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Abstract 

Question answering involves several processes: representation of the question concept, 
identificatio n o f  th e questio n type ,  menwr y searc h and/o r  inferenc e generation ,  an d output . 

Researcher s ten d t o vie w thes e processe s a s stage s an d hav e develope d primaril y seria l  model s 
of  question-answering .  Word-by-wor d readin g time s o f  questions ,  however ,  sugges t  tha t  som e 
processin g i s don e i n parallel .  Question s wer e rea d mor e slowl y bu t  answere d quicke r  whe n 
th e questio n typ e wa s apparen t  fro m th e first  questio n wor d (th e usua l  Englis h constructio n o f  a 
question )  whe n compare d t o case s whe n th e questio n wor d cam e las t  Seria l  model s ca n no t 
explai n suc h dat a easily .  I t  i s  argue d tha t  th e processe s associate d wit h a  particula r  questio n 
typ e ar e activ e durin g processin g o f  th e questio n concep t  an d tha t  the y ca n direc t  memor y 
searc h durin g questio n parsing .  S o m e paralle l  model s o f  questio n answerin g consisten t  wit h 
th e dat a ar e discussed . 

Introduction 

Question answering is a process that requires parsing, directed memory search, sometimes inference genera-
tion ,  an d finally  th e formulatio n o f  a n answer .  Th e processe s involve d i n man y o f  thes e step s hav e bee n studie d 
extensivel y usin g method s fro m bot h artificia l  intelligenc e (Lehnert ,  1978 )  an d cognitiv e psycholog y (Singer , 
1984 ,  1986 ;  Graesser ,  Robertson ,  &  Anderson ,  1981) .  No t  muc h i s known ,  however ,  abou t  th e tim e cours e o f 
thes e step s an d whic h component s m a y b e realize d i n parallel .  I n thi s stud y th e hypothesi s tha t  questio n parsin g 
and m e m o r y searc h ar e integrated ,  paralle l  processe s i s assessed . 

Lehnert (1978) suggested that the process of question answering involves representation of the question 
concep t  an d categcxizatio n o f  th e questio n type .  Onc e thes e step s ar e completed ,  informatio n abou t  th e questio n 
typ e ca n b e use d t o initiat e appropriat e memor y searc h o r  inferenc e procedure s whil e th e questio n concep t 
serve s a s th e indexin g mechanis m t o th e memor y representation .  Fo r  example ,  question s 1  an d 2  belo w bot h 
contai n th e questio n concep t  Pet e drov e t o th e store ,  bu t  the y ar e tw o differen t  questio n types . 

(1) Did Pete drive to the store? 
(2 )  W h y di d Pet e driv e t o th e store ? 

Question 1, a verification question, may be answered simply by finding the question concept in memory. 
The simples t  procedur e associate d wit h verificatio n specifie s tha t  i f  th e questio n concep t  i s presen t  i n memor y 
the n th e answe r  t o a  verificatio n questio n i s "true, "  otherwis e i t  i s  "false "  (Singer ,  1984) .  Mor e comple x model s 
of  verification ,  th e us e o f  plausibilit y  criteri a fo r  example ,  hav e als o bee n propose d (Reder ,  1982) .  I n an y case , 
matchin g processe s requir e explici t  representatio n o f  th e questio n concep t  i n orde r  t o begin . 

Question 2, a goal or causal antecedent question, requires complicated processing both to determine the 
questio n typ e an d t o retriev e a n answer .  Th e questio n concep t  mus t  first  b e generated ,  bu t  th e nex t  ste p fo r  suc h 
question s depend s o n th e structur e o f  informatio n associate d wit h th e concep t  Fo r  example ,  i f  th e subjec t  o f  th e 
questio n i s a n animat e acto r  the n th e questio n i s a  goa l  questio n an d memor y retrieva l  wil l  focu s o n th e actor' s 
goals .  I n suc h a  case ,  i f  a n explici t  goa l  i s  associate d wit h th e concept ,  e.g .  "Pet e neede d bread, "  the n tha t  goa l 
woul d b e a  candidat e fo r  a n answer ;  otherwis e a  mor e generi c goa l  o r  proceedin g state ,  e.g .  "Pet e wa s hungry " 

or  "Pet e wa s ou t  o f  food, "  migh t  b e generate d b y inferenc e a s possibl e answers .  I f  th e subjec t  o f  th e questio n i s 

542 



not  animate ,  e.g .  " W h y di d th e tre e fall, "  the n th e questio n i s a  causa l  aneceden t  questio n an d memor y retrieva l 

and inferenc e processe s wil l  no t  involv e goal s bu t  wil l  focu s o n preceding ,  causall y relevan t  sutes . 

