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Abstrac t 

The ambiguity inherent in natural language requires us to make 
many decision s abou t  th e meanin g o f  wha t  w e hea r  o r  read .  Ye t 
most  studie s o f  natura l  languag e understandin g hav e assume d 
tha t  althoug h languag e ma y b e ambiguous ,  w e alway s mak e 
th e righ t  choic e whe n face d wit h a  decisio n abou t  ambiguity . 
Consequently ,  ver y littl e i s  sai d abou t  ho w t o recove r  fro m in -
correc t  decisions .  I n thi s pape r  w e loo k a t  tw o rar e example s 
of  investigation s int o recoverin g fro m erroneou s decision s i n 
resolvin g lexica l  ambiguity .  Afte r  examinin g th e correspond -
in g theories ,  w e find  tha t  wha t  a t  firs t  appea r  t o b e competin g 
theorie s ca n i n fac t  b e resolve d int o a  unifie d theor y o f  lexi -
cal  erro r  recover y base d upo n a  highl y paralle l  architectur e fo r 
languag e understanding . 

Why error recovery? 

Researcher s i n natura l  languag e understandin g hav e ofte n as -
sumed tha t  althoug h spoke n o r  writte n tex t  m a y b e ambiguou s 
i n man y ways ,  i t  i s  no t  misleading .  I n othe r  words ,  i t  i s  as -
sumed tha t  whe n th e understande r  resolve s a n ambiguity ,  th e 
choic e tha t  i s  m a d e i s alway s th e correc t  one .  Consequently , 
th e questio n o f  h o w a n understande r  ca n correc t  it s  mistake s 
i n interpretatio n i s seldo m asked .  Ye t  t o ignor e th e issu e o f 
erro r  recover y i n natura l  languag e understandin g i s t o ignor e 
one o f  th e mos t  vita l  aspect s o f  th e huma n languag e under -
stander .  A s th e followin g example ,  du e t o Lashle y (1951) , 
illustrates ,  spoke n o r  writte n tex t  i s  ofte n misleading ,  an d 
humans frequentl y appea r  t o b e abl e t o recove r  fro m mis -
take s i n semanti c interpretatio n quit e gracefully ,  withou t  an y 
consciou s awarenes s tha t  a  mistak e ha s bee n made : 

Text 1 Rapid righting with his uninjured hand saved from 
los s th e content s o f  th e capsize d canoe . 

People will often hear the second word as "writing" and real-
iz e thei r  mistak e onl y whe n the y hea r  "th e capsize d canoe. " 
Thi s abilit y  t o recove r  fro m error s serve s u s well .  Ambiguit y 
i n natura l  languag e allow s u s t o economiz e i n ou r  communi -
cation s b y eliminatin g m u c h o f  wha t  coul d b e sai d o r  writ -
te n an d relyin g o n th e listene r  o r  reade r  t o suppl y th e miss -
in g knowledge .  B y doin g so ,  however ,  w e als o increas e th e 
potentia l  fo r  misunderstanding .  Th e abilit y t o recove r  fro m 
erroneou s wor d sens e decision s whe n resolvin g ambiguitie s 
i s a n importan t  compensator y mechanis m tha t  allow s usefu l 

communicatio n t o continu e whe n th e spoke n o r  writte n tex t 
i s  misleading .  Understandin g th e erro r  recover y capabilit y o f 
th e huma n languag e processo r  wil l  ai d i n th e developmen t  o f 
mor e usefu l  languag e understandin g systems ,  an d wil l  len d 
insigh t  int o th e architectur e o f  th e huma n languag e proces -
sor  itself .  I n thi s pape r  w e examin e tw o model s o f  lexica l 
erro r  recover y i n tex t  understanding ,  an d sho w h o w th e tw o 
model s migh t  b e merge d int o a  singl e unifie d mode l  o f  lex -
ica l  erro r  recover y unde r  a  highl y paralle l  architectur e fo r 
languag e understanding . 

Error recovery without text reprocessing 

As Tex t  1  abov e clearl y indicates ,  i t  i s no t  necessar y t o re -
proces s misleadin g inpu t  i n orde r  t o recove r  from  erroneou s 
decisions .  W h e n Tex t  1  i s presente d aurally ,  th e listene r  w h o 
hear s "writing "  instea d o f  "righting "  wil l  b e unabl e t o re -
proces s earlie r  tex t  whe n th e mistak e i s late r  reveale d afte r 
hearin g "th e capsize d canoe. "  Becaus e th e m e m o r y o f  th e 
verbati m tex t  i s  availabl e fo r  onl y a  shor t  perio d o f  tim e (e.g. , 
onl y unti l  a  claus e boundary ,  accordin g t o Jarvell a (1970)) , 
some mechanis m othe r  tha n reprocessin g mus t  accoun t  fo r 
th e listener' s abiUt y t o recove r  fro m thi s mistake . 

A theor y o f  lexica l  acces s an d disambiguation ,  calle d con -
ditiona l  retention ,  account s fo r  a  huma n understander' s abiht y 
t o recove r  fro m a n incorrec t  choic e o f  wor d meanin g with -
out  reprocessin g th e tex t  (Granger ,  Holbrook ,  &  Eiselt ,  1984 ; 
Holbroo k e t  al. ,  1988) .  Accordin g t o thi s theory ,  al l  mean -
ing s o f  a n ambiguou s wor d ar e retrieved ,  th e meanin g mos t 
appropriat e t o th e precedin g contex t  i s  chosen ,  an d th e other , 
les s appropriat e meaning s ar e temporaril y  deactivate d bu t  re -
tained .  I f  late r  tex t  contradict s th e initiall y  chose n meaning , 
th e retaine d meaning s ar e reconsidere d i n ligh t  o f  th e update d 
contex t  an d a  ne w meanin g selected . 

