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A Tal e o f  Tw o Brain s 

-or-

The Sinistral Quasimodularity of Language 

Thomas G. Bever 
The Universit y o f  Rocheste r 

Caroline Carrithers 
John s Hopkin s Universit y 

David J. Townsend 
Montclai r  Stat e Colleg e 

ABSTRACT 

Four experiments show that people differ strongly in the extent to v^ich they 
depen d o n linguisti c structur e durin g languag e comprehension . 
Structure-dependen t  peopl e ar e immediatel y affecte d b y grammatica l  variables , 
vrtiil e structure-independen t  peopl e ar e les s affecte d b y suc h variables .  A 
surprisin g populatio n differenc e betwee n th e tw o type s o f  peopl e suggest s a 
geneti c an d neurologica l  basi s fo r  th e behaviora l  difference .  Al l  subject s 
wer e right-handed .  However ,  structure-dependen t  peopl e repor t  n o left-hander s 
i n thei r  family ,  whil e structure-independen t  peopl e d o repor t  left-hander s i n 
thei r  family .  Thi s suggest s tha t  th e neurologica l  organizatio n fo r  linguisti c 
abilit y  i n righ t  hander s wit h familia l  left-handedness ,  i s mor e diffus e tha n 
fo r  righ t  hander s wit h n o familia l  left-handedness .  Othe r  fact s connec t  thi s 
t o a  curren t  hormona l  theor y o f  th e ontogenesi s o f  hemispheri c asymmetries . 

I t  i s  a  common belie f  tha t  ther e i s a  norma l  wa y o f  landerstandin g 
sentences ,  v^ic h i s essentiall y  th e sam e fo r  everybody .  Thi s presuppositio n 
londerlie s th e searc h fo r  a  singl e mechanis m fo r  sentenc e comprehension .  I t  i s 
als o a  common belie f  tha t  ther e i s a  norma l  neurologica l  configuratio n fo r 
language ,  a t  leas t  amon g right-hande d people .  Thi s presuppositio n underlie s 
th e practic e o f  takin g cerebra l  asymmetrie s i n normal s an d behaviora l  syndrome s 
i n aphasics ,  t o revea l  th e norma l  functio n o f  a  universa l  configuration .  Th e 
researc h reporte d i n thi s pape r  suggest s tha t  thes e assunption s ar e false : 
individual s diffe r  markedl y i n th e wa s the y proces s language ,  an d th e 
differenc e i s relate d t o a  geneti c differenc e i n neurologica l  organizatio n fo r 
language . 

Most linguistic theories distinguish two aspects of language: The 
structura l  system ,  v^ic h concern s syntactic ,  semanti c an d phonologica l 
knowledge ;  th e conceptua l  system ,  vdiic h include s lexica l  referenc e an d 
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concepttial knowledge of the world. Normal variation in language behavior can 
be define d i n term s o f  variatio n i n th e degre e t o v^ic h a  perso n depend s o n 
eac h o f  thes e system s durin g behavior .  I n thi s discussion ,  w e focu s o n 
coirprehension ,  i n particula r  o n differentiatin g thos e peopl e wh o depen d o n 
structura l  feature s o f  th e languag e fro m thos e vrti o depen d o n mor e o n non -
structura l  knowledg e o f  language . 

