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S imu l t aneou s Ques t io n C o m p r e h e n s i o n a n d A n s w e r  Retrieva l 

Scot t  P .  Robertson ,  Jonatha n D .  Ullman ,  Anmo l  Meht a 

Psychology E>epa]tment 
Rutger s Universit y  -  Busc h Campu s 

N ew Brunswick ,  N J 0890 3 

A b s t r a c t 

A mode l  i s describe d fo r  questio n comprehensio n i n 
whic h parsing ,  memor y activation ,  identificatio n an d 
applicatio n o f  retrieva l  heuristics ,  an d answe r 
formulatio n ar e highl y interactiv e processe s operatin g 
i n parallel .  Th e mode l  contfast s significantl y wit h 
seria l  model s i n th e literature ,  althoug h i t  i s  mor e i n 
lin e wit h paralle l  model s o f  sentenc e comprehension . 
T wo experiment s ar e describe d i n suppor t  o f  th e 
paralle l  vie w o f  questio n answering .  I n one , 
differentia l  readin g time s fo r  differen t  questio n type s 
wer e show n t o b e presen t  onl y whe n subject s intende d 
t o answe r  th e question s the y wer e reading .  I n another , 
readin g time s fo r  word s i n question s increase d an d 
answerin g time s decrease d whe n a  uniqu e answe r 
coul d b e identifie d earl y i n th e questions .  Th e result s 
sugges t  tha t  sourc e nod e activatio n an d answe r 
retrieva l  begi n durin g parsing .  Bot h symboli c an d 
connectionis t  approache s t o modelin g questio n 
answerin g ar e potentiall y  influence d b y thi s 
perspxxtive . 

Q u e s t i o n A n s w e r i n g 

Question answering is a process that has interested 
researcher s i n severa l  discipline s withi n cognitiv e 
science ,  especiall y cognitiv e psycholog y (Graesse r  & 
Franklin ,  1990 ;  Graesser ,  Robertson ,  &  Anderson , 
1981 ;  Singer ,  1984a ,  1984b .  1986 :  Robertso n & 
Weber ,  1990) ,  artificia l  intelligenc e (Dyer ,  1983 ; 
Lehnert ,  1977 ,  1978) ,  philosoph y o f  languag e 
(Belna p &  Steel ,  1976) ,  an d P D P modelin g 
(Miikkulaine n &  Dyer ,  1990) .  Questio n answerin g 
i s als o a n importan t  applie d proble m i n query-directe d 
informatio n retrieva l  system s an d i n th e contex t  o f 
educatio n (Schank ,  1986) . 

Questio n answerin g i s  interestin g becaus e i t 
involve s question-specifi c  retrieva l  operation s ove r 
comple x menta l  representations .  Researcher s i n thi s 

are a hav e concentrate d mainl y o n th e relatio n betwee n 
questio n type s an d retrieva l  heuristics ,  o r  o n th e 
heuristic s themselves .  Largel y a s a  simplifyin g 
assumption ,  the y hav e considere d questio n answerin g 
t o b e independen t  o f  th e languag e comprehensio n 
processe s involved  i n questio n parsin g o r  th e 
languag e generatio n processe s involve d i n answe r 
production .  I n thi s pape r  w e tak e issu e wit h thi s 
vie w o f  th e independenc e o f  questio n parsing ,  answe r 
retrieval ,  an d answe r  production .  Followin g fro m 
Robertso n &  Webe r  (1990 )  w e argu e tha t  retrieva l  an d 
parsing ,  a t  least ,  occu r  simultaneousl y an d ma y 
interac t 

Th e mai n component s o f  questio n answerin g ar e 
parsin g t o produc e a  conceptua l  representatio n o f 
linguisti c input ,  sourc e nod e activatio n base d o n th e 
conceptua l  representation ,  identificatio n o f  retrieva l 
heuristic s appropriat e fo r  th e identifie d questio n type , 
applicatio n o f  retrieva l  heuristic s t o identif y o r 
generat e answe r  candidates ,  prunin g o f  answe r 
candidate s base d o n pragmatic ,  appropriateness ,  an d 
othe r  criteri a t o isolat e a  singl e answer ,  an d 
productio n o f  th e answe r  i n linguisti c form .  Th e 
most  explici t  model s o f  questio n answerin g i n th e 
literature-Dye r  (1983) .  Graesse r  &  Frankli n (1990) . 
Lehner t  (1978) ,  an d Singe r  (1986)"trea t  thes e a s 
stage s i n a  seria l  process .  Indeed ,  thi s i s th e easies t 
thin g t o d o sinc e ther e ar e man y dependencie s amon g 
thes e processes ,  an d mos t  o f  th e dependencie s mov e 
fro m parsin g towar d production .  Fo r  example ,  i n 
some case s th e questio n categor y ca n onl y b e 
uniquel y identifie d afte r  i t  i s determine d whethe r  th e 
questio n presuppositio n i s a  motivate d actio n o r  par t 
of  a n unmotivate d causa l  sequence . 

