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Post-encodin g Verbalizatio n Impair s Transfe r  o n Artificia l  G r a m m a r  Task s 

Mart e Fallshor e an d Jonatha n W .  Schoole r 
Learnin g Researc h an d Developmen t  Cente r 

Universit y o f  Pittsburg h 
Pittsburgh ,  P A 1526 0 
marte@vms.cis.pitt.ed u 

Abstrac t 

In a series of studies, Schooler and Engstler-Schooler 

(1990 )  showe d tha t  verbalizatio n o f  previousl y 

encountere d non-verba l  stimul i  ca n impai r  subsequen t 

m e m c My performance .  Th e presen t  stud y investigate s 

th e possibilit y  tha t  th e verba l  disruptio n o f  non-verba l 

processes ,  calle d verba l  overshadowing ,  m a y b e 

applie d t o implici t  learning ,  i.e. ,  wher e wha t  i s 

learne d i s  difTicul t  t o verbalize .  O n e frequentl y 

studie d are a o f  implici t  learnin g i s artificia l  grammar s 

(e.g. ,  Rebe r  &  Lewis ,  1977) .  I n th e artificia l 

grammar  research ,  i t  ha s bee n show n tha t  subject s ca n 

lear n informatio n abou t  regularitie s i n lette r  string s 

generate d fro m a  fmit e stat e grammar ,  a s measure d b y 

transfe r  tests ,  whil e bein g unabl e t o usefull y stat e 

what  thos e regularitie s are .  Th e apparen t  disparit y 

betwee n subjects '  competen t  performanc e o n artificia l 

grammar  task s an d thei r  inabiUt y t o explai n th e rule s 

of  thos e task s suggest s th e possibilit y  tha t 

verbalizatio n followin g memorizatio n o f  artificia l 

g rammar  string s m a y impai r  subjects '  performanc e o n 

a transfe r  task .  I n thi s study ,  subject s memorize d a 

subse t  o f  grammatica l  lette r  strings ,  the n hal f  o f  the m 

verbalize d th e rule s the y learne d durin g memorization . 

Th e verba l  subject s performe d significantl y wors e 

tha n th e no-vCTba l  subject s o n a  transfe r  task , 

providin g preliminar y evidenc e tha t  verbalizatio n m a y 

impai r  transfe r  whe n th e learne d informatio n i s 

difficul t  t o verbalize . 

I n t r oduc t i o n 

In a series of studies. Schooler and his colleagues 

(Fallshor e &  Schooler ,  1993 ;  Schoole r  &  Engstler -

SchoolCT ,  1990 ;  Schooler ,  Ohlsson ,  &  Brooks ,  i n 

press )  hav e show n tha t  ther e ar e som e situation s 

wher e havin g subject s verbaliz e abou t  wha t  the y ar e 

doin g ca n impai r  thei r  performanc e compare d t o 

subject s w h o d o no t  verbalize .  Thi s phenomenon , 

calle d verba l  overshadowing ,  ha s bee n show n t o occu r 

wit h face s (Schoole r  &  Engstler-Schooler) ,  tast e 

(Wilso n &  Schooler ,  1991) ,  an d proble m solvin g 

(Schoole r  e t  al.) .  I n th e standar d verba l 

overshadowin g experimen t  (Schoole r  &  Engstler -

Schooler) ,  subject s ar e show n a  fac e an d hal f  o f  the m 

verball y describ e th e face .  Al l  subject s ar e the n 

show n a n arra y o f  6  t o 8  face s an d ar e aske d t o pic k 

th e origina l  fac e fro m th e array .  Th e subject s w h o 

describe d th e fac e ar e les s likel y t o correctl y 

recogniz e th e fac e tha n ar e th e subject s w h o di d no t 

describ e th e face . 

Recen t  evidenc e suggest s tha t  verba l 

overshadowin g m a y interac t  wit h th e verbalizabl e an d 

non-verbalizabl e processe s tha t  ar e differentiall y 

associate d wit h perceptua l  expertise .  I n a  stud y b y 

Fallshor e an d Schoole r  (1993) ,  Whit e subject s wer e 

show n eithe r  own -  o r  other-rac e face s an d describe d 

or  di d no t  describ e th e faces .  Verbalizatio n disrupte d 

own-rac e fac e recognitio n (standar d verba l 

overshadowin g effect )  bu t  ha d n o effec t  o n othCT-rac e 

fac e recognition .  Fallshor e an d Schoole r  propose d 

tha t  th e disruptio n o f  fac e recognitio n ma y b e du e t o 

an excessiv e emphasi s o n th e fcatura l  informatio n 

associate d wit h verbalizatio n (Well s &  Hryciw ,  1984 ; 

Well s &  Turtle ,  1987 )  an d a  de-emphasi s o n th e non -

verbal ,  holisti c informatio n typicall y associate d wit h 

exper t  fac e recognitio n (Rhodes ,  Tan ,  Brake ,  & 

Taylor ,  1989) . 