Th e combine d deactivatio n an d retentio n o f  th e meaning s 
not  chose n accomplishe s tw o goal s fo r  th e languag e under -
stander .  First ,  i t  permit s th e processin g a t  th e lexica l  leve l  t o 
continu e t o mak e immediat e decision s abou t  th e meaning s o f 
subsequen t  word s i n th e contex t  o f  a  single ,  plausibl e inter -
pretatio n o f  th e precedin g tex t  instea d o f  multipl e interpreta -
tion s o f  varyin g plausibility .  I f  th e unchose n meaning s wer e 
not  completel y deactivated ,  ther e coul d b e resultin g confu -
sio n i n makin g decision s abou t  n e w wor d meanings .  Second , 
i t  allow s th e retaine d decision s t o b e use d b y othe r  processe s 
i n correctin g wron g decision s m a d e b y th e origina l  proces s 
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withou t  reprocessin g th e origina l  inpu t  text ,  a t  leas t  fo r  a  shor t 
time .  Trackin g retaine d meaning s allow s th e erro r  recover y 
t o b e don e withou t  maintainin g separat e copie s o f  al l  possibl e 
interpretation s o f  th e tex t  processe d s o far ,  thu s reducin g bot h 
storag e an d processin g overhead . 

O ne argumen t  agains t  conditiona l  retentio n i s tha t  severa l 
cross-moda l  lexica l  primin g ( C M L P )  experiment s hav e show n 
that ,  withi n 20 0 mse c afte r  a  meanin g o f  a n ambiguou s wor d 
has bee n selected ,  th e alternat e meaning s ar e a s inactiv e a s 
unrelate d concept s tha t  ar e use d fo r  comparison—the y ar e a s 
inactiv e a s i f  the y ha d neve r  bee n activate d i n th e first  plac e 
(Onife r  &  Swinney ,  1981 ;  Seidenber g e t  al. ,  1982 ;  Swin -
ney ,  1979 ;  Tanenhaus ,  Leiman ,  &  Seidenberg ,  1979) .  Thi s 
model  o f  lexica l  acces s an d disambiguatio n i s calle d activ e 
suppression .  Ther e ar e tw o problem s wit h usin g thi s bod y o f 
dat a t o argu e i n favo r  o f  th e activ e suppressio n mode l  ove r 
conditiona l  retention .  Th e first  i s  tha t  mos t  o f  thes e studie s 
use d text s tha t  ende d wit h th e ambiguou s wor d (cf .  Onife r  & 
Swinney ,  1981). ^  Fo r  suc h texts ,  then ,  meanin g selectio n wil l 
alway s occu r  a t  th e en d o f  th e tex t  whe n ther e i s n o chanc e 
of  disconfirmin g information .  Unde r  thi s condition ,  th e con -
ditiona l  retentio n theor y als o hold s tha t  unsclecte d meaning s 
wil l  b e forgotten .  Bu t  thes e experiment s d o no t  tes t  wha t  hap -
pen s whe n th e ambiguou s wor d i s embedde d i n th e text ,  wit h 
mor e tex t  t o follo w th e ambiguou s word .  Hudso n an d Tanen -
haus (1984 )  foun d tha t  meaning s wer e availabl e longe r  whe n 
precede d b y neutra l  contex t  an d embedde d withi n th e text . 
Holbroo k (1989 )  ha s foun d evidenc e tha t  unselecte d mean -
ing s ar e retaine d whe n th e ambiguou s wor d i s embedde d i n a 
longe r  tex L Thus ,  th e C M L P studie s tha t  bes t  suppor t  activ e 
suppressio n alon e di d no t  includ e material s tha t  woul d tes t 
fo r  conditiona l  retentio n unde r  appropriat e conditions .  Th e 
secon d proble m i s tha t  whil e th e C M L P studie s tha t  sup -
por t  activ e suppressio n d o i n fac t  demonstrat e tha t  unselecte d 
wor d meaning s ar e ver y quickl y deactivate d a t  th e en d o f 
a text ,  thes e experiment s d o no t  thoroughl y tes t  whethe r  th e 
meaning s hav e bee n completel y forgotten .  The y us e onl y on e 
typ e o f  measur e (reactio n time )  o n tw o closely-relate d task s 
(lexica l  decisio n an d naming) . 

The experiment s abov e d o no t  addres s th e questio n o f  ho w 
recently-deactivate d wor d meaning s migh t  diffe r  fro m thos e 
whic h hav e bee n inactiv e fo r  a  muc h longe r  duration .  Thi s 
differenc e migh t  appea r  a s differen t  degree s o f  sensitivit y 
t o re-activatio n whil e processin g additiona l  input ,  o r  som e 
othe r  qualit y tha t  doe s no t  correspon d t o th e relativ e activa -
tio n leve l  an d i s therefor e immeasurabl e i n C M L P studies . 
Furthermore ,  lexica l  decisio n task s an d lexica l  namin g task s 
ar e goo d fo r  acquirin g dat a abou t  subjects '  respons e times , 
whic h i n tur n correlat e t o th e degre e o f  facilitatio n o f  th e in -
dividua l  wor d meanings .  However ,  th e conditiona l  retentio n 
theor y suggest s tha t  retentio n ma y no t  sho w u p a s facilitatio n 
becaus e retaine d meaning s hav e bee n de-acdvated .  Thi s sug -
gest s th e nee d fo r  a n experimenta l  methodolog y othe r  tha n 

'Althoug h Onife r  an d Swinne y (1981 )  use d text s tha t  continue d 
fo r  severa l  word s afte r  th e ambiguou s word ,  thei r  material s wer e no t 
as carefull y  controlle d a s ha s becom e common ;  specifically ,  meanin g 
frequency,  numbe r  o f  syllable s o f  probes ,  an d simila r  issue s coul d 
hav e erase d effect s o f  meanin g retention . 

th e lexica l  decisio n o r  lexica l  namin g task . 