Th e seria l  bia s rest s o n man y assumption s tha t 
m ay no t  b e valid ,  however .  I n particular ,  seria l 
model s mak e assumption s abou t  th e nee d t o pursu e 
an answe r  i n a  singl e categor y o r  accordin g t o a 
uniqu e retrieva l  rule .  Fo r  example ,  i n answerin g a 
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questio n tha t  begin s wit h " W h y di d John..., "  seria l 
model s woul d b e unabl e t o begi n becaus e i t  i s  unclea r 
at  thi s poin t  whethe r  retrieva l  heuristic s shoul d b e 
applie d t o searc h goa l  structure s (a s i n " W h y di d Joh n 
go t o th e store?" )  o r  causa l  chain s (a s i n " W h y di d 
Joh n fal l  down?, "  i f  h e didn' t  d o i t  o n purpose!) .  I f 
we imagine ,  however ,  tha t  bot h retrieva l  processe s 
coul d begin ,  activatin g al l  causa l  consequent s 
involvin g "John "  an d al l  goal s tha t  "John "  had ,  the n 
we n o longe r  nee d t o assum e a n ordere d relationshi p 
betwee n parsin g an d retrieval .  Instead ,  w e ar e face d 
wit h describin g ho w independent ,  bu t  simultaneous , 
processe s migh t  interac t  an d shar e resources . 

The T S U N A MI  Mode l 

As an alternative framework for thinking about 
questio n answering ,  w e ar e developin g a  mode l  calle d 
T S U N A M I,  fo r  "Theor y o f  Simultaneou s 
UNderstandin g Answerin g an d M e m o r y Interaction. " 
At  thi s poin t  th e mode l  i s  offere d a s a  broa d 
architectur e fo r  supportin g highl y interactiv e 
applicatio n o f  th e mechanism s akead y identifle d b y 
questio n answerin g researchers .  I t  remain s t o b e see n 
ho w th e natur e o f  thes e mechanism s wil l  change ,  an d 
what  ne w mechanism s migh t  b e necessary ,  whe n 
implemente d i n th e T S U N A MI  firamework. 

The T S U N A MI  model ,  depicte d i n Figur e 1 , 
utilize s tw o workin g m e m o r y components .  O n e 
memory store s questio n candidate s an d th e othe r 
store s answe r  candidates .  Thes e workin g memor y 
component s ac t  lik e "blackboard "  dat a base s i n tha t 
item s store d ther e ma y b e inspecte d an d altere d b y 
severa l  processe s operatin g a t  onc e (Erma n &  Lesser , 
1980) .  Th e questio n candidat e memor y an d answe r 
candidat e memor y ar e th e onl y knowledg e structure s 
tha t  tak e outpu t  fro m processe s i n th e mode l 
(processe s ar e indicate d b y ovals) .  Th e influence s o f 
processe s o n thes e memorie s migh t  b e t o ad d 
propositions ,  updat e propositio n contents ,  o r  delet e 
propositions .  Th e behavior s o f  processe s tha t  us e th e 
dat a i n th e questio n an d answe r  candidat e memories , 
i n turn ,  ar e influence d b y th e content s o f  thos e 
memories . 

Parsin g an d Matchin g 

Processing begins when the parser starts receiving 
inpu t  fro m a  question .  th e parse r  utilize s 
grammatical ,  case ,  an d pragmati c informatio n i n 
semanti c memor y t o produc e variou s propositiona l 
representation s whic h ar e the n store d i n th e questio n 
candidat e buffer .  Multipl e arrow s fro m th e parse r  int o 
th e questio n candidat e buffe r  sugges t  tha t  th e parse r 
can produc e man y candidates ,  ofte n onl y partiall y 
specifie d propositions ,  i n respons e t o th e inpu t  a t  an y 
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Figur e 1 .  Th e T S U N A MI  mode l  o f  questio n answering . 

give n time .  A s word s c o m e int o th e parser ,  prio r 
candidat e structure s m a y b e update d o r  disconflrme d 
and delete d b y th e parser . 

