in g s. In itially , 

th e re  was a  main effec t of M anipulation, as  T ra n s fe r  su b jec ts  took 

significantly  longer to  make th e ir  w ell-form edness decisions, 

F (l,8 1 )= 6 .9 , MSe=13.5, p  < .05 , w ith a  mean decision la tency  of 5.933 

seconds, com pared to  C ontrol la tencies of 4.836 seconds. This 

seemingly lends su p p o rt to  th e  d is tr ib u tiv e /frag m e n ta ry  view on th e  

issu e  o f nonconscious tr a n s fe r .  However, b reak in g  down th e  

sign ifican t M anipulation X Block in te rac tio n , seen  in  F igure 3, 

p rov ides additional inform ation th a t  revea ls  th a t  th is  main effec t may 

no t iriean w hat i t  ap p ea rs  to  on th e  su rfa c e . As can  be seen  in  th e  

F igu re , although both  T ra n s fe r  and  C ontrol su b jec ts  exh ib ited  fa s te r  

R T 's d u rin g  th e  second block of te s tin g  tr ia ls  (w hen com pared to  

block 1 ) , T ran sfe r su b jec ts  showed a much g re a te r  ra te  of 

improvement (F (l,8 1 )= 8 .8 , MSe=1.4, p  < .0 1 ). On th e  averag e , 

T ran sfe r su b jec ts  made th e ir  w ell-form edness judgm ents 1.199 sec .
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F igure 3 . Mean reac tion  time (in  seconds) to  w ell-form edness 

judgm ents fo r T ra n sfe r  and  Control items d u rin g  Experim ent 1, as a 

function  of te s t  block.

fa s te r  on th e  second block of tr ia ls ,  while C ontrol sub jec ts  improved 

th e ir  la tencies by  only .401 seconds. If  th is  in teraction  w ere due to 

p rac tice , th en  th e re  should have been a s ign ifican t block effect for 

th e  p e rcen t co rrec t d a ta . Since th is  did n o t occu r, i t  seems th a t the  

d ifference betw een th e  T ra n sfe r  and C ontrol g ro u p s  in  term s of the
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overall RT may be  explained by  th e  m anner of th e  design  of th e  

s tu d y . With su b jec ts  being te s te d  solely on T ran sfe r o r  Control 

item s, a s  opposed to  making w ell-form edness decisions fo r  both  ty p es  

of stim uli, th e y  may engage in  p rocessing  th a t is  in itia lly  limited to  

exem plar-based  com ponents. Only a f te r  a  ce rta in  am ount of time does 

p rocessing  become more a b s tra c t,  an  assum ption th a t  gains some 

su p p o rt from th e  sign ifican t Manipulation X Block in te rac tio n .

As with th e  b e t te r  accuracy  of su b jec ts  in  judg ing  Grammatical 

item s being due  to  sim ilarity  between G items and  tra in in g  stim uli, th e  

sim ilarity of G item s to  tra in in g  stim uli had  an  e ffec t on decision 

la ten cy , a s  Grammatical items (Mean RT=5.205 s e c .)  w ere responded  to  

a t  fa s te r  la tencies th an  NG item s (Mean RT=5.564 s e c . ) ,  F (l,81)=16, 

MSe=.6, p < .001. Since sub jec ts  a re  no t exposed to  NG items du rin g  

lea rn in g , th e y  a re  le ss  familiar w ith th e se  item s. As a  re su lt , 

su b jec ts  tak e  lo n g er to  respond  to  th e se  items d u rin g  te s tin g  because 

Nongrammatical item s a re  no t necessarily  p a r t  of on e 's  exem plar-based 

rep resen ta tio n  in  th e  ea rly  s tag es  of th e  form ation of a  nonconscious 

rep resen ta tio n . I t  may be th e  case th a t  implicit rep resen ta tio n s  a re  

in itia lly  d is trib u tiv e  a n d /o r  fragm en tary  in  n a tu re ,  becoming a b s tra c t 

only a f te r  ex tended  p rac tice .

In  addition to  th e se  fin d in g s, R T 's d u rin g  th e  second 50 te s tin g  

tr ia ls  w ere s ign ifican tly  fa s te r  th an  R T 's d u ring  th e  ea rlie r  portion of 

th e  te s tin g  phase  (F (l,8 1 )= 3 6 .7 , MSe=1.4, p < .0 1 ), w ith R T 's being 

5.787 v s .  4.983 s e c s . ,  respective ly . The ANOVA found several 

s ign ifican t r e s u lts ,  d isplayed in  Table 1. F ir s t ,  although
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Table 1

Mean reaction times fin  seconds) fo r c o rre c t and  in c o rre c t well-

form edness judgm ents d u rin g  Experim ent 1, ac ro ss  T ra n s fe r  and

Control items and  two te s tin g  blocks

L ette r S et Manipulation Block

Judgm ent
A ccuracy T ra n sfe r  Control 1 2 Means

C orrect 5.954 4.718 5.666 5.006 5.336

In co rrec t 5.907 5.084 5.026 4.965 5.496

sub jec ts  responded equally  fa s t  when making co rrec t and  in co rrec t 

w ell-form edness judgm ents (F = l . l ,  p > .2 5 ), th e re  w ere s ign ifican t 

in teractions of M anipulation x A ccuracy (F (l,8 1 )= 6 .3 , MSe=.5 , p <

.02) and  Block x A ccuracy (F (l,8 1 )= 6 .1 , MSe=.5, p < .0 2 ). As can 

be seen  in  Table 1, th e  f i r s t  in teraction  seems to  be due  to  th e  fac t 

th a t Control sub jec ts  had  slow er la tencies fo r  in c o rre c t judgm ents, 

while T ran sfe r sub jec ts  exh ib ited  v irtu a lly  no d ifference in  R T 's fo r 

co rrec t and in co rrec t decisions. As fo r  th e  A ccuracy x  Block 

in terac tion , th is  was ap p aren tly  due to  th e  fac t th a t  a lthough  R T 's 

decreased  across both  blocks fo r  bo th  c o rre c t and  in c o rre c t decisions, 

in co rrec t decisions w ere made 1061 msec fa s te r  d u rin g  block 2, while 

c o rrec t judgm ents w ere reached  660 msec fa s te r  d u rin g  th e  second 50 

te s tin g  tr ia ls .
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Taken to g e th e r , th e  ana ly ses of reac tion  tim es ex ten d  th e  

suggestions made ea rlie r  th a t  nonconscious know ledge is  re p re se n te d  

in  both  exem plar-based and  a b s tra c t form s. I t  ap p ea rs  to  be th e  case 

th a t d u rin g  th e  ea rly  s ta g e s  of th e  form ation of a  rep re sen ta tio n , 

d is tr ib u tiv e  com ponents gu ide  th e  rep resen ta tio n a l p ro cess , while 

a b s tra c t elem ents play a  s tro n g e r  ro le  a s  o n e 's  memorial system  

becomes more complex.

Confidence R atings

Since sub jec ts  w ere n ev e r inform ed as  to  th e  accuracy  of th e ir  

w ell-form edness judgm ents, confidence ra tin g s  p rov ide  an  in s ig h t in to  

sub jec ts  implicit aw areness of th e ir  w ell-form edness perform ance. To 

see  if  any  d ifferences ex isted  betw een th e  g ro u p s , a  one way ANOVA 

was perform ed and  found a  s ign ifican t main e ffec t of g ro u p , 

F (5 ,84)=3.4 , MSe=1.9, p < .01 . As can  be seen  in  Table 2, th is  

d ifference is  clearly  due to  th e  low er confidence ra tin g s  of th e  A-A* 

g ro u p . T here  appea rs  to  b e  no c lea r reason  fo r  th is  outcome, b u t if  

one looks a t  th e  rem aining T ra n s fe r  g ro u p s  ag a in st th e  C ontrol 

g ro u p s , th e  d ifference a re  m inuscule. I t  seems th a t  no m atter how 

stim uli appear on th e  su rfa c e , su b jec ts  a re  equally  confiden t in  making 

w ell-form edness decisions.

To see  if  th e re  w ere an y  o th e r  confidence e ffec ts , th e  same 

analyses conducted on th e  RT d a ta  w ere c a rr ie d  ou t on th e  confidence 

da ta , and  th e  main re su lts  a re  also d isp layed  in  Table 2 . S ub jec ts 

w ere found to  ra te  th e ir  confidence to  Grammatical item s h ig h e r th an
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Nongrammatical item s (F (l,8 4 )= 4 9 .3 , MSe=.2, p < .001) and  co rrec t 

decisions h ig h e r th an  in c o rre c t decisions (F (l,8 4 )= 1 8 .4 , M Se=.l, p  < 

.0 1 ). Since sub jec ts  w ere n ev e r inform ed a s  to  th e  accuracy  of th e ir  

w ell-form edness decisions, th is  la t te r  find ing  su g g e s ts  th a t  su b jec ts  

know som ething about th e ir  decisions, a lthough  th e y  may not be able 

to  verbalize  much of th a t  know ledge. The only o th e r s ign ifican t

Table 2

Mean confidence ra tin g s  fo r  each  g roup  d u rin g  Experim ent 1, acro ss 

c o rre c t and  in co rrec t judgm ents. & Grammatical and  Nongrammatical 

item s

S tu d y -T e s t 
Symbol S ets

Judgm ent A ccuracy S trin g  Type

MeansC orrect In co rrec t G NG

A-A 5.43 5.09 5.44 5.08 5.26

B-B 5.36 5.15 5.49 5.03 5.26

A-B 5.36 5.26 5.46 5.16 5.31

B-A 5.28 5.15 5.35 5.09 5.22

A-A* 4.54 4.41 4.62 4.34 4.48

B-B* 5.32 5.23 5.50 5.06 5.28

Means 5.21 5.06 5.31 4.96 5.14
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find ing  was a  Manipulation x A ccuracy in te rac tio n  ( F ( l ,  86) =5.2, 

M Se=.l, p  < .03 ), b u t as  w ith th e  g roup  e ffec t, th is  in teraction  is  due 

to  th e  inclusion of th e  lower A-A* confidence ra tin g s  in  th e  mean 

T ran sfe r sco res.

S ensitiv ity  A nalysis

To determ ine th e  tra n s fe r  m anipulation 's e ffec t on sub jec ts ' 

sen s itiv ity  to  making th e ir  gram m aticality decisions, several signal

Table 3

Mean d ' and  c sco res fo r  each g roup  d u rin g  th e  w ell-form edness phase

of Experim ent 1

S tu d y -T est 
Symbol Sets

S ta tis tic

d ' c

A-A .71 .03

B-B .58

0
 •1

A-B ,36 .24

B-A .32 .22

A-A* .16 .02

B-B* .22 .09
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detection analyses w ere ca rried  o u t. In itia lly , d ' sco res from each 

g roup  w ere com pared, and  as can  be  seen  in  Table 3, th e re  was a  

s ign ifican t Group e ffec t, F (5,77) =29.9, MSe=.06, p  < .0001. Newman- 

Keuls te s t s  found th is  e ffec t being mainly due  to  h ig h e r d 1 sco res 

being found fo r C ontrol sub jec ts  a s  com pared to  th e  means of th e  fo u r 

T ran sfe r conditions, a s  well a s  s ign ifican t d ifferences between th e  two 

'R egular' and  two 'Scram bled' T ra n sfe r  cond itions, all p 's  < .05.

The b e tte r  sen s itiv ity  of Control su b je c ts  a s  compared to  

T ran sfe r su b jec ts  does allow speculation  in to  how nonconscious 

knowledge is  re p re se n te d . U nfo rtunate ly , each of th e  th re e  implicit 

rep resen ta tio n  persp ec tiv es  (a b s tra c t,  exem plar-based , and 

fragm entary) can theoretically  explain  th e  ob ta ined  re su lts .  However, 

one analysis which could make a  d iffe ren tia tion  betw een th e  th re e  

persp ec tiv es  is  accomplished by  looking a t  th e  re s u lts  from th e  two 

'Scram bled' T ran sfe r  conditions. I f  o n e 's  rep resen ta tio n  was 

exem plar-based , th e n  one would re ly  heav ily  on th e  individual le tte rs  

and  th e ir  positions within th e  grammar to  make grammaticality 

decisions. However, an  a b s tra c t rep re sen ta tio n  would presum ably be 

more sensitive  to  th e  underly ing  s tru c tu re  of stim uli, independent of 

th e  le t te r s  and  th e ir  positions. With th e se  a lte rn a tiv es  in  mind, if  th e  

positions th e  le t te r s  assum ed in  th e  gramm ar w ere changed, a s  th ey  

w ere in  th e  'Scram bled' T ran sfe r cond itions, an  exem plar-based 

system  would have d ifficulty  in  classify ing  T ra n sfe r  item s; 

perform ance h e re  would likely be  a t  chance since  th e re  is  no 

rep resen ta tio n  to  accomodate th e  new item s. An a b s tra c t
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rep re sen ta tio n , how ever, would allow fo r  c lassifications to  occur above 

chance, as  o n e 's  rep resen ta tio n  of th e  gram m ar's s tru c tu re  could be 

applied  to  th e  'Scram bled' item s. In  accordance w ith th is  la t te r  

assum ption, th e  obtained  d ' sco res from th e  two 'Scram bled' T ran sfe r 

g roups revea l judgm ent sensitiv ities  th a t  w ere above chance, 

ind icating  th a t  while exem plar-based know ledge may p lay  a  ro le d u rin g  

th e  in itia l form ation of a s  ta c it system , a b s tra c t elem ents come into 

play la te r  on to  account fo r  tr a n s fe r .

In  addition  to  th e  d ' sco res , ROC c u rv e s  w ere g en era ted  fo r 

each g roup  b y  p lo ttin g  th e  Hit and  False Alarm ra te s  of 'Yes' and  ,'No' 

re sp o n ses  made to  G and  NG item s a t  each (1-7) confidence level. Z- 

sco res of th e  Hit and  False Alarm ra te s  w ere also p lo tted . T hese 

c u rv e s , d isp layed  in  F igure 4 below, mimic th e  d ' r e s u lts ,  in  th a t  

C ontrol g ro u p s w ere more sensitive  to  stim uli, a s  com pared to  

T ran sfe r  su b je c ts . One in te re s tin g  po in t from th e se  cu rv es  is  th a t 

although  each g ro u p 's  resp o n ses  ap p ea r to  be  norm ally d is tr ib u te d , 

both 'Scram bled' T ra n sfe r  g roups d ro p  below chance respond ing  as 

th e  Hit and  False Alarm ra te s  approach  1.

F inally , su b jec ts ' b ias tow ards resp o n d in g  'Yes' o r  'No' was 

m easured by  obta in ing  a c  s ta tis tic  fo r  each  g ro u p , th e  re s u lts  of 

which a re  also in  Table 3. In te re s tin g ly , only th e  'R egular' T ran sfe r 

g ro u p s (A-B and  B-A) exhib ited  a  s lig h t b ias  tow ards responding  

'No'. This r e s u lt  is  sligh tly  puzzling , since  i t  seem s more in tu itive  

th a t  'Scram bled' T ra n sfe r  su b jec ts  would show a  "No" b ias  a s  a  re su lt 

of th e ir  odd-looking stim uli.
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Figure 4 . ROC cu rv es  fo r Hit and  False Alarm ra te s  ( to p ), as well as 

z scores (bottom ), fo r Experim ent 1.
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C onsistency Scores

To m easure th e  d eg ree  to  which su b jec ts  form ru le s  which a re  

rep resen ta tiv e  of th e  artific ia l grammar (R eber, 1989), consistency  

sco res w ere m easured b y  reco rd ing  w hether o r no t su b jec ts  responded  

co rrec tly  (C) o r erroneously  (E) to  each le tte r  s tr in g  on each  

p resen ta tion  of each item . Since each s tr in g  was p re sen te d  tw ice, CC 

sco res re flec t co rrec t respond ing  on both  p resen ta tio n s , EC and  CE 

sco res , if sign ificantly  d iffe ren t from one an o th e r, ta p  th e  d eg ree  to  

which one 's  memory is  im proving o r  fa lte r in g , resp ec tiv e ly , and  EE 

ra te s  re flec t th e  am ount of n o n -rep re sen ta tiv e  ru le s  form ed and 

utilized by  su b jec ts . I f  th e  EE ra te  is  sign ifican tly  h ig h e r th a n  th e  

average  of th e  CE and  EC r a te s ,  th en  one can in fe r  th a t  su b jec ts  were 

u tiliz ing ru le s  which d id  n o t co rrespond  to  th e  actual s tru c tu re  of th e  

gramm ar.

To investiga te  fo r  any  possib le consistency  e ffec ts , a  one-w ay 

ANOVA was conducted  on th e  overall consistency  sco re  (a rr iv e d  a t by  

adding th e  CC and EE ra te s  to g e th e r ) . The re su lts  of th is  ana ly sis , 

shown in  Table 4, revealed  no s ign ifican t d ifferences ex istin g  between 

th e  g ro u p s , F < 1, p > .25. Sim ilarly, a  planned com parison between 

th e  mean of th e  two C ontrol g ro u p s and  th e  mean of th e  fo u r T ran sfe r 

g roups yielded no s ign ifican t d ifference, F < 1, p  > .25. T hese 

find ings fail to lend  conclusive su p p o rt to  any  of th e  th re e  positions 

on th e  form in  which ta c it know ledge is  re p re se n te d , as  an y  of th e  

th re e  approaches could handle su b jec ts  u sing  ru le s  co n sis ten tly . What 

is  in te re s tin g , how ever, is  th a t  a lthough th e re  w ere no overall
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Table 4

C onsistency scores fo r  each g roup  d u rin g  Experim ent 1

C onsistency  Score

S tu d y -T e st 
Symbol S ets CC CE EC EE Total

A-A 54 13 12 21 75

B-B 48 15 16 21 69

A-B 41 14 16 29 70

B-A 44 13 15 28 72

A-A* 42 14 14 30 72

B-B* 41 14 14 31 72

Means 45 14 14 27 72

d ifferences between th e  g ro u p s , th e re  was ev idence of in accu ra te  ru le  

form ation, a s  th e  EE ra te  sign ifican tly  exceeded th e  mean of th e  EC 

and  CE ra te s  in  ev ery  g ro u p , as  m easures by  c h i-sq u a re  te s t s  (all z 's  

> 2 .8 , all p 's  < .01, tw o -ta iled ). In  ad d ition , while C ontrol conditions 

re su lted  in  EE ra te s  th a t  w ere lower th a n  th e  mean EE ra te  of th e  fou r 

T ran sfe r conditions (21 v s . 2 9 .5 , re sp ec tiv e ly ), th is  d ifference  was 

no t sign ifican t, z=.76, p=,44 (tw o -ta iled ). D espite th is  r e s u l t ,  th e  

h igh  EE ra te s  su g g es t th a t  su b jec ts  a re  'in v en tin g 1 n o n -rep re sen ta tiv e  

ru le s  to  handle th e  cases  w here th e y  do n o t know th e  s ta tu s  of an
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item , and  th e y  ten d  to  u se  th e se  n o n -rep re sen ta tiv e  ru le s  

consis ten tly . What is  likely o ccu rrin g  is  th a t  d u rin g  th e  form ation of 

an  im plicit know ledge rep re sen ta tio n  system  is  th a t  some know ledge is  

rep re sen ted  a b s tra c tly , some i s  exem plar-based , and  s till some is  

rep re se n te d  in  a  fragm en tary  form . As a  re s u lt  of such  an eclectic 

d is trib u tio n  of knowledge fo rm s, some inform ation about th e  s tru c tu re  

of th e  grammar may be in a ccu ra te . For exam ple, if  th e  item TSXS is 

rep re sen ted  in  i t s  raw  form , an d  th e  t r a n s fe r  item GTRT is  

en coun tered , one might be  fo rced  to  in v e n t a  ru le  to  deal w ith th e  

grammatical s ta tu s  of th e  la t te r  item because no knowledge ab o u t th e  

raw  form of th is  item is  in  th e  re p re se n ta tio n . While th is  explanation 

beg ins to  g e t a t  th e  h e a r t of im plicitly acqu ired  s to rag e  sy stem s, le ss  

specu lative inform ation about th e  composition of an  implicit 

rep resen ta tio n  was obtained b y  analyzing su b jec ts ' resp o n ses  a t  a 

more microscopic level.