I f  verbalizatio n doe s i n fac t  caus e subject s t o 

emphasiz e les s usefu l  verba l  informatio n t o th e 

relativ e exclusio n o f  mor e usefu l  non-verba l 

information ,  the n verbalizatio n m a y als o disrup t 

transfe r  o f  learnin g whe n th e informatio n t o b e 

learne d i s  difficul t  t o verbalize .  O n e are a wher e 

subject s lear n abou t  a  difficul t  t o verbaliz e syste m i s 

artificia l  grammars .  A  serie s o f  studie s b y Rebe r  an d 

hi s colleague s (e.g. ,  Reber ,  1967 ;  Reber ,  Kassin , 

Lewis ,  &  Cantor ,  1980 ;  Rebe r  &  Lewis ,  1977 )  ha s 
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I n — • •ou t 

Figur e 1 .  Th e finite  stat e gramma r  use d t o creat e 

grammatica l  lette r  string s (fro m Rebe r  &  Lewis , 

1977) . 

shown tha t  subject s ca n successfull y memoriz e lette r 

string s create d usin g a  finite  stat e gramma r  suc h a s 

th e on e illustrate d i n Figur e 1 .  Followin g 

memorization ,  subject s ca n als o sho w learnin g a s 

measure d b y transfe r  tasks ,  suc h a s recognizin g ne w 

string s a s bein g grammatica l  o r  not ,  bu t  whe n aske d 

t o explai n wha t  the y learned ,  th e leve l  o f  thei r  verba l 
explanatio n doe s no t  generall y matc h di e leve l  o f  thei r 

transfe r  tas k performance .  Therefore ,  whil e artificia l 

grammar  typ e task s ca n b e learned ,  i t  i s  difficul t  fo r 

subject s t o verbaliz e exactl y wha t  the y hav e learned . 

Furthermore ,  Rebe r  argue s dia t  becaus e o f  th e 

difficult y o f  abstractin g verba l  rule s fh) m studyin g th e 

grammar ,  the n th e gramma r  i s bes t  learne d implicitly , 

i.e. ,  withou t  consciou s effor t  t o discove r  th e rule s 

durin g acquisition . 

Accordin g t o Reber ,  subject s ar e implicitl y 

abstractin g th e rule s o f  th e gramma r  durin g 

memorization .  B y manipulatin g instructio n set ,  i.e. , 

givin g subject s eithe r  explici t  rul e searc h instruction s 

durin g memorizatio n o r  implici t  memorizatio n 

instructions ,  i t  ha s ofte n bee n show n tha t  th e explici t 

subject s tak e longe r  t o memoriz e th e string s an d d o 

more poorl y o n th e transfe r  tes t  tha n th e implici t 

subject s providin g som e evidenc e fo r  th e clai m tha t 

artificia l  grammar s ar e bes t  learne d implicitl y  (se e 

Reber ,  1989 ,  fo r  a  review) .  Othe r  interpretation s o f 

what  informatio n subject s acquir e durin g learnin g 

hav e bee n suggeste d (e.g. ,  exemplar s a s i n Brooks , 
1978 ,  an d Wattenmaker ,  1991) .  Nevertheless ,  mos t 

agre e tha t  th e optima l  learnin g metho d i s implici t 

rathe r  tha n explici t  rul e o r  exempla r  searc h (althoug h 

see Dulany ,  Carlson ,  &  Dewey ,  1984) . 