As soo n a s ther e i s  an y informatio n i n th e 
questio n candidat e buffer ,  a  matche r  begin s comparin g 
questio n candidat e structure s wit h activate d 
informatio n i n episodi c memory ;  specifically ,  th e 
subse t  o f  episodi c memor y tha t  i s  considere d relevan t 
t o th e questio n (e.g .  a  stor y jus t  read ,  a  se t  o f 
memorie s fwegrounde d i n th e conversationa l  context , 
etc.) .  W e assum e tha t  th e matchin g proces s occur s 
i n paralle l  fo r  severa l  candidate s (a s indicate d b y 
multipl e arrow s fro m bot h th e questio n buffe r  an d 
episodi c memor y int o th e matcher )  bu t  tha t  it s  spee d 
i s affecte d b y th e numbe r  o f  candidate s an d th e 
number  o f  matches .  I f  th e matche r  find s a 
propositio n i n episodi c memor y tha t  correspond s t o a 
questio n candidate ,  the n thi s i s identifie d a s a  likel y 
sourc e nod e fo r  answe r  retrieva l  processes .  Influence s 
of  th e matche r  o n questio n candidate s ar e indicate d b y 
an arro w fro m th e matche r  int o th e questio n candidat e 
memory.  Matche s i n episodi c m e m o r y rais e th e 
activatio n leve l  o f  thi s informatio n an d mak e i t  mor e 
availabl e t o futur e analysi s b y an y processe s tha t 
utiliz e episodi c memor y (i n thi s wa y th e mode l  i s 
lik e Anderson' s 198 3 A C T *  model) .  W h e n a  matc h 
i s foun d fo r  a  questio n candidate ,  othe r  candidate s 
become les s likel y interpretation s o f  th e input .  W e 
assume tha t  partia l  proposition s i n th e questio n 
candidat e memor y ca n b e matche d t o complet e 
proposition s i n memory ,  thereb y updatin g th e 
questio n candidat e lis t  t o includ e expectations . 
Predicte d questio n candidate s ca n influenc e answe r 
retrieva l  a s th e retrieva l  process ,  describe d below ,  i s 
blin d t o th e statu s o r  origi n o f  proposition s i n th e 
questio n buffer . 
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Answer  Retrieva l 

As soon as there is information in the question 
candidat e buffe r  tha t  migh t  sugges t  a  questio n o r 
questio n type ,  th e answe r  retrieva l  proces s ca n begin . 
Thi s mechanis m examine s questio n candidates , 
attempt s t o determin e questio n categorie s appropriat e 
t o th e variou s candidates ,  an d begin s applyin g 
retrieva l  heuristic s i n episodi c memory .  Th e answe r 
retrieva l  mechanis m utilize s questio n answerin g rule s 
store d i n semanti c memor y an d other ,  relevan t  genera l 
knowledge .  Thi s proces s operate s simultaneousl y 
wit h th e parse r  an d th e matcher ,  bu t  i s  dependen t  o n 
th e content s o f  th e questio n candidat e memor y an d th e 
activit y i n episodi c memor y (whic h i s influence d b y 
th e matcher) .  Th e answe r  retrieva l  mechanis m 
operate s t o highligh t  relevan t  portion s o f  episodi c 
memory.  I f  i t  i s  guesse d tha t  a  questio n i s abou t  a 
goal ,  fo r  example ,  the n th e answe r  retrieva l 
mechanis m ma y activat e goa l  hierarchie s i n th e 
episodi c trace .  O n th e othe r  hand ,  i f  th e mechanis m 
i s expectin g a  causa l  anteceden t  question ,  the n causa l 
sequence s ma y becom e mor e active .  Thi s activit y 
wil l  affec t  th e behavio r  o f  th e matcher . 