M icroanalysis of R esponses

An additional analysis w hich could prov ide in s ig h t in to  how 

su b jec ts  re p re s e n t im plicitly acq u ired  inform ation cen te rs  on su b jec ts ' 

overall accu racy  with ind iv idual item s. Such an  investigation  allows 

one to  determ ine if  su b jec ts  have  a  deep and  complex rep resen ta tio n  of 

th e  stim ulus environm ent, o r  i f  th e y  re p re se n t ta c it knowledge in  a  

v e ry  limited form at. I f  su b je c ts  re p re s e n t th e  grammar b y  way of 

no th ing  more th an  a  few specific  in s tan tia tio n s  of h ighly sa lien t 

stim uli, th en  those  item s shou ld  be responded  to  with h igh  levels of
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accu racy , and  when those  item s a re  removed from th e  overall 

d is tr ib u tio n , perform ance should  d ro p  o ff. However, if  one 's  

rep resen ta tio n  contained a  rich  asso rtm en t of complex inform ation in  

add ition  to  h ighly  sa lien t p a tte rn s , one would ex p ec t perform ance 

lev e ls  to  remain fa ir ly  s tab le  when sa lien t item s a re  removed from th e  

d is tr ib u tio n .

Saliencv. In vestiga ting  item saliency , how ever, is  a  tr ic k y  

m a tte r, fo r what may appear to  be sa lien t to  one su b jec t may no t be 

v e ry  salien t to an o th e r. T herefo re , before  a n y  s ta tis tica l analyses 

w ere ca rried  o u t, i t  was n ecessary  to  determ ine how saliency should 

be defined , a p ro cess  which se ttled  upon looking a t  th e  top  an d  bottom 

10% of th e  items fo r  each g ro u p , in  te rm s of overall p e rcen t c o rre c t. 

T hose item s a re  d isplayed in  Table 5 . As can  be seen  in  th e  T able, 

th e  only  recu rrin g  p a tte rn  of saliency  ac ro ss  th e  g roups seems to  be  

th a t  sub jec ts  respond  v e ry  accu ra te ly  to  items th a t  e ith e r  have th re e  

o r  more of th e  same le tte rs  in  a  row ( e . g . , BMQQQQ), o r item s th a t 

hav e  more th an  1 repe tition  ( e .g . ,  MHXXMMQQ). T herefore , an  in itia l 

an a ly sis  was ca rried  out by  sep a ra tin g  th e se  'salien t' item s (n=20) 

from  th e  remaining 'non-sa lien t' stim uli (n=30). One-way ANOVA's 

w ere perform ed on salien t v s .  no n -sa lien t item s in  each condition, and  

in  a ll 6 cases, as  seen  in  F igure 5 , th e re  w ere non significant 

d ifferences  between th e  mean p e rce n t c o rre c t of salien t v s . non­

sa lien t stim uli, all F 's ( l ,4 9 )  < 2 .71 , all p 's  > .1 . T herefore , a lthough  

su b jec ts  might be able to  notice and  discrim inate some items b e tte r  

th a n  o th e rs , th e ir  rep resen ta tio n s  contain  much more th an  a  few
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Table 5

Item s w ith ind ividual percen tages c o rre c t in  th e  top  and  bottom 10% of

all te s t  stimuli fo r  Experim ent 1

Proportion of D istribu tion

S tu d y -T e st 
Symbol S ets Top 10% ( P e t . ) Bottom 10% ( P e t . )

A-A QHMXQQH* (97) 
MHXXQBH (93) 
MHXXMMQQ (90) 
BMQQQQ* (90) 
MXXMMQQ (90)

MXQ* (33) 
MHHXH (33) 
BMMMMMQQ (23) 
MHHHHXH (17) 
MXQBH* (13)

B-B LZZLLRWJ (93) 
RJLZRRJ* (93) 
LJZZLRWJ (90) 
RWZLRR* (90) 
WRZWRZWZ* (83)

LJJZJ (40) 
WLRWZRWJ (37) 
LZRWJ* (27) 
WLLLLLRR (17) 
LJJJZ J ( 3)

A-B LJJZZRWJ (93) 
LJZZRWJ (87) 
WRWZRR (87) 
LZZLLRWJ (87) 
LZJ (83)

WZWRZRLL* (23) 
WLLWJ* (23) 
L JJJJZ J (20) 
LZR* (20) 
WLLLLLRR (13)

B-A BMMMQQ (90) 
MXXMQQ (87) 
MXXMMQQ (83) 
MHXXMMQQ (80) 
BMMQBH (77)

MXQ* (33) 
MBMXH (33) 
MHHHHXH (30) 
BMMMMMQQ (27) 
MXXQX* (23)

A-A* MQXXXX* (93) 
QHHQQXMB (83) 
MXMHXX (83) 
QBHHQQXX (80) 
MXMHQXMB (80)

QMQHB* (13) 
MQQQQQXX (13) 
BHHXMB* ( 3) 
QBBBBHB ( 3) 
MQQQQXMB ( 3 )

B-B* RJJRRZLW (93) 
RWJJRRZZ (93) 
LZJLZJLJ* (87) 
RRZZ* (87) 
RJW (87)

RWWWWJW (27) 
LRRRRZLW (27) 
WJJZLW (23) 
LRRRRRZZ (10) 
RJZ (10)

N ote. * 's  ind icate  a Nongrammatical item .
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salien t p a tte rn s .

Item L en g th . One final m icroanalysis d ea lt w ith item le n g th . I t  

m ight be th e  case  th a t  su b jec ts ' re p re se n ta tio n s  a re  based  upon items 

th a t a re  easy  to  id e n tify  because of th e ir  le n g th . For example, th e  

gram m aticality s ta tu s  of th e  item LZJ m ight be  ea s ie r  to  decide th an  

th e  item LJZZRWJ because th e  form er stim ulus is  sh o r te r  th an  th e  

la tte r  item. To in v e stig a te  th e  possib ility  of su ch  an  e ffec t, fo r  each 

condition, th e  p e rc e n t co rrec t of stim uli of le n g th  3-8 w ere compared 

with an  ANOVA. The re s u lts ,  in  F igure  5 , su p p o rte d  th e  c u rre n t 

hypothesis th a t  ta c it know ledge is  re p re se n te d  b y  a  complex data  

base , a s  s tr in g  le n g th  failed to  show a s ig n ifican t main effect in  every  

condition, a ll F 's (5 ,4 9 ) < 1.33, all p 's  > .25 .

Interview

The in terv iew  session  a t  th e  conclusion of th e  w ell-form edness 

ta sk  su g g e s t w hat h as  been hypothesized  elsew here about th e  artificial 

grammar learn ing  p ro ced u re  (R eber & A llen, 1978): su b jec ts , fo r  th e  

most p a r t ,  fail m iserably  in  rep o rtin g  ru le s  th a t  re fle c t th e  actual 

s tru c tu re  of th e  gram m ar, y e t th e y  s till perform  sign ifican tly  above 

chance in  making gramm aticality decisions. In  g en era l, th e  'ru les ' 

th a t su b jec ts  re p o rte d  as  guid ing  th e ir  gram m aticality judgm ents were 

v e ry  vague and  in tu itiv e , and d id  no t contain  much specific 

inform ation abou t th e  s tru c tu re  of th e  gram m ar ( e . g . , "I looked fo r 

p a tte rn s" , o r  "The le t te r s  ju s t looked r ig h t  o r  w rong"). When 

su b jec ts  did re p o r t  specific  'r u le s ', th e se  d escrip tio n s  were e ith e r
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items of each s tr in g  len g th  (bottom ), from Experim ent 1.
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inaccu ra te , e . g . , "J 's  co u ld n 't ap p ea r more th a n  tw ice in  a  row" o r 

specific to  th e  beginning o r  term inal s ta te s  of th e  gram m ar, e . g . , "M 

could appear in  th e  f i r s t  p osition". V ery  ra re ly  d id  sub jec ts  re p o rt 

conscious knowledge of th e  in n e r  s ta te s  of th e  gram m ar.

I t  seems to  be th e  case  th a t  su b jec ts , ac ro ss  all cond itions, seem 

to  form w hat Dulany, e t  a l. (1984, 1985) called 'co rre la ted ' o r  'local' 

gram m ars. Such gram m ars re fle c t fragm en tary  a sp ec ts  of th e  ru le  

s tru c tu re  of th e  grammar u sed  to  g en era te  stim uli and  enab le  sub jec ts  

to  function fa irly  effic ien tly  in  th e  stim ulus environm ent known as th e  

artific ial grammar lea rn in g  p ro ced u re . T hese local gram m ars can  take  

on several form s, w ith th e  most common being , fo r  exam ple, 

statem ents such  as  'I f  th e  item began w ith th e  le t te r s  F and  S , i t 's  

gram m atical'. Such gram m ars a re  p e rfec tly  fine  fo r  th e  c u r re n t 

argum ent th a t  tac it rep re sen ta tio n s  contain  both  specific and  a b s tra c t 

inform ation, fo r a lthough one m ight know th e  specific  elem ents of th e  

beginning of an item , th e y  may have an  a b s tra c t u n d ers tan d in g  of th e  

rem ainder of th a t item .

As fo r th e  T ra n s fe r  su b jec ts  specifically , th e  re p o r ts  th a t  were 

of most in te re s t w ere if  and  how th e y  w ere able to  u n d e rs ta n d  the  

relationship  between th e  d iffe re n t learn ing  and  te s tin g  le t te r  s e ts . 

Subjects prim arily re p o rte d  g en era l ru le s  ( e . g . , "I looked fo r 

p a tte rn s/com parisons") , and  when asked  about draw ing analogies 

betw een th e  two le tte r  s e ts ,  th e y  e ith e r  fe lt , overa ll, th a t  " th e  ta sk  

was v e ry  confusing” o r  w ere only able to  re p o r t analogies fo r th e  

in itia l and term inal s ta te s ,  e . g . ,  "M's rep laced  L 's" .
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Summary

O verall, th e  re su lts  from  th is  experim ent a re  am biguous a t  b e s t.  

A lthough th e  T ran sfe r g ro u p s  d id  perform  sligh tly  w orse in  te rm s of 

th e ir  overall d ' and  p e rcen t c o rre c t sc o re s , th e ir  perform ance w as s till 

s ign ifican tly  above chance, b u t i t  is  no t c lea r w hether th is  

perform ance was due to  th e  form ation of a b s tra c t analogies o r a 

p ro to ty p e  of th e  ru le s  of th e  gram m ar, o r  a  combination of th e  tw o. 

The RT d a ta , which could p rov ide  additional in s ig h ts  in to  th e  

rep resen ta tio n  is su e , w ere no t re liab le  enough to  form ulate concre te  

conclusions. The n e x t s tu d y  was c a rr ie d  ou t in  an a ttem p t to  c la rify  

th e se  is su e s .
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Experim ent 2

The positive tra n s fe r  re s u lts  from th e  f i r s t  experim ent d id  no t 

p rov ide  sole su p p o rt to  th e  a b s tra c t,  d is tr ib u tiv e , o r  frag m en ta ry  

positions. As a  re su lt ,  sev era l is su e s  rem ain concern ing  th e  n a tu re  of 

im plicitly acqu ired  rep re se n ta tio n s . F irs t,  a lthough  su b jec ts  who were 

p re sen te d  w ith stim uli from d iffe re n t o r  re a rra n g e d  le t te r  s e ts  

perform ed above chance on th e  w ell-form edness ta s k , th e ir  

perform ance was sign ifican tly  p o o rer th a n  th a t  of C ontrol su b je c ts . In  

add ition , th e  re su lts  of th e  f i r s t  experim ent failed  to  adequa te ly  

determ ine if  sub jec ts  form an  a b s tra c t p ro to ty p e  of th e  stim ulus 

d isp lay , facilitating  t r a n s fe r ,  o r  u se  some ty p e  of analogical reason ing  

p ro cess  to  decide upon th e  grammatical s ta tu s  of T ra n s fe r  item s, as  

p roposed  by  Brooks & Vokey (1991). A lthough th e  T ra n s fe r  g roups 

exh ib ited  significantly  slow er R T 's a s  com pared to  C ontro ls (a  find ing  

which would su p p o rt th e  d is tr ib u tiv e  explanation  of th e  tr a n s fe r  

p ro cess , th e  ex istence of know ledge of 'a b s tra c t analogies' was n o t 

specifically  te s te d  in Experim ent 1.

Experim ent 2 a d d re sse s  th e se  is su e s  a s  follows. T he p o o rer 

perform ance of th e  T ra n s fe r  su b jec ts  in  re la tion  to  th e  C ontrol 

su b jec ts  in  th e  p rev ious s tu d y  may have been  due to  a  p ro cessin g  

defic it of some s o r t .  E ither th e  lea rn in g  ph ase  was no t a s  a tten tio n - 

dem anding as  n ecessa ry , w ith th e  re s u lt  being  th a t  th e  su b jec ts  may 

have failed to  de tec t some of th e  positional covariances, o r  su b jec ts  

failed  to  engage in  tra n s fe r-a p p ro p ria te  p rocessing  (T A P ). T h is
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la tte r  p rocess is  defined a s  cognitive opera tio n s  th a t  a re  engaged in  

d u ring  lea rn in g  th a t  fac ilita te  p ro cessin g  on a  secondary , tra n s fe r , 

ta sk  (G raf & R yan, 1991). Manza (1992) h as  su g g es ted  th a t  TAP 

d u ring  th e  learn ing  portion of an  a rtif ic ia l gramm ar learn ing  ta sk  

facilita tes perform ance on a  su b se q u en t te s t in g  p h ase , while th e  lack 

of TAP in te r fe re s  w ith th e  im plicit t r a n s f e r  p ro cess . To investigate  

th e se  is su e s , th e  learn ing  p hase  of th e  n e x t experim ent was a lte red  to 

increase th e  atten tional dem ands re q u ire d  b y  su b jec ts  in  o rd e r to  

successfu lly  complete th e  learn in g  ta s k .  To p rov ide  additional 

in s ig h ts  in to  th e  rep resen ta tio n  is su e , Experim ent 2 employed a 

w ith in -sub jects d esig n . In s tead  of exposing  su b jec ts  to  ju s t one le tte r  

s e t d u rin g  te s tin g , all su b jec ts  w ere te s te d  on bo th  a  Control and  

T ran sfe r le t te r  s e t  d u rin g  th e  w ell-form edness p h ase . In  addition, a t 

th e  conclusion of th e  w ell-form edness ta s k ,  su b jec ts  completed a 

matching ta sk , th e  re su lts  of which shou ld  lend  b e tte r  in s ig h t in to  th e  

n a tu re  of a  ta c it know ledge re p re se n ta tio n . F inally , th e  te s tin g  phase 

consisted  of a to ta l of 400 tr ia ls :  200 C ontrol s tr in g s  and  200 T ran sfe r 

s tr in g s . This fe a tu re  of th e  d es ig n , when coupled w ith th e  more 

dem anding learn in g  p h ase , should elim inate th e  RT d ifferences found 

in  Experim ent 1 and  allow fo r a  c lea re r ana ly sis  of th e  con ten t of a 

ta c it knowledge rep re sen ta tio n .

Method

S ubjec ts, Design and  M aterials

Tw enty Brooklyn College s tu d e n ts  w ere solicited from various 

in tro d u c to ry  and  upper-leve l psychology co u rses  to  partic ipa te  in  th is
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s tu d y . S ubjec ts w ere com pensated a t  th e  ra te  $5.00 p e r  h o u r o r 

received course  c re d it fo r  th e ir  partic ipa tion . In  add ition , a 

perform ance incen tive  was implemented, w hereby  su b jec ts  would 

receive $.05 fo r  each w ell-form edness judgm ent th e y  made th a t  was 

above chance perform ance (50%) on th e  w ell-form edness ta sk .

The len g th y  w ith in -sub jects  design  implemented h e re  

necessita ted  th e  u se  of a  gramm ar, shown in  F igure  6, th a t  is  radically  

d iffe ren t from th e  one u sed  in  Experim ent 1. The reason  fo r  utilizing 

th is  new grammar (from B rooks & Vokey, 1991), is  th a t  th e  num ber of 

stim uli needed fo r  p resen ta tion  was more th a n  th e  grammar from 

Experim ent 1 could g en era te  between 3 and  8 le tte rs  in  le n g th .

L earn ing . For th e  learn ing  p h ase , 50 item s from le tte r  s e t  A 

w ere selected  fo r  p resen ta tio n . The reason  fo r  not p resen tin g  

learn ing  item s from le tte r  s e t  B to  con tro l fo r  any  le t te r  s e t  effec t was 

th a t (1) B rooks & Vokey (1991) found no le t te r  se t e ffec t u s ing  th is  

gramm ar, (2) th e re  was no effec t of le t te r  s e t  in  Experim ent 1, (3) 

Mathews, e t  a l. (1989) u sed  various le t te r  s e ts  and  found no le t te r  se t 

e ffect independen t of a tr a n s fe r  m anipulation, (4) Manza (1992) 

controlled fo r th re e  d iffe ren t le tte r  s e ts  and  also found no le t te r  se t 

e ffec t. I t  would seem red u n d an t to  con tro l fo r  th is  again  since i t  has 

become obvious th a t  th e  le t te r s  used  to  in s ta n tia te  an  artific ial 

grammar, independen t of any  o th e r m anipulation, do no t effec t 

perform ance.

T estin g . F ifty  new Grammatical item s w ere selected  fo r 

p resen ta tion  d u rin g  te s tin g , p lus an o th er 50 Nongrammatical item s.
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Symbol 
Set A Out

Out

Symbol 
Set B

Out

Out

F igure 6 . The artific ia l grammar used  to  g en era te  stim uli fo r 

Experim ent 2, in  i t s  two ins tan tia tions .

The te s t  items gen era ted  using  le tte r  s e t A were also  in s tan tia ted  in 

le tte r  se t B , so each  item was p resen ted  in  both  i t s  le t te r  s e t A and B
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form s (see A ppendix C fo r  a  lis tin g  of th e  specific  s tim uli). To 

con tro l fo r o rd e r  e ffe c ts , su b jec ts  w ere random ly assigned  to  one of 

two g ro u p s: (1) th o se  who f i r s t  rece ived  a  block of C ontrol stimuli 

( le tte r  s e t A) d u rin g  te s t in g , followed b y  a  block of T ran sfe r  stim uli 

( le t te r  se t B ), and  (2) th o se  who in itia lly  rece ived  T ra n s fe r  stimuli 

followed by  C ontrol stim uli.