The extent to which a subject depends on structure might be related to his 
familia l  handedness .  Ther e ar e obviou s reason s t o expec t  tha t  left-hande d 
peopl e hav e a  differen t  neurologica l  organizatio n fo r  languag e fro m 
right-handers .  Accordingly ,  w e hav e bee n keepin g trac k o f  th e persona l  an d 
familia l  handednes s o f  ou r  subject s i n psycholinguisti c studies .  Ove r  th e las t 
decade ,  w e hav e frequentl y notice d tha t  'mixed-background '  right-handers ,  fro m 
left-hande d families ,  respon d t o languag e stimul i  differentl y fro m 'pur e 
background '  right-handers ,  fro m familie s wit h n o left-handers .  I n particular , 
i t  seeme d t o u s tha t  durin g comprehension ,  'mixe d background '  righ t  bander s ar e 
les s sensitiv e t o syntacti c variable s tha n 'pur e background '  righ t  banders ,  bu t 
see m t o hav e mor e facilit y  wit h task s involvin g singl e words .  I n th e researc h 
reporte d here ,  w e attende d directl y t o handednes s background ,  usin g i t  a s th e 
basi s fo r  isolatin g a  12-membe r  grou p o f  wha t  w e though t  woul d b e "structur e 
dependent "  peopl e fro m anothe r  12-membe r  grou p o f  wha t  w e though t  woul d b e 
"structur e independent "  people .  Thre e experimenta l  studie s confirme d th e 
preliminar y differentiatio n tha t  w e mad e betwee n th e grou p o f 
structure-dependen t  peopl e an d th e grou p o f  structure-independen t  people ,  base d 
on handednes s background .  ' 

The first study used a percept v^ich is affected by clause boundaries, the 
perceive d locatio n o f  a  brie f  ton e presente d objectivel y durin g a  two-claus e 
sentence .  I n thi s paradigm ,  th e listene r  hear s th e sentenc e wit h a  ton e i n i t 
and mus t  b e prepare d t o writ e th e sentenc e dow n an d repor t  th e locatio n o f  th e 
tone .  O n critica l  trial s th e listene r  i s unexpectedl y presente d wit h a  writte n 
versio n o f  th e sentence .  Th e listene r  locate s th e ton e withi n a  3- 4 wor d lon g 
"window "  alread y marke d o n th e sentenc e a s i n Figur e 1  below .  Ther e wer e 3 
kind s o f  respons e windows ,  on e wit h th e cente r  o n th e wor d befor e th e claus e 
break ,  on e i n th e claus e brea k an d on e o n th e wor d afte r  th e claus e break .  Th e 
correc t  locatio n fo r  th e ton e wa s alway s i n th e cente r  o f  th e window .  Th e 
seria l  positio n o f  th e claus e brea k wa s varied . 

All listeners reported the correct tone location better v^en it was 
objectivel y i n th e brea k betwee n th e clauses ,  tha n i n eithe r  th e wor d precedin g 
or  followin g (Figur e 2 ) .  Response s t o "catch "  trials ,  i n vrtiic h ther e wa s n o 
objectiv e ton e a t  all ,  showe d a  smalle r  guessin g bia s i n favo r  o f  th e 
between-claus e position .  When th e respons e pattern s ar e correcte d fo r  thi s 
guessin g bias ,  th e mixed-backgroun d listener s showe d n o overal l  superiorit y fo r 
th e claus e break ,  v̂ iil e th e pure-backgroun d listener s di d (p<.0 5 b y Fishe r 
exac t  tes t  o n subjects ,  p<.0 5 b y Wilcoxo n matche d pair s signe d rank s tes t  o n 
materials) ,  i^parently ,  sinc e pure-backgroun d subject s ar e structure -
dependent ,  the y hav e relativel y mor e attentio n availabl e t o liste n fo r  th e ton e 
betwee n clauses :  thi s suggest s tha t  the y activel y assig n eac h claus e a  separat e 
representatio n a s the y hea r  it ,  vdiil e mixed-backgroun d listener s d o not . 

We studied the form in vrfiich listeners immediately represent a clause with 

765 



Bever ,  Carrithers ,  Townsen d 

z 
u 
« 
Id 
<o 
3 o -

= 3 
z 
o 

lb 
o 

§ 

C s 
"•  i/ i 

3 
2 

s 
•a 

~ XI 
O u 

01 
w 
u 
z 

H 
V) 
3 
< 
U 

z 
o 

S 

J! 
e 
DO 
CD 
Q. 