New experimental evidence 

Wc designe d a  stud y whic h use s a  binar y forced-choic e tas k 
t o tes t  fo r  conditiona l  retentio n o f  unselecte d meaning s acros s 
sententia l  boundaries .  Th e forced-choic e tas k offere d th e abil -
it y  t o detec t  indirectl y th e existenc e o f  conditiona l  retentio n 
by studyin g th e subjects '  decision s instea d o f  thei r  respons e 
times .  Th e us e o f  text s wit h sentence s followin g th e ambigu -
ous wor d allowe d u s t o tes t  whethe r  suppressio n o f  unselecte d 

wor d meaning s alway s occur s a t  th e en d o f  a  sentence ,  o r 
whethe r  meaning s ca n b e retaine d whe n informatio n wit h th e 
potentia l  t o chang e th e representatio n i s a t  hand . 

I n thi s experiment ,  subject s wer e aske d t o rea d shor t  text s 
of  on e t o thre e sentence s i n length .  Experimenta l  text s wer e 
tw o sentence s i n length ,  an d th e other s wer e filler  texts .  Fille r 
text s wer e o f  varyin g lengt h i n orde r  t o ensur e tha t  subject s 
woul d no t  kno w whethe r  ther e wa s mor e informatio n t o b e 
adde d t o th e representatio n afte r  thei r  wor d choice .  Thi s 
provide d th e appropriat e condition s unde r  whic h retentio n i s 
though t  t o occur .  Ther e wer e tw o type s o f  experimenta l  text s 
tha t  ar e importan t  t o th e curren t  discussion : 

• Consistent bias surrounds ambiguous word: The con-
tex t  precedin g th e ambiguit y biase s toward s on e meanin g 
but  doe s no t  preclud e th e other .  Th e contex t  followin g 
th e ambiguit y provide s informatio n requirin g th e origina l 
biased-fo r  meaning . 

Example :  Mar y realize d tha t  sh e ha d examine d th e wron g 
bat .  Sh e too k i t  bac k an d go t  on e tha t  wa s aluminum . 

•  Conflictin g bia s surround s ambiguou s word :  Th e con -
tex t  precedin g th e ambiguit y biase s toward s on e meanin g 
but  doe s no t  preclud e th e other .  Th e contex t  followin g th e 
ambiguit y provide s informatio n consisten t  wit h th e earl y 
contex t  bu t  requirin g th e unselecte d meaning . 

Example :  Mar y realize d tha t  sh e ha d examine d th e wron g 
bat .  Sh e too k i t  bac k an d go t  on e tha t  wa s male . 

The text s wer e presente d o n a  compute r  monito r  a  fe w 
word s a t  a  time ,  wit h eac h grou p o f  word s replacin g th e grou p 
befor e it .  A n informatio n prob e wa s displaye d o n th e monito r 
at  on e o f  tw o point s i n th e text :  eithe r  betwee n th e ambiguou s 
wor d an d th e disambiguatin g tex t  o r  afte r  th e disambiguatin g 
text .  Th e probe  consiste d o f  a  pai r  o f  words ,  an d th e subject' s 
tas k wa s t o decid e whic h o f  th e tw o word s wa s mor e relate d 
t o th e text .  Th e choic e wa s indicate d b y pressin g on e o f  tw o 
buttons ,  eac h correspondin g t o on e o f  th e tw o prob e words . 
An exampl e o f  material s presentatio n i s show n below : 

Mary realized 
tha t  sh e ha d examine d 

th e wron g bat .  Sh e too k 
i t  bac k an d go t 

C A VE P I T C H 
one tha t  wa s 

male . 

The first line would appear, centered on the monitor, for 640 
msec.  Th e secon d lin e woul d the n replac e th e first  lin e fo r 
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consisten t 
bia s 

surround s 
(n=18 ) 

CR 
AS 
dat a 

conflictin g 

bia s 
surround s 

(n=27 ) 

CR 
AS 

dat a 

Cel l  1 
correc t 
wor d 

75 
100 
61 

incorrec t 
wor d 

25 
0 
39 

Cel l  4 
correc t 
wor d 

25 
0 

33 

incorrec t 
wor d 

75 
100 
67 

Cel l  2 
correc t 
wor d 
100 
100 
89 

unrelate d 
wor d 

0 
0 
11 

Cell s 
correc t 
wor d 
100 
50 
70 

unrelate d 
wor d 

0 
50 
30 

Cel l  3 
incorrec t 

wor d 

100 
50 
94 

Ce 
incorrec t 

wor d 
100 
100 
85 

unrelate d 
wor d 

0 
50 
6 

116 
unrelate d 

wor d 
0 
0 
15 

Tabl e 1 :  Prediction s an d result s a t  earl y prob e poin t  durin g force d choic e task . 