When subject s ar e give n explici t  instruction s t o 

searc h fo r  rules ,  thei r  searc h i s likel y t o b e i n som e 

verba l  form .  Tha t  is ,  explici t  rul e searc h i s probabl y 

equivalen t  t o havin g th e subject s verbaliz e durin g 

memorization .  However ,  previou s studie s examinin g 

th e effect s o f  learnin g instruction s canno t  directl y 

addres s th e issu e o f  whethe r  verbalizatio n 

overshadow s implicitl y  learne d informatio n becaus e 

th e explici t  instruction s ar e invariabl y provide d prio r 

t o learning .  Thus ,  fro m thes e studies ,  i t  i s  possibl e 

tha t  th e detrimenta l  effec t  o f  explici t  instruction s 

simpl y reflecte d reduce d attentiona l  resource s a t  th e 

tim e o f  encoding .  I n orde r  t o determin e whethe r 

verbalizatio n ma y actuall y overshado w previousl y 

learne d implici t  information ,  i t  i s  necessar y t o 

examin e th e effect s o f  verbalizatio n afte r  th e implici t 

materia l  ha s alread y bee n encoded .  Th e presen t 

experimen t  attempte d t o expan d verba l  overshadowin g 

t o learnin g an d a  differen t  domain ,  tha t  o f  artificia l 

grammars .  Usin g Reber' s artificia l  gramma r 

paradig m (specifically ,  Rebe r  &  Lewis ,  1977) , 

subject s wer e instructe d t o memoriz e lette r  string s 

create d usin g th e artificia l  gramma r  depicte d i n Figur e 

1 (th e standar d implici t  learnin g instructions) .  Lette r 

string s wer e create d beginnin g a t  th e S „  node , 

followin g th e arrow s t o th e S^ '  node .  A  subse t  o f 

thes e "grammatical "  lette r  string s wa s memorize d b y 
subjects .  Followin g memorization ,  subject s eithe r 

verbalize d th e rule s the y learne d throug h 

memorizatio n o r  no t  Al l  th e subject s the n performe d 

a discriminatio n task ,  sortin g new ,  never-before-see n 

lette r  string s base d o n whethe r  o r  no t  the y followe d 

th e sam e rule s a s th e origina l  strings .  I f  verbalizatio n 

overshadow s previousl y encode d implici t  information , 

the n subject s i n th e verbalizatio n conditio n shoul d d o 

wors e o n th e discriminatio n tas k (i.e. ,  ge t  fewe r 

correct )  tha n th e no-verba l  subjects . 

M e t h o d 

Material s 

Creation of letter strings. The grammar illustrated 

i n Figur e 1  wa s use d t o creat e th e lette r  strings , 

yieldin g 4 3 string s wit h thre e t o eigh t  letter s each . 

The string s create d i n thi s manne r  wil l  b e calle d 

"grammatical" .  O f  th e 4 3 strings ,  1 5 wer e use d fo r 
memorizatio n trainin g (sam e a s Rebe r  &  Lewis )  an d 

22 wer e use d fo r  th e discriminatio n tas k ( 6 wer e 

randoml y discarded ,  agai n t o replicat e Rebe r  & 

Lewis) .  Tabl e 1  show s th e 3 7 lette r  string s used ; 

thos e use d i n learnin g ar e marke d wit h a n * . 
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Tabl e 1 .  Grammatica l  lette r  string s use d i n th e 

presen t  stud y (th e one s marke d wit h *  wer e use d i n 

acquisition) . 

string s coul d occu r  i n succession .  Al l  8 8 o f  th e tes t 

card s wer e hande d t o th e subjec t  i n on e stac k s o th e 

subjec t  di d no t  kno w ther e wer e tw o sets . 

*PVV 
*TX S 
PTVV 
PVPS 
*TSXS 
PTTVV 
*PTVPS 
TSSXS 
TXXVV 
*PTTTVV 
*PVPXVV 

•TSSSXS 
TSXXVV 

TXXVPS 
PTTTTVV 
*PTTTVPS 
PTVPXVV 
PVPXTVV 
*PVPXVPS 
TSSSSXS 
*TSSXXVV 
•TSXXVPS 
TSXXTVV 
TXXTTVV 
TXXTVPS 

PTTTTVPS 
PTTVPXVV 
*PTVPXTVV 
•PVPXTVPS 
*TSSSSSXS 
TSSSXXVV 
TSSXXTVV 
TSXXTVPS 
TSXXTTVV 
•TXXVPXVV 
TXXTTVPS 
TXXTTTVV 

Tabl e 2 .  Non-grammatica l  lette r  string s use d fo r  th e 

discriminatio n test .  Th e offendin g lette r  i s  underlined . 