5" g 
s o 

o u  ̂  
» 0) » 

W
rit

e 
ou

t 
se

nte
nc

e 
an

d 
m

ar
k 

ton
e 

loc
ati

o
n 

1 

Tu
rn

 t
o 

ne
xt

 p
ag

e 
in

 bo
ok

le
t 

M
ar

k 
ton

e 
loc

ati
o

n 
wi

thi
n 

"w
ind

ow
" 

a 
m 

8 

£ 
X 

ca 
s 

a 
CO 

s 

s 

I s 

II 
£ o 

c J 5 

u 
a 
2 

OS 
u 
0. 
< 

766 



Bever ,  Carrithers ,  Townsen d 

a word-recognition technique commonly used in laboratory studies of language 
processin g (Townsen d an d Bever ,  1978) .  I n thi s paradigm ,  a  listene r  hear s a 
wor d sequence ,  followe d b y a  singl e prob e word :  th e listene r  mus t  respon d 
verball y i f  th e prob e wor d wa s i n th e origina l  sequenc e o r  not .  (Tabl e 3 
outline s th e paradigm) .  I n ou r  study ,  th e critica l  wor d sequence s wer e 
subordinat e clause s (introduce d b y ' i f  o r  'though') *  al l  spoke n wit h a n 
intonatio n patter n suggestin g tha t  the y woul d continu e wit h a  followin g clause . 
Among th e prob e word s wer e verb-particle s an d adverbs ,  v^ic h coul d occu r  i n 
eithe r  a  lat e o r  a n earl y positio n i n eac h sentence . 

This task involves isolating a single word from the representation of a 
vAiol e clause .  We predicte d tha t  structur e independen t  subject s woul d perfor m 
relativel y wel l  o n thi s task ,  because ,  b y hypothesis ,  the y mak e mor e us e o f  th e 
referenc e o f  individua l  word s i n thei r  processing .  Thi s predictio n wa s 
confirme d fo r  pure-backgroun d subjects :  the y responde d positivel y t o word -
probe s mor e slowl y tha n di d mixe d backgroun d listener s (p<.0 1 B y a  Fishe r  exac t 
test )  (Figur e 4 ) .  I n English ,  phras e orde r  i s on e clu e t o th e themati c 
structur e o f  a  claus e (e.g. ,  agent s preced e th e ver b unles s ther e ar e specia l 
morphemes indicatin g th e reverse) .  Accordingly ,  a  structure-dependen t  listene r 
shoul d retai n a  sequentia l  representatio n o f  a  clause ,  i f  s/h e expect s tha t  th e 
claus e wil l  b e integrate d wit h late r  material .  I n contrast ,  a  structure -
independen t  listene r  shoul d retai n a  claus e i n a n unordered ,  conceptua l  form . 
Consisten t  wit h thi s difference ,  pure-backgroun d listener s wer e sensitiv e t o 
th e serial  positio n o f  th e prob e wor d i n th e fragment ,  an d mixed-backgroun d 
listener s wer e no t  (th e seria l  positio n effec t  wa s large r  fo r  pure-backgroun d 
subjects ,  p<.0 1 o n a  Fishe r  exact) .  Pure-backgroun d listener s responde d mor e 
slowl y t o lat e probe s tha n t o earl y probes .  Thi s suggest s tha t  the y sca n thei r 
representatio n o f  th e just-hear d sentenc e fragmen t  fro m beginnin g t o th e end ,  a 
self-terminatin g seria l  scannin g patter n tha t  occur s i n man y non-linguisti c 
prob e tasks .  Th e lac k o f  a  seria l  positio n effec t  fo r  concept-dependen t 
listener s suggest s tha t  thei r  representatio n an d searc h o f  th e sentenc e 
fragmen t  ar e unordered . 