The output s o f  th e answe r  retrieva l  proces s ar e 
pn̂ Kysition s tha t  ar e candidat e answer s t o question s 
tha t  th e syste m flnds  consisten t  wit h th e inpu t  (an d 
memory)  an d an y give n time .  Potentia l  answer s 
produce d b y th e answe r  retrieva l  proces s ar e store d i n 
th e answe r  candidat e biffe r  a s propositions .  Thes e 
proposition s ma y als o b e partiall y  specified ,  an d ar e 
subjec t  t o subsequen t  modificatio n an d deletio n b y th e 
operatio n o f  th e answe r  retrieva l  process .  Fo r 
example ,  i f  a  questio n candidat e tha t  spawne d a 
retrieva l  proces s i s late r  disconfirmed ,  the n th e 
answer  candidat e buil t  b y tha t  proces s wil l  b e delete d 
by th e answe r  retrieva l  jwocess . 

Outpu t 

The answer candidates are examined by an output 
preparatio n proces s whic h als o utilize s grammatical , 
case ,  pragmatic ,  an d relevan t  genera l  knowledg e i n 
semanti c memory .  Thi s proces s ca n influenc e th e 
answer  candidat e set .  Fo r  example ,  i f  pragmati c 
concern s dictat e tha t  a n answe r  i s inappropriate ,  the n 
th e outpu t  preparatio n proces s wil l  delet e i t  fro m th e 
answer  buffer .  Finally ,  whe n on e candidat e remain s 
i n th e answe r  buffe r  an d al l  o f  th e questio n ha s bee n 
inpu t  t o th e parser ,  th e fina l  answe r  i s formulated .  I t 
i s  reasonabl e t o assum e tha t  th e outpu t  preparatio n 
mechanis m wil l  no t  commi t  t o a  fma l  interpretatio n 
unti l  al l  o f  th e inpu t  ha s bee n processe d sinc e a  fma l 
phras e o n a  questio n ca n chang e it s focus ,  an d henc e 
th e appr(^at e answer ,  tremendously . 

Exper imen t  o n C o m p r e h e n s i o n 

Instruction s 

The TSUNAMI model posits that parsing, 
matching ,  an d retrieva l  processe s shar e resources . 
Effect s o f  retrieva l  processe s o n parsin g ca n b e see n 
i n increase d readin g time s fo r  th e word s o f  a  question . 
Such increase s woul d b e du e t o th e increase d workloa d 
resultin g fro m simultaneou s processe s sharin g 
resources .  I n Robertso n &  Weber  (1990) ,  w e showe d 
tha t  knowledg e o f  th e questio n typ e durin g readin g o f 
a questio n (whe n th e questio n wor d wa s a t  th e 
beginnin g o f  a  question )  increase d word-by-wor d 
readin g time s bu t  decrease d answe r  retrieva l  tim e 
when compare d t o condition s i n whic h th e questio n 
typ e wa s no t  know n (whe n th e questio n wor d wa s a t 
th e en d o f  a  question) .  Increase d readin g time s 
suggeste d paralle l  retrieva l  an d parsing .  Decrease d 
answerin g time s reinforce d thi s interpretatio n b y 
showin g tha t  th e answe r  wa s "closer "  an d tha t  th e 
workloa d effec t  wa s relate d t o th e answe r  retrieva l 
process . 

I n tha t  stud y w e als o observe d increase d answerin g 
time s fo r  tim e question s ("Whe n did..." )  relativ e t o 
reaso n question s ("Wh y did...") .  Reaso n question s 
wer e answere d 116m s faste r  tha n tim e questions .  W e 
hav e observe d thi s discrepanc y i n tw o subsequen t 
extension s o f  tha t  stud y (299m s i n on e cas e an d 
2S9ms i n th e other) ,  an d i t  wa s th e onl y reliabl e 
effec t  i n anothe r  stud y o n presentatio n spee d o f 
question s (455ms) .  I n short ,  th e reason-tim e 
discrepanc y i s a  highl y reliabl e effec t  relate d i n som e 
way t o difference s i n th e retrieva l  processe s fo r  thes e 
tw o type s o f  questions . 