640 msec ,  an d s o on .  W h e n th e tw o capitalize d prob e word s 
appeare d o n th e screen ,  th e subjec t  woul d pres s a  designate d 
key o n th e lef t  sid e o f  th e compute r  keyboar d i f  h e o r  sh e 
though t  th e wor d o n th e lef t  wa s mor e appropriat e t o th e tex t 
tha n th e wor d o n th e right ,  o r  woul d pres s a  designate d ke y 
on th e righ t  sid e o f  th e keyboar d i f  th e wor d o n th e righ t  wa s 
though t  t o b e mor e appropriate .  Presentatio n o f  additiona l 
tex t  di d no t  continu e unti l  th e subjec t  presse d on e o f  th e tw o 
keys . 

An earl y prob e poin t  an d a  lat e prob e poin t  wer e use d fo r 
each tex t  i n a  between-subject s design .  Th e earl y prob e poin t 
occurre d som e tim e afte r  th e ambiguou s wor d bu t  befor e th e 
disambiguatin g informatio n i n th e secon d sentence .  Th e lat e 
prob e poin t  occurre d a t  th e en d o f  th e secon d sentence ,  afte r 
th e disambiguatin g informatio n ha d bee n presented .  (Fo r  th e 
sak e o f  brevity ,  w e wil l  discus s onl y th e result s obtaine d a t 
th e earl y prob e poin t  i n detail. )  Th e prob e wor d pair s wer e 
rotate d betwee n thre e type s o f  words :  a  wor d relate d t o th e 
meanin g o f  th e ambiguou s wor d tha t  wa s correc t  a t  th e en d 
of  th e text ,  a  wor d relate d t o th e incorrec t  meanin g a t  th e en d 
of  th e text ,  an d a  wor d unrelate d t o eithe r  meanin g o r  t o th e 
tex t  a s a  whole .  I n th e exampl e above ,  th e thre e word s use d 
wer e "PITCH, "  " C A V E , "  an d "PAIR. "  "P ITCH "  i s relate d 
t o th e basebal l  meanin g o f  "bat, "  an d i s mor e appropriat e 
at  th e earl y prob e point. ^  " C A V E "  i s relate d t o th e anima l 
meanin g o f  "bat, "  an d i s mor e appropriat e t o th e tex t  a t  th e 
lat e prob e point .  "PAIR "  i s unrelate d t o eithe r  meanin g o f 

^The bia s o f  th e first  sentenc e o f  eac h tex t  wa s guarantee d wit h 
two group s o f  informants .  Th e first  group ,  naiv e judges ,  rea d an d 
paraphrase d eac h sentence .  Thos e sentence s whic h wer e paraphrase d 
to reflec t  on e meanin g i n 100 % o f  th e paraphrase s wer e rea d b y 
a secon d grou p o f  informants .  Thes e judge s wer e informe d tha t 
each sentenc e containe d a n ambiguou s word .  Eac h sentenc e rea d 
by thi s secon d grou p wa s followe d b y th e tw o targe t  word s tha t 
were semanticall y relate d t o th e ambiguou s wor d a t  th e en d o f  th e 
sentence .  Th e informant s wer e aske d t o choos e th e wor d mor e 
relate d t o th e meanin g o f  th e sentence ,  o r  t o indicat e tha t  bot h wer e 
equall y related .  A  tex t  wa s use d i n th e experimen t  i f  th e intende d 
targe t  wor d wa s chose n mor e tha n 8 0 % o f  th e tim e an d wa s neve r 
judge d a s relate d t o th e othe r  targe t  word . 

th e ambiguou s wor d o r  th e text . 

I n thi s experiment ,  th e theorie s o f  conditiona l  retentio n 
and activ e suppressio n ar e se t  u p a s opposin g theories ,  s o 
i t  i s  usefu l  t o compar e th e tw o theories '  prediction s o f  th e 
outcome s fo r  th e differen t  condition s o f  thi s experiment .  Th e 
prediction s o f  th e subjects '  response s a t  th e earl y prob e point , 
and th e dat a gathere d a t  thi s poin t  ar e summarize d i n Tabl e 1 . 
Thi s tabl e refer s t o thre e type s o f  wor d stimuli .  Correc t  wor d 
stimul i  ar e word s relate d t o th e meanin g o f  th e ambiguou s 
wor d tha t  coul d b e integrate d wit h contex t  a t  th e conclusio n 
of  th e text .  Incorrec t  wor d stimul i  ar e word s relate d t o th e 
meanin g o f  th e ambiguou s wor d tha t  coul d no t  b e integrate d 
wit h contex t  a t  th e conclusio n o f  th e text .  Unrelate d wor d 
stimul i  ar e word s tha t  wer e unrelate d t o eithe r  meanin g o f 
th e ambiguou s wor d a t  an y poin t  i n th e text .  Th e table s 
giv e predicte d choice s a s percentage s o f  th e tota l  numbe r  o f 
responses . 

The first  typ e o f  tex t  reporte d i n Tabl e 1 ,  calle d "consis -
ten t  bia s surrounds, "  wa s designe d s o tha t  th e contex t  whic h 
occur s befor e th e ambiguou s wor d i s encountere d biase s to -
ward s on e meanin g o f  th e ambiguou s word .  Thus ,  th e reade r 
wil l  hav e enoug h informatio n fro m th e tex t  o n whic h t o bas e 
a decision ,  an d wil l  choos e th e meanin g whic h i s mor e re -
late d t o th e previou s context .  Th e contex t  whic h follow s th e 
ambiguou s word s fo r  thes e text s agree s wit h th e contex t  tha t 
precede s th e ambiguou s words ,  s o th e meanin g choic e tha t 
was mad e remain s correc t  throughou t  th e text . 