P rocedure

L earn ing . The acquisition  ph ase  d iffe red  from th a t  in  

Experim ent 1 b y  chang ing  th e  lea rn in g  c r ite r io n . In  o rd e r  to  increase  

a tten tio n , a n d , in  tu r n ,  fac ilita te  some form  of TAP, each p resen ta tion  

contained 2 le t te r  s t r in g s  from s e t  A , w ith one item above th e  o th e r. 

Each item in  each le a rn in g  p a ir  was random ly se lec ted , w ithout 

replacem ent, from th e  pool of 50 item s. T h ere fo re , su b jec ts  w ere 

in itially  exposed to  25 p a irs  of item s, w ith each p a ir p re sen te d  fo r  

seven  seconds. The c rite rio n  fo r  each p a ir  was to  co rrec tly  rep roduce 

both  le t te r  s tr in g s  on th e  same ex p o su re . Once th e  c rite rio n  was met 

fo r all tw en ty -five  p a irs ,  th e  50 item s w ere random ized in  d iffe ren t 

p a irin g s , and  su b jec ts  p roceeded  th ro u g h  a  second block of 

p resen ta tio n /rep ro d u c tio n  tr ia ls .  Once th is  was com pleted, th e y  w ere 

g iven a  b rie f (2-3 m inute) r e s t  in te rv a l, a f te r  which th e  in s tru c tio n s  

fo r th e  n ex t phase  w ere adm in istered .

T es tin g . Following in s tru c tio n  abou t th e  ru le s  of th e  grammar 

and  th e  n a tu re  of th e  T ra n s fe r  stim uli, su b jec ts  w ere p re sen te d  with a 

to ta l of 400 tr ia ls , in  th e  following o rd e r : su b jec ts  in  g roup  AB were 

p re sen te d  with 50 G and  50 NG C ontrol item s, followed by  50 G and  50
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NG T ran sfe r item s, followed by  th e  same 100 C ontrol s tr in g s ,  and 

finally  th e  same 100 T ra n sfe r  s tr in g s .  As fo r  g roup  BA, th e  same 

genera l alternation  of T ra n s fe r  and  C ontrol item s o ccu rred , b u t th e  

a lte rn a tin g  item s began w ith T ra n s fe r  stim uli. In  add ition , a lthough 

T ra n sfe r  and  Control stim uli w ere m atched, th e  item s in  th e  T ra n s fe r  

s e t w ere p resen ted  in  a  d iffe re n t o rd e r  th a n  C ontrol item s. Following 

th e  post-experim ent in terv iew , su b jec ts  w ere adm inistered a  m atching 

ta sk , w here th ey  had  to  m atch up  th e  C ontrol le t te r s  w ith th e ir  

T ra n sfe r  co u n te rp a rts .

R esu lts  and  D iscussion

L earning Phase

T rials to  C rite rio n . The d a ta  of in te re s t  from th e  acquisition  

phase  were th e  mean num ber of tr ia ls  to  c rite rion  fo r  each s tu d y  p a ir . 

As all sub jec ts  received  th e  same learn ing  p ro ced u re , th e  d a ta  w ere 

sub jected  to  an  ANOVA in v estig a tin g  perform ance acro ss  th e  f i r s t  and  

second block of 25 learn ing  p a irs . Since p resen ta tion  o rd e r  was 

random ized, th e  hypo thesis th a t  su b jec ts  actually  le a rn  th e  ru le s  of 

th e  grammar d u ring  th e  s tu d y  phase could be in v e stig a ted . T he 

re s u lts  revealed th a t su b jec ts  perform ance im proved as  te s tin g  

p ro g re ssed . Subjects re q u ire d  a  mean of 6 .9  p resen ta tio n s  p e r  p a ir to  

reach  crite rion  d u ring  th e  f i r s t  block of 25 p a irs , com pared to  a  mean 

of 5 .0  p resen ta tions p e r  p a ir  d u rin g  th e  second b lock, an  im provem ent 

which was sign ifican t, F (l,1 8 )= 2 6 .8 , MSe=6.8, p < .01.
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T esting  Phase

P ercen t C o rrec t. The d iffe re n t o rd e rin g  of T ran sfe r and  

Control item s did not have an y  effec t on judgm ent perform ance, as  th e  

Group effec t failed to  reach  significance a t  th e  .05 level. A lthough i t  

was originally  hypothesized th a t  making th e  lea rn in g  phase more 

demanding (atten tion-w ise) m ight in c rease  th e  perform ance with 

T ran sfe r item s as  a  re s u lt of su b jec ts  form ing a  more a b s tra c t 

rep resen ta tio n , th is  did not o ccu r, a s  a  Group X Symbol Manipulation 

X S trin g  Type X Block ANOVA found a  s ign ifican t d ifference between 

sub jec ts ' overall p e rcen t c o rre c t fo r  T ra n s fe r  (54.3%) and  Control 

(60.8%) s tr in g s . A lthough bo th  of th e se  m easures significantly  

exceeded chance levels a t  th e  .01 level (T ra n s fe r  z=5.4, C ontrol 

z=13.6 ) ,  th e  implementation of a  more complex grammar led  to  re su lts  

th a t  rep licated  those  from Experim ent 1, in  th a t  th e  p e rcen t co rrec t 

da ta  fail to  conclusively su p p o rt an y  of th e  th re e  persp ec tiv es  on th e  

rep resen ta tio n  of ta c it know ledge. However, th e  data  do seem to 

su g g es t th a t increasing  th e  load on memory may no t necessarily  a lte r  

th e  n a tu re  of a  ta c it rep re sen ta tio n .

Matching T ask . Major p roponen ts  of th e  d is trib u tiv e  view 

(B rooks & Vokey, 1991) have a rg u ed  th a t  im plicit t ra n s fe r  

perform ance can be explained v ia  su b jec ts  form ing 'a b s tra c t analogies' 

of th e  stim ulus environm ent. T hese re la tio n sh ip s  basically  involve th e  

rep lacing  of le tte rs  from one le t te r  s e t  w ith le t te r s  from a  new le tte r  

s e t .  For example, if  th e  tr a n s fe r  item LZZ is  encountered  d u rin g  

te s tin g , and  one has a s to red  rep re sen ta tio n  of MQQ, a gram m aticality
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judgm ent fo r  th e  form er item can  be made b y  reason ing  th a t  "L 

rep laces  M, and  Z rep laces Q ". A lthough B rooks & Vokey (1991) 

n ev e r te s te d  th is  notion em pirically, if  th is  k ind  of a b s tra c t analogy is  

indeed  being  form ed, su b jec ts  shou ld  b e  ab le  to  iden tify  which le t te r s  

from th e  tr a n s fe r  s e t  a re  pa ired  up  w ith specific le tte rs  from th e  

tra in in g  s e t .  To te s t  th is  no tion , a  m atching ta sk  was adm inistered to  

all sub jec ts  immediately a f te r  th e  conclusion of th e  te s tin g  p h ase . The 

ta sk  fo r  su b jec ts  was to  p a ir ind iv idual le t te r s  from th e  tra in in g  s e t 

w ith th e ir  tr a n s fe r  s e t  c o u n te rp a r t. A one way ANOVA found no 

sign ifican t d ifference between th e  AB a n d  BA g ro u p s , so th e  da ta  

w ere collapsed ac ro ss  th e  two g ro u p s  an d  sub jec ted  to  a Classical 

Normal Approxim ation to  Binomial T e s t. With five  le tte rs  in  each s e t ,  

chance perform ance fo r th is  ta sk  was .2 , and  th e  overall mean 

perform ance of 1 .4  co rrec t m atches (o u t of a  possib le 5) was found  to  

n o t d iffe r sign ifican tly  from g u ess in g , z=.187, p  > .2 . A lthough th is  

t e s t  re f le c ts  conscious know ledge of th e  re la tio n sh ip s  betw een tra n s fe r  

an d  con tro l sym bols, and  th e  p re s e n t d iscussion  is  focused on 

nonconscious know ledge, th is  find ing  s till su g g e s ts  th a t 'a b s tra c t 

analogies' may no t have as  s tro n g  an e ffec t on classification 

perform ance as  Brooks & Vokey m ight s u g g e s t.  Data from su b jec ts  

reac tion  tim es to  th e ir  gram m aticality decisions, d iscussed  below, 

s lig h tly  c larify  th is  is su e , p rov id ing  add itional inform ation in  th e  

c u r re n t  debate  over which p ro cess  (ab s tra c tiv e  o r  d is trib u tiv e ) may 

p lay  a  more prim ary role in  th e  t r a n s fe r  and  rep resen ta tio n  of 

nonconscious knowledge.
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Reaction Times. With th e  idea th a t  R T 's  can  p rovide in s ig h t 

in to  how im plicitly acqu ired  know ledge is  accessed  and  re p re se n te d , 

two 4-w ay ANOVA's w ere conducted  on th e  RT d a ta . As in  th e  f i r s t  

experim ent, th e  analyses looked a t a) G roup X Symbol Manipulation X 

S tr in g  Type X Block and  b) G roup X Symbol M anipulation X A ccuracy 

X B lock. In itia lly , th e  p resen ta tion  o rd e r  o f T ra n s fe r  and  C ontrol 

item s was found to  have no sign ifican t e ffec t on resp o n se  la ten cy , 

F (l,1 8 )= 1 .7 , p  > .2 . However, th e re  w as a  s ign ifican t main e ffec t of 

Block (F (l,1 8 )= 1 3 .3 , MSe=7.5, p  < .0 1 ), a s  R T 's  d u rin g  th e  f i r s t  200 

tr ia ls  averaged  6.552 seconds, com pared to  mean la tencies of 4.967 

seconds fo r th e  second 200 tr ia ls . T hese  fa s te r  Block 2 la tencies may 

be b ased  upon an y  of several assum ptions. F irs t ,  th e  effec t may be 

sim ply a  p ractice  e ffec t, fo r as  time p ro g re s se s  and  sub jec ts  

u n d e rs tan d  th e  stim uli b e tte r ,  th e ir  decision la tenc ies  may decrease . 

A lte rna tive ly , a rgu in g  fo r  a  more sy n e rg is tic  re la tionsh ip  fo r a b s tra c t 

and  exem plar-based  know ledge, i t  may be  th e  case  th a t  as  time 

p ro g re sse s , nonconscious rep re sen ta tio n s  become h igh ly  p ro to typ ical, 

allowing judgm ents to  occur much more rap id ly  th a n  early  decisions, 

o r  th a t  sub jec ts ' knowledge base becomes more loaded with specific 

in s ta n ces , allowing fa s te r  p rocessing  of sim ilarity  fa c to rs .

A re su lt th a t  can c lear up  th is  u n c e rta in ty  is  th e  RT data  fo r 

T ra n s fe r  and  Control item s, shown in  F ig u re  7. I f  th e  rep resen ta tio n  

developed d u rin g  an implicit learn ing  p ro ced u re  is  a b s tra c t,  th en  

la tencies fo r T ran sfe r  and  Control item s should  be  about equal. As 

above, th e  reason ing  h e re  is  th a t  i f  one h as  a  p ro to ty p e  of th e
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grammar s to red  in  memory, th e re  would be no need  to  convert 

T ran sfe r item s to  th e  Control le t te r  s e t .  I f  th e  rep resen ta tio n  is  

d is tr ib u tiv e , how ever, th is  conversion  would be  n ecessary , resu ltin g  

in  longer response  la tencies fo r  T ra n s fe r  item s, compared to  Control 

stim uli. Recall, th a t  fo r  th e  p rev ious  experim ent Control s tr in g s  led  

to  fa s te r  R T 's , and  i t  was a rg u ed  th a t  su b jec ts  may have no t been 

exposed to  enough inform ation abou t th e  grammar to  form a complete 

rep resen ta tio n . The te s tin g  phase  w as len g th en ed  in  th e  c u rre n t 

s tu d y  in  an  attem pt to  eliminate th is  d iffe ren ce . In  agreem ent with 

th e  a b s trac tiv e  position , T ran sfe r  an d  C ontrol s tr in g s  were responded  

to  a t  about th e  same sp eed , F ( l,1 8 )= 1 .8 , p > .18.

T here  were only two rem aining im portan t RT re su lts ,  th e  f i r s t  

of which is  also in  F igure  8 and  c e n te rs  on th e  fac t th a t Grammatical 

and  Nongrammatical item s w ere resp o n d ed  to  w ith  approxim ately equal 

la tencies , F < 1, p > .7 . Finally, a lthough  su b jec ts  w ere nev er 

explicitly  inform ed a s  to  th e  accu racy  of each w ell-form edness 

decision, th ey  responded  sign ifican tly  slow er when th ey  made an 

in co rrec t judgm ent a s  com pared to  w hen th e y  judged  s tr in g s  co rrec tly  

(6.022 and  5.572 seconds fo r in c o rre c t and  c o rre c t judgm ents, 

re sp ec tiv e ly ), F (l,18 )= 13 .3 , MSe=.6, p  < .01.

Confidence r a t in g s . As is  Experim ent 1, sub jec ts ' confidence 

ra tin g s  w ere analyzed in  th e  hope of fin d in g  in s ig h ts  in to  sub jec ts  

gramm aticality decisions. The confidence d a ta  w ere sub jected  to  th e  

same analyses a s  perform ed on the RT d a ta . As in  Experim ent 1, 

sub jec ts  seemed to  in tu itive ly  'know' th e  accuracy  of th e ir  well-
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Transfer Control

Items Presented During W ell-Formedness Task
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Figure 7 . Mean reaction  times (in seconds) to  w ell-form edness 

judgm ents fo r T ran sfe r and  Control item s ( to p ) , & Grammatical and 

Nongrammatical items (bottom) d u rin g  Experim ent 2.
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form edness decision, a s  th e y  fe lt s ign ifican tly  more confiden t following 

co rrec t decisions a s  com pared to  th e ir  confidence leve ls  a f te r  in co rrec t 

judgm ents (4.88 v e rs u s  4 .67 , re sp e c tiv e ly ), F ( l,1 8 )= 5 .1 , MSe=.09, p 

< .01. In  add ition , su b jec ts  re p o rte d  approxim ately  equal confidence 

ra tin g s  fo r G and NG item s, a s  th e  S tr in g  T ype main effec t failed  to  

reach  significance, F ( l,1 8 )= 2 .2 , p  > .15. F inally , th e  in itia l learn ing  

of Control items had  some e ffec t on confidence a s  com pared to  

T ran sfe r item s, as  T ra n s fe r  item s led  to  s ign ifican tly  lower confidence 

ra tin g s  th an  Control item s (4 .7  v e rsu s  4 .85 , re sp e c tiv e ly ), 

F (l,1 8 )= 5 .9 , MSe=.2, p  < .05.

S ensitiv ity  A nalysis . As in  Experim ent 1 , su b jec ts  h it  and  

fa lse  alarm ra te s  w ere com puted fo r  each  confidence leve l. As can be 

seen  in  F igure 8, a lthough  C ontrol an d  T ra n s fe r  ra tin g s  w ere normally 

d is tr ib u te d , sub jec ts  w ere more sen s itiv e  to  C ontro l item s a s  compared 

to  T ran sfe r item s. T h is  d ifference w as s ig n ifican t, a s  th e  d ' sco res 

(see Table 6) w ere sign ifican tly  h ig h e r fo r  C ontrol item s, 

F (l,25)= 115 .6 , MSe=.02 , p  < .001. T h is re s u lt  rep lica ted  th e  p e rcen t 

co rrec t re su lt ,  su g g es tin g  th a t  an  in c reased  memory load h as  no 

sign ifican t bearing  on decision se n s itiv ity . F inally , th e re  w ere no 

response  bias' fo r e i th e r  T ra n s fe r  o r  C ontrol item s, as th e  c  scores 

fo r both stim uli fell w ithin th e  d is tr ib u tio n  of d 1 sco re s .
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T able 6

Mean d 1 and  c sco res fo r T ra n sfe r an d  C ontro l item s d u rin g  th e  w ell-

form edness phase of Experim ent 2

S ta tis tic

T e s t Stimuli d' c

T ra n s fe r .22 0

C ontrol .47 .01

C onsistency S co res. T he consistency  sco res from th is  

experim ent, displayed in  Table 7 , o ffer sev era l in te re s tin g  fin d in g s. 

F ir s t ,  although th e re  was no s ign ifican t d ifference in  th e  overall 

consistency  sco res of th e  two o rd e rin g  conditions (F < 1 ), a s  well as 

betw een T ran sfe r and  C ontrol stim uli (F < 1 ), th e re  was a  sign ifican t 

Stimuli x T est O rder in te rac tio n , F (l,1 8 )= 1 1 .7 , MSe=23.5, p=.003. I t  

seem s th a t sub jec ts  who judged  C ontrol item s f i r s t  had  h ig h e r overall 

consistency  sco res fo r T ran sfe r item s, while tho se  su b jec ts  p resen te d  

w ith T ran sfe r item s f i r s t  w ere more co n sis ten t w ith Control stim uli.

T here  was also evidence th a t  th e  know ledge sub jec ts  acqu ired  

was n o t a to tally  accu ra te  rep resen ta tio n  of th e  stim ulus environm ent, 

a s  th e  EE scores exceeded th e  mean of th e  CE and  EC sco res in  ev e ry
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T able 7

C onsistency  sco res fo r each  g roup  d u rin g  E xperim ent 2

C onsistency  Score

T est O rd e r- 
Stimuli CC CE EC EE Total

C o n tro l/T ran sfe r

Control 44 20 17 19 63

T ran sfe r 39 16 15 30 69

T ran sfe r/C o n tro l

Control 44 17 15 24 68

T ran sfe r 36 18 18 28 64

Means 41 18 16 25 66

ceil ex cep t fo r Control item s fo r  th o se  su b jec ts  s tu d y in g  Control item s 

f i r s t  (z=.79, p=.43, tw o-tailed ; all rem aining z 's  > 3 .0 , p 's  < .0 1 ).

M icroanalvsis of R esponses. As in  Experim ent 1, th e  idea 

th a t  ta c it  knowledge rep re sen ta tio n s  contain  h igh ly  complex 

com ponents, and  not simple elem ents was exp lored  b y  looking a t  th e  

P ercen t C orrect sco res fo r ind iv idual item s in  sev e ra l m icroanalyses. 