I n thi s experimen t  w e exploite d th e reason-tim e 
discrepanc y an d sough t  t o An d i t  durin g reading . 
Also ,  w e aske d i f  a  reason-tim e effec t  woul d b e 
presen t  i n readin g time s onl y whe n subject s wer e 
readin g wit h th e intentio n o f  answerin g a  question .  I f 
subject s wer e no t  intendin g t o answe r  a  question ,  the n 
th e answe r  retrieva l  mechanis m woul d b e inactiv e an d 
th e reason-tim e discrepanc y shoul d no t  b e apparen t 

Method 

Subjects. Twenty-six subjects participated in this 
stud y fo r  credi t  i n Introductor y Psychology . 

Materials. Forty-eight short (5-7 line) stories were 
written .  I n eac h stor y a  characte r  wen t  t o som e 
location .  A  reaso n questio n an d a  tim e questicN i  wer e 
prepare d fo r  eac h story .  Th e reaso n question s rea d 
"Why di d < A C T O R> g o t o th e <LOCATION>?, " 
wherea s th e tim e question s rea d "Whe n di d 
< A C T O R> g o t o th e <LOCATION>? " 
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Desig n an d Procedure .  Ther e wer e thre e 
instructio n condition s i n th e experiment :  no-stor y 
paraphrase ,  stor y paraphrase ,  an d stor y answer .  I n th e 
no stor y paraphras e conditio n subject s rea d question s 
(self-pace d on e wor d a t  a  time )  an d wer e tol d t o com e 
up wit h a  paraphrase .  W h e n the y ha d reache d th e las t 
wor d o f  th e questio n the y wer e t o pres s th e respons e 
ke y "whe n th e meanin g o f  th e questio n wa s 
understood. "  The y the n wrot e dow n thei r  paraphrase . 
Afte r  thi s the y presse d th e respons e ke y an d sa w a 
compute r  generate d questio n an d wer e aske d t o judg e 
i f  i t  "mean t  th e sam e thing "  a s th e question .  Th e 
latte r  tas k wa s intende d t o reinforc e th e paraphras e 
instruction .  Subject s worke d throug h eigh t  reaso n 
question s an d eigh t  tim e question s randoml y 
intermixe d i n a  block .  I n th e stor y paraphras e 
conditio n subject s rea d a  paragraph-lon g stor y whic h 
was the n followe d b y a  question .  Th e questio n wa s 
presente d i n th e sam e manne r  a s th e n o stor y 
paraphras e conditio n an d subject s wer e instructe d t o 
come u p wit h a  paraphras e i n th e sam e way .  Eac h 
questio n wa s followei d b y a  "mean s th e sam e thing " 
judgemen t  an d ther e wer e agai n eigh t  reason  an d eigh t 
tim e question s randoml y intermixe d i n a  block . 
Finally ,  i n th e stor y answe r  conditio n th e subject s 
receive d storie s followe d b y question s a s i n th e stor y 
paraphras e condition ,  bu t  thi s tim e thei r  instructio n 
was t o com e u p wit h answer s t o th e question s an d 
pres s th e respons e ke y "whe n a n answe r  come s t o 
mind. "  Similarly ,  the y wer e aske d t o judg e i f  th e 
secon d questio n "ha s th e sam e answer "  a s th e first. 
Storie s wer e randoml y assigne d t o condition s an d 
rotate d throug h th e condition s acros s subjects . 
Instructio i  bloc k order s wer e counterbalanced . 

Tabl e 1 
Mean readin g tim e (ms/syllable )  fo r  al l  bu t  th e las t 
wor d o f  reaso n an d tim e question s rea d unde r  thre e 
comprehensio n instructions :  no-stor y paraphras e 

(NSP) ,  stor y paraphras e (SP) ,  an d stor y answe r  (SA) . 

ftUKST 
Reaso n 
T i m e 

Mean 

39 0 
401 

395 

INST R 
&£. 
367 
370 

368 

332 
371 

351 

Mean 
363 
381 

372 

Result s an d Discussio n 

Table 1 shows the mean reading times per syllable fw 
al l  o f  th e word s o f  th e questio n excep t  th e \zsi . 
Readin g tim e fo r  th e las t  wor d include s tim e fo r 
memory retrieva l  an d answer/paraphras e formulation , 
and i t  i s  no t  o f  interes t  fo r  studyin g processe s 

occurrin g durin g parsing .  W h e n subject s wer e 
paraphrasing ,  th e questio n typ e di d no t  affec t  thei r 
readin g times .  W h e n the y wer e answering ,  however , 
th e tim e question s too k longe r  t o rea d tha n th e reaso n 
questions .  A n interactio n betwee n comprehensio n 
instructio n an d questio n typ e confirme d thi s 
interpretation ,  F(2,50)=3.24 ,  p<.05 .  Th e result s 
suppor t  th e hypothesi s tha t  question-relate d retrieva l 
processe s ar e bein g activate d durin g reading . 