In several studies Singer (1984, 1986) has examined both verification questions and "wh- questions" (who, 
what ,  when ,  an d where )  an d use d a  stag e mode l  t o explai n question-answerin g times .  Th e mode l  assumes ,  lik e 
Lehnert ,  tha t  conceptua l  representatio n o f  th e questio n occur s first,  followe d b y questio n categorization ,  followe d 

by memor y search ,  finally  terminatin g i n a n outpu t  stage .  I n Singer' s studie s th e tim e t o rea d an d answe r  ques -
tion s i n whic h th e questio n wor d wa s th e first  wor d o f  th e questio n sentenc e wa s measured .  Singer' s seria l 
model  predicte d th e overal l  tim e take n t o answe r  th e questions ,  bu t  di d no t  revea l  processe s tha t  migh t  b e occur -
in g durin g reading . 

To compare serial versus parallel possibilities for question answering, consider the wording of questions 3 
and 4  below . 

(3) Why did Pete drive to the store? 
(4 )  Pet e drov e t o th e store ,  why ? 

Most models of question answering assume that a conceptual representation of the question is built from the sen-
tenc e befw e othe r  processin g begins .  Fo r  bot h case s 3  an d 4  w e migh t  designat e suc h a  representatio n wit h 
embedded proposition s a s follows : 

(REASON, ? (DRIVE, ACTOR:Pete, FROM:unspec, TO:Store)) 

If a concept is found in memory that matches the above pattern, then the portion that replaces the "?" will serve 
as a n answe r  t o th e question .  Not e tha t  i t  i s  necessar y t o generat e th e complet e patter n i n orde r  t o initiat e 
matchin g processes .  O n thi s vie w th e onl y reaso n t o expec t  a  differenc e i n th e time  cours e o f  readin g an d 
answerin g betwee n question s 3  an d 4  woul d b e i f  differen t  processe s wer e involve d i n generatin g th e questio n 
concept .  I f  questio n answerin g doesn' t  begi n unti l  th e concep t  i s built ,  the n i t  shoul d procee d i n th e sam e wa y 
i n bot h cases . 

An alternative view is that some retrieval processes can begin for question 3 before they do for question 4. 
On thi s vie w th e questio n word ,  wh y i n th e example ,  trigger s activatio n o f  rule s ( w processes )  specifi c  t o th e 
questio n typ e tha t  ca n appl y whil e th e res t  o f  th e questio n i s bein g parsed .  Thi s paralle l  proces s mode l  suggest s 
tha t  questio n 3  coul d b e answere d mor e quickl y tha n questio n 4 ,  althoug h extr a processin g occurrin g durin g 
readin g o f  th e mai n par t  o f  questio n 3  migh t  slo w th e readin g rat e relativ e t o th e sam e part s o f  questio n 4 . 

Read in g 

Behavio r 
Ques t io n 

positio n 

Befor e 

Afte r 

Question-firs t Question-las t 

+ 
### # #### # # # ## # #### # 

W h y? 

Pet e drov e t o th e store . 

### # #### # # # ## # #### # 

-t -

Pet e drov e t o th e store . 
W h y? 

Tabl e 1 . 

Appearance of the screen before and after the subject reads 

a questio n i n th e tw o question-positio n conditions . 
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I n thi s stud y subject s rea d concept s fro m brie f  paragraph s an d answere d question s abou t  them .  I n on e con -
ditio n th e questio n typ e wa s know n a s th e concep t  wa s bein g read ,  a s i t  woul d b e i n questio n 3  above .  I n a 
secon d conditio n th e questio n typ e wa s no t  know n unti l  afte r  th e concep t  ha d bee n read ,  a s i n questio n 4  above . 
Readin g time s fo r  th e sentence s expressin g th e questio n concepts ,  th e word s indicatin g th e questio n types ,  an d 
th e answe r  time s wer e collected .  A n advantag e i n answerin g tim e whe n th e questio n typ e wa s know n i n 

advanc e woul d b e take n a s evidenc e fo r  paralle l  processin g durin g readin g o f  th e questio n concep t 

Method 

Subjects. 