As can  be  seen in  Table 8 , th e  same p a tte rn  of sa lien t items in  th e  top  

and bottom 10% of th e  d is trib u tio n  found  in  Experim ent 1 was found 

h e re , as  sub jects judged  th e  w ell-form edness of item s with repetition
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T able 8

Item s w ith ind iv idual percen tag es  c o r re c t in  th e  to p  and bottom 10% of

all te s t  stim uli fo r  Experim ent 2

P roportion  of D istribu tion

Stimuli Top 10% (P e t.) Bottom 10% ( P e t . )

C ontrol MXTT* (98) 
HMTRMRRX* (85) 
MXRTTMXR (85) 
MMRH* (83) 
HXHRHMRH (83) 
XXTRRX* (83) 
HXHRMHXR* (80) 
HHHRMXRH (80) 
MHRHHHHM (78) 
HMRTHMR (78)

MXRHMRHR* (40) 
HMTRRX (40) 
MHXT (38) 
MXRH (35) 
RHXRMHXR* (35) 
MXRTHHHM* (35) 
MHXRXMHR* (33) 
HXHTMXR* (30) 
HXHRHMXT* (30) 
HXHRHXRH* (30)

T ra n s fe r QJFF* (83) 
ZJZZBBB (83) 
QQBZ* (83) 
QJBFFZQQ* (80) 
ZQBFZQB (78) 
ZZZBQJBZ* (78) 
ZZJBFQJB* (75) 
QQBZZZQ* (75) 
ZJZF (75) 
ZQBFFZQB (75)

QJBZ (35) 
ZJZBZQJF* (35) 
QJBZQBZB* (35) 
QJBQJFBB (33) 
BZJBQZJB* (33) 
ZQBZQFJB* (30) 
QJBFZQF (28) 
QZJBJQZB* (25) 
ZBZF* (25) 
ZJZBZJBZ* (23)

N ote. * 's  ind icate  a Nongrammatical item .

in  se v e ra l p laces w ith each item b e t te r  them o th e r  ty p e s  of item s. In  

com paring th e se  h igh ly  sa lien t item s to  th e  r e s t  of th e  d is trib u tio n , 

shown in  F igure 11, th e re  was no s ig n ifican t e ffec t of saliency  (p  >

. 1 ) , a s  th e  overall p e rce n t c o rre c t of sa lien t item s was approxim ately
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equal to  th e  accuracy  w ith non-salien t item s. L astly , item s of len g th  3 

th ro u g h  8 were com pared to  determ ine if  su b jec ts  could base th e ir  

rep resen ta tio n  on sh o r te r , and presum ably , ea s ie r to  p rocess , stim uli. 

However, th e  re su lts  from Experim ent 1 w ere rep lica ted , a s  can be 

seen  in  F igure 9. T here  was no sign ifican t e ffec t of s tr in g  len g th , as 

sub jec ts  judged  T ran sfe r  and  Control item s of all len g th s  with 

re la tive ly  equal accuracy , p ’s  > .25.

V erbal R ep o rts . The verbal r e p o r t  d a ta  from th is  s tu d y  were 

basically  th e  same a s  th e  re p o rts  from Experim ent 1. Subjects once 

again failed to  p rov ide  many specific, d e ta iled , ru le s  th a t  accurately  

re flec ted  th e  actual s tru c tu re  of th e  gram m ar, a lthough  th e y  did 

p rovide evidence of th e ir  own local gram m ars. However, as  evidenced 

b y  th e  h igh EE consistency  sco res d escrib ed  above, th e se  personal 

gramm ars likely  contain inform ation th a t  does n o t re flec t th e  actual 

n a tu re  of th e  grammar used  to  g enera te  th e  stim uli fo r  th is  s tu d y .
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E xperim ent 3

If  im plicitly acqu ired  inform ation is  re p re se n te d  in  an  exem plar- 

based , fragm en tary , a b s tra c t,  o r  combination of th e se  form s, one area 

of investigation  th a t  could p rov ide  inform ation in  reso lv ing  th is  debate 

lies in  determ ining how sen so ry  inform ation is  p rocessed  in  a 

nonconsdous fash ion . If  su b jec ts  could be shown to  tra n s fe r  t a d t  

knowledge acro ss  d iffe ren t sen so ry  modalities, such  a  find ing  may 

su p p o rt th e  a b s tra c tiv e  position . However, if  im p lid t p rocessing  were 

found to  be lim ited to  an  in itia l in p u t m odality, th en  su ch  knowledge 

would most likely  be re p re se n te d  in  a  m odality-specific form , lending 

su p p o rt to  th e  d is tr ib u tiv e  a n d /o r  fragm en tary  v iew (s). The f i r s t  

s tu d y  to  in v estig a te  modality e ffec ts  and  im p lid t learn ing  was 

conducted  by Howard & Balias (1982). As mentioned e a rlie r , sub jec ts  

p a r tid p a tin g  in  th is  experim ent in itia lly  s tu d ied  sequences of 

'environm ental sound1 stim uli genera ted  b y  an  a r ti f id a l gram m ar. For 

exam ple, in s tead  of th e  typ ical le t te r  sequences (R eber, 1989), such  

a s  MMBQ, fo r exam ple, su b jec ts  w ere p re sen te d  with au d ito ry  stim uli 

such  a s  "sq u eak "-"sq u eak "-"h iss"-"c lan g "; p resen ta tio n  o ccu rred  by  

sub jec ts  hearing  th e  ac tual sounds o r  seeing  th e  w ords on a  com puter 

m onitor. When th e  ta sk  was changed from s tu d y in g  sequences to  

classify ing  new sequences a s  well-form ed o r  n o t, su b jec ts  w ere found 

to  perform  equally  well when p resen ta tio n  was e ith e r  v isual o r 

au d ito ry , and w ere able to  tr a n s fe r  th e ir  acqu ired  knowledge from th e  

v isual modality to  th e  au d ito ry  m odality. Howard an d  Balias n ev e r ran
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a tra n s fe r  from au d ito ry  to  v isual stim uli, b u t th e ir  re s u lts  su g g es t 

th a t im plicit p rocessing  is  m odality -free , and  h en ce , most likely  

a b s tra c t.

Such modality nonspecificity  of im plicit p rocessing  was in fe rre d  

to  be  a  hallmark of nonconsdous m ental ac tiv ity  (R eb er, 1989), b u t 

re c e n t resea rch  on im plicit memory h as  su g g es ted  o therw ise , 

p ostu la ting  th a t  im plicit p rocessing  may be limited to  th e  v isual 

modality (Schacter & G raf, 1989), "o r, a t  b e s t, tig h tly  linked  to  th e  

physical form of th e  in p u t stim ulus" (S ch ac te r, 1992). In  th e  typical 

cross-m odal prim ing ta s k , w o rd -p a irs , e ith e r  alone ( e .g . ,  DOG- 

BICYCLE) o r in  th e  co n tex t of sen ten ces  ( e . g . ,  T he DOG ra n  a f te r  

th e  BICYCLE.), a re  orig inally  p re se n te d  in  one sen so ry  m odality and 

th e n  te s te d , by  u sing  some ty p e  of w ord-fragm ent completion ta sk  

(w here sub jec ts  a re  given a  so u rce  word and  a  fragm ented  ta rg e t  

w ord; e . g . ,  DOG-B_ _Y_ _E ), in  an o th er sen so ry  m odality.

By using  th is  ty p e  of ta s k , re s e a rc h e rs  hav e  typ ica lly  found 

th a t  perform ance is  poorer on th e  w ord-fragm ent completion ta sk  when 

th e  modality d iffe rs  from th e  s tu d y  p resen ta tio n  m odality, a s  compared 

to  when th e  modality rem ains th e  same fo r  bo th  s tu d y  and  te s t  items 

(Jacoby & Dallas, 1981; S chacter & G raf, 1989; R oediger & B laxton, 

1987), although a  few s tu d ie s  have  rep o rte d  in s ta n ces  of positive 

modality tra n s fe r  (K irsn e r, Milech, & S tan d en , 1983; G raf,

Shimamura, & S q u ire , 1985). T hese la t te r  re s u lts  have been  

overshadow ed in  th e  l i te ra tu re  b y  fin d in g s  which have  su g g es ted  th a t 

perform ance on an im plicit prim ing ta sk  is  g re a te r  when bo th  th e
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in itia l and te s t  p resen ta tio n s  of stim uli a re  v isua l, leading to  th e  

recen t suggestion  (S chacter & G raf, 1989) th a t  implicit p rocessing  may 

be re s tr ic te d  to  th e  v isual m odality. T h is hypo thesis  is  questionable, 

how ever, a s  th e se  re s e a rc h e rs  failed to  t e s t  th e ir  su b jec ts  aud ito ra lly - 

- th e  only tra n s fe r  te s te d  was from au d ito ry  to  v isual stim uli. In  

addition, as  prim ing h as  been  found to  occur in  bo th  v isual and  

aud ito ry  channels (G raf, Shimamura, & S q u ire , 1985), i t  may well be 

th e  case th a t  although v isual and  au d ito ry  channels can  p rocess 

stim uli im plicitly, th e  v isual p ro cess  m ight be b e tte r  su ited  fo r 

nonconscious p rocessing  th a n  th e  au d ito ry  p ro cess . T his is  qu ite  

plausible in  lig h t of th e  fac t th a t  th e  fragm ent completion ta sk  involves 

le tte rs , which only e x is t in  a  v isual form , w hereas au d ito ry  stim uli 

( th e  spoken w ord) contain  phonem es, n o t le t te r s .

However, if  nonconscious tra n s fe r  is  to  o ccu r, and  if  th e  

knowledge acqu ired  from im plicit le a rn in g  p ro ced u res  is  a t  least 

partia lly  a b s tra c t th e n  th e  exp lic it sen so ry  n a tu re  of a  stim ulus should 

not be crucial to  th e  acqu istion  o r rep resen ta tio n  of ta c it know ledge. 

R ather, one 's  in te rn a l rep resen ta tio n  of th e  s tru c tu re  of a  stim ulus 

domain is  w hat should  fac ilita te  th e  rep resen ta tio n a l p rocess (R eder, 

A nderson , & B jork, 1974). A ccordingly , if  t r a n s fe r  fails  to  occur in  

such  a  situa tion , i t  would most likely be  due to  a  lack of app rop ria te  

a tten tion  to , and  th e  su b seq u en t m isrep resen ta tions of, s tru c tu ra l 

re la tionsh ips betw een stim uli o r  a la rg e ly  specific, stim ulus-bound 

form of mental rep re sen ta tio n .
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In  concordance with th e  c u r re n t  line of reason ing  su g g es tin g  

th a t implicit p rocesses a re  m odality-free, y ield ing a b s tra c t 

rep resen ta tio n s , M orton's (1969) orig inal logogen model su g g es ted  th a t 

th e  sen so ry  modality of th e  stim ulus should  no t e ffec t p rocessing . 

A lthough th is  model dealt p rim arily  w ith explicit p rocesses  and  has  not 

w ithstood experim ental validation (C larke & Morton, 1983), th e re  a re  

several aspects  of i t  th a t  may explain  how sen so ry  inform ation becomes 

rep re sen ted  within th e  m ind, a p ro cess  which would facilita te  

tr a n s fe r .  The logogen model p roposed  th a t  ind iv idual w ords a re  

rep re sen ted  by  a  d e tec to r th a t  i s  focused on various fe a tu re s  of th a t 

w ord. A fter en te rin g  th is  'd e te c to r system 1, th e  com ponents of a word 

in te ra c t w ith th e  main cognitive system , which transfo rm s th e  stim uli 

in to  salien t inform ation. A fte r th is  transfo rm ation , th e  w ord th en  

goes th ro u g h  th e  de tec to r system  once again , w here i t  is  form ed in to  a 

resp o n se . Words th a t e n te r  th e  system  more o ften  become 'common'; 

as  a  re s u lt ,  th e  d e tec to r can  ac tiva te  th e se  w ords more easily  th a n  

uncommon w ords. Where th is  model tie s  in to  th e  p re se n t d iscussion  is  

th a t i t  is  not modality specific ; th a t  i s ,  th e  d e tec to rs  a re  n o t limited to  

aud ito ry  o r v isual in p u t—all th e  inform ation concern ing  a  stim ulus is  

combined in to  one m odality-independent rep re sen ta tio n . How a 

modified version  of th is  system  may explain  th e  rep resen ta tio n a l 

problem of implicit p ro cesses , and  in  tu rn  th e  tr a n s fe r  of nonconscious 

know ledge, is  as  follows.

In  an artific ial gramm ar lea rn in g  ta s k , each ind iv idual stim ulus 

may be viewed as  a w ord, with e n tire  stim uli coming to g e th e r  as
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sen ten c es . When each w ord, and  in  tu r n ,  sen ten ce , is  perce ived , i t  

e n te r s  a  transform ational system  w here a n y  sen so ry  o r m odality- 

specific  inform ation is  d iscarded  in  fa v o r of th e  a b s tra c t qualities of 

th e  u nderly ing  ru le  s tru c tu re  of th e  's e n te n c e '. This ru le  s tru c tu re  

th e n  becomes sa lien t, in  a  nonconscious fash io n , allowing an  individual 

to  make gramm attcality judgm ents w hen th e  ru le  is  encoun tered  la te r  

on . T his system  would explain  t r a n s f e r  a s  re su ltin g  from th e  

successfu l m apping of th e  ru le  s t r u c tu re ,  devoid of any  p a rticu la r 

sen so ry  o r symbolic inform ation, from  a  s to re d  rep resen ta tio n  to  a 

novel, a lbeit transfo rm ed , s tim ulus. H ow ever, th is  line of reason ing  

is  open to  debate , as experim ental ev idence of nonconscious modality 

p rocessing  and  tra n s fe r  is  s till s p a rs e .

For th e  scope of th e  p re se n t in v e stig a tio n , th e  aforem entioned 

re s u lts  of Howard & Balias (1982), along w ith  th e  model which is  

c u r re n tly  being developed, su g g e s t th a t  im plicit p rocesses should  not 

be s ign ifican tly  d iffe ren t when th e  p re sen ta tio n  modality is  e ith e r  

v isu a l, aud ito ry , held co n s tan t, o r  sh if te d  betw een s tu d y  and  te s t ,  as 

long a s  th e  ty p e  of processing  an d  th e  associa ted  rep resen ta tio n a l 

system  remain coordinate. The reaso n in g  h e re  is  th a t  " true" implicit 

induction  is  a  p rocess th a t  y ie lds a  deep  an d  a b s tra c t rep resen ta tio n  

(R eb er, 1989). T herefo re , a  su p erfic ia l fe a tu re  such  a s  th e  modality 

of p resen ta tio n  should  no t e ffec t nonconscious p rocessing . However, 

th e  asym m etry in  re su lts  betw een im plicit le a rn in g  and  im plicit memory 

modality tr a n s fe r  s tu d ie s  ind ica tes  th a t  th e re  a re  s till questions th a t  

need  to  be answ ered in  te rm s of th e  m odality e ffec t, t r a n s fe r ,  and
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implicit p ro cess in g . T here a re  no compelling reaso n s , including those  

p rev iously  mentioned (R oediger & B laxton , 1987; S chacter & G raf, 

1989), w hy both  in te r -  and  in tra-m odality  tra n s fe r  should no t take  

place im plicitly, and  th a t  implicit le a rn in g  should  n o t be facilitated  in  

e ith e r  th e  v isual o r  aud ito ry  m odality. The re p o rte d  find ings of 

positive tr a n s fe r  of ta c it knowledge (R eb er, 1969; Howard & Balias, 

1982; M athews, e t  a l . , 1989; Manza, 1992) su g g e s t th a t implicit 

p ro cesses  may be a b s tra c t and  re s is ta n t  to  superfic ia l su rface  

m anipulations. To add  to  th e  d a ta  base  g en era ted  from th e  f i r s t  two 

experim en ts, two additional s tu d ie s  w ere conducted  to  investiga te  th e  

sen so ry  n a tu re  of im plicit p ro cesses  an d  i t s  re la tionsh ip  to  implicit 

know ledge rep re sen ta tio n . One experim ent a d d re sse s  th e  s tru c tu re  of 

im plicit re p re sen ta tio n s  by  looking a t  tr a n s fe r  e ffec ts  within and 

between th e  v isual and  aud ito ry  m odalities, while th e  second s tu d y  

fu r th e r  delineates th e  senso ry  a sp ec ts  involved  in  th e  acquisition , 

u tilization , and  rep resen ta tio n  of complex inform ation. Building upon 

th e  incom plete re s u lts  of Howard & Balias (1982), and  adding to  th e  

know ledge obtained from th e  f i r s t  two experim en ts in  th e  p re se n t 

in v estig a tio n , i t  is  expected  th a t  im plicit learn ing  will be equally  

ro b u s t in  e ith e r  th e  v isual o r au d ito ry  m odality, and  th a t sh ifting  th e  

modality betw een learn ing  and  te s t in g  will no t e ffec t perform ance 

ad v erse ly .
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Method

S ubjec ts. D esign, and  M aterials

S ix ty  Brooklyn College s tu d en ts  se rv ed  as  su b jec ts , receiving 

e ith e r  course  c red it o r $7.50 fo r th e ir  p artic ip a tio n . A 2 (v isual or 

aud ito ry  learn ing) X 2 (v isual o r aud ito ry  te s tin g )  betw een subjects 

design  yielded fou r f if teen -su b jec t g ro u p s.

Stimuli p resen ted  d u rin g  th e  course  of th e  s tu d y , shown in 

A ppendix D, were le tte r  sequences g en era ted  from th e  f in ite -s ta te  

artificial grammar shown in  F igure 10. A lthough iden tica l in  s tru c tu re

S

Out
S6

T

F igure 10. The artificial grammar used  to  g en e ra te  stim uli fo r 

Experim ent 3.
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to  th e  grammar u tilized  in  Experim ent 1, d iffe re n t le t te r s  w ere used  to  

in stan tia te  th e  stim uli. Tw enty Grammatical s t r in g s  w ere selected  fo r 

p resen ta tion  d u rin g  th e  learn ing  p h ase , w ith stim uli p resen te d  in  th e  

same o rd e r  to  all su b jec ts . For th e  te s tin g  p h a se , f if ty  item s, half of 

which w ere Grammatical and  half of which w ere Nongrammatical, were 

selected  fo r  p resen ta tio n . Each of th e  f if ty  s t r in g s  was randomly 

p resen ted  tw ice, fo r a  to ta l of one h u n d red  te s t in g  tr ia ls ,  w ith th e  

items being p re sen te d  to  all su b jec ts  in  th e  same o rd e r .

P rocedure

L earn ing . Each of th e  20 stim uli w ere ind iv idually  p resen ted , 

although th e  actual m anner of p resen ta tio n  d iffe re d  fo r v isually  and  

auditorally  p resen ted  item s. I f  p resen ta tio n  was v isu a l, each item 

would appear a t th e  c e n te r  of a  com puter m onitor fo r  th re e  seconds, 

a f te r  which th e  item would be  removed and  th e  su b je c t would be 

prom pted to  rep ro d u ce  th e  item . If  p resen ta tio n  was au d ito ry , stimuli 

were read  aloud to  each  su b jec t a t  th e  ra te  of two le t te r s  p e r  second. 

A fter a  th ree -seco n d  p au se , th e  su b jec t would re p e a t th e  s tr in g  aloud 

and  th e  experim enter would th e n  reco rd  th e  re sp o n se  and  verbally  

inform th e  sub ject w he th er th e ir  resp o n se  was c o rre c t o r  in co rrec t.

As in  Experim ent 1, th e  learn ing  c rite rio n  was tw o consecutive co rrec t 

rep roductions.

T estin g . The same in s tru c tio n s  w ere adm in istered  a s  in  th e  

prev ious two experim en ts. The m anner in  w hich v isual and  aud ito ry  

items were p resen ted  was iden tica l to  th e  le a rn in g  p h ase , although 

sub jec ts  w ere allowed to  make th e ir  decisions a s  fa s t  as  possib le.
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S ub jec ts p artic ipa ting  in  au d ito ry  te s tin g  made th e ir  confidence 

ra tin g s  by  looking a t  th e  scale  on a  sh e e t of 8 .5" b y  11" p ap er which 

rem ained in  f ro n t of them d u rin g  th e  e n tire  p h ase . Following th is  

ph ase , each sub jec t was asked  a  s e t  of q u estio n s, a s  in  th e  p rev ious 

two s tu d ie s , designed to  fin d  o u t how much of th e  ru le  s tru c tu re  th ey  

w ere ab le to  induce, inc lud ing  any  specific ru le s  th e y  w ere u sing  to  

make th e ir  w ell-form edness decisions.