Conditiona l  retentio n (CR )  predict s tha t  th e unselecte d 
meanin g o f  th e ambiguou s wor d wil l  b e retaine d throughou t 
th e text ,  an d tha t  thi s wil l  caus e interferenc e i n th e forced -
choic e tas k betwee n th e correc t  an d incorrec t  prob e word s 
(Cel l  1) .  Th e simples t  mode l  o f  thi s interferenc e i s tha t  i t  wil l 
be reflecte d i n 2 5 % o f  th e response s (th e intermediat e poin t 
betwee n a  predictio n o f  n o interference ,  whic h woul d b e re -
flected  i n 0 % o f  th e choices ,  an d complet e interference ,  whic h 
woul d b e reflecte d i n 5 0 % o f  th e choices) .  However ,  whe n 
th e correc t  wor d i s paire d wit h th e unrelate d wor d (Cel l  2) , 
ther e i s n o reaso n t o selec t  th e unrelate d wor d ove r  th e correc t 
wor d becaus e i t  i s  no t  bein g retained .  Therefore ,  th e correc t 
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wor d shoul d alway s b e chose n i n thi s condition .  W h e n th e 
incorrec t  wor d i s paire d wit h a n unrelate d wor d (Cel l  3) ,  th e 
incorrec t  wor d wil l  alway s b e chose n b y virtu e o f  it s  rela -
tionshi p t o th e retaine d meanin g o f  th e ambiguou s word . 

Activ e suppressio n (AS )  make s a  differen t  se t  o f  pre -
dictions .  W h e n a  meanin g fo r  th e ambiguou s wor d i s se -
lected ,  th e unselecte d meanin g wil l  b e activel y suppressed . 
At  th e poin t  o f  th e forced-choic e task ,  th e suppresse d mean -
in g shoul d hav e n o effec t  o n th e wor d chose n i n th e task . 
Thus ,  i n Cel l  1 ,  activ e suppressio n predict s tha t  th e correc t 
wor d wil l  b e chose n 1 0 0 % o f  th e time .  I n Cel l  2 ,  th e subjec t 
agai n wil l  alway s choos e th e correc t  word .  I n Cel l  3 ,  ther e i s 
n o reaso n t o suppos e tha t  th e incorrec t  wor d i s chose n wit h 
mor e probabilit y  tha n th e unrelate d word .  Th e conditiona l 
retentio n theor y i s supporte d b y th e result s fo r  al l  thre e con -
ditions ,  whil e th e activ e suppressio n theor y i s supporte d onl y 
by th e result s o f  Cel l  2 . 

Th e othe r  typ e o f  tex t  reporte d i n Tabl e 1 ,  calle d "conflict -
in g bia s surrounds, "  wa s designe d s o tha t  th e contex t  whic h 
occur s befor e th e ambiguou s wor d i s encountere d biase s to -
ward s on e meanin g o f  th e ambiguou s word .  Durin g th e mean -
in g decisio n proces s fo r  th e ambiguou s word ,  th e meanin g 
tha t  i s a  bette r  fi t  wit h th e previou s contex t  wil l  b e chosen . 
Th e contex t  whic h follow s th e ambiguou s word s fo r  thes e 
text s disagree s wit h th e contex t  tha t  precede s th e ambiguou s 
words ,  s o th e meanin g tha t  i s contextuall y appropriat e a t  th e 
earl y prob e poin t  wil l  b e inappropriat e a t  th e en d o f  th e text . 
Correspondingly ,  th e prob e wor d tha t  i s correc t  a t  th e en d o f 
th e tex t  i n i n "consisten t  bias "  text s i s incorrec t  a t  th e en d o f 
"conflictin g bias "  texts ,  an d th e prob e wor d tha t  i s incorrec t 
i n th e forme r  cas e i s correc t  i n th e latter . 

I n Cel l  4 ,  conditiona l  retentio n an d activ e suppressio n bot h 
predic t  a  significan t  effec t  o f  contex t  typ e an d targe t  type .  Al -
thoug h significanc e di d no t  obtain ,  a  binomia l  probabilit y  tes t 
supporte d th e conditiona l  retentio n theory .  Conditiona l  reten -
tio n predicte d thi s differenc e i n Cel l  5 ,  bu t  activ e suppressio n 
di d no t  I n Cel l  6 ,  bot h theorie s predicte d th e finding.  Con -
ditiona l  retentio n i s agai n supporte d b y al l  thre e conditions , 
wherea s activ e suppressio n i s onl y supporte d b y on e condi -
tion . 