Twenty-tw o undergraduat e student s participate d fo r  cours e credit .  Eac h subjec t  serve d i n al l  condition s o f  th e 

experiment . 

Materials. 
Twent y five-  t o eight-lin e storie s wer e written .  Al l  storie s wer e abou t  a  characte r  w h o performe d severa l 
actions .  A n actio n wa s chose n t o b e querie d fro m eac h story .  Eac h actio n statemen t  chose n fo r  a  quer y ha d th e 

same syntacti c form :  N O U Nl  +  V E R B +  PREPositio n +  DETermine r  +  N 0 U N 2 . 

Design and Procedure. 
Subject s rea d th e twent y storie s i n sequenc e an d answere d a  questio n afte r  eac h story .  Eac h stor y wa s presente d 
as a  whol e o n a  compute r  scree n an d subject s spen t  a s lon g a s the y wishe d readin g th e st(My .  Subject s indicate d 
tha t  the y ha d rea d a  stor y b y pressin g a  respons e key .  W h e n th e ke y wa s presse d th e stor y disappeare d fro m th e 
scree n an d wa s replace d b y a  questio n frame .  Th e questio n frame  consiste d o f  tw o lines ,  on e containin g a  plus -
sig n wher e th e questio n wor d woul d appea r  an d th e secon d containin g number-sign s wher e word s expressin g th e 
questio n concep t  woul d appea r  a s a  sentence .  I n som e case s th e plu s sig n wa s abov e th e sentenc e lin e indicatin g 
tha t  th e questio n wor d woul d appea r  first.  I n othe r  case s i t  wa s belo w th e sentenc e lin e indicatin g tha t  th e ques -
tio n wor d woul d appea r  last .  Tabl e 1  show s example s o f  th e questio n fram e a s i t  appeare d i n th e question-firs t 

and question-las t  condition s fo r  a  wh y quer y o f  th e sentenc e "Pet e drov e t o th e store. " 

Question-firs t Question-las t 

C W O HU 

N0UN1 N0UN1 

VERB VERB 

PREP PREP 

DET DE T 

Nour ^ N0UN2 

OA^ORD 

Readin g 
onl y 

Reading-t-
answerin g 

Total 
tim e 

Figur e 1 . 

A compariso n o f  wor d position s an d dependen t 
measure s i n th e tw o question-positio n conditions . 
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Subject s presse d th e sam e response  ke y repeatedl y t o revea l  th e questio n wor d (whic h replace d th e plu s 
sign )  an d eac h par t  o f  th e questio n concep t  (word s replacin g th e numbe r  signs) .  Th e readin g tim e fo r  eac h o f 
thes e word s wa s recorded .  Subject s receive d specia l  instruction s fo r  th e las t  wor d (i n som e case s th e las t  nou n 
of  th e concep t  an d i n other s a  questio n word) .  The y wer e instructe d t o thin k o f  th e answe r  an d pres s th e 
respons e ke y a s soo n a s th e answe r  "cam e t o mind. "  ( A simila r  procedur e wa s use d succesfuU y b y Reiser , 
Black ,  &  Abelson ,  1985 ,  i n studie s o f  autobiographica l  memory. )  Thu s th e reading  tim e fo r  th e las t  wor d 
include s answe r  retrieval  time .  Subject s the n wrot e th e answe r  o n a  shee t  o f  pape r  an d move d o n t o th e nex t 

stor y a t  thei r  o w n pace .  Al l  subject s receive d 2 0 practic e trial s t o ge t  use d t o th e procedure . 

Three types of questions were asked, verification, goal, and time. The question type was indicated by the 

presentatio n o f  th e word s True? ,  Why? ,  o r  When ? i n th e questio n frame .  Eac h subjec t  answere d al l  thre e type s 

of  question s ( 6 question s o f  eac h type )  randoml y intermixed .  Al l  o f  th e 6  critica l  verificatio n question s wer e 
affirmative ,  bu t  tw o extr a storie s (no t  analysed )  an d severa l  practic e storie s wer e followe d b y negativ e 
verificatio n question s s o tha t  affirmatio n o f  thi s questio n typ e wa s no t  predictable . 