R esu lts  and  D iscussion

L earning Phase

T ria ls  to  C rite rio n . An ANOVA found a  s ig n ifican t main effect 

betw een th e  g ro u p s , F (3 ,56)= 6 .0 , MSe=1.4, p < .01. A su b se q u en t t -  

te s t  showed th a t  th is  d iffe rence  re su lted  from th e  in p u t modality 

hav ing  an effec t on th e  acquisition  p ro cess , a s  v isual learn ing  

req u ire d  sign ifican tly  few er tr ia ls  th an  au d ito ry  lea rn in g  to  reach  

crite rio n  (means of 3 .1  v s . 4 .4  tr ia ls  to  c rite rio n , re sp e c tiv e ly ), 

t(58)= 4.26 , p < .0001.

T esting  Phase

P ercen t C o rre c t. All fo u r g ro u p s  perform ed above chance in  

making gram m atically  decisions, a s  evidenced by  a  sign ifican t 

C lassical Normal Approxim ation to  Binomial te s t  on th e  to ta l p e rce n t 

c o rre c t of 62 .4 , collapsed ac ro ss  th e  fo u r g ro u p s , z=18.9, p  < .0001. 

While an  ANOVA found no s ign ifican t overall g roup  e ffec t (p= .19), any  

in te rp re ta tio n  of th is  find ing  would be  p rem atu re , a s  th e  d' ana ly sis , 

d iscussed  la te r , revealed  a  c o n tra ry  fin d in g . As th e  d 1 m easure is  a 

more accu ra te  relection  of su b jec ts ' perform ance, an y  modality effects
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will be d iscussed  in  relation to  th e  d 1 sco re s .

Confidence R atings. An exam ination of th e  data  on confidence 

ra tin g s , p resen ted  in  Table 9 , y ielded sev e ra l im portan t fin d in g s.

Two rep ea ted  m easures ANOVA's w ere in itia lly  conducted , th e  f i r s t  

looked a t  Group (1-4) X A ccuracy (c o rre c t and  in c o rre c t decisions) 

and  th e  second a t  Group X S tr in g  T ype (gram m atical and  

nongram m atical). O verall, th e re  was a  s ign ifican t d ifference between 

th e  g ro u p s , F(3 ,56)=4.5 , MSe=.5, p  < .01, p lu s  th e  additional find ings 

th a t  su b jec ts  1) w ere more confident when th e y  made co rre c t 

re sp o n ses , although th ey  w ere not exp lic itly  inform ed a s  to  th e  

accuracy  of th e ir  decisions, F (l,5 6 )= 4 3 .6 , MSe=.04, p < .001, and  2) 

w ere more confident with gramm atical item s o v er nongramm atical item s, 

F (l,5 6 )= 4 3 .7 , MSe=.06, p  < .0001.

To determ ine th e  cause  of th e  s ign ifican t Group e ffec t and  to  

see  w hat effect th e  p resen ta tion  m odality o r tra n s fe r  m anipulation had 

on su b jec ts ' confidence in  th e ir  w ell-form edness decisions, 2 two-way 

ANOVA's com paring Manipulation (T ra n s fe r  o r  Control) X T est 

Modality (V isual o r  A uditory) and  M anipulation X Learning Modality 

(V isual o r  A uditory) revealed  a  main e ffec t solely of T es t M odality, 

F (l,56 )= 12 .55 , MSe=6.52, p  < .001, w ith v isual te s tin g  yield ing h ig h e r 

confidence sco res th an  au d ito ry  te s t in g , an  find ing  which accoun ts  fo r 

th e  overall Group effec t. S ince th e  main e ffec t of M anipulation failed 

to  reach  significance a t th e  .05 level, th e  sign ifican t T es t Modality 

e ffec t is  most likely  due to  th e  m anner in  which v isual and  aud ito ry  

item s w ere p re sen te d . When te s te d  v isua lly , each le t te r  s tr in g
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Table 9

Mean confidence ra tin g s  fo r  each g roup  d u rin g  Experim ent 3. ac ross 

co rrec t and in co rrec t judgm ents. & Grammatical and  Nongrammatical 

items

S trin g
A ccuracy Type

S tu d y -T est
Modalities C orrect In co rrec t G NG Means

V-V 5.40 5.10 5.36 5.14 5.25

A-A 4.52 4.31 4.56 4.27 4.42

V-A 4.76 4.44 4.82 4.38 4.60

A-V 5.15 5.03 5.21 4.97 5.09

Means 4.96 4.72 4.99 4.69 4.84

N ote. V=visual p resen ta tio n , A =auditory p resen ta tio n .

rem ained on th e  sc reen  u n til th e  su b jec t made a  decision, making each 

component of each v isual s tr in g  constan tly  available fo r senso ry  

p rocessing . However, when te s te d  auditoraU y, once th e  s tr in g  had  

been re a d , i t  was no longer available fo r  immediate p rocessing . This 

fac to r may have caused  su b jec ts  to  lose some of th e  s tru c tu ra l 

qualities of each stim ulus and  th e re fo re  lead  them to a  less-confiden t 

ra tin g .

S ensitiv ity  A nalysis. As in  th e  p rev ious two s tu d ie s , a signal
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detection  analysis revea led  th a t ,  overall, re sp o n ses  were d is trib u ted  

norm ally. However, a s  can  be seen  in  Table 10 an d  F igure 11, 

su b jec ts  who w ere p resen ted  w ith v isual stim uli in  both  phases of th e  

Experim ent genera ted  an  overall h ig h e r d ' sco re  th a n  th e  rem aining 

g ro u p s , a s  th e re  was a  s ign ifican t g roup  e ffec t (F (3 ,51)= 8 .5 , 

MSe=.02, p=.0Q01 and  Newman-Keuls t e s t  r e s u lt ,  p < .05. T here fo re , 

while visual p rocessing  may have a  s lig h t ad v an tag e  in  term s of 

im plicit re p re se n ta tio n s , nonconscious know ledge was obtained within 

th e  au d ito ry  modality a s  well. In  add ition , su b jec ts  w ere able to

T able 10

of Experim ent 3

S tu d y -T e st
Modalities

S ta tis tic

d' c

V -V .69 .08

A-A

oin
• i • 1—» 00

V -A .48 .24

A-V • 00 .21

N ote. A=auditory p resen ta tio n , V=visual p resen ta tio n
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tra n s fe r  th e ir  t a d t  knowledge across both  p resen ta tio n  modalities, 

su ggesting  th a t  im plicit system s a re  no t en tire ly  limited to  th e  in p u t 

form of stim uli. None of th e  obtained c  sco res  revea led  a  significant 

response b ias.

C onsistency S c o re s . Subjects ' consistency  in  responding  to  

stim uli were again g en era ted  fo r  each item by  reco rd ing  w hether or 

not su b jec ts  responded  co rrec tly  (C) o r  e rroneously  (E) to  each item 

on each of i t s  p resen ta tio n s . As in  Table 11, while T ran sfe r and 

Control su b jec ts  w ere found to  have consistency  sco res  which did not 

significantly  d iffe r from one an o th e r, F < 1, p  > .4 , th e re  was 

evidence of th e  acquisition  of n o n -rep re sen ta tiv e  knowledge in  each 

g ro u p , a s  EE sco res  w ere significantly  h ig h e r th a n  th e  mean of th e  CE 

and EC sco res in  all g ro u p s excep t those  rece iv ing  aud ito ry  stimuli 

du rin g  learn ing  and  te s tin g  (z=1.61, p=.10; all rem aining z 's  > 2.48, 

p 's  < .05 (tw o-ta iled ).

M icroanalvsis of R esponses. The f i r s t  of th e  m icroanalysis 

d a ta , displayed in  Table 12, shows th e  now -fam iliar p a tte rn  of h igher 

percen tages c o rre c t fo r  items w ith re p e a ts  in  sev era l locations p e r 

item . When th e se  h igh ly  sa lien t stim uli w ere com pared to  th e  

remaining item s, ANOVA's found no sign ifican t d ifferences between 

th e  two item ty p e s  in  each condition, all F 's  < 1 .2 , lending additional 

su p p o rt to  th e  notion th a t ta c it know ledge s to re s  contain complex data  

a re  th e  re su lts  from th e  s tr in g  leng th  analy sis . A s displayed in 

F igure 12, sub jec ts  in  all conditions responded  w ith approxim ately 

equal accuracy  to  item s of v ary in g  le n g th s , all F 's  < 1.
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Table 11

C onsistency sco res fo r each g roup  d u rin g  Experim ent 3

C onsistency Scores

S tu d y -T est
Modalities CC CE EC EE Total

V-V 51 18 11 20 71

A-A 45 16 18 21 66

V-A 44 16 17 23 67

A-V 47 16 14 23 70

Means 47 16 15 22 69

N ote. A=Auditory p resen ta tio n , V=visual p resen ta tion

V erbal r e p o r ts . The answ ers th a t  su b jec ts  p rov ided  to  

questions du rin g  th e  post-experim ent in terview  revea led  th a t  th e  only 

ru le s  which conformed to  th e  s tru c tu re  of th e  gramm ar th a t  sub jec ts  

w ere able to  verbalize w ere in itia l and  term inal s ta te  ru le s . For 

example, most sub jec ts  rep o rte d  th a t s tr in g s  e ith e r  "began w ith a  P o r 

a  T" o r "ended with an  S ". For th e  most p a r t ,  th is  w as th e  ex ten t of 

co rrec t verbalized ru le s . Few sub jec ts  w ere ab le  to  a rticu la te  th e  

in te rn a l s ta te s  of th e  gram m ar, and  when th ey  d id , th e ir  'ru le s ' were
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Table 12

Item s with individual p e rce n tag es  c o rre c t in  th e  to p  and  bottom 10% of

all te s t  stim uli fo r Experim ent 3

Proportion  of D istribu tion

S tu d y -T e st
Modalities Top 10% ( P e t . ) Bottom 10% (P e t.)

V-V TXS (100) 
XXSHT* (93) 
PTHHH* (93) 
SHPXTHH* (90) 
TXXTTHPS (90)

PTTTTHPS (33) 
TXPH (30) 
TXHPS* (27) 
TSSSSXS (20) 
PTTTTTHH ( 7 )

A-A TXXTTHPS (93) 
XXSHT* (93) 
TSXXTTHH (87) 
TSSXS (83) 
TSSXXTHH (83)

PHTHH* (37) 
PTTTHPHS* (37) 
PHTTTHH* (37) 
TSXXPH* (33) 
PTTTTTHH (30)

V-A TSXXTHPS (87) 
SHPXTHH* (83) 
PHXPHXPX* (83) 
HSTXHHS* (83) 
XXSHT* (83)

PTTTHT* (30) 
PHPXTHPS (30) 
TSSSSXS (27) 
PHTTTHH* (27) 
TXH (20)

A-V XXSHT* (97) 
PHPXHH (97) 
TSXXTHPS (90) 
TSSXS (87) 
PTHHH* (83)

TSSSSXS (30) 
TPTXS* (27) 
SXXHPS* (23) 
PTTTTTHH (20) 
PHTHH* (13)

N ote. * 's  ind icate a  Nongrammatical item .
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mostly inaccu ra te  ( e . g . , "no le t te r  could ap p ea r more th an  twice in  a 

row "). O verrid ing  any  specific in s ta n tia tio n s  of th e  gramm ar, most 

su b jec ts  rep o rted  v e ry  vague ideas  abou t ru le s  th e y  w ere using  

( e .g . ,  "I looked fo r  p a tte rn s " ) , and  th e se  statem ents lend additional 

su p p o rt to  th e  idea th a t ind iv iduals re p re s e n t ta c it knowledge in  an 

a b s tra c t form.
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Experim ent 4

The re s u lts  from Experim ent 3, while showing th a t  ta c it 

know ledge can  be  acqu ired  and  m anipulated equally  well in  e ith e r  th e  

v isual o r  aud ito ry  p resen ta tion  m odalities, a s  well a s  lending  su p p o rt 

to  th e  a b s trac tiv e  s tance over th e  rem aining two positions on implicit 

know ledge rep re sen ta tio n , did no t c lea r u p  th e  rep resen ta tio n  issue  

a lto g e th e r. The find ings from th is  s tu d y  w ere no t te rr ib ly  

su rp r is in g . S ub jec ts , when p resen te d  w ith  a  v isual stim ulus, could 

rep ea t i t  to  them selves, c rea tin g  an  au d ito ry  version  of th e  stim ulus, 

o r v ice -v e rsa  fo r aud ito rally  p re sen te d  item s. Such processing  would 

logically facilita te  cross-m odal t r a n s fe r .  However, one way to  

eliminate th is  ty p e  of p rocessing  would be  to  remove th e  lingu istic  

com ponents of stim uli, making th e  above ty p e  of cross-m odal 

p rocessing  more d ifficu lty . In  add ition , one s e t  of data  th a t  could 

c larify  m atters  a  b it more is  reac tion  time (RT) to  w ell-form edness 

judgm ents. Since th e  m anner of p resen ta tio n  fo r  th e  v isual and 

aud ito ry  stim uli in  Experim ent 3 d iffered  ( i . e . ,  fo r  v isual stim uli, the  

en tire  le tte r  s tr in g  rem ained on th e  sc reen  un til a  w ell-form edness 

decision was made, while th e  com ponents of th e  au d ito ry  stimuli were 

p resen ted  in  a  tem poral fa sh io n ), RT d a ta  th a t  would be comparable 

across conditions could no t be co llected . T here fo re , to  allow accu ra te  

measurem ent of decision la ten cy , th e  tem poral form in  which v isual and  

aud ito ry  stim uli w ere p resen ted  was made com parable fo r th e  final 

s tu d y , specifically , by  in s tan tia tin g  th e  gramm ar as  e ith e r  physical
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locations o r to n es  of v ary in g  p itches .

I f  nonconscious p rocessing  o ccu rs  a b s tra c tly , th e re  should  be 

no d ifferences betw een T ran sfe r  and  C ontrol item s, a s  th e  

p resen ta tion  m odality would have no e ffec t on p ro cess in g . However, 

if  im plicitly acq u ired  inform ation is  re p re se n te d  in  a  d is tr ib u te d  or 

fragm en tary  form , T ra n s fe r  R T 's should  be  sign ifican tly  slow er than  

C ontrol R T 's . T he logic h e re  is  th a t  if  ta c it  know ledge is  rep resen ted  

in  a  m odality-specific form , changing  th e  m odality of p resen ta tio n  

would cause su b jec ts  to  convert th e ir  rep re sen ta tio n  from  i t s  orig inal 

sen so ry  form to  a  new sen so ry  form , a  p ro cess  which would ta k e  

longer th a n  a p ro cess  involved in  an  a b s tra c t system . Two additional 

reasons fo r a lte r in g  th e  p resen ta tion  form of stim uli w ere 1) to  

inv estig a te  th e  lim its to  which th e  su rface  form  of stim uli can be 

a lte red , while s till showing positive t r a n s fe r ,  and  2) te s tin g  th e  

hypothesized  re a so n , d iscussed  ea rlie r , beh ind  th e  h ig h e r confidence 

levels re su ltin g  from  both  visual learn ing  and  te s t in g  in  Experim ent 3.

Method

S u b jec ts . D esign, and  M aterials

F o rty -e ig h t B rooklyn College s tu d e n ts  enro lled  in  an  

in tro d u c to ry  psychology cou rse , and  rece iv ing  co u rse  c re d it fo r  th e ir  

partic ipa tion , w ere random ly assigned  from a  su b jec t pool to  p a rtak e  

in  th is  s tu d y . T he design  was identica l to  th a t  u sed  in  Experim ent 3, 

with a  2 (v isual o r  au d ito ry  learn ing) X 2 (v isua l o r  au d ito ry  te s tin g ) 

between sub jec ts  design  yielding fo u r 12 -sub ject g ro u p s .

The gram m ar, in  F igure  13, and  item s (see  A ppendix  E) u sed  in
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2

Out

3

Figure 13. The artific ia l gramm ar used  to  g en era te  stim uli fo r 

Experiment 4. For v isual stim uli, th e  num bers 1-5 co rrespond  to  five 

boxes a rranged  from le ft (box 1) to  r ig h t  (box 5) on a com puter 

monitor. For au d ito ry  stim uli, th e  num bers re p re se n t tones  rang ing  

from v ery  low in  p itch  (tone 1) to  v e ry  h igh  in  p itch  (tone 5 ).

Experim ents 1 and  3 was also u sed  in  th is  s tu d y , ex cep t th a t  th e  

le tte rs  which in stan tia ted  th e  grammar in  those  s tu d ie s  w ere replaced 

by stimuli th a t allowed fo r  equal p resen ta tio n  tim es fo r  v isual and 

aud ito ry  items. For th e  c u r re n t  in vestiga tion , v isual stim uli consisted 

of flashes of lig h t th a t  appeared  fo r 250 msec each (followed by  a 250
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msec ISI) in  one of fiv e  boxes a rra n g e d  horizontally  across th e  bottom 

1/3 of a  com puter m onitor. A udito ry  stim uli consisted  of 5 tonal 

frequencies (190, 380, 750, 1500, and  3000 Hz) th a t  w ere genera ted  

from th e  com puter and  sounded fo r 250 msec (with an ISI of 250 

m sec). In  term s of how th e se  stim uli correspond  to  th e  num bers in  

F igure 16, num ber 1 re p re se n ts  th e  leftm ost box fo r visual 

stim uli and  num ber 5 th e  righ tm ost b o x , while th e  lowest and  h ighest 

p itched  tones a re  re p re se n te d  b y  th e  num bers 1 and  5 , respec tive ly . 

P rocedure

Several changes in  th e  p ro ced u re  w ere n ecessary  to  

accommodate th e  modified stim uli. F irs t ,  du rin g  th e  learn ing  phase, 

su b jec ts  could rep ro d u ce  each  sequence immediately a f te r  th e  final 

lig h t o r  tone stim ulus was p re sen te d  b y  p ress in g  th e  ap p ro p ria te  keys 

(# 1-5) on th e  k eyboard . A lso, when rep roducing  th e  flash es  o r 

to n e s , th e  app rop ria te  stim uli, determ ined by  th e  su b jec t's  resp o n se , 

would flash  a n d /o r sound on fo r  125 msec and  sub jec ts  could no t 

c o rrec t any  e r ro rs .  In  add ition , su b jec ts  with aud ito ry  learn ing  w ent 

th ro u g h  a  practice  phase  consisting  of a  random p resen ta tion  of each 

of th e  five to n es, ind iv idually , th re e  tim es each , fo r a to ta l of 15 

p rac tice  tr ia ls .  Each su b jec t had  to  rep ro d u ce  each indiv idual tone 

co rrec tly  before hearing  th e  n e x t one. T here  was no such  p rac tice  

fo r v isual learn ing  an d  both  v isua l and  aud ito ry  te s t in g . The well- 

form edness phase was also s lig h tly  a lte re d . Subjects in  T ran sfe r 

conditions w ere f i r s t  p resen te d  with a  dem onstration th a t  allowed them 

to  u n d ers tan d  how th e  new stim uli (v isual o r aud ito ry ) corresponded

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



136

to  th e ir  learn ing  stim uli. B riefly , su b jec ts  w ere shown th a t ,  fo r 

exam ple, "box #1 co rresp o n d s to  tone 1". A t th is  po in t, box #1 would 

lig h t u p , followed by  a  p resen ta tio n  of tone  1. T his dem onstration 

continued fo r  th e  rem aining 4 stim uli, and  su b jec ts  could re p e a t th e  

e n tire  dem onstration again  if  th e y  w ished.

