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DUAL-SYSTEM PROCESSING I N LANGUAGE COMPREHENSION 

Jon M. Slack 
Open Universi ty ,  Englan d 

1 ImnRer. y nn d LanRua(; e Unilerstandin g 
Natura l  lanfjua^ e parser s ma p linguisti c inpu t 
strin)? 3 int o symbol ic ,  relationa l  structure s usin g 
syntacti c knowlert(»e ,  semanti c knowledRe ,  o r  both . 
However ,  n o parse r  map s suc h input s int o imag e 
code s whic h implie s tha t  peopl e buildin g languag e 
underst indin g system s d o no t  regar d imag e 
generat io n an d processin g a s a  necessar y par t  o f 
languag e understanding .  Withi n psychology ,  o n th e 
othe r  hand ,  som e researcher s hav e advocate d a 
stron g relationshi p betwee n imag e processin g an d 
languag e understandin g fo r  th e pas t  decad e [ l ] . 
The statu s o f  thi s vie w i s b y n o mean s unequivoca l 
amongs t  psychologists ,  an d th e debat e abou t 
imager y ha s littere d th e page s o f  man y a n academi c 
journal .  T o facil itat e you r  readin g o f  thi s pape r 
i t  i s  wort h statin g tha t  th e wor k reporte d her e i s 
drive n b y th e belie f  tha t  imag e processin g i s a n 
essentia l  componen t  o f  languag e understanding . 
2 Usin g Imag e Code s i n Languag e Understandin g 
I f  yo u as k peopl e t o outl in e th e differenc e i n 
meanin g betwee n th e word s stroll in g an d saunterin g 
the y fin d th e tas k relativel y dif f icult .  I f  yo u 
as k the m ho w the y arrive d a t  thei r  descript ion , 
th e majori t y o f  peopl e stat e tha t  the y forme d 
image s o f  a  perso n strol l ing ,  an d sauntering ,  the n 
compare d thes e image s generatin g th e bes t  verba l 
descript io n o f  th e difference s betwee n th e tw o 
the y could .  Thi s sor t  o f  protoco l  dat a suggest s 
tha t  i t  i s  necessar y t o proces s imag e code s i n 
orde r  t o distineuis h betwee n th e meaning s o f  th e 
tw o words .  Tha t  i s ,  a t  leas t  par t  o f  th e meanin g 
of  th e word s i s represente d i n som e for m o f  imag e 
code .  I f  thi s i s th e case ,  the n fo r  a  natura l 
languaf^ e understandin g syste m t o di3ting\iis h 
betwee n sentence s S I  an d S 2 i t  need s t o mak e 
recours e t o th e image-code d 

SI The man strolled through the park. 
S2 The man sauntered through the park. 
components of the two verbs. This is not saying 
tha t  a n understandin g syste m need s t o ma p th e 
sentence s directl y int o imag e code s i n isolatio n 
of  othe r  semanti c structures .  Rather ,  imip e 
processin g i s a n essentia l  componen t  o f  th e tota l 
processin g involve d i n buildin g cognitiv e 
structure s whic h represen t  th e differentiate d 
meaning s o f  th e tw o sentences . 

T^ost existing language understanding systems parse 
l inguisti c input s int o som e for m o f  prepositiona l 
networ k whic h represent s th e conceptua l  relation s 
correspondin g t o th e meanin g o f  th e inpu t 
[2 ] , [3 ] , [4 ] .  Thes e system s neve r  us e 
non-proposit iona l  codes ,  tha t  is ,  languag e 
understandin g i s totall y containe d withi n a 
preposit iona l  system .  Usin g th e wor k o f  Norma n 
and Ruraelhar t  [5 ]  a s a n exampl e system ,  sentence s 
SI  an d S 2 woul d b e parse d int o th e conceptua l 
structure s C I  an d C 2 ,  respectively . 

(Th e man ) (Th e man )  (throug h th e park ) 

Withi n thi s syste m th e tw o sentence s ar e 
differentiate d i n term s o f  th e actiona l  component i 
whic h represen t  th e physica l  action s whic h 
implemen t  th e movemen t  componen t  implici t  i n th e 
meaning s o f  th e verbs .  Thes e actiona l  component s 
ar e associate d wit h th e imag e code s use d i n 
distinguishin g th e verbs . 
Kossly n an d hi s fello w researcher s [6 ]  hav e 
develope d a  detaile d theor y o f  imag e generatio n 
and processin g whic h i s backed-u p wit h a  workin g 
compute r  simulation .  H e propose s tha t  numerou s 
cognitiv e tasks ,  i n partiucla r  size-compariso n an ' 
sentence-verificatio n tasks ,  involv e th e 
processin g o f  bot h prepositiona l  an d imag e codes . 
The tw o type s o f  code s an d associate d processe s 
constitut e independent ,  bu t  connected ,  processin g 
system s whic h ru n i n parallel .  Kosslyn' s theor y 
provide s a  goo d foundatio n o n whic h t o buil d a 
mor e adequat e mode l  o f  languag e understandin g 
incorporatin g imag e processin g i n additio n t o 
existin g idea s o f  prepositiona l  processing . •5 Mode l  o f  Languag e Understandin g 
The protoco l  dat a describe d i n sectio n 2  suggest s 
tha t  th e processin g underlyin g th e 
meaning-differentiatio n tas k ca n b e accounte d fo r 
by mode l  M1 . 