Overall ,  th e weigh t  o f  th e evidenc e fro m thi s experimen t 
clearl y support s th e conditiona l  retentio n theory .  Th e tw o 
theorie s predicte d differen t  result s i n fou r  o f  th e si x differen t 
tes t  condition s show n i n Tabl e 1 :  Cell s 1 ,  3 ,  4 ,  an d 5 .  Anal -
ysi s o f  th e dat a showe d tha t  th e conditiona l  retentio n theor y 
predicte d th e result s bette r  tha n th e activ e suppressio n the -
or y di d i n al l  fou r  cells .  A n analysi s o f  th e dat a obtaine d 
wit h a  lat e prob e poin t  als o supporte d th e conditiona l  reten -
Uon theor y (Eiselt ,  1989 ;  Holbrook ,  1989) .  Holbroo k (1989 ) 
performe d tw o additiona l  relate d experiment s whic h als o sup -
por t  th e conditiona l  retentio n theor y ove r  activ e suppression . 
Stil l  furthe r  suppor t  come s fro m anothe r  experimen t  whic h 
use d a  divide d visua l  field  methodolog y t o find  tha t  th e tim e 
cours e o f  th e activatio n an d suppressio n o f  tw o meaning s o f 
an ambiguou s wor d followe d significantl y differen t  path s i n 
th e differen t  hemisphere s o f  th e brai n (Burges s &  Simpson , 
1988) .  W h e n th e ambiguou s wor d wa s presente d onl y t o th e 
righ t  visua l  field,  an d therefor e t o th e lef t  hemispher e o f  th e 
brain ,  th e mor e likel y meanin g wa s activate d whil e th e les s 

likel y meanin g wa s suppressed ,  muc h lik e activ e suppression . 
W h en th e ambiguou s wor d wa s presente d t o th e lef t  visua l 
field,  however ,  th e righ t  hemispher e kep t  th e les s likel y mean -
in g activ e an d suppresse d th e mor e likel y meaning ,  indicatin g 
tha t  a  for m o f  retentio n wa s takin g place . 

Error recovery with text reprocessing 

Th e evidenc e offere d abov e strongl y indicate s tha t  th e hu -
m an languag e processo r  doe s hav e a  mechanis m whic h woul d 
enabl e recover y fro m error s i n lexica l  ambiguit y resolutio n 
withou t  tex t  reprocessing .  Ye t  c o m m o n sens e tell s u s tha t  er -
ro r  recover y b y backtrackin g an d reprocessin g i s als o a  viabl e 
option .  I n fact ,  studie s o f  huma n readers '  ey e fixations  durin g 
th e readin g o f  misleadin g text s indicat e tha t  on e metho d use d 
by reader s fo r  recover y fro m lexica l  decisio n error s i s simpl e 
reprocessin g o f  th e text .  Th e followin g passag e wa s use d i n 
an experimen t  b y Carpente r  an d Danema n (1981 ,  p .  137) : 

Text 2 The young man turned his back on the 
roc k concer t  stag e an d looke d acros s th e 
resor t  lake .  Tomor ro w wa s th e annua l  one-da y 
fishing  contes t  an d fishermen  woul d invad e 
th e place .  S o m e o f  th e bes t  bas s 
guitarist s i n th e countr y woul d com e t o thi s 
spot .  Th e usua l  routin e o f  th e fishing  resor t 
woul d b e disrupte d b y th e festivities . 

Subjects in this experiment were asked to read passages 
suc h a s th e on e abov e whil e th e duratio n an d locatio n o f  thei r 
ey e fixations  wer e automaticall y recorded .  I n th e exampl e 
above ,  mos t  reader s initiall y  interprete d th e wor d "bass "  a s a 
kin d o f  fish  becaus e th e precedin g tex t  i s  biase d towar d thi s 
interpretation .  Th e interpretatio n i s contradicted ,  however , 
by th e nex t  word ,  "guitarists, "  whic h force s a  reinterpretatio n 
of  "bass "  a s a  low-frequenc y musica l  note .  Carpente r  an d 
Daneman foun d tha t  mos t  readers '  eye s fixated  o n "bass, " 
the n move d forwar d t o an d fixated  o n "guitarists, "  the n re -
gresse d bac k t o "bass, "  move d forwar d t o "guitarists "  agai n 
and continue d readin g th e remainde r  o f  th e passage . 

The reprocessin g heuristi c i s jus t  on e o f  severa l  erro r  re -
cover y heuristic s propose d b y Carpente r  an d Daneman .  An -
othe r  heuristi c involve s makin g a  larger-than-norma l  infer -
enc e encompassin g bot h th e inconsisten t  concep t  wit h th e 
precedin g text .  Thi s i s done ,  the y say ,  i f  th e contradictio n 
i s onl y "mildl y semanticall y inconsistent "  an d doe s no t  in -
volv e a  syntacti c inconsistenc y (Carpente r  &  Daneman ,  1981 , 
p.  141) .  Stil l  anothe r  erro r  recover y heuristi c i s t o continu e 
readin g th e tex t  wit h th e expectatio n tha t  late r  informatio n 
wil l  resolv e th e inconsistency . 

I n additio n t o permittin g erro r  recover y withou t  reprocess -
ing .  Carpente r  an d Daneman' s theor y als o demonstrate s th e 
nee d fo r  retentio n o f  som e sort .  Thei r  propose d heuristi c 
of  checkin g th e previou s tex t  fo r  word s tha t  cause d process -
in g difficulties ,  suc h a s ambiguou s words ,  doe s no t  specif -
icall y addres s h o w th e reade r  know s whic h wor d o r  word s 
t o reread ,  bu t  Carpente r  an d Danema n theoriz e tha t  difficul -
tie s encountered  durin g processin g m a y leav e a  memor y ttace 
whic h make s finding  th e ambiguou s wor d muc h easier .  Th e 
Carpente r  an d Danema n mode l  follow s th e premis e tha t  th e 
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activatio n level s o f  thos e concept s no t  selecte d fo r  us e i n th e 
interpretatio n eithe r  deca y o r  ar e activel y dampene d t o a  bas e 
level ,  whic h woul d preclud e th e possibilit y  tha t  th e memor y 
trac e i s represente d a s activation ,  s o thi s mode l  strongl y sug -
gest s a  retentio n mechanis m whic h i s relate d t o bu t  distinc t 
fro m th e activatio n mechanism . 