R esu lts  and  D iscussion

L earning Phase

T rials to  C rite rio n . As in  Experim ent 3, th e  p resen ta tion  

modality had  a sign ifican t e ffec t on th e  num ber of tr ia ls  to  c rite rio n . 

An ANOVA found a sign ifican t main e ffec t of condition, F (3 ,44)=16.9 , 

MSe=16.1, p < .001, and  planned  com parisons found  th is  d iffe rence  to  

be d u e  to  p resen ta tio n  modality; v isual p resen ta tio n  (mean=3.2 tr ia ls )  

led  to  sign ificantly  few er tr ia ls  to  c rite rio n  th a n  au d ito ry  p resen ta tio n  

(mean=l 1 .4  t r ia ls ) ,  F (l,4 4 )= 4 9 .8 , MSe=16.1, p < .001.

T esting  Phase

P ercen t C o rre c t. The overall p e rce n t c o rre c t data  was 

sub jected  to  a  Condition (1-4) X S tr in g  T ype (gramm atical and  

nongrammatical) X Block (1 an d  2) rep ea ted  m easures ANOVA. 

A lthough th e re  was a s ign ifican t main e ffec t of condition, F (3 ,44)= 4.6 , 

MSe=106.7, p  < .01, a s  can  be seen  in  F igu re  14, all g ro u p s were 

found to  be perform ing sign ifican tly  above chance, z=8.02, p  < .001. 

In te re s tin g ly , planned com parisons found  th a t  th e  condition effec t was 

due to  the  fac t th a t  tho se  su b jec ts  who w ere p resen ted  solely with 

v isual stimuli du ring  both  acquisition  and  te s tin g  made th e ir  well- 

form edness judgm ents with b e tte r  accu racy  th a n  th e  means of th e
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F igure  14. Mean percen t c o rre c t of Grammatical and  Nongrammatical 

item s fo r each g roup , d u rin g  w ell-form edness phase of Experiment 4.

rem aining th ree  g roups (F (l,4 4 )= 1 4 .0 , MSe=26.4, p < .001). As with 

th e  sen s itiv ity  re su lts  from Experim ent 3, i t  does seem th a t a t least 

u n d e r th e se  conditions th a t  th e  v isual modality is  favored  fo r implicit 

p rocessing . The s tr in g  ty p e  analysis  revealed  su b jec ts  perform ing 

equally  well with grammatical and  nongram m atical te s t  item s, (F < 1, p 

> .6 ) ,  and all o th e r main effec ts  and  in terac tio n  failed to reach 

significance a t th e  .05 level.
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O verall, th e re fo re , in  agreem ent w ith Howard & Balias (1982) 

and  co n tra ry  to  th e  notion th a t im plicit p rocessing  is  modality specific 

(S chacter & G raf, 1989), ta c it know ledge was acqu ired  and utilized in  

both  v isual and  au d ito ry  p resen ta tion  m odalities, lending  some su p p o rt 

to  th e  hypo thesis  th a t  ta c it know ledge is  a t  least partia lly  rep re sen ted  

in  an  a b s tra c t form . I t  may well be th e  case  th a t  sub jec ts  p rocess th e  

s tru c tu re  of item s independen t of th e  physical in s tan tia tions of 

stim uli. Such holistic rep resen ta tio n s  (W ertheim er, 1945) would 

seem ingly facilita te  modality indep en d en t p rocessing . F u rth e r  su p p o rt 

to  th is  hypo thesis  was obtained by  th e  analysis of reaction  tim es to  

w ell-form edness decisions, d iscussed  below.

Reaction Times. Investig a tin g  th e  la tencies a t which su b jec ts  

make th e ir  w ell-form edness decisions can  prov ide inform ation in  

re g a rd s  to  how ta c it knowledge is  p rocessed  and  s to re d . If  complex 

inform ation is  rep re sen ted  in  a  d is tr ib u tiv e , m odality-specific fash ion , 

th en  th e re  should  be sign ifican t d ifferences in  th e  reaction  times 

(R T 's) between su b jec ts  who have th e ir  p resen ta tio n  modalities 

changed  betw een learn ing  and  te s tin g  and  tho se  who d o n 't. 

Specifically , a m odality-specific rep resen ta tio n  would lead to  longer 

response  la tencies when th e  p resen ta tio n  modality is  changed between 

th e  2 phases of th e  artific ial grammar lea rn in g  p rocedu re , because one 

would have to  co n v ert th e  orig inal sen so ry  rep resen ta tio n  in to  one 

th a t  co rresp o n d s with th e  new p resen ta tio n  m odality. However, if 

o n e 's  rep resen ta tio n  is  a b s tra c t and  no t limited to  th e  in p u t modality, 

th e re  should be little  o r no effec ts  of chang ing  th e  p resen ta tion
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modality. To te s t  th e se  hypotheses, two rep ea ted  m easure ANOVA's 

were ca rried  ou t on th e  RT data ; th e  f i r s t  com pared Condition X Block 

X S trin g  T ype, while th e  second looked a t  Condition X Block X 

Judgm ent A ccuracy (co rrec t and in c o rre c t) .

T here was no significant main e ffec t of condition , F=1.4, p > .3 , 

a s  sub jects  were ab le  to  make th e ir  w ell-form edness decisions equally 

fa s t when th e  p resen ta tion  modality was held  co n stan t o r  sh ifted  

between s tu d y  and te s tin g  (see F igure 15). In  add ition , even  though 

sub jec ts  w ere n ever to ld  about th e  accu racy  of th e ir  decisions, th ey  

responded  sign ifican tly  fa s te r  when th e y  judged  item s co rrectly  

(Mean=2.793 s e c .) ,  a s  compared to  when th e y  made in co rrec t decisions 

(Mean=2.962 s e c . ) ,  F (l,4 4 )= 5 .0 , MSe=.2, p < .05 . Latencies became 

fa s te r  as  te s tin g  p ro g re ssed , F (l,4 4 )= 8 .4 , MSe=2.7 , p  < .01, with 

mean response  la tencies fo r Blocks 1 and  2 being 3.207 and 2.550 

seconds, respective ly . This finding su g g e s ts  th a t  th e  more one's 

judgm ent is  accessed , th e  more effic ien t p rocessing  becomes. Finally, 

R T 's fo r G and  NG item s showed no s ign ifican t d ifferences between 

them , as  th e  S trin g  Type main e ffec t, also  shown in  F igure 15, failed 

to  reach  significance (F < 1).

Confidence R atings. As m entioned e a r lie r , s ince sub jec ts  a re  

n ev er inform ed a s  to  th e  accuracy  of th e ir  w ell-form edness decisions, 

th e  fac t th a t grammatical item s lead to  s lig h tly  h ig h e r confidence 

sco res than  nongrammatical item s (4.74 v s  4 .60 , re sp ec tiv e ly ), 

F (l,44 )= 12 .5 , M Se=.l, p < .01. While th e  lack of a  significant main 

effect of condition may indicate th a t su b jec ts  a re  equally  confident
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confidence sco res p rov ide  a  good s ta r tin g  poin t fo r in v estig a tin g  

nonconscious p ro cesses . A ccordingly, su b jec ts ’ confidence ra tin g s  

w ere sub jected  to  sev e ra l ana ly ses. In itia lly , an  ANOVA on th e  

fac to rs  of Condition X S tr in g  T ype X Block only found  a s ign ifican t 

e ffec t of S trin g  T ype , and  a s  can be seen  in  Table 13, th is  was due to

Table 13

Mean confidence ra tin g s  fo r  each g roup  d u rin g  Experim ent 4, across 

Grammatical and  Nongrammatical items & two te s t  blocks

S trin g  Type 

Grammatical Nongrammatical 

Block

S tu d y -T est
Modalities 1 2  1 2  O verall

v - v 5.24 5.19 5.15 5.03 5.15

A-A 4.73 4.54 4.46 4.44 4.54

V-A 4.76 4.46 4.44 4.50 4.54

A-V 4.55 4.49 4.52 4.25 4.45

Means 4.82 4.67 4.64 4.55 4.67

Note. A=auditory p resen ta tio n , V=visual p resen ta tion
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when th e ir  p resen ta tion  modality is  held co n stan t o r sh ifted  between 

learn ing  and te s tin g , th e re  was a  s ign ifican t Condition X S tr in g  Type 

X Block in teraction  (F (3 ,44)= 4 .6 , MSe=.04, p < .0 1 ), which in  lig h t of 

th e  nonsignificant S trin g  Type X Block in teraction  ( F = l . l ,  p  > .3 ) , 

ap p ea rs  to  be due to  th e  h ig h e r ra tin g s  given by  g roup  V-V sub jec ts , 

a s  com pared to  th e  rem aining th re e  g ro u p s .

A secondary  confidence analysis  looked a t th e  fac to rs  of 

Condition X Block X A ccuracy , and  yielded a  s ign ifican t main effec t of 

A ccuracy, with co rrec t judgm ents (mean=4.74) lead ing  to  sign ificantly  

h ig h e r confidence sco res th a n  in co rrec t judgm ents (mean=4.58), 

F (l,44 )= 19 .3 , MSe=. 1, p  < .001. T his find ing  su p p o rts  th e  identical 

conclusion from th e  f i r s t  s tu d y , in  th a t  although su b jec ts  a re  nev er 

explicitly  informed about th e  accuracy  of th e ir  decisions, th e y  a re  

aw are of something th a t  is  re lev an t to  th e  ta sk . What th e y  d o n 't know 

is  th e  specific con ten t of th is  im plicit know ledge base . T here  was also 

a  sign ifican t A ccuracy X Block in terac tion  (F (l,4 4 )= 4 .1 , MSe=. 1, p < 

.05, which was th e  re su lt of su b jec ts  rep o rtin g  lower confidence 

ra tin g s  when co rrec t as  te s tin g  p ro g ressed  (Block 1 mean=4.84, Block 

2 mean=4.64) while th e ir  confidence with in co rrec t decisions rem ained 

fa irly  constan t (Block 1 mean=4.60, Block 2 mean=4.57).

Sensitiv ity  A nalysis. From th e  ROC and  z cu rv es  in  F igure  16, 

i t  can  be seen th a t ,  basically , th e  re s u lts  from th e  p rev ious s tu d ie s  

w ere sup p o rted , as  su b jec ts  re sp o n ses  w ere normally d is tr ib u te d .

Also rep licating  th e  find ings from Experim ent 3, su b jec ts  in  g roup  V- 

V had h igher d 1 sco res (see  Table 14) a s  com pared to  th e  rem aining
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Table 14

Mean d ' and  c  sco res fo r each g ro u p  d u rin g  th e  w ell-form edness phase

of Experim ent 4

S tu d y -T e st
Modalities

S ta tis tic

d ' c

V-V .52 .05

A-A .19 .11

V-A .14 0

A-A .19 - .0 5

N ote. A =auditory p resen ta tio n , V= v isual p resen ta tio n .

th re e  g ro u p s , as  evidenced b y  a  s ign ifican t g roup  e ffec t, 

F(3 ,51)=48.9 , MSe=.03, p < .001, an d  Newman-Keuls t e s t  (p  < .0 5 ). 

S ub jec ts in  th e  p u re  aud ito ry  condition (A-A) showed a s lig h t b ias 

tow ards responding  'N o '.

C onsistency S co res . To analyze th e  d eg ree  to  which su b jec ts ' 

resp o n ses  a re  co n sis ten t, and  to  determ ine if  any  n o n -rep resen ta tiv e  

knowledge was ob ta ined , consistency  sco re s  w ere once again  sub jec ted  

to  two sep a ra te  analyses. In itia lly , an  ANOVA was ca rr ied  o u t on 

su b jec ts ' overall consistency  in  re sp o n d in g , derived  b y  summing each 

su b je c t 's  CC and  EE sco re . As can  be seen  in  Table 15, and
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rep licating  th e  re s u lts  from Experim ent 3 , no sign ifican t d ifference 

Table 15

C onsistency sco res fo r each g roup  d u rin g  Experim ent 4

C onsistency Scores

S tu d y -T e st
Modalities CC CE EC EE Total

V-V 42 20 17 21 63

A-A 38 18 17 27 65

V-A 35 19 17 29 64

A-V 38 16 17 29 67

Means 38 18 17 27 65

N ote. A =auditory p resen ta tio n , V=visual p resen ta tion

was found to  ex is t between th e  g ro u p s , F < 1. However, as  in  th e  

p rev ious th re e  s tu d ie s , th e re  was ev idence of th e  formation of 

n o n rep resen ta tiv e  ru le s , a s  th e  EE ra te  was sign ifican tly  h ig h e r th an  

th e  mean of th e  CE and  EC sco re  in  all g ro u p s  excep t those  su b jec ts  

rece iv ing  v isual te s tin g  fo r  bo th  p h ases  of th e  s tu d y  (all z 's  > 3 .5 , all 

p 's  < .0 1 ). Finally, th e  e ffec ts  of L earn ing  Modality, Testing  

Modality, and  Modality T ran sfe r  w ere exam ined by  conducting several
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2 way ANOVA's, with th e  re su lts  uncovering  no significant main 

e ffec ts  o r  in te rac tio n s  ex isting  around  th e se  variab les .

M icroanalysis of R esponses. T he overall percen t co rrec t 

sco res  from each individual item was sub jec ted  to  th e  same analyses 

u n d ertak en  in  Experim ents 1-3, w ith th e  re s u lts  mimicking those 

fin d in g s . As seen  in  Table 16, su b jec ts  once again  w ere more 

accu ra te  with stim uli th a t  had rep e titio n s  in  d iffe ren t p laces.

H owever, th e se  salien t items w ere no t th e  e n tire  basis  of sub jec ts ' 

know ledge system s, a s  th e  ANOVA com paring sa lien t and  non-salien t 

item s ( th e  d a ta  from which a re  in  F igure  17) in  each g roup  failed to  

find  an y  sign ifican t d ifferences (all F 's ( l ,4 9 )  < 3 .6 ) .  Finally, th e  

s tr in g  leng th  analysis confirm ed prev ious null fin d in g s, a s  no 

d ifferences w ere found to  ex is t betw een item s of various len g th s  (see 

F igure  17; all F 's  < 1 ).

V erbal R ep o rts . In  te rm s of th e  ind u c tiv e  p rocesses involved in  

acq u irin g  th e  ru le s  of th e  AG, su b jec ts  w ere once again  unable to  

verbalize  any  su b stan tia tiv e  ru le s  of th e  gramm ar o th e r th an  th e  

s ta r t in g  and  fin ish ing  s ta te s  and  genera l p a tte rn  ru le s  ( e . g . , "There 

could be two identical to n es/flash es  in  a  row , b u t no t th r e e ." ) .  In 

add ition , when sub jects  did re p o r t specific  le tte r /to n e /f la sh  p a tte rn s , 

th e y  w ere predom inantly ru le s  th a t  w ere n o n -rep resen ta tiv e  of th e  

s tru c tu re  of th e  grammar, a  find ing  w hich once again  begs to  th e  

is su e  th a t  sub jec ts  develop personal gram m ars, p a r ts  of which may be 

accu ra te  and p a r ts  of which may no t.
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Table 16

Item s w ith ind iv idual percen tag es  c o rre c t in  th e  top  and  bottom 10% of

all te s t  stim uli fo r Experim ent 4

Proportion of D istribu tion

S tu d y -T e st
Modalities Top 10% (P e t.) Bottom 10% ( P e t . )

V-V 35533412 (91) 
134444* (86) 
31352* (82) 
13441112* (82) 
14344* (77)

35545* (36) 
3553413* (32) 
13333412 (32) 
144 (14) 
13333344 ( 9)

A-A 32553412 (91) 
13333412 (86) 
3514* (83) 
355344 (83) 
31352* (83)

13334142* (33) 
352 (33) 
3553413* (33) 
32255422* (25) 
13333344 (17)

V-A 3344* (75) 
133344 (71) 
32252 (71) 
35545* (71) 
31352 (71)

13333344 (33) 
13441112* (29) 
133412 (25) 
32255422* (21) 
13334142* (21)

A-V 55243* (79) 
14153412 (79) 
14153344 (79) 
14333* (75) 
354* (75)

3553413* (33) 
3222252 (29) 
13333344 (25) 
15145433* (25) 
352 (17)

Note. * 's  ind icate  a Nongrammatical item .
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G eneral D iscussion

The o rig inal aim fo r conducting th e  p reced ing  s tu d ie s  was to  

provide in s ig h ts  in to  th e  form of th e  mental rep resen ta tio n  of tac it 

knowledge. The prim ary  schools of th o u g h t on th is  m atter a re  th a t 

nonconsdous inform ation is  rep re se n te d  in  a  specific , exem plar based 

fashion (B rooks, 1978), a fragm en tary  form (P e rru c h e t & Pacteau,

1990), o r in  an  a b s tra c t,  pro to typical form (R eber, 1989; Mathews,

1991). In  o rd e r  to  determ ine which of th e se  positions cap tu re s  th e  

data  most accu ra te ly , fo u r tr a n s fe r  s tu d ie s  w ere conducted . The logic 

fo r implementing a  t r a n s fe r  p rocedu re  to  s tu d y  knowledge 

rep resen ta tio n  was th a t  since th e  learn ing  and  te s tin g  stim uli, 

a lthough physically  d iffe re n t, sh a red  s tru c tu ra l  commonalities, th e  

occurrence of positive tra n s fe r  would p rov ide in s ig h t in to  how 

knowledge acqu ired  prim arily  ou tside  of conscious aw areness was 

s to red . The re su lts  obtained from each of th e  fo u r c u rre n t s tu d ies  

revealed  evidence of positive tra n s fe r  ac ro ss  o rth o g rap h ic  form s o r 

senso ry  modalities, find ings which can be applied  to  a  theoretical 

framework of th e  im plicit learn ing  p ro cess .

Several su ch  fram eworks c u rre n tly  ex is t in  th e  l i te ra tu re , bu t 

a s  c ited  ea rlie r , while each model contains mechanisms th a t can 

seemingly model some asp ec t of implicit le a rn in g , th e y  have all failed 

with re sp e c ts  to  one crucia l point of in te re s t:  t r a n s fe r .  To d a te , not 

a  sing le  IL system  has been able to  adequately  c a p tu re  th e  tra n s fe r  of 

nonconsdous know ledge, and  th is  may be due to  th e  lim itations of th e
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individual system s. One of th e  main poin ts of debate  outlined  earlier 

is  th a t each of th e se  models is  limited to  th e  specific  form in  which 

da ta  a re  inpu t in to  th e  system ; th a t is ,  none of th e  ex istin g  models 

has  been shown to  be capable of ab s trac tio n . From th e  p re sen t 

re su lts ,  as well a s  from rece n tly  published  work (Vokey & Brooks,

1992), th e  form in  which ta c it knowledge assum es in  th e  mind seems to 

be one of a  sy n e rg is tic  re la tionsh ip  betw een bo th  specific and  a b s tra c t 

com ponents. An accu ra te  model of IL should th e re fo re  be capable of 

exploiting th is  re la tionsh ip . I t  would p e rh ap s  be more beneficial to  

attem pt to  combine sev era l a sp ec ts  of ex isting  models in to  a  new 

theoretical framework th a t  can accura te ly  d escribe  th e  im plicit learn ing  

p rocess. Before th is  is  u n d ertak en , how ever, a b rie f review  of th e  

c u r re n t s ta te  of implicit learn ing  is  in  o rd e r .