O ne explanatio n fo r  th e reason-time  discrepanc y i s 
tha t  th e se t  o f  possibl e answer s t o a  reaso n questio n 
i s a  subse t  o f  th e se t  o f  possibl e answer s t o a  simila r 
tim e question .  A  goa l  i s  alway s a n acceptabl e answe r 
t o a  tim e questio n ("Joh n wen t  l o th e stor e W H E N h e 
wante d som e milk" )  wherea s a  tim e i s a  ba d answe r 
t o a  goa l  questio n ("Joh n wen t  t o th e stor e 
B E C A U SE i t  wa s Saturday" )  excep t  i n highl y 
specifi c  circumstance s (e.g .  i f  Joh n worke d a t  th e 
stor e o n weekend s i n ou r  example) .  Hence ,  i n th e 
T S U N A MI  framewor k whe n a  tim e questio n i s bein g 
processe d th e questio n buffe r  contain s mor e possibl e 
questio n interpretation s relativ e t o a  reaso n question , 
th e matche r  woul d activat e mor e nodes ,  an d th e 
retriever  woul d generat e mor e answe r  candidates .  Thi s 
woul d slo w th e overal l  operatin g tim e o f  th e parse r  a s 
see n i n thi s experiment . 

Experimen t  o n N u m b e r 
of  Uniqu e Answer s 

In this experiment we concentrated on the role that 
th e matche r  an d answe r  retrieve r  pla y i n th e 
T S U N A MI  model .  I n th e model ,  th e matche r  trie s t o 
find  antecedent s i n episodi c memor y fo r  proposition s 
i n th e questio n buffer .  Thi s proces s raise s th e 
activatio n leve l  o f  th e antecedent s makin g the m mor e 
likel y t o serv e a s sourc e node s fo r  th e retrieva l 
process .  Th e fewe r  memor y item s ther e ar e tha t  ar e 
consisten t  wit h th e inpu t  a t  an y give n point ,  th e 
furthe r  th e answe r  retrieve r  ca n go . 

We manipulate d th e content s o f  episodi c memor y 
i n suc h a  wa y tha t  sometime s th e sourc e nod e fro m 
whic h retrieva l  processe s woul d begi n coul d b e 
identifie d earl y i n parsin g b y virtu e o f  a  uniqu e actor . 
Subject s rea d storie s i n whic h a n actio n wa s 
performe d a t  fou r  differen t  time s fo r  fou r  differen t 
reasons .  I n eac h stor y on e acto r  performe d th e actio n 
on thre e occasion s whil e th e othe r  performe d th e 
actio n o n on e occasion .  I n th e followin g story ,  fo r 
example ,  Mar y i s th e uniqu e acto r  an d Joh n i s a 
multipl e actor : 

John went to the store to buy bread on Monday. 
Joh n wen t  t o th e stor e t o bu y mil k o n Tuesday . 
Joh n wen t  t o th e stor e t o bu y chees e o n Wednesday . 
Mar y wen t  t o th e stor e t o bu y egg s o n Thursday . 

477 



N ow conside r  question s lik e th e following : 

ql. Why did John drive to the store on Tuesday? 
q2.  W h y di d Mar y driv e t o th e stor e o n Thursday ? 