There were two conditions related to the presentation position of the question words. In half of the trials 
th e questio n wor d appeare d befor e th e concep t  sentenc e an d i n th e othe r  hal f  i t  appeare d afte r  th e concep t  sen -
tence .  Questio n typ e an d questio n positio n wer e completel y crosse d an d al l  subject s receive d storie s i n al l  com -
bination s o f  thes e tw o factors .  Storie s wer e rotate d throug h th e question-typ e an d question-positio n condition s 
acros s subjects .  Presentatio n orde r  o f  th e stories ,  an d henc e th e conditions ,  wa s rando m fo r  eac h subject . 

Results 

Reading times were collected for the question words and each word expressing the question concept Here 
th e overal l  readin g an d answerin g time ,  th e tim e t o rea d th e first  fou r  word s o f  eac h sentenc e (combine d an d 
separately) ,  an d th e tim e t o rea d th e questio n wor d plu s th e las t  wor d o f  eac h sentenc e ar e reported .  Thes e 
dependen t  measure s ar e illustrate d i n Figur e 1 .  A s Figur e 1  shows ,  th e question-wor d ( Q W O R D)  readin g tim e 
include s answerin g tim e i n th e question-las t  conditio n bu t  no t  i n th e question-firs t  conditio n an d th e N 0 U N 2 

500 0 - I 

400 0 

<D 300 0 
E 

Quest io n Firs t 

Questio n Las t 

Tru e W h en W hy 

Question Type 

Figure 2. Total reading and answering time. 
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readin g tiin e include s answerin g time  i n th e question-firs t  conditio n bu t  no t  i n th e question-las t  condition .  B y 
reportin g Q W 0 R D + N 0 U N2 i n al l  condition s w e ar e reportin g th e answerin g time  combine d wit h th e (presum -
abl y constant )  time  t o rea d eac h wor d separately . 

Each subject provided three times in each of the six conditions. All reading times above 8000ms were 
eliminated .  Thes e time s usuall y occurre d w h e n subject s forgo t  t o pres s th e repons e ke y befor e writin g a n 
answer .  T h e m e a n time s fo r  a s m a n y goo d observation s a s a  subjec t  provide d i n eac h conditio n wer e used .  I n 
onl y on e cas e wa s dat a missin g becaus e al l  thre e time s fro m a  subjec t  i n a  particula r  conditio n wer e abov e th e 
threshold .  I n thi s cas e di e overal l  mea n o f  tha t  conditio n wa s use d a s a  replacemen t  value . 

Figure 2 shows the overall mean reading and answering time for all words in the two question positions 
an d acros s th e thre e questio n types .  Th e tota l  tim e wa s shorte r  w h e n th e questio n wor d c a m e first  tha n w h e n i t 
c a me last ,  3780m s versu s 4 0 9 0 m s repectively ,  F(l,21)-9.96 .  p<.Ol .  MSe-317,940 .  Also ,  ther e wa s a  differenc e 
a m o ng th e tota l  time s acros s questio n types ,  wit h th e verificatio n questio n bein g fastest ,  3631ms ,  th e why -

questio n next ,  4029ms ,  an d di e w h e n questio n longest ,  4145ms ,  F(2,42)-3.42 ,  p<.05 ,  MSe=937,618 .  Ther e wa s 
n o interactio n betwee n thes e factors . 

Figure 3 shows the mean time to read NOVNl + VERB-(-PREP+DET combined in die two question positions 
an d acros s th e thre e questio n types .  Thi s time  doe s no t  includ e answerin g time .  Th e mea n time  t o rea d thi s 
materia l  wa s longe r  w h e n th e questio n wa s known ,  1456m s versu s 1355m s fo r  th e question-firs t  an d question -
las t  condition s respectively ,  F(l,21)=10.95 ,  p<.01 ,  M S e = 30,478 .  A  question-typ e effec t  wa s no t  presen t  fo r 

thes e word s no r  wa s a n interaction . 