H1 

I n lin e wit h th e idea s embodie d withi n Kosslyn' s 
model ,  a  dual-syste m mode l  o f  languag e 
understandin g woul d hav e a  structur e simila r  t o 
model  M2 . 
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(Th e man ) throug h th e park ! 

I n H 2 th e Propositiona l  cod e syste m (P-system )  an d 
Imag e cod e syste m (I-syste m )  ar e no t  strictl y 
independen t  i n tha t  linguisti c input s ar e no t 
mapped directl y int o imagps .  Rather ,  th e I-cod e 
i s generatef i  a s a  produc t  o f  th e parsin g mechanis m 
whic h map s th e inpu t  int o a  P-code .  However ,  onc e 
th e tw o code s ar e create d the y ar e processe d 
separately ,  bu t  knowledg e ca n b e passe d fro m on e 
syste m t o th e othe r  b y mean s o f  th e translatio n 
processes .  Mode l  Ml  i s accommodate d withi n mode l 
M2 b y th e I-syste m an d translatio n processes . 
But  wha t  argument s ar e ther e fo r  advocatin g th e 
additio n o f  a n imag e processin g syste m t o existin g 
languag e understandin g models ? 
Argumen t  1 :  th e I-syste m ha s eithe r  sol e acces s 
to ,  o r  mor e direc t  accps s to ,  knowledg e whic h i s 
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necessar y fo r  efficien t  langua(5 e comprehension . 
Thi s lcnowled(; e nayb e represente d onl y a s I-codea . 
On th e othe r  hand ,  i t  coul d b e code d withi n bot h 
th e I-ayste m un d P-aystem ,  bu t  mor e accessibl e a a 
images . 
Argumen t  2 :  th e I-syster a i s mor e efficien t  a t 
processin g larg e amount s o f  knowledg e withi n 
specifi c  tas k domains .  Fo r  example ,  I-code a 
provid e a  mor e natura l  mediu m fo r  processin g 
knowledg e o f  spatia l  relation s [v] .  Further , 
Walt z [s ]  ha s argue d tha t  even t  simulatio n i s a n 
importan t  aspec t  o f  languag e understanding , 
allowin g th e comprehensio n ayate m t o mak e 
inference s abou t  scene s an d judg e th e plausibilit y 
of  input s durin g parsing .  Th e I-syste m i s 
necessar y fo r  efficien t  processin g o f  suc h even t 
simulations . 
4 Suppor t  fo r  dua l  processin g i n comprehensio n 
The imager y valu e o f  sentence r  ha s bee n show n t o 
exer t  a  profoun d influenc e o n coraprehenaio n an d 
memory test s [9],[l] .  Thorndyk e [lo ]  ha s show n 
tha t  subjects '  imager y rating s fo r  sentence s var y 
inversel y wit h comprehensio n RTs .  Kosslyn' s 
researc h projec t  tea m hav e show n tha t  imager y i s 
use d i n sentence-verificatio n task s an d fo r 
accessin g knowledg e o f  physica l  dimension s o f 
objects .  Furthe r  experimenta l  evidenc e i n suppor t 
of  Argumen t  1  i s describe d below . 
Experiment 1 Subjects were shown simple 
subject-verb-objec t  sentence s an d aske d eithe r  t o 
rea d the m fo r  understandin g (conditio n 1 )  o r  t o 
generat e a n imag e correspondin g t o th e meanin g o f 
eac h sentenc e (conditio n 2 ) .  I n conditio n 1 ,  th e 
comprehensio n RT s wer e measured .  I n conditio n 2 , 
th e image-generatio n tim e wer e measured . 
Followin g th e presentatio n o f  th e sentences , 
aubject a i n bot h condition s wer e give n a 
recognitio n test .  Fo r  eac h targe t  sentenc e i n th e 
tes t  ther e wer e tw o distracto r  sentence s whic h 
onl y differe d fro m th e targe t  sentenc e i n term s o f 
th e verb .  However ,  th e verb s i n th e distracto r 
sentence s wer e clos e i n meanin g t o th e targe t 
sentenc e verb ,  a s show n below . 
Target sentence: The man strolled through the park 
Distractors: The man sauntered through the park 