S ervan -S ch re iber & A nderson 's  (1990) com petitive chunking 

model hypothesizes th a t  a  chunking  mechanism, available in  long-term  

memory, organizes ch u n k s of artific ia l gram m ar-generated  stim uli in  a 

hierarchical fash ion , w ith simple chunks a t  th e  bottom and  complex 

chunks a t  th e  top of th e  h ie ra rch y . When one en co u n te rs  a  stim ulus, 

th is  mechanism begins p rocessing  th e  inform ation from th e  sim plest 

level available, w orking up  th e  h ie ra rch y . As ch u n k s a re  accumulated 

in  memory, subsequen t stim uli a re  compared to  s to red  exem plars to 

determ ine if a stim ulus is  well-formed according to  th e  ru le s  of th e  

gramm ar. The draw back to  th is  system  is  th a t  i t  is  based  on concrete 

exem plars. This model fails to  explain how one would tra n s fe r  th e  

inform ation about th e  chu n k s to  a new physical in s tan tia tio n , which is
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w hat happens when tra n s fe r  o ccu rs . A nother model which fa lls  in to  

th e  tr a p  of being unable to  handle tr a n s fe r  is  Cleerem ans & 

M cClelland's (1991) simple re c u r re n t netw ork . However, th is  

p rocesso r is  no t meant to  model th e  ty p e  of ta sk  employed in  th e  

p re se n t experim ents; th e  h e a r t  of th is  model is  one th a t  is  capable of 

p red ic ting  and  g enera ting  covariational p a tte rn s , so i ts  re levance to  

th e  p re se n t d iscussion is  un founded .

However, an o th er model, one which tr ie s  to  handle th e  

ab s trac tio n  p ro cess , is  R oussel, e t a l . 's  (1990) THIYOS model. This 

system  postu la tes th a t  ru le s  of gram m aticality a re  s to red  in  a  

p roduction  system , with s ta tem en ts  of th e  so r t "IF [a ce rta in  condition 

is  m et], THEN [perform  an  ac tio n ]" . The device th a t  Mathews (1991) 

h as  a rg u ed  fo r being capable of handling  th e  ab strac tio n  p ro cess  is  

w hat is  known as  th e  fo rg e ttin g  algorithm . This mechanism re ta in s  

some inform ation about a s tim ulus, and  'fo rg e ts ' o th e r  inform ation. 

P resum ably , th e  im portan t a sp ec ts  of a  stim ulus a re  re ta in e d , while 

le ss  v ita l data a re  fo rg o tten . As an  exam ple, if  th e  s tr in g  W TR D V  

w ere to  be encoun tered , th e  fo rg e ttin g  algorithm  might remove th e  

W T  chunk  to c rea te  th e  ru le  "IF a sequence en d s in  RDV, THEN i t  is  

a  valid ru le " . What makes th is  ru le  a b s tra c t,  according to  Mathews 

(1991), is  th a t since th e  specific  beg inn ing  of th e  s tr in g  is  elim inated, 

th e  new ru le  is  more compact and  can account fo r more in s ta n ces  of 

th e  gramm ar, one only  needs genera l knowledge of th e  ex istence  of th e  

fo rgo tten  component in  o rd e r  to  make gram m aticality judgm ents. 

A lthough th is  is  a good a ttem pt a t explaining th e  ab s trac tio n  p ro cess ,
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it  too cannot handle th e  tra n s fe r  p ro cess .

A ty p e  of model th a t m ight be  ab le  to  accurate ly  model th e  

implicit t r a n s fe r  p rocess is  one sim ilar to  a model su g g es ted  recen tly  

by N osofsky, K ruschke, & McKinley (1992). This system  i s  a 

connectionist netw ork th a t  u ses  exem plar-based  data  a s  well a s  

adap tive  learn ing  ru le s  to  re p re s e n t know ledge. I t  f i r s t  in p u ts  da ta  

th ro u g h  sev era l in p u t nodes, a f te r  w hich inform ation is  s e n t to  sev era l 

'h idden  n o d e s ', which re p re s e n t know ledge in  an  exem plar-based  

form . From th e re , items a re  g iven  a le a rn ed  association w eight and  

th en  o u tp u t from th e  system . A lthough no t a  model of implicit 

le a rn in g , th e  theore tical assum ptions th is  approach  makes can  be 

considered  in  developing a  th e o re tic a l, and  eventually  p rac tica l, model 

of th e  implicit learn ing  p ro cess . H owever, th is  model, while 

contain ing learn ing  mechanisms, is  s till bound to  re p re se n t know ledge 

according to  i t s  in p u t form . T his would p re se n t a problem fo r 

tr a n s fe r ,  in  th a t some ty p e  of ab s trac tio n  device seems n ece ssa ry  in  

o rd e r  fo r tra n s fe r  to  o ccu r.

Toward a  model of implicit lea rn in g

A lthough each of th e  p reced ing  approaches a re  somewhat viable 

in  explain ing  how nonconscious know ledge is  p rocessed , no c u r re n t  

model can adequately  handle t r u e  t r a n s f e r .  In  add ition , th e se  models 

hand le general and specific know ledge in  d ifferen t m anners. T he 

re su lts  from th e  c u rre n t experim ents su g g e s t th a t  implicit know ledge
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is  rep re sen ted  by an  eclectic mix of frag m en ta ry , exem plar-based , and 

a b s tra c t com ponents, a hypo thesis  a rr iv e d  a t  b y  looking a t th e  implicit 

learn ing  p rocess itse lf , as well as  th e  models proposed in  th e  

psychological li te ra tu re  .

When su b jec ts  initially  learn  th e  s tru c tu re  of th e  gram m ar, th ey  

do so b y  memorizing o r  o therw ise coding th e  exp licit sequence of 

symbols of th e  gram m ar. T here fo re , ta c it  knowledge is  most likely 

in itia lly  rep re sen ted  in  a chunked  form of fragm en tary  and 

d is trib u tiv e  inform ation, much like th e  com petitive chunking model of 

S erv an -S ch re iber and  A nderson (1990). However, as th e  load on th e  

memorial system  th a t  s to re s  th e se  c h u n k s  of know ledge in c reases , 

some of th e se  in stance-based  elem ents may come to  be replaced by  

more effic ien t a b s tra c t com ponents. T h is proposal falls in  line with 

Mathews' (1991) 'fo rge tting  algorithm ', a  p rocedu re  which re ta in s  some 

tac it knowledge y e t d iscard s  o th e r  p ieces of nonconscious da ta .

For exam ple, assume fo r a moment th a t  a  su b jec t is  try in g  to 

keep th e  following Grammatical item s s to re d  in  memory d u ring  th e  

acquisition portion of an  IL p ro ced u re : HXHTRRX, HXTRR, 

HXHRHXHT, HXHRHHT, and  HXHRM. A lthough th e se  item s a re  

complex, th e  one underly ing  commonality th e y  sh a re  is  th a t  th e y  all 

begin with th e  bigram HX. The fo rg e ttin g  algorithm , in  an  attem pt to  

maintain a  stream lined memorial system , may choose to  s to re  only th is  

bigram  in  i ts  raw form, while th e  rem aining portions of th e se  item s a re  

'fo rgo tten ' in  th e  sense th a t  th e  exp lic it symbols a re  rep laced  b y  some 

a b s tra c t ru le  such  as  "middle po rtions of s tr in g s  may contain sing le
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occurrences of symbol ty p es  1 , 2 ,  and  3". While th is  eclectic 'ru le ' 

may no t c ap tu re  ev e ry  stim ulus w ithin th is  domain, i t  allows 

p rocessing  to  become more effic ien t, and  in  tu rn  (hopefu lly ), more 

acc u ra te . In  a  b ro ad er sen se , th e  elem ents th a t  remain in stan tia ted  

a re  most likely  th e  h ighly  sa lien t in itia l and  term inal s ta te s  of th e  

gram m ar, while th e  in n e r, more complex s ta te s  become rep resen ted  

ab s tra c tly . V erbal re p o rts  g a th ered  from su b jec ts  a s  th ey  were 

learn ing  grammar genera ted  item s (see  M athews, e t  a l . ,  1989), 

validate  th is  h ypo thesis.

With th e  form in  which initial learn ing  may occur in  p lace, th e  

d iscussion can now tu rn  to  how th e  tr a n s fe r  p ro cess  itse lf might 

occur, som ething w hich, mentioned above Competitive C hunking and  

THIYOS have been incapable of c a p tu rin g . Any theore tical model 

needs em pirical evidence fo r su p p o rt, and  th e  da ta  to  possibly explain 

th e  implicit t r a n s fe r  p rocess w ere g a th e red  in  th e  p re se n t se t of 

experim ents by  m easuring sub jec ts ' reac tion  tim es to  th e ir  well- 

form edness decisions.

Reaction tim es w ere collected in  3 of th e  4 s tu d ie s  conducted , 

with th e  re su lts  from two of those  th re e  experim ents showing reaction  

times to  T ran sfe r item s no t d iffering  sign ifican tly  from reaction times 

to  C ontrol stim uli. In  addition , th e  da ta  from th e  rem aining s tu d y  

(Experim ent 1) w ere in  th is  d irec tion , a s  a  Block effec t showed 

T ra n sfe r  and  C ontrol R T 's even tually  becoming closer to  one an o th er. 

These find ings have bearing  on th e  rep re sen ta tio n  of implicit 

inform ation due to  th e  following line of th o u g h t. Some re se a rc h e rs
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hold th a t  ta c it know ledge is  rep re sen ted  in  i ts  sp ec ific , raw  form 

(Brooks & Vokey, 1991); tra n s fe r  of su c h  know ledge is  held to  occur 

by  sub jec ts  draw ing analogies from one su rface  domain to  an o th er. On 

th e  o th e r  h and , o th e rs  believe th a t ta c it  know ledge is  rep resen ted  

a b s tra c tly , allowing tra n s fe r  to  occur b y  simply mapping a pro to type 

to  any  su rface  form th a t  data might be  p re se n te d  in  (Mathews, e t  a l . , 

1989; Mathews, 1990; R eber, 1990). T he fo rm er, analogical, tra n s fe r  

p rocess would seem ingly tak e  longer th a n  th e  la t te r  p ro cess , since 

making analogies betw een d iffe ren t su rfa c e  form s would apparen tly  

take  longer th a n  mapping a  p ro to type . T h ere fo re , w ith data  from 2 

ou t of th re e  s tu d ie s  showing T ran sfe r  R T 's  ab o u t equal with Control 

R T 's , th e  ab s trac tiv e  position seems to  have more su p p o rt. This 

s tatem ent, how ever, in  no way su g g e s ts  th a t  a b s tra c t  elem ents a re  th e  

sole foundation of nonconscious rep re se n ta tio n s . T he point 

th ro u g h o u t th e se  s tu d ie s  has been th a t t a d t  know ledge is  rep resen ted  

by a  m ixture of d is tr ib u tiv e  and  a b s tra c t com ponents. I t  may be th e  

case th a t  th e  exem plar-based elem ents p lay  a more v ita l role a t  a 

low er, in itia l level of p rocessing , while th e  more g en era l, a b s tra c t 

elem ents m oderate th e  h igher level p ro cesses  su ch  as  mapping stimuli 

acro ss d iffe ren t sen so ry  and o rth o g rap h ic  dom ains. A lthough Brooks 

(Brooks & Vokey, 1991; Vokey & B rooks, 1992) h a s  su g g ested  th a t 

exem plar-based fac to rs  play a ro le in  th e  h ig h e r-lev e l mapping of one 

stim ulus form onto an o th er by  way of 'a b s tra c t an a lo g ies ', he h a s  not 

offered empirical su p p o rt fo r th is  claim. T his fa c t ,  combined with th e  

find ing  from Experim ent 2 th a t sub jec ts  could no t match T ran sfe r
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symbols to  th e ir  ap p ro p ria te  C ontrol sym bols above chance 

perform ance, seems to  su g g e s t th a t  a b s tra c t elem ents d irec t th e  

tra n s fe r  p ro cess , while s tim ulus-specific  com ponents a re  more 

responsib le  fo r  m oderating th e  in itia l acqu isition  of complex 

inform ation.

An additional s e t  of d a ta  th a t  seem ingly su p p o rts  th e  notion th a t 

ta c it  know ledge is  prim arily  re p re se n te d  b y  a b s tra c t  components 

ce n te rs  on th e  m odality-nonspecificity  fin d in g s  of Experim ents 3 and 

4. T hat ta c it know ledge can  be acq u ired  equally  well in  e ith e r th e  

v isual o r au d ito ry  modalities confirm s an d  e x te n d s  th e  re s u lts  of 

Howard & Balias (1982), in  th a t  nonconscious lea rn in g  p rocesses a re  

no t limited to  any  sen so ry  modality. T hese s tu d ie s  su g g e s t, co n tra ry  

to  o th e r  opinions (R oediger & B laxton, 1987; S chacter & G raf, 1989), 

th a t  implicit p rocessing  may be modality in d ep en d en t an d , th e re fo re , 

mostly a b s tra c t.  On a b ro ad er level, th e  c u r re n t  re su lts  seem to 

ind icate  th a t  implicit p rocessing  is  no t d ep en d en t on th e  explicit 

n a tu re  of th e  stim uli; i t  is  th e  und erly in g  s tru c tu re  th a t  is  crucial to 

p rocessing . J u s t  how th is  s t ru c tu re  m ight b e  p rocessed  in  o rd e r fo r a 

eclectic rep re sen ta tio n  (consisting  of frag m e n ta ry , d is tr ib u tiv e , and 

a b s tra c t com ponents) to  be formed is  b e s t illu s tra te d  b y  an example.

Assume th a t  a  su b jec t is  in itia lly  p re se n te d  w ith th e  stim ulus 

BMMMQBH. At an  in itia l level of p ro cess in g , each ind iv idual le tte r  

would have to  have i t s  sen so ry  com ponents u n d ers to o d . Once th is  was 

accom plished, any  ir re le v a n t sen so ry  d a ta  could be s trip p e d  away, 

leaving th e  le t te r s  in  th e ir  raw  form . A t th is  po in t, some ty p e  of
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chunking  mechanism, sim ilar to  th e  one proposed b y  S ervan -S cn re iber 

and A nderson (1990), would ta k e  o v er, b reak ing  th e  stim ulus in to  

severa l chunks of knowledge ( e . g . , B-MMM-QBH). As th is  item , and 

item s similar to  i t ,  come to  be  encountered  on sev e ra l occasions, th e  

chunking  becomes more effic ien t, rep re sen tin g  th e  item in a s  few 

chunks a s  possible, w ith th e  final whole item being  s to red  a s  1 chunk

( e .g . ,  BMMM-QBH > BMMMQBH). A t th is  p o in t, th e  stim ulus has

gone from an  in itia l fragm en tary  rep resen ta tio n  to  a  more exem plar- 

based rep resen ta tio n . Once th is  has been accom plished, an 

'a b s tra c to r1 would come in to  p lay , rem oving ir re le v a n t su rface  da ta , 

leaving only s tru c tu ra l elem ents in  th e  rep re sen ta tio n  ( e . g . ,

BMMMQBH > B -(S2) (S 2)(S 2)-Q B H ---- > B (S 2 )(S 2 )(S 2 )(S 3 )(S 4 )(S 5 )

 > (S I ) (S 2 )(S 2 )(S 2 )(S 3 )(S 4 )(S 5 )).

Such a  system  would be h ighly  e ffic ien t, and  would re su lt in  

T ran sfe r judgm ent accuracy  being equal to  C ontrol judgm ent 

accuracy . However, th is  was no t th e  case . In  a ll b u t Experim ent 3, 

T ran sfe r accuracy  lagged  significantly  behind  C ontrol accuracy . 

T herefo re , th e  above proposed rep resen ta tio n  is  n o t an  accu ra te  

reflection of th e  stim ulus environm ent. A more a cc u ra te  p ic tu re  would 

be one in  which each s te p  in  th e  above p ro cess  occupies a  ce rta in  level 

in  a  rep resen ta tiona l system , in  th e  following fash ion :
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(S 4 )(S 2 )(S 2 )(S 2 )(S 3 )(S 4 )(S 5 )

B— (S 2 )(S 2 )(S 2 )(S 3 )(S 4 )(S 5 )

B—(S 2 )(S 2 )(S 2 )—QBH 

BMMMQBH 

BMMM—QBH 

B--MMM--QBH 

B—M—M—M—Q—B— H

Processing in  th is  system  would beg in  a t  th e  bottom level and  attem pt 

to  proceed to  th e  h ig h e st level. The reason  th e  term  "a ttem p t1' is  

used  is  th a t some know ledge would likely  no t reach  th e  top  level of th e  

system . As a  re s u lt ,  th a t  know ledge may rem ain re p re se n te d  a t  its  

la s t level of p ro cessin g , an occurrence accounting fo r th e  poorer 

T ran sfe r accuracy  a s  com pared to  C ontrol accu racy . Such a  system , 

th e re fo re , would obviously contain a  m ixture of frag m en ta ry , 

exem plar-based , and  a b s tra c t com ponents. This assum ption is  

somewhat suppo rted  b y  th e  find ing  from each  of th e  p reced in g  fou r 

s tu d ie s  th a t highly  sa lien t items w ere responded  to  w ith  approxim ately
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equal levels of accuracy  w hen com pared to  non-sa lien t item s. Subjects 

a re  ap p aren tly  able to  s to re  bo th  specific  in s tan ces  a s  well a s  complex, 

a b s tra c t inform ation w ithin th e  same ta c it system . The only question 

th a t rem ains, th e re fo re , is  which form of know ledge, if  an y , h a s  th e  

g re a te s t influence on th is  system . The answ er to  th is  question lies in  

th e  reaction  time d a ta , a s  outlined  above. I f  th e  fragm en tary  a n d /o r  

exem plar based com ponents had  a  g re a te r  influence th a n  th e  a b s tra c t 

com ponents, th en  R T 's fo r  T ra n s fe r  item s should lag  behind th o se  fo r  

Control item s, since T ra n s fe r  stim uli would have to  be converted  into 

a  exem plar-based form which coincided w ith th e  s to red  rep resen ta tio n . 

On th e  o th e r h and , if  a b s tra c t elem ents assum ed a g re a te r  ro le  in  th e  

ta c it knowledge rep resen ta tio n a l system , th is  RT difference would no t 

e x is t, due to  th e  fac t th a t  no conversion  would be n ece ssa ry . To 

recap itu la te , 2 of th e  3 s tu d ie s  in  which R T 's  were collected found no 

sign ifican t d ifferences betw een T ran sfe r  and  C ontrol R T 's , a finding 

which su p p o rts  th e  idea  th a t  a lthough im plicitly acqu ired  inform ation 

may be rep resen ted  in  a  v a r ie ty  of form ats, th e  prim ary component of 

a  ta c it knowledge rep re sen ta tio n  ap p ea rs  to  be a b s tra c t,  p ro to typ ical 

knowledge about th e  stim ulus environm ent.