Figure 4 shows the mean time per word for NOUNl, VERB, PREP, and DET separately in die two 
question-orde r  condition s combine d ove r  questio n types .  A  wor d b y question-positio n b y question-typ e A N O V A 
showe d n o mai n effec t  o f  questio n typ e an d n o interaction s o f  question-typ e wit h othe r  factors .  Th e apparen t 
interactio n betwee n questio n positio n an d wor d wa s significan t  F(3,63)=3.84 ,  /k.OI ,  M S e = 2 0 1 4 .  Individua l 
comparison s reveale d th e suprisin g resul t  tha t  th e questio n positio n effec t  wa s presen t  fo r  N O U N l ,  F(l,21)=7.28 , 

200 0 - I 

V) 
s 

E 

CC 

1000 -

Questio n Firs t 
Questio n Las t 

When 

Questio n Typ e 

Figure 3. Reading time for NOUNl+VERB+PREP+DET. 
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p<.01 ,  MSe-4489 ;  P R E P ,  f(l,21)-5.96 ,  /k.05 ,  MSc-3323 ;  an d D E T .  f(l,21)=l6.32 ,  /x.Ol ,  MSe=3651 ;  bu t  no t 
fo r  VERB.  Th e mean s fo r  eac h significan t  question-positio n effec t  wer e 367ni s versu s 336m s fo r  N O U N l , 
363ms versu s 339m s fo r  P R E P ,  an d 395m s versu s 353m s fo r  D E T ,  i n th e question-firs t  an d question-las t  condi -
tion s respectively .  Ther e wer e n o effect s o f  questio n typ e an d n o interaction s betwee n questio n positio n an d 
questio n typ e fo r  individua l  words . 

Figure 5 shows the mean times to read the question word plus the last noun (QWORD+N0UN2) in the two 
questio n position s an d acros s th e thre e questio n types .  Thi s tim e include s answerin g time .  I n thi s compariso n 
th e mea n tim e wa s faste r  whe n th e questio n wa s known ,  2452m s versu s 2769m s fo r  th e question-firs t  an d 

question-las t  condition s respectively ,  f  (1,21)=9.36 ,  /x.Ol ,  MSe=449,676 .  Ther e wa s als o a  mai n effec t  o f  ques -
tio n type ,  wit h th e verificatio n questio n bein g fastest ,  2163ms ,  th e wh y questio n next ,  2829ms ,  an d th e whe n 

questio n longest ,  2840ms ,  F(2,42)=4.48 ,  /k.05 ,  MSe=l,316,768 .  Ther e wa s n o interactio n betwee n th e tw o fac -
tors . 

Discussion 

The main hypothesis that the time to read and answer a question would be faster when the question type 
was know n wa s confirmed .  A  reasonabl e explanatio n o f  thi s effec t  i s  tha t  processe s relate d t o answe r  generatio n 
can b e execute d durin g parsin g o f  th e informatio n i n th e questio n concep t 

Separate analyses of times that included question-answering time versus those that did not showed that 
knowledg e o f  th e questio n actuall y increase d readin g time s o f  word s i n th e bod y o f  th e questio n concept .  Th e 
advantag e i n readin g time  whe n th e questio n typ e wa s know n cam e o n (o r  after )  th e las t  wor d an d mor e tha n 
made u p fo r  th e earlie r  slowe r  readin g times.  Thi s strengthen s th e vie w o f  paralle l  processe s sinc e i t  suggest s 
tha t  resource s involve d i n questio n processin g an d concep t  representatio n compet e durin g readin g t o slo w overal l 
tim e bu t  tha t  b y th e en d o f  th e questio n di e answe r  i s muc h close r  i f  th e questio n wa s known . 

The effects of question type have been observed before and were not suprising (Singer, 1884, 1986). While 
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th e mechanis m behin d thi s effec t  ha s neve r  bee n specified ,  i t  i s  clearl y relate d t o th e differen t  operation s tha t  ar e 
require d fo r  answerin g differen t  questions .  Fo r  example ,  ther e ar e mor e potentia l  answer s t o goa l  o r  causa l 
anteceden t  question s tha n ther e ar e t o verificatio n questions ,  an d s o eithe r  m e m o r y retrieva l  tim e o r  outpu t 
preparatio n tim e shoul d b e longe r  fo r  th e forme r  type s o f  questions .  Th e fac t  tha t  question-typ e effect s appea r 
onl y i n th e answerin g times ,  an d no t  i n th e tim e fo r  readin g th e mai n par t  o f  th e sentence ,  m a y sugges t  tha t 
m e m o ry retrieva l  directe d b y processe s specifi c t o th e questio n typ e doe s no t  occu r  i n paralle l  wit h sentenc e 
comprehension .  Thi s woul d mea n tha t  processe s c o m m o n t o al l  questions ,  preparatio n o f  question-answerin g 
processe s fo r  example ,  ar e wha t  ar e occurin g durin g comprehension .  Thi s phenomeno n deserve s furthe r  study . 