The man walke d throug h th e par k 
The results showed that the comprehension times 
fo r  stimulu s sentence s ar e lowe r  tha n th e 
image-generatio n times .  However ,  th e probabilit y 
of  recognisin g a  targe t  sentenc e i s muc h highe r  i n 
th e image-generatio n conditio n tha n th e 
comprehensio n condition .  Thi s implie s tha t  S s 
acces s informatio n i n th e imag e generate d fo r  eac h 
sentenc e whic h allow s the m t o distinguis h betwee n 
a targe t  sentenc e an d th e semanticall y clos e 
distractors .  O f  course ,  th e result s ar e ope n t o 
more tha n on e interpretatio n becaus e th e 
differenc e i n recognitio n probablitie s betwee n th e 
tw o condition s coul d b e du e t o th e differenc e 
betwee n comprehensio n an d image-generatio n times . 
To tak e accoun t  o f  thi s possibility ,  th e 
experimen t  wa s repeate d i n a  modifie d form . 

Experiment 2 Subjects in condition 1, rather 
tha n jus t  rea d th e stimulu s sentence s wer e arike d 
t o categoriz e the m accordin g t o whethe r  th e 
action s the y describe d involve d a n objec t  a s a n 
instrumen t  o f  th e action .  Fo r  example ,  f'̂ ntenc e 
SI  woul d b e classe d a s H O INSTRUMENT,  wherea s S 3 
woul d b e classe d a s INVOLVIN G A N INSTRUMENT.  Th e 
categorizatio n RT s wer e measured .  Th e res t  o f  th e 

S3 The chef chopped the vegetables. 
experiment was the same as Expt. 1, The results 

showed tha t  th e categorizatio n time s wer e slightl y 
longe r  tha n th e imag e generatio n times ,  bu t  th e 

recognitio n probabilitie a wer e highe r  fo r  th e 
imag e generatio n conditio n tha n th e categorizatio n 
condition .  Thus ,  th e result s see m t o suppor t  th e 
conclusion s derive d fro m th e firs t  experiment . 

These experiments seem to imply that Ss access 
knowledg e vi a image s whic h allow s the m t o 
differentiat e semanticall y clos e verbs .  However , 
i t  woul d see m tha t  S s d o no t  acces s thi s knowledg e 
i n th e norma l  proces s o f  comprehensio n a s 
evidence d b y th e poo r  recognitio n performanc e i n 
th e comprehensio n condition .  Thi s ca n b e 
construe d a a evidenc e againa t  th e involvraen t  o f 
imager y i n languag e underatanding ,  bu t  i f  th e I 
syste m take s longe r  tha n th e P  syste m t o proces s 
an inpu t  the n th e I  syste m may b e use d a s a 
back-u p processin g capacit y whic h i a onl y resorte d 
t o whe n P  syste m proceasin g ha s failed,  o r  prove d 
inadequate .  Evidenc e fo r  thi s notio n come s fro m 
wor k o n th e comprehensio n o f  metapho r  whic h show s 
tha t  peopl e us e imager y t o wor k ou t  th e meaning s 
of  figurativ e input s [Not e l ] .  Th e experimen t 
belo w provide a furthe r  auppor t  fo r  thi s idea . 

Experiment 3 - Subjects had to judge whether 
stimulu s sentence s wer e semanticall y acceptabl e o r 
not  an d th e decisio n RT s wer e measured .  Th e 
sentence s wer e constructe d s o tha t  the y woul d b e 
eas y t o classify ,  i n eithe r  direction ,  o r 
difficul t  t o classif y leadin g t o a  bi-moda l 
distributio n i n decisio n times .  Th e sam e sentence s 
wer e use d i n a n imag e generatio n tas k an d th e 
respons e time s wer e measured .  A s expected ,  th e 
result s showe d a  stron g bi-mode l  distributio n fo r 
th e decisio n RTs ;  S s tende d t o b e eithe r  quic k o r 
slo w a t  makin g judgements .  Th e importan t  findings , 
however ,  wer e tha t  (i )  ther e wa s n o significan t 
differenc e betwee n th e imag e generatio n time s fo r 
fast-R T sentence s an d slow-R T sentences ,  an d (ii ) 
th e correlatio n betwee n imag e generatio n tim e an d 
decisio n R T wa s hig h fo r  slo w judgements ,  bu t  lo w 
fo r  fas t  judgements .  Thes e result s impl y tha t  whe n 
Ss hav e difficult y i n judgin g th e semanti c 
acceptabilit y  o f  a  sentenc e the y bas e th e 
judgemen t  o n imag e code d dat a rathe r  tha n 
knowledg e store d i n prepositiona l  for m whic h i s 
th e cas e fo r  mor e straightforwar d judgements . 
The evidenc e presente d i n thi s sectio n give s 
weigh t  t o th e theor y tha t  imag e processin g i s a n 
importan t  componen t  o f  languag e understanding . 
Specifically ,  th e dat a sho w tha t  (i )  imag e code s 
represen t  knowledg e no t  directl y availabl e t o th e 
P-system ,  bu t  whic h need s t o b e accesse d i n 
certai n coraprehenaio n tasks ,  an d (ii )  imag e 
processin g i s ofte n employe d t o solv e linguisti c 
problems . 