In tegra t in g th e m o d e l s 

We have seen experimental evidence for two different the-
orie s o f  recover y fro m erroneou s wor d sens e choices ,  on e 
relyin g o n reprocessin g o f  th e text ,  an d th e othe r  relyin g o n 
conditiona l  retention .  I f  w e believ e th e evidence ,  the n bot h 
approache s t o erro r  recover y ar e use d b y th e huma n languag e 
understander ,  althoug h perhap s i n differen t  situations .  Thi s 
apparen t  dichotom y give s ris e t o th e followin g question :  h o w 
does th e languag e understande r  k n o w th e differenc e betwee n 
thes e tw o situations ? Tha t  is ,  h o w doe s th e reade r  k n o w 
when t o backtrac k an d whe n t o us e retentio n t o recove r  fro m 
an erroneou s lexica l  decision ? 

Characterizing the differences 

Consider again the two experiments discussed above. Target 
text s use d b y Carpente r  an d Danema n wer e multi-sentenc e 
passage s containin g a n ambiguou s wor d tha t  ha d tw o differ -
ent  pronunciation s an d a  differen t  wor d sens e associate d wit h 
eac h pronunciation .  Th e passage s wer e constructe d s o tha t 
th e initia l  contex t  mor e strongl y prime d fo r  on e meanin g o f 
th e ambiguou s word .  I n hal f  o f  th e passages ,  informatio n tha t 
was inconsisten t  wit h th e prime d meanin g followe d th e homo -
graph ,  whil e i n th e othe r  hal f  o f  th e passages ,  th e informatio n 
followin g th e ambiguou s wor d wa s consisten t  wit h th e prime d 
meaning .  A  singl e passag e wa s presente d a t  once ,  thereb y 
allowin g th e reade r  t o backtrac k a s necessary .  Thi s construc -
tio n i s illustrate d b y Tex t  2 ,  presente d earlier .  O f  particula r 
interes t  her e i s h o w closel y th e disambiguatin g informatio n 
follow s th e ambiguity .  I n Tex t  2 ,  th e disambiguatin g infor -
matio n i s th e wor d immediatel y followin g th e ambiguity .  A 
surve y o f  Carpente r  an d Daneman' s targe t  text s reveal s tha t 
th e disambiguatin g informatio n wa s seldo m separate d fro m 
th e ambiguit y b y mor e tha n tw o words ,  i t  wa s alway s i n th e 
same sentenc e a s th e ambiguity ,  an d i t  wa s usuall y i n th e 
same claus e a s th e ambiguity . 

On th e othe r  hand ,  th e targe t  text s used  i n ou r  experimen t 
consiste d o f  tw o sentences .  Th e ambiguou s wor d wa s alway s 
th e las t  wor d o f  th e first  sentence ,  an d th e disambiguatin g 
informatio n wa s containe d i n th e secon d sentence .  Th e tex t 
was presente d t o th e subjec t  i n parts ,  s o tha t  onl y a  fe w word s 
of  th e entir e tex t  wer e availabl e a t  an y on e time .  I n addition , 
th e presentatio n wa s constructe d s o tha t  ther e wa s a t  leas t  on e 
lin e o f  tex t  presente d o n th e monito r  afte r  th e lin e containin g 
th e ambiguou s wor d an d befor e th e lin e containin g th e dis -
ambiguatin g information .  I n othe r  words ,  ther e wa s alway s 
at  leas t  a  64 0 mse c dela y betwee n th e readin g o f  th e ambigu -
it y an d th e readin g o f  th e disambiguatin g information—lon g 
afte r  activ e suppressio n o f  les s appropriat e wor d meaning s 
shoul d hav e take n place . 

Resolvin g th e difference s 

The essentia l  differenc e betwee n th e tw o experiments ,  a t  leas t 
fo r  th e purpose s o f  thi s discussion ,  ca n b e summarize d a s 
follows :  Carpente r  an d Daneman' s experimen t  establishe s a 
situatio n conduciv e t o erro r  recover y b y reprocessing ,  an d 
subject s demonstrate d reprocessin g behavior .  Ou r  experimen t 
prevente d subject s fro m backtracking ,  an d subject s exhibite d 
behavio r  consisten t  wit h conditiona l  retention .  I n eithe r  case , 
th e subject s appeare d t o mak e th e bes t  us e o f  whateve r  infor -
matio n wa s availabl e t o the m t o interpre t  th e targe t  tex t  cor -
rectly . 

As note d above .  Carpente r  an d D a n e m a n propos e a  suit e 
of  erro r  recover y heuristics ,  o f  whic h reprocessin g i s jus t  on e 
example .  W e propose ,  however ,  tha t  th e tw o differen t  er -
ro r  recover y technique s describe d herein ,  reprocessin g an d 
retention ,  ca n b e explaine d b y a  singl e mechanism .  Recal l 
tha t  Carpente r  an d Danema n sugges t  tha t  processin g difficul -
ties ,  suc h a s wor d sens e ambiguities ,  leav e a  m e m o r y trac e t o 
th e ambiguou s wor d whic h i s independen t  o f  th e activatio n 
level s o f  th e wor d sense s themselves .  Thi s i s supporte d b y 
thei r  observation s o f  subjects '  ey e movement s whic h indicat e 
tha t  subject s di d no t  simpl y rerea d th e text ;  instead ,  th e ey e 
movement s indicat e tha t  th e subject s searche d selectivel y fo r 
th e sourc e o f  th e ambiguity . 