These results rule out extreme serial models of question answering, e.g. Singer's (1981, 1984, 1986) VAIL 

m o d e k ,  retrieva l  mechanism s describe d b y Graesse r  e t  al .  (1981) ,  o r  a  stric t  interpretatio n o f  Lehnert' s  (1978 ) 
model .  Suc h model s hol d tha t  separat e stage s ar e involve d i n buildin g th e questio n concept ,  accessin g th e 
question-answerin g procedure ,  activatin g th e questio n concept ,  an d finally  applyin g th e procedur e t o th e 

activate d knowldge .  Th e result s nva y b e explained ,  however ,  b y differen t  version s o f  paralle l  models . 

In one parallel scenario the question word triggers proceeses that access the appropriate question-answering 
procedures .  Thes e procedure s ar e assemble d durin g reading ,  hel d i n workin g m e m o r y durin g parsin g o f  th e 
questio n concept ,  an d ar e the n read y fo r  applicatio n whef t  th e questio n concep t  i s  finally  built .  Thi s mode l 
woul d explai n w h y th e question-positio n effec t  appear s a t  th e beginnin g o f  th e sentenc e an d w h y i t  disappear s 
o n th e secon d wor d (onc e read y th e question-answerin g procedure s ar e no t  applie d unti l  later )  bu t  no t  w h y th e 
effec t  return s towar d th e en d o f  th e sentence .  Onc e question-answerin g procedure s ar e presen t  i n workin g 
m e m o ry thei r  effec t  o n readin g tim e shoul d su y constan t 

In a second parallel scenario question-answering procedures are accessed at the start of the question and 
begi n t o appl y wheneve r  ther e i s enoug h informatio n t o d o so .  Thi s mode l  i s consisten t  wit h th e reappearance 
of  th e question-positio n effec t  late r  i n th e sentenc e (du e t o differen t  retrieva l  processes) .  I t  i s  puzzling ,  however , 
unde r  thi s mode l  w h y th e ver b doe s no t  trigge r  paralle l  searc h processe s sinc e i t  clearl y identifie s th e uniqu e 
concep t  bein g queried .  W e ar e n o w repeatin g th e experimen t  usin g differen t  syntacti c form s o f  th e questio n 
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Figur e 5 .  Readin g tim e fo r  QWORD-f  N0UN2 . 
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concep t  i n orde r  t o explor e th e intricacie s o f  questio n processin g durin g parsing . 

Finally some comments should be made about symbolic versus connectionist models of this process. While 
th e dat a indicat e parallelis m i n questio n processin g the y shoul d no t  b e construe d a s evidenc e fo r  o r  agains t  a 
connectionis t  architecture .  Wordin g suc h a s "assembl y o f  procedure s fo r  answerin g a  why-question, "  a  descrip -
tio n from  th e poin t  o f  vie w o f  a  symbol-manipulatio n device ,  migh t  easil y b e construe d a s "stat e o f  th e networ k 
suc h tha t  node s relate d t o goal s an d prio r  causa l  state s ar e mor e likel y t o becom e active, "  a  descriptio n from  th e 
poin t  o f  vie w o f  a  P D P device .  I t  i s  no t  clea r  tha t  on e architectur e i s superio r  t o anothe r  i n explainin g thi s data , 
althoug h effort s t o mode l  th e proces s shoul d procee d alon g bot h lines . 

To conclude it appears that question-answering processes and representation of the question concept can 
occu r  i n parallel .  Thi s vie w conflict s wit h mos t  curren t  model s o f  questio n answering .  Detail s o f  a  ne w mode l 
of  thes e processe s ar e n o w bein g developed.  Also ,  furthe r  experiment s t o distinguis h amon g variou s paralle l 
algorithm s ar e bein g conducted .  Sinc e languag e usuall y co-occur s wit h othe r  cognitiv e processes ,  th e abilit y  t o 
paralle l  proces s durin g languag e comprehensio n i s importan t  an d th e tradeoff s involve d shoul d receiv e carefu l 
attentio n from  cognitiv e scientists . 
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