In answering ql it is impossible to identify the exact 
sourc e nod e i n memor y tha t  correspond s t o th e 
questio n presuppositio n unti l  th e en d o f  th e question . 
I n q2 ,  however ,  i t  i s  possibl e t o identif y th e uniqu e 
sourc e nod e i n memor y a s earl y a t  th e subject .  Mary . 
I n a  questio n answerin g architectur e wit h parallelism , 
lik e T S U N A M I ,  answe r  retrieva l  heuristic s shoul d 
begi n earlie r  whe n readin g q 2 tha n ql .  I f  simultaneou s 
parsin g an d retrieva l  compet e fo r  resources  a s w e hav e 
argued ,  the n increase d readin g time s shoul d b e 
observe d fo r  th e word s i n q 2 relativ e t o q l  a s th e 
parse r  slow s down .  Additionally ,  i f  th e increase d 
workloa d i s du e t o retrieva l  processes ,  the n th e 
answerin g tim e a t  th e en d o f  th e question s shoul d b e 
faste r  fo r  q 2 tha n ql .  I n stric t  seria l  models ,  i n 
contrast ,  sourc e nod e activatio n an d applicatio n o f 
retrieva l  heuristic s woul d b e delaye d unti l  afte r 
questio n parsin g an d n o readin g tim e difference s 
shoul d b e apparen t  (i f  anything ,  spreadin g activatio n 
theor y fo r  anteceden t  concept s predict s longe r  readin g 
time s fo r  q l  ove r  q2 ,  Anderso n 1976) . 

Method 

Subjects. Twenty-eight Rutgers undergraduates 
participate d fo r  credi t  i n Introductor y Psychology . 

Materials. Sixteen four-sentence stories like the 
one abov e wer e constructe d fo r  th e experiment .  Eac h 
stor y consiste d o f  fou r  instance s o f  th e sam e actio n 
performe d a t  fou r  differen t  time s fo r  fou r  differen t 
purposes .  I n eac h stor y ther e wer e tw o characters . 
When th e storie s wer e presented ,  on e characte r  wa s 
associate d wit h thre e action s whil e th e secon d wa s 
associate d wit h a  singl e action .  Fo r  eac h story ,  on e 
actio n wa s chose n a s th e "quer y action, "  abou t  whic h 
a questio n woul d b e asked .  Th e acto r  associate d wit h 
th e quer y actio n wa s varie d acros s subject s s o tha t  fo r 
some subject s th e quer y actio n wa s pwforme d b y th e 
uniqu e characte r  an d fo r  othe r  subject s th e quer y 
actio n wa s performe d b y th e characte r  wh o di d severji l 
things . 

Design and Procedure. Each subject read the 
sixtee n storie s an d answere d tw o question s abou t  eac h 
one.  Th e entir e tex t  o f  eac h stor y wa s presente d o n a 
compute r  scree n an d subject s spen t  a s lon g a s the y 
like d readin g it .  Whe n the y wer e finishe d the y 
presse d a  respons e key .  A t  thi s tim e a  promp t 
appeare d o n th e screen .  Eac h subsequen t  keypres s 
reveale d a  wor d o f  th e question ,  an d th e word s 
appeare d side-by-sid e i n thei r  norma l  positions . 
Subject s wer e instructe d tha t  o n th e las t  wor d o f  th e 

question s the y shoul d pres s th e respons e ke y "a s soo n 
as a n answe r  come s t o mind. "  Reaso n question s wer e 
i n th e for m "Wh y di d N O U Nl  V E R B PREPl  DE T 
N 0 U N2 PREP2 TIME? "  Tim e question s wer e o f  th e 
for m "Whe n di d N O U Nl  V E R B PREPl  DE T 
N 0 U N2 A U X VERB2 N0UN3? "  Th e readin g Umes 
fo r  eac h wor d wer e recorded . 

Subject s wer e first  aske d a  reaso n o r  tim e questio n 
about  eac h story .  Eac h subjec t  wa s aske d reaso n 
question s abou t  eigh t  storie s an d tim e question s abou t 
eigh t  stories .  Fo r  eac h subject ,  hal f  o f  th e question s 
wer e abou t  th e actio n perfomne d uniquel y b y on e actc v 
(uniqu e action )  an d hal f  wer e abou t  on e o f  th e thre e 
action s performe d b y th e othe r  acto r  (non-uniqu e 
action) .  Th e questio n typ e conditio n (reason/time ) 
and actio n uniquenes s conditio n (unique/non-unique ) 
wer e crossed .  Acros s subjects ,  th e storie s wer e 
rotate d throug h th e conditions . 

Sinc e i t  wa s possibl e t o answe r  th e tim e an d 
reaso n question s withou t  payin g attentio n t o th e 
actor s i n th e story ,  eac h reason/tim e questio n wa s 
followe d b y a  "who "  questio n abou t  eac h story .  Th e 
anteceden t  f w th e wh o questio n wa s chose n randoml y 
betwee n th e uniqu e actio n an d on e o f  th e non-uniqu e 
actions .  Th e who-questio n guarantie d tha t  subject s 
woul d pa y clos e attentio n t o th e actors .  Readin g 
time s wer e no t  collecte d fo r  thes e questions . 