5 Buildin g a  complet e Languag e Understande r 
To buil d a  flexibl e languag e understande r  wit h 
powerfu l  proble m solvin g capabilitie s i t  i s 
necessar y t o augmen t  existin g P-syste m parser s b y 
addin g imag e generatio n an d processin g routines . 
The I-syste m an d P-syste m woul d functio n i n 
parallel ,  wit h th e latte r  producin g a  skeleta l 
pars e adequat e fo r  som e comprehensio n tasks .  Th e 
I-syste m woul d generat e a  riche r  (semantically ) 
parse ,  bu t  ove r  a  longe r  tim e course .  When th e 
P-syste m outpu t  satisfie s th e requirement s o f  th e 
comprehensio n tas k imag e processin g i s terminated , 
uncompleted ,  an d th e understande r  passe s o n t o th e 
nex t  input .  If ,  o n th e othe r  hand ,  th e outpu t 
fro m th e P-syste m i s inadequat e fo r  th e 
comprehensio n task ,  the n th e riche r  I-syste m 
outpu t  i s use d t o solv e th e problem .  A t  an y 
processin g stag e afte r  generation ,  imag e code s ca n 
be inspecte d an d potentiall y  translatabl e element s 
of  a  cod e ca n b e passe d ove r  t o th e P-syste m i n 
orde r  t o generat e a  verba l  response .  Th e I-syste m 
has n o direc t  outpu t  mechanism . 
Kosslyn' s compute r  simulatio n o f  hi s I-syste m 
theor y fll ]  provide s a  goo d basi s fo r  a  workin g 
imag e processin g componen t  whic h ca n b e knitte d 297 



int o a  P-ayster a parser ,  althoug h i t  need s t o b e 
extende d t o tak e accoun t  o f  dynami c image s an d 
even t  simulations .  I t  i s  no t  clea r  ho w hi s syste m 
woul d RPnrrat e a n ima^ e o f  a  man strolling ,  a s h e 
does no t  specif y ho w i t  i s  possibl e fo r  component s 
of  a n ina^ e t o mov e relativ e t o eac h othe r  i n a 
meaningfu l  way .  T o implemen t  a n even t  simulatio n 
of  sentenc e S I  i t  i s  necessar y t o acces s an d ru n 
ove r  tim e a n ordere d sequenc e o f  "key "  imag e 
frame s whic h represen t  th e actiona l  componen t  o f 
th e ver b 'stroll' .  I f  yo u imagin e a  continuou s 
motio n sequenc e t o b e broke n dow n int o a  serie s o f 
stati c images ,  the n th e ke y image s ar e thos e whic h 
hav e a  hig h informatio n conten t  i n tha t  the y 
distinguis h betwee n th e meaning s o f  differen t 
verbs .  Suc h image s migh t  correspon d t o a 
discontinuit y i n th e movement  sequence ,  o r  a 
chang e o f  directio n o f  motio n o f  a n imag e element . 
Thes e set s o f  ke y imag e frame s shoul d b e abstrac t 
enoug h t o tak e differen t  objects/agent s o f  a n 
actio n a s th e conten t  o f  th e image .  Th e actiona l 
component  o f  th e ver b withi n th e P-syste m woul d b e 
linke d t o it s correspondin g ke y imag e fram e 
sequenc e withi n th e I-system ,  tn d whe n th e 
actiona l  componen t  i s accesse d durin g parsin g th e 
ke y imag e fram e sequenc e woul d b e ru n i n th e 
I-syste m t o generat e th e even t  simualtion .  A t  th e 
same time ,  th e othe r  P-syste m element s accesse d 
durin g parsing ,  correspondin g t o th e argument s o f 
th e verb ,  woul d activat e objec t  image s t o for m th e 
conten t  o f  th e even t  simulation .  Thes e objec t 
image s woul d b e interprete d b y th e ke y imag e fram e 
sequenc e t o produc e th e dynami c image .  Thes e 
idea s hav e onl y bee n discusse d i n th e contex t  o f 
representin g th e verb s o f  movement ,  bu t  the y coul d 
be generalise d t o provid e a  basi s fo r  generatin g 
th e ful l  rang e o f  dynami c image s an d even t 
simulations . 

[11 ]  Kosslyn ,  S.M. ,  an d Shwartz ,  S.P .  A 
simulatio n of  visua l  imagery .  Cognitiv e Science . 
1,  265-295 .  1977 . 
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