We ran a coitplementary study with the same subjects and the same type of 
sentenc e material ,  excep t  tha t  th e prob e wa s no w a  2- 4 wor d phras e -  th e 
listener' s tas k wa s t o sa y v^ethe r  th e phras e wa s relate d i n meanin g t o th e 
sentence .  (Th e orde r  o f  presentatio n o f  th e thre e tasks ,  tone-location ,  word -
prob e an d phrase-prob e wa s counterbalance d acros s th e groups) .  I n thi s study , 
we use d bot h mai n an d subordinat e initia l  claus e fragments ,  a s show n i n Figur e 
5.  Al l  listener s responde d mor e quickl y t o main-claus e probe s tha n t o 
subordinate-claus e probes* .  Thi s follow s fro m th e genera l  vie w tha t  a  mai n 
claus e ca n b e immediatel y processe d fo r  meanin g whil e a  lower-leve l 
representatio n o f  a  subordinat e claus e mus t  b e retained ,  s o tha t  i t  ca n b e 
integrate d wit h th e ultimat e mai n clause .  Th e distinctio n betwee n mai n an d 
subordinat e clause s i s structural ,  whic h explain s wh y th e respons e tim e 
differenc e i s large r  fo r  pure-backgroun d listener s tha n fo r  mixed-backgroun d 
listener s (p<.0 1 b y Fishe r  exact )  (Figur e 6 ) . 

We also carried out a somewhat more naturalistic study of conprehension, 
vrtiic h include s readin g complet e sentence s an d the n answerin g question s abou t 
them .  We use d a  self-pace d word-by-wor d readin g paradigm ,  currentl y i n 
psycholinguisti c fashion .  Ever y tim e th e subjec t  presse s a  butto n o n a 
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conpater keyboard, the next word appears in the same location on a video 
screen ,  wipin g ou t  th e previou s word .  Th e fina l  wor d o f  eac h sentenc e wa s 
indicate d wit h a  punctuatio n mark ,  th e period .  When finishe d readin g th e fina l 
word ,  th e subjec t  presse d th e butto n again :  thi s elicite d a  questio n abou t  th e 
sentence ,  whic h th e subjec t  answered . 

Twenty-four new male subjects of each type of handedness background 
participate d i n thi s study .  Th e result s sho w tha t  pure-backgroun d subject s 
presse d th e butto n fo r  eac h wor d 21 % slowe r  (48 3 milliseconds/Word )  tha n 
mixed-backgroun d subject s (39 9 milliseconds/word )  (p<.00 1 b y X-square) .  Thi s 
findin g i s consisten t  wit h th e relativ e slownes s o f  thi s kin d o f  perso n i n th e 
word-prob e task .  O n ou r  interpretation ,  thi s occur s becaus e forcin g a 
structure-dependen t  reade r  t o rea d o n a  word-by-wor d basi s interfere s wit h th e 
usua l  coitprehensio n process ,  i n a  wa y tha t  i s no t  tru e fo r  th e 
structure-independen t  reader .  (W e shoul d not e tha t  th e pure-backgroun d reader s 
wer e slightl y bette r  a t  answerin g th e question s correctly .  Ther e was ,  however , 
no speed/accurac y trade-of f  acros s subjects ;  r=.04 .  Overal l  accurac y wa s abou t 
80%) . 

Although they read each word more slowly, pure-background readers are 
relativel y sensitiv e t o structura l  informatio n withi n singl e word s a s wel l  a s 
wor d order .  We use d tw o type s o f  verb s t o explor e this .  On e typ e o f  ver b wa s 
a sinpl e transitiv e ver b suc h a s 'hit ,  see ,  love' .  Thes e verb s maintai n th e 
conventiona l  overla p betwee n grammatica l  objec t  an d themati c object .  Th e othe r 
typ e o f  ver b invert s tha t  relation ,  suc h a s 'frighten ,  upset ,  please' : 
intuitively,  th e grammatica l  objec t  o f  thes e verb s i s th e themati c agen t  o f  a n 
intransitiv e for m o f  th e verb .  Th e wor d 'Sam' ,  i n "Joh n scare d Sam" ,  i s th e 
themati c subjec t  o f  'scare' ,  i n a  wa y tha t  h e i s no t  i n th e sentenc e "Joh n hi t 
Bill. "  Thi s fac t  i s  reflecte d differentl y i n differen t  linguisti c theories . 
But ,  howeve r  i t  i s  correctl y represented ,  i t  i s  a  themati c fac t  abou t  th e ver b 
'scare' ,  no t  a  conceptua l  fac t  abou t  th e activit y o f  scarin g o r  bein g scared . 
We expecte d thematically-invers e verb s t o b e comprehende d mor e slowl y tha n 
sinpl e transitives ,  jus t  becaus e the y violat e th e conventiona l  relatio n betwee n 
syntacti s an d themati c relations .  I n fact ,  fina l  word s o f  sentence s wit h 
thematically-invers e verb s wer e rea d mor e slowl y -  a s predicted ,  thi s effec t 
was muc h large r  fo r  pure-backgroun d reader s tha n mixed-backgroun d reader s 
(p<.0 1 b y X-square )  (Figur e 7 ) .  (Thi s stud y als o varie d othe r  aspect s o f 
structur e -  se e Carrithers ,  1986) . 