Conclusions

The issu e  of know ledge rep re se n ta tio n , independen t of 

conscious o r  nonconscious elem ents, is  an  exceedingly  complex m atter. 

T ran sfe r p rocedures have come to  be a  fa irly  pow erful m easure of any
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th e o ry  of knowledge rep re sen ta tio n , th is  being th e  case especially  in 

th e  field  of implicit lea rn in g . How im plicitly acqu ired  know ledge is  

re p re se n te d  h as  come to  be in v estig a ted  only v e ry  rece n tly . The 

re s u lts  obtained from th e  p re se n t s tu d ie s  a re  in  line  with c u rre n t 

p roposals (Vokey & B rooks, 1992) su g g es tin g  th a t  ta c it know ledge is  

s to red  eclectically v ia  both  d is tr ib u tiv e  and  a b s tra c t elem ents. 

However, th e re  is  s till a  need fo r  a  model which can  accu ra te ly  re flec t 

and  p red ic t nonconscious function ing ; a lthough sev era l e x is t, th ey  

a re , a s  m entioned, inadequate . In  add ition , th e  re s u lts  of Manza 

(1992) su g g es t th a t  th e  developm ent of implicit rep re sen ta tio n s  can  be 

in fluenced  b y  th e  ty p e  of p rocessing  th a t  o ccu rs  d u rin g  th e  in itia l 

acquisition of th e  ru le  s tru c tu re  of an  a rtific ia l gram m ar; th is  is su e , 

too , needs to  be explored  before any  firm  and defin itive conclusions 

abou t th e  rep resen ta tio n  of nonconscious know ledge can be  made. The 

theore tica l model outlined above is  a  possib le s ta r t in g  point fo r 

c larify ing  th e se  m a tters , although i t  is  n o t c lea r if such  a  model: (a) 

could be  in s ta n tia ted , and  (b ) could c a p tu re  th e  tr a n s fe r  of 

nonconscious knowledge.

To conclude, one of th e  most im portan t a sp ec ts  of nonconscious 

p rocessing  of complex inform ation is  th e  fac t th a t  i t  seems to  h inge 

upon one 's  ab ility  to  e x tra c t th e  deep s t ru c tu re  of th e  stim ulus 

environm ent (R eber, 1989) ra th e r  th a n  th e  su rface  elem ents in  o rd e r 

to  g a rn e r  an  adequate  u n d ers tan d in g  of th e  stim ulus domain. In  o rd e r  

to  accomplish th is ,  p rocessing  m ust be  cen te red  on re lev an t da ta  from 

th e  stim ulus d isp lay . In  th e  tra n s fe r  s e tt in g , th is  means
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concen tra ting  on th e  s tru c tu ra l com ponents of stim uli and  no t th e ir  

su rface  fe a tu re s . This can  be  done by  u tiliz ing  both  exem plar-based 

and  a b s tra c t p rocessing  mechanisms, a lthough  th e  ro les of th e se  two 

processes in  th e  rep resen ta tio n  of ta c it know ledge have y e t to  be made 

to ta lly  c lear.

The p re se n t re su lts  o ffer encouragem ent fo r  delineating th e  

implicit rep resen ta tio n  p ro cess , how ever. As mentioned above, th e  

reac tion  time da ta  collected in  th re e  of th e  fo u r investigations su g g es t 

th a t stim ulus-specific data  control th e  in itia l low er levels of 

nonconscious p rocessing , while a b s tra c t elem ents a re  formed by 

s tr ip p in g  down those  d is tr ib u tiv e  d a ta  a t  a  h ig h e r level of 

function ing . Such a  sy n erg is tic  re la tionsh ip  betw een memorial item s is  

seem ingly n ecessary  to  fu lly  c ap tu re  th e  im plicit learn ing  p ro cess , fo r 

p rev ious w ork, a s  well as  th e  c u r re n t s tu d ie s , has  ind icated  th a t 

s tu d y in g  nonconscious p rocesses is  an  ex trem ely  complex ta sk ; th e  

b es t way of handling th e se  m atters is  to  u tilize  th e  b es t a sp ec ts  of th e  

vary in g  theo ries c u rre n tly  in  ex istence in  re la tion  to  th e  acquisition 

and  rep resen ta tio n  of complex inform ation.
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A ppendix A

Q uestions asked  to  su b jec ts  a t  th e  conclusion of each session (w ith 
sample a n sw e rs ) .

1. D uring th e  learn ing  p h ase , how w ere you memorizing th e  item s 
p resen te d  to  you?

"R epeated th e  le tte rs  to  myself"
"Broke them down in to  g ro u p s o f 2 o r  3"
"T ried  to  make w ords ou t of them"

2. In  g en era l, what w ere you basing  y o u r Yes/N o judgm ents on fo r 
th e  te s tin g  phase?

"I d o n 't know"
"I looked fo r p a tte rn s"
"Familiar le tte rs"

3. Were th e re  any  specific ru le s  you rem em ber looking fo r a n d /o r  
using?

"Nothing specific—ju s t a  vague sense"
"L ette rs  (flashes) (tones) co u ld n 't re p e a t more th an  twice in  a  row" 
"TSpecific le t te r s ,  fla sh es , to nes! a t  th e  beg inn ing  and o th e rs  a t 
th e  end"

4. I f  an  item d id n 't  seem to  follow any  ru le  you w ere u s in g , w hat made 
you decide Yes o r  No fo r th a t  item?

"An in tu ition  fo r th a t  item"
"I guessed"
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A ppendix B

Stimuli p resen ted  to  su b jec ts  fo r  Experim ent 1

Learning Phase Stim uli

Symbol Set A Symbol S e t B

MHXH LJZJ
MXXMQBH LZZLRWJ
MHXXMQBH LJZZLRWJ
MXH LZJ
BQBXMQBH WRWZLRWJ
BMQQ WLRR
MXXMMQBH LZZLLRWJ
BQQ WRR
MHHHXXQQ LJJJZZRR
MHHXXQBH LJJZZRWJ
MHXXMQQ LJZZLRR
BMQBXQQ WLRWZRR
BQBXQQ WRWZRR
MXXQBXQQ LZZRWZRR
MXXMMMQQ LZZLLLRR
MHHXXQQ LJJZZRR
MHHXH LJJZJ
BMMMQBH WLLLRWJ
BMQBH WLRWJ
BQBXQBH WRWZRWJ

(A ppendix B con tinues)
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A ppendix B (continued)

Stimuli p re sen te d  to  su b jec ts  fo r Experim ent 1

T esting  P hase Stimuli (* ind icates a  Nongrammatical item)

Set A S et A (mix) S et B Set B (mix)

MXXMMQBH
‘MHXXBQ
'BQMQQ
BQBH

*MXBQ
*BHXH
*BXBQXQMM
MHXXMQBH

'XXHQM
'BQXBQXBX
MHXXMMQQ
BMMMQQ

'HQBXMQO
MHXXQBH
BQBXMMQQ
BMMMMQBH

‘BMQBXQHB
‘QHMXQQH
•BMQQQQ
‘BMMQBQH
*MXQ
*MBMXH
BQBXQQ

*BMQBBBH
BMMQBXQQ

‘MXXQX
BMMMMMQQ

‘HXXQBH
MBQQ

*QBXMQQ
MXH
MXXMMQQ
MHHHHXH

‘BQMMM
'MXQBH
MXXMQQ
BQBXMQBH

QHHQQXMB
‘QBHHMX
‘MXQXX
MXMB

*QHMX
*MBHB
‘MHMXHXQQ
QBHHQXMB

*HHBXQ
'MXHMXHMH
QBHHQQXX
MQQQXX

'BXMHQXX
QBHHXMB
MXMHQQXX
MQQQQXMB

*MQXMHXBM
‘XBQHXXB
'MQXXXX
*MQQXMXB
*QHX
‘QMQHB
MXMHXX

'MQXMMMB
MQQXMHXX

*QBBHB
MQQQQQXX

'BHHXMB
QMXX

'XMHQXX
QHB
QHHQQXX
QBBBBHB

'MXQQQ
*QHXMB
QHHQXX
MXMHQXMB

LZZLLRWJ
‘LJZZWR
'WRLRR
WRWJ

*LZWR
*WJZJ
‘WZWRZRLL
LJZZLRWJ

'ZZJRL
'WRZWRZWZ
LJZZLLRR
WLLLRR

'JRWZLRR
LJZZRWJ
WRWZLLRR
WLLLLRWJ

‘WLRWZRJW
*RJLZRRJ
'WLRRRR
‘WLLRWRJ
*LZR
'LWLZJ
WRWZRR

*WLRWWWJ
WLLRWZRR

‘LZZRZ
WLLLLLRR

‘JZZRWJ
LWRR

*RWZLRR
LZJ
LZZLLRR
L JJJJZ J

*WRLLL
‘LZRWJ
LZZLRR
WRWZLRWJ

RJJRRZLW
*RWJJLZ
'LZRZZ
LZLW

*RJLZ
*LWJW
‘LJLZJZRR
RWJJRZLW

*JJWZR
‘LZJLZJLJ
RWJJRRZZ
LRRRZZ

*WZLJRZZ
RWJJZLW
LZLJRRZZ
LRRRRZLW

‘LRZLJZWL
'ZWRJZZW
’LRZZZZ
‘LRRZLZW
*RJZ
'RLRJW
LZLJZZ

‘LRZLLLW
LRRZLJZZ

‘RJJZJ
LRRRRRZZ

*WJJZLW
RLZZ

*ZLJRZZ
RJW
RJJRRZZ
RWWWWJW

*LZRRR
‘RJZLW
RJJRZZ
LZLJRZLW

(A ppendix B con tinues)
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A ppendix B (continued)

Stimuli p resen ted  to  su b jec ts  fo r Experim ent 1

T esting  Phase Stimuli (* ind icates a Nongrammatical item)

S et A Set A (mix) Set B Set B (mix)

MMQQ "QQXX ‘LLRR *RRZZ
MHHXXQBH QBBHHXMB LJJZZRWJ RWWJJZLW
BMMMQM ‘MQQQXQ 'WLLLRL ‘LRRRZR
BMQBXQBH MQXMHXMB WLRWZRWJ LRZLJZLW
MHHXXQHH 'QBBHHXBB ‘LJJZZRJJ 'RWWJJZWW
BQQ MXX WRR LZZ
MHHXXMQQ QBBHHQXX LJJZZLRR RWWJJRZZ
MXXMQBM 'QHHQXMQ ‘LZZLRWL •r j j r z l r
BMMBH ‘MQQMB ‘WLLWJ ‘LRRLW
BMMQBH MQQXMB WLLRWJ LRRZLW
MXXQQ QHHXX LZZRR RJJZZ
MHXXQQ QBHHXX LJZZRR RWJJZZ
MHHXH QBBHB LJJZJ RWWJW
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A ppendix C 

Stimuli p resen ted  to  su b je c ts  fo r  Experim ent 2 

L earn ing  Item s

MHXRHMRH
HXHT
MHXRMHR
MXRTMXR
MHXRHH
MHXRHXHT
HMTRRRR
HXHRM
MHXRTHMT
HXHRHMRH
HXHRHXHR
MHXRMHXT
HXHRTHMT
HXTR
MXR
HMRMXTX
HXHRTMXR
MXRMXT
HMRTHMRM
MHXTRR
MXTRRRX
HMRHMT
MXRTHMTX
HMRTMXR
HXHRHMR

MXRHHHM
HMRTTMXR
MXRTTMXR
HMTRRRRX
HXHTRX
MXTRX
HMRTHMT
MHRHHHH
HXHRHXTR
MXRTTHMT
HMRHH
MXRHMTRR
MXTRR
HMRHXTRR
HMRHMTR
HXHRMHXT
MHXRMXRH
MXRMXRHM
MHXRTMHR
HMRHHHHM
MHRM
HXHRMXT
HMRMXR
MXRTHXT
MHXRTMXT

(A ppendix C con tinues)
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A ppendix C (continued)

Stimuli p resen ted  to  su b jec ts  fo r  Experim ent 2

T esting  Phase Stimuli ( ‘ in d ica tes  Nongrammatical item)

T ra n sfe r  Item s C ontrol Items

ZJZBZJBZ *BZJFBBBB HXHRM ‘HXHTMXR
QZJQB ZQB ‘MTXTRR MHXRMHRH
QJBFFQJJ ZJZBZJZF ‘HXHMMHRH MHRHHHHM
FQB QJBZ HXHRMHXR MXRHXTRR
ZJFBB ZQBFFQJF ‘MRXRMHRM ‘HXMRHHM
ZJZBZQBZ QJBFZJF MXRMXTRR MXRHMRHM
ZJZQQZBZ QZBZZZZQ ‘MHRRMXR HMTRRRRX
QJBQFBZ ZJZBFZJF HXHTRRX *MXRMTRH
QJFF ‘ZQBFBJF HXHRHMRH *HMRMRT
ZJQBZZQ QJBQJFB HXTRR ‘MXRXMRM
QZJBZJF QZJBZQB HMRHHHHH MXR
ZQBZQ 'QJBFZZZQ 'HHXRTMXR ‘RHXTRRRR
ZZZBQJBZ ZQFBBBBJ MXRTMXTR MXRTTMXR
ZBZF QZJBFZJF HXHRHXHT MXRTHMT
QFBZZQ QJBFZQF HMRHM MHXRTHXT
ZJZBZJFJ *QFB 'HXRTTHXT MXTRRR
QZJFBB 'JJFB B J 'HXHRHHT MHXRHMR
QZJBQZBZ QJB 'HMRHMTH ‘MXRTTHMM
ZQBFQJFZ ZQBZZZZZ 'MHXRXMHR HMRTTHMR
ZQBZQFB ZQBZJF MXRMXTR MXRHMT
QJBZJFBB 'QJBZFZQB *HXTRH ‘XXTRRX
QJBZQBZB ZJZBQ ‘HMRHMTXR ‘HMRXHHH
ZJBFFZJF QJBFFZJF MHXRMXTR MHXRHHM
ZZJBFQJB 'ZBZBZQBZ ‘MXRHMRHR HMTRRX
JQBQJFBB ZQBFFZQB HMRTHMR HMR
ZJZFQJB ZJZBFZQB ‘MXRTHHT MXRH
QBJBQZBQ QZJF *TMR *RHXRMHXR
ZJFBZ •QZJFQBBJ HMRTMXT HXHRHH
QJBFQJFB ZJZFBBJ 'MHXRRMTR HXHRTHXT
QJBZQBZQ ZQBQZBZQ 'TXRMXR ‘MXRTHHHM
QJFBBB *QJBZJQ MHXRHXT MHXRTMHR
FJBQJB •q j b f z z f ‘MXRTTMXX *MXTT
QZJBFQZB ‘QFJFBB 'XMRMXTRR 'HXHRHXRH
ZQBZQFJB ZQBFQJF MHXRH HXHRHXTX
QZJBZ ‘ZQBZQFZ 'MHRTX HMRHMTX
BZJBQZJB ZQFBBJ ‘HMRTMXTH HMRHMTR
QQBZ *QZBFJ ‘HXMRM *HMTRMRRX

(A ppendix C continues)
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Appendix C (con tinued)

Stimuli p resen ted  to  su b jec ts  fo r  Experim ent 2

T esting  Phase Stimuli (* indicates Nongrammatical item)

T ran sfe r  Item s C ontrol Item s

QJBZQF 'QJBJQBQ *HXHHRRR HXHT
ZQBJZZZ ZQBFZQB *MXRHXM HMRMHRHM
ZJZF QZJBZZQ ‘HXHRHMXT MHXT
QZJBZJZB *ZQFBQBBJ 'MTRHHM ‘MHXMR
ZJZBZQJF *QZBBQJB MXRTHXT HXHRTHMR
ZJFBBBJ QJBFFQJB HXTRRRX *MHXTMRRX
ZQBQBF ZJZBZZ *MTR MHXTRR
ZJZZBBB 'QJBFFZQQ HMRTTMXT HMRHXT
ZJQBQ ‘QZJBJQZB ‘MXRHTHMR ‘MMRHHHM
ZQBZQFJ ‘QZJBBQFB HXRTTHXT 'HHHRMXRH
ZJZBQZJB 'QQBZZZQ ‘HXHRHHXM ‘HMRTRXT
QZJBQJFB 'ZJZBZZF MHXRHXHR ‘HRHRHMRH
QJBQJFBB *ZJZBZZJQ *HRHT *MMRH
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A ppendix D

Stimuli p resen ted  to  su b jec ts  fo r  Experim ent 3

Learning Phase
T esting  Phase (* in d ica te s  a  Nongrammatical 
item)

TSSXXHPS
TSXXTHH
PHPXHPS
TSSSXXHH
TSXS
PTTHH
TXXTHPS
PHPXTHPS
PTHPS
PTTHPS
PHH
TXXHPXXHH
PHPXHH
TSXXTHPS
TXS
TSSXXHH
TXXTTTHH
TXXXTHPS
PTHPXHH
TSSSXS

TXXTTHPS
PTTTTTHH
TSXXTHPS

'PTHPXHSP
*HPXTHH
PHPXHH
PHPXTTHH
TXXHH
TXXTHH

‘TXXHX
TSSXXTHH

*PHTTTHH
‘SHPXTHH
PHH

*PTHPPPS
PTHPXHPS

*TXH
‘PHXPHXPX
*PHTHH
*PTTTHT
*TXPH
PHPXTHPS

‘SXXHPS
PHPS
TXS

‘HSTXHHS
‘PTTTHPHS
‘PTHHHH
TSXXHH
TPHH
TSXXTTHH

‘TTHH
TXXTTHH

'TXXTHPT
TSSSSXS

'TSSXXHSS
'PXPHXHTT
*TSXXPH
PTTTHH
TSXXHPS

*TXHPS
'PTTPS
PTTTTHPS
PTTHPS
TSSXXHPS

'XXSHT
*PSXS
TSSXS
PTTHPXHH

‘TPTXS
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A ppendix E

Stimuli p re sen te d  to  su b jec ts  fo r Experim ent 4

For v isual stim uli, th e  num bers 1-5 ind ica te  locations, le ft to  r ig h t ,  in  
1 of 5 boxes located horizontally  ac ro ss  a  com puter sc re e n . A uditory 
stim uli a re  re p re se n te d  b y  5 tones ran g in g  from  v e ry  low p itch  (1) to  
v e ry  h igh  p itch  (5) .

T esting  Phase (* ind ica te s  a Nongrammatical 
Learning Phase item)

144 3144 32252
3252 ‘13334142 *14344
32.553412 *32255422 3222252
352 *3553413 13415412
3553412 *13441112 *415344
141544 32255412 355344
14153412 14153412 *15145433
1333412 141544 *3514
13412 133412 3553344
13344 35533412 *3344
32255412 *13312 *14333
3255344 3255412 *133343
35533344 325544 *1252
1415412 *31352 1412
32225544 14153344 32553412
35533412 35544 32553344
1341544 *354 13333344
35541544 144 *325514
325544 *4235442 32255344
322252 133344 352

*134444 *35412
13341544 ‘35545

*13415421 13333412
*2415344 *55243
*14514515 ‘255412
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