TPXS 
PTXVV 
PTVSS 

TTTVPS 
TPXXVV 
PTSVPS 
PTTVXS 
TSSPXS 

TXXTVS 
TVPXVPS 
PSXXTVV 

PXPXTVV 
PPTTVPS 
TSSSPXS 
PVPXTPS 

TSSSSXV 
PTSXXVPS 
TXPTTVPS 
TSXXPTVV 
TSSPSSXS 
prrrivx s 
PVPXTTVS 

The non-grammatica l  string s wer e create d b y 
takin g 2 2 grammatica l  string s an d replacin g on e lette r 

wit h a  lette r  tha t  woul d m a k e th e strin g non -

grammatical .  Tabl e 2  show s th e non-grammatica l 

string s wit h th e offendin g lette r  underlined . 

Presentation .  Th e lette r  string s wer e mounte d o n 

blan k 3  x  S  cards .  The y wer e printe d o n a  lase r 
printe r  i n bol d typ e usin g a  3 6 poin t  font .  Fo r  th e 

discriminatio n tes t  strings ,  tw o identica l  set s wer e 

m a de s o th e subjec t  woul d unknowingl y se e al l  th e 

les t  string s tw o time s i n orde r  t o ge t  a  consistency-of -

sor t  measure . 

T h e card s wer e shuffle d fo r  eac h subjec t  i n orde r 

t o randomiz e th e orde r  o f  presentation .  Fo r  th e 1 5 

learnin g strings ,  th e subject s learne d th e card s i n fiv e 

set s o f  thre e card s each .  Th e card s wer e shuffle d fo r 

eac h subjec t  i n suc h a  wa y tha t  ther e wer e neve r  mor e 

tha n tw o card s pe r  se t  o f  thre e wit h mor e tha n 6 

letter s an d n o mor e tha n tw o card s pe r  se t  startin g 

wit h th e sam e letter .  Fo r  th e les t  cards ,  th e tw o set s 

wer e shuffle d separatel y i n suc h a  wa y tha t  n o mor e 

tha n thre e grammatica l  o r  thre e non-grammatica l 

P rocedu r e 

Learning. All subjects were run individually. Before 

beginnin g th e experiment ,  th e subjec t  wa s merel y tol d 

tha t  th e experimen t  i s a  m e m o r y experimen t  an d the y 

ar e t o memoriz e lette r  strings .  The y wer e presente d 

wit h th e lette r  string s thre e a t  a  time ,  5  s  each , 

followin g sundar d artificia l  gramma r  procedures . 

Immediatel y followin g presentation ,  th e subjec t 

attempte d t o writ e th e string s the y sa w fro m memory . 

Th e experimente r  score d th e subject' s answer s an d 

tol d the m whic h the y go t  right  (n o othe r  feedbac k wa s 

given) .  W h e n th e subjec t  go t  al l  thre e right  tw o time s 

i n a  row ,  th e experimente r  move d o n t o th e nex t  se t 

unti l  al l  1 5 string s wer e learned .  Th e metho d o f 

presentatio n an d criterio n fo r  succes s wa s explaine d 

t o th e subjec t  Ther e wer e tw o constraint s o n thi s 

procedure ,  no t  explaine d t o th e subjects .  First ,  du e t o 

th e frustratin g natur e o f  th e task ,  i f  th e subjec t  di d no t 

succee d afte r  7  trials ,  th e experimente r  wen t  o n t o th e 

nex t  set .  I f  thei r  firs t  succes s wa s o n a  sevent h trial , 

on e mor e tria l  wa s administere d t o tr y t o ge t  tw o i n 

a ro w correc t  Second ,  an y subjec t  w h o faile d t o 

lean i  4  o r  mor e set s wa s no t  used . 

Verbalization .  Followin g completio n o f  learning , 

subject s eithe r  verbalize d th e rule s the y learne d durin g 

memorizatio n (verba l  condition )  o r  the y verbalize d 

rule s o f  th e spor t  o f  thei r  choic e (no-verba l  condition ) 

fo r  4  min .  Thi s wa s th e first  mentio n o f  th e rule s fo r 

th e verba l  subjects .  No-verba l  subject s ha d no t  bee n 

tol d abou t  th e rule s a t  thi s point . 

Discriminatio n test .  Afte r  writing ,  no-verba l 

subject s wer e informe d o f  th e existenc e o f  th e rules , 

but  no t  abou t  th e natur e o f  them .  Al l  subject s wer e 

presente d wit h th e ful l  stac k o f  tes t  card s an d wer e 

tol d tha t  hal f  follo w th e rule s whil e hal f  d o no t  an d 

tha t  thei r  tas k i s t o sor t  th e card s accordin g t o 

whethe r  the y believ e the y follo w th e rule s o r  not . 