These results justified our preliminary differentiation of structure-
dependen t  an d structure-independen t  coitprehenders .  I n eac h o f  fou r 
experiments ,  th e pure-backgroun d peopl e depende d o n aspect s o f  th e sentenc e 
structur e mor e strongl y tha n th e mixed-backgroion d people .  Conside r  agai n th e 
populatio n differenc e betwee n thes e tw o kind s o f  listeners .  Figur e 8  list s 
some populatio n variable s tha t  on e migh t  thin k coul d underl y suc h difference s 
i n languag e processin g style .  I n fact ,  th e sxibjec t  group s wer e tightl y 
balance d o n eac h o f  thos e variables .  (W e matche d group s closel y fo r  SA T scores , 
usin g a  SAT-yoke d desig n fo r  th e firs t  thre e studie s -  i n th e fourt h study ,  th e 
mean verba l  SA T score s o f  th e tw o group s wer e withi n 2 0 points .  Right -
handednes s wa s determine d b y a  scor e o f  a t  leas t  98 % o n a  varian t  o f  th e 
Oldfiel d handednes s inventory. ) 
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There was only one consistent population difference between the subjects: 
The structure-dependen t  subject s ha d bee n chose n a s reportin g onl y 
right-hander s i n thei r  famil y envelope ,  whil e th e structure-independen t 
subject s reporte d a t  leas t  on e left-hande r  i n thei r  famil y envelope .  Th e 
envelop e include d siblings ,  parents ,  uncle s o r  aunt s an d grandparents .  A t 
leas t  on e lef t  hande r  i n tha t  envelop e predicte d tha t  a  perso n wa s structur e 
independent .  (Wit h thi s envelo p a s a  criterion ,  abou t  40 % o f  colleg e 
undergraduate s hav e left-hander s i n thei r  family .  We counte d onl y ful l 
biological  relatives ;  an y relativ e v^ o wa s reporte d a s "havin g bee n 
left-handed ,  bu t  force d t o becom e right-handed "  wa s counte d a s left-handed ,  a s 
wer e "ambidextrous "  relatives. ) 

Consider some some morals from this result. First, it suggests that there 
reall y i s mor e tha n on e wa y t o initiat e understandin g o f  a  sentence .  Some 
peopl e rel y mor e o n structura l  representations ,  som e o n lexica l  an d conceptua l 
knowledge .  Th e inplication s o f  thi s fo r  interpretin g existin g psycholinguisti c 
researc h i s troubling :  i t  migh t  see m tha t  experimenta l  result s woul d 
qualitativel y chang e a s a  functio n o f  subjects '  handednes s background . 
Fortunately,  w e hav e no t  foun d tha t  on e typ e o f  subjec t  reverse s th e effect s 
shown b y th e othe r  type .  Rather ,  th e group s ar e mutuall y relativel y 
insensitiv e t o th e conceptua l  an d structura l  variables .  I n genera l  thi s ma y 
hav e adde d satistica l  nois e t o previou s studie s tha t  di d no t  contro l  fo r 
handednes s background ,  bu t  i t  wil l  no t  hav e cause d qualitativ e eccentricit y i n 
al l  cases . 