I t  i s  no t  entirel y clea r  tha t  thi s m e m o r y trac e o r  pointe r 
t o th e ambiguou s wor d i s differen t  fro m th e retaine d bu t  un -
chose n meaning s o f  tha t  ambiguou s word .  However ,  becaus e 
researc h indicate s tha t  m e m o r y fo r  verbati m tex t  i s  limite d b y 
claus e boundarie s (Jarvella ,  1970) ,  an d Carpente r  an d Dane -
man' s experimen t  teste d onl y ver y smal l  separation s betwee n 
th e ambiguou s wor d an d th e followin g disambiguatin g in -
formation ,  w e ca n assum e tha t  th e pointe r  t o th e ambiguou s 
wor d ha s a  relativel y brie f  lif e span .  I n contrast ,  conditiona l 
retentio n effect s persis t  acros s claus e boundaries ,  s o w e as -
sume tha t  th e pointe r  t o th e ambiguou s wor d exist s indepen -
dentl y o f  th e retaine d meaning s (althoug h thi s remain s t o b e 
explored) . 

Followin g thi s assumption ,  w e propos e tha t  a  reader' s erro r 
recover y proces s work s a s follows : 

1. Upon reading an ambiguous word, the reader selects the 
context-appropriat e meaning ,  deactivate s bu t  retain s th e un -
selecte d meanings ,  an d retain s a  pointe r  t o th e sourc e o f 
th e ambiguity . 

2.  I f  disambiguatin g informatio n whic h conflict s wit h th e cho -
sen meanin g follow s th e ambiguity ,  th e reade r  attempt s t o 
reinterpre t  th e tex t  b y first  followin g th e m e m o r y trac e bac k 
t o th e sourc e o f  th e ambiguit y an d makin g a  n e w choic e o f 
meanin g base d o n th e additiona l  contextua l  information . 

3. If the memory trace no longer exists, either because of 
a claus e boundar y o r  becaus e th e actua l  tex t  i s  n o longe r 
available ,  th e reade r  wil l  the n attemp t  t o reinterpre t  th e tex t 
i n ligh t  o f  th e additiona l  contex t  b y re-evaluatin g th e re -
taine d meanings ,  althoug h th e actua l  wor d whic h give s rise 
t o thos e differen t  meaning s i s n o longe r  known .  A  compu -
tationa l  mode l  o f  suc h a  mechanism ,  calle d A T L A S T ,  ha s 
bee n implemente d successfull y usin g a  marke r  passin g (o r 
spreadin g activation )  architectur e t o retriev e an d evaluat e 
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th e alternat e meaning s i n parallel .  Thi s wor k i s describe d 
i n greate r  detai l  elsewher e (Eiselt ,  1987 ;  1989) . 

4. The process as described so far is essentially automatic 

or  unconscious .  However ,  i f  th e retaine d meaning s ar e 
no longe r  available ,  perhap s becaus e o f  tim e o r  workin g 
memory limitations ,  th e reade r  wil l  no t  b e abl e t o resolv e 
th e contradictio n withou t  devotin g altentiona l  cognitiv e re -
source s t o th e proble m (i.e. ,  consciou s an d unselectiv e 
rereadin g o f  th e text) . 

We are currently in the process of revising ATLAST along 
thes e lines ,  i n orde r  t o tes t  th e plausibilit y  o f  ou r  theor y o f 
lexica l  erro r  recovery .  ATLAST' s paralle l  marke r  passin g ar -
chitectur e i s wel l  suite d t o thi s task ,  makin g th e revision s 
fairl y straightforward .  Adaptin g a  mor e traditiona l  seria l  lan -
guag e processin g architectur e t o thi s tas k woul d b e fa r  mor e 
problematic.' '  I n addition ,  w e ar e designin g a n experimen t 
t o tes t  th e validit y o f  thi s theory .  Briefly ,  thi s experimen t 
wil l  involv e usin g Carpente r  an d Daneman' s targe t  text s i n 
th e forced-choic e paradig m w e employe d i n ou r  experimen t 
describe d above .  I n thi s ne w paradigm ,  fo r  example ,  th e 
reade r  o f  a  tex t  lik e Tex t  2  woul d b e unabl e t o loo k bac k 
at  th e ambiguou s wor d "bass "  afte r  readin g "guitarists. "  I f 
our  theor y i s correct ,  th e reade r  shoul d stil l  b e abl e t o arriv e 
at  a  ne w correc t  interpretatio n o f  th e text ,  eve n thoug h th e 
optio n o f  reprocessin g th e tex t  ha s bee n eUminated ,  becaus e 
of  conditiona l  retention . 

Conclusion 

There has been very little study of lexical error recovery, and 
th e tw o theorie s o f  lexica l  erro r  recover y herei n a t  first  glanc e 
see m t o b e contradictor y rathe r  tha n complementary .  W e hav e 
demonstrate d i n thi s paper ,  however ,  tha t  i t  i s  possibl e t o 
combin e thes e tw o theorie s int o a  simple r  unifie d theor y o f 
lexica l  erro r  recovery .  Thi s unifie d theor y o f  lexica l  erro r 
recover y i s consisten t  wit h a  highl y paralle l  mode l  o f  huma n 
languag e understanding . 
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