Subject s 

A total of 27 introductory psychology students served 

as subject s i n th e experiment .  Si x  wer e no t  use d 

becaus e the y di d no t  lear n 4  o r  mor e o f  th e set s o f 

lette r  string s i n th e allotte d trials ,  yieldin g 1 0 verba l 

and 1 1 no-verba l  subjects .  Al l  subject s participate d 

i n th e Fal l  199 2 ter m a t  th e Universit y o f  Pittsburg h 
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and received  credi t  towar d thei r  cours e fo r 

participating . 

Results 

The mean number correct was 47.7, out of a possible 

88 ,  fo r  th e verba l  an d 56. 1 fo r  th e no-verba l  subjects . 

The differenc e betwee n th e group s wa s significan t 

(t(19 )  =  2.509 ,  B  <  .01) ;  verba l  subject s sorte d 

significantl y fewe r  o f  th e lette r  string s correctl y tha n 

di d th e no-verba l  subjects ,  a s predicted . 

overshadowin g effec t  m a y als o subsum e learning . 

I f  fubir e studie s continu e t o confir m th e hypothesi s 

outline d i n th e presen t  paper ,  i t  coul d hav e 

implication s fo r  futur e studie s i n cognitiv e psycholog y 

wher e verba l  protocol s ar e use d an d als o i n educatio n 

wher e th e tren d i n recen t  year s ha s bee n t o hav e 

student s discus s i n grea t  detai l  wha t  the y ar e learning . 

Whil e discussio n i s undoubtedl y usefu l  i n man y 

learnin g situations ,  i t  m a y b e tha t  ther e ar e area s 

wher e prematur e verbalizatio n m a y impai r  learnin g a s 

i t  doe s wit h artificia l  grammars .  Futur e researc h wil l 

continu e t o explor e thes e issues . 

Discussio n 

The basic hypothesis of this experiment was 

supported :  Verbalizatio n o f  rule s impaire d subjects ' 

abilit y  t o correctl y sor t  leue r  string s compare d wit h 

subject s w h o di d no t  verbaliz e th e rules .  I t  ha s bee n 

argue d elsewher e (se e Reber ,  1989 ,  fo r  a  review )  tha t 

th e rule s tha t  underli e artificia l  grammar s ar e difficul t 

t o ascertai n explicitl y  an d tha t  subject s lear n bette r 

when the y ar e no t  explicitl y  instructe d t o loo k fo r 

rule s (e.g. ,  Reber ,  1976) .  I n othe r  words ,  th e bes t 
metho d fo r  learnin g th e lette r  string s i s implicit ,  a s 

previousl y discussed .  I t  shoul d b e noted ,  however , 

tha t  whil e th e presen t  fmding s ar e consisten t  wit h 

previou s observation s o f  th e advantag e o f  implici t 
ove r  explici t  artificia l  gramma r  learning ,  the y 

significantl y exten d thi s research .  Specifically , 

previou s studie s hav e manipulate d instruction s a t  th e 

tim e o f  encodin g thereb y potentiall y  reducin g th e 

resource s allocate d t o learnin g th e actua l  lette r  strings . 

However ,  i n th e presen t  case ,  th e verba l  manipulatio n 

occurre d followin g encodin g rathe r  tha n durin g 

encoding ,  meanin g tha t  al l  subject s presumabl y ha d 

th e sam e resource s availabl e fo r  memorization ;  i t  wa s 
onl y afte r  memorizatio n tha t  th e tas k wa s changed . 

Thus ,  th e presen t  result s indicat e tha t  verbalizatio n 

may disrup t  th e acces s t o alread y encode d implici t 

knowledge . 

The presen t  result s als o provid e informatio n abou t 

th e generalizabilit y  o f  th e verba l  overshadowin g 

effect .  Heretofore ,  th e verba l  overshadowin g 

paradig m ha s onl y bee n applie d t o area s o f  knowledg e 

wher e subject s wer e assume d t o alread y hav e som e 

leve l  o f  expertis e (fac e recognitio n o r  decisio n 

making )  o r  a t  leas t  som e a  prior i  establishe d skil l 
(proble m solving) .  Th e presen t  result s provid e 

evidenc e tha t  verba l  overshadowin g i s no t  limite d t o 

task s wher e subject s ar e usin g establishe d skills . 

Rather ,  th e result s provid e evidenc e tha t  th e verba l 
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