Tabl e 2 
Mean readin g lim e (ms/word )  average d acros s th e five 

common word s 

Question ACtor 

lMflll £ NonUniqu e Mea n 

Reaso n 48 3 46 3 47 3 
T im e 50 7 46 5 48 6 

Mean 495 464 479 

Result s an d Discussio n 

Table 2 shows the mean reading times averaged across 
N O U N l.  VERB,  PREP,  DET ,  an d N 0 U N 2 fo r  th e 
reaso n question s an d tim e question s i n th e uniqu e an d 
non-uniqu e acto r  conditions .  A s predicted ,  th e tim e 
t o rea d th e question s wa s greate r  i n th e uniqu e actio n 
conditio n relative  l o th e non-uniqu e actio n condition , 
F(l,27)=7.50 ,  p<.05 .  Ther e wa s n o effec t  o f  questio n 
typ e an d n o interaction . 

Our  secon d prediction ,  tha t  answerin g tim e woul d 
be faste r  i n th e uniqu e actio n conditio n relativ e t o th e 
non-uniqu e actio n condition ,  wa s als o confirmed . 
The mea n answe r  time s wer e 2449m s v s 3554m s i n 
th e uniqu e vs .  non-uniqu e condition s respectively, 
F(  1,27) = 19.11 ,  p<.001 .  I n contras t  t o othe r 
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experiment s i n ou r  lab ,  reaso n question s wer e 
answere d mor e slowl y overal l  tha n tim e question s 
(3256m s v s 2746ms) ,  f(l,27)=9.39 ,  p<.05 .  Ther e 
was n o interaction . 

The result s suppor t  th e hypothesi s tha t  i f  a  sourc e 
node ca n b e identifie d earl y durin g parsing ,  retrieva l 
heuristic s ca n b e identifie d an d applied .  Th e 
simultaneou s operatio n o f  th e parse r  an d answe r 
retrieve r  slow s both ,  bu t  pay s of f  i n th e en d wit h a 
faste r  answer . 

Final Comments 

We have proposed a new architecture for question 
answerin g tha t  ha s man y paralle l  component s an d 
presente d empirica l  evidenc e i n suppor t  o f  it .  A 
paralle l  vie w o f  questio n answerin g woul d brin g thi s 
importan t  aspec t  o f  languag e processin g int o lin e 
wit h curren t  thinkin g o n paralle l  processe s i n 
sentenc e parsin g (Gorrell ,  1989 ;  McClellan d & 
Kawamoto ,  1986 ;  Miikkulaine n &  Dyer ,  1991 ;  St . 
Joh n &  McClelland ,  1990 ;  Walt z &  Pollack ,  1985) . 
Of  course ,  th e experiment s suppor t  th e genera l  ide a o f 
parallelism ,  no t  th e specific s o f  th e T S U N A MI 
model.  However ,  th e mode l  i s genera l  enoug h t o 
incorporat e man y specifi c  instantiations .  A s i t 
develop s i t  wil l  b e interestin g t o se e how ,  o r  if , 
change s wil l  b e necessar y i n th e retrieva l  heuristic s 
propose d b y researcher s workin g withi n a  seria l 
paradigm .  Mor e tha n likel y a  ne w clas s o f  problem s 
wil l  aris e havin g t o d o wit h conflic t  resolutio n 
among competin g questio n interpretation s an d answe r 
possibilitie s i n th e fac e o f  partia l  inpu t 

Recentl y ther e ha s bee n considerabl e progres s o n 
connectionis t  model s o f  sentenc e parsin g (McClellan d 
& Kawamoto ,  1986 ;  Miikkulaine n &  Dyer ,  1991) , 
and P D P model s wil l  inevitabl y begi n t o approac h 
th e proble m o f  questio n answering .  I n thi s paradig m 
to o i t  wil l  b e necessar y t o fac e th e issu e o f  whethe r 
th e outpu t  o f  a  parsin g networ k shoul d b e th e inpu t 
t o a  questio n answerin g network ,  o r  whethe r  thes e 
processe s ar e mor e closel y intertwined .  Ou r  result s 
sugges t  th e latte r  approach . 
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