Our finding also enphasizes the importance of understanding how a person 
goes abou t  processin g languag e befor e h e become s aphasic .  Th e individua l 
variabilit y  amon g normal s highlight s th e possibilit y  o f  a  "reduced-efficiency " 
theor y o f  aphasia .  O n thi s theory ,  damag e t o a  portio n o f  th e languag e 
neurolog y result s i n a  reductio n o f  th e efficienc y o f  al l  linguisti c behavior . 
I f  al l  system s o f  linguisti c behavio r  becom e les s efficien t  i n aphasia ,  the n 
thos e tha t  wer e prominen t  v^e n th e patien t  wa s norma l  wil l  stil l  b e abov e 
behaviora l  threshold :  th e patien t  wil l  appea r  t o hav e thos e systems ,  an d appea r 
t o hav e actuall y los t  th e othe r  systems .  Differen t  configuration s o f  aphasi c 
symptoms wil l  result ,  sinpl y a s a  functio n o f  norma l  differences .  I n thi s 
regard ,  i t  i s  interestin g t o not e tha t  concept-dependen t  listener s hav e th e 
same relativ e respons e patter n a s agrammati c aphasic s wit h respec t  t o thei r 
relativ e sensitivit y t o conceptua l  informatio n an d phras e order . 

Finally, we can consider specific hypotheses about why familial 
left-handednes s lead s t o mor e relianc e o n extra-linguisti c conceptua l  knowledg e 
and les s relianc e o n languag e structure .  Luri a (1954 )  pointe d ou t  tha t  peopl e 
wit h left-hander s i n thei r  famil y hav e a  large r  chanc e tha n norma l  o f  havin g 
aphasi a fro m a  gunsho t  woun d bu t  als o hav e a  bette r  chanc e tha n norma l  o f 
recoverin g fro m it .  Thi s suggest s tha t  peopl e wit h familia l  sinistralit y hav e 
a relativel y widesprea d neurologica l  modul e fo r  languag e -  i t  i s  teitporaril y 
more vulnerabl e t o a  randoml y locate d wound ,  bu t  ha s mor e widesprea d reserve s 
fo r  recovery .  Peopl e vrti o hav e onl y righthander s i n thei r  backgroun d ma y hav e a 
tighter ,  mor e localize d neurologica l  modul e fo r  language .  Thi s differenc e 
woul d offe r  a n interpretatio n o f  wh y peopl e wit h familia l  left-handednes s ar e 
relativel y sensitiv e t o conceptua l  information .  I f  suc h informatio n i s 
neurologicall y instantiate d throughou t  th e brain ,  the n a  large r  are a fo r 
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lauiguage would allow for more points of contact between language and other 
kind s o f  knowledge .  Conversely ,  a  small ,  localize d languag e are a woul d hav e t o 
depen d mor e o n purel y linguisti c processes .  Familia l  sinistralit y ma y b e a 
phenotypi c marke r  tha t  a n individua l  ha s a  geneti c predispositio n fo r  a  les s 
tighl y localize d neurologica l  instantiatio n o f  language . 

It is interesting to integrate this speculation with a recent theory that 
left-handednes s i s th e expressio n o f  particula r  hormona l  event s i n uter o 
(Geschwin d an d Galaburda ,  1987) .  The y not e tha t  left-hander s hav e a  muc h 
highe r  incidenc e o f  auto-immun e disorder s tha n righ t  handers ,  whic h indicate s 
specia l  hormona l  event s i n utero .  We recentl y conducte d a  surve y o f  Universit y 
of  Rocheste r  undergraduate s an d foun d tha t  right-hander s wit h lef t  hande d 
familie s repor t  allergie s muc h mor e frequentl y (49% )  tha n pur e righ t  hander s 
(15%) .  I t  appear s possibl e tha t  familia l  sinistralit y i s a  marke r  fo r  peopl e 
v^ o becom e neurologicall y predispose d t o acquir e left-handednes s i n utero ,  bu t 
v^ o hav e no t  expresse d i t  haptically . 

In conclusion, we propose an interpretation that familial right-handers 
hav e a  beautiful ,  well-forme d smal l  languag e module ,  vrtierea s peopl e wit h left -
hander s i n thei r  famil y hav e a  correspondingl y ugly ,  mishapen ,  larg e module : 
tha t  is ,  thei r  languag e functio n i s neurologicall y instantiate d i n a 
"quasimodule" . 
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