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Cornel l  Universit y 

Ithaca ,  N Y 14853-760 1 
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Abstrac t 

When chimpanzees, monkeys and rats are 
disoriented ,  the y reorien t  themselve s usin g 
geometrica l  feature s o f  thei r  environmen t 
(Tinkelpaugh ,  1932 ;  Cheng ,  1986 ;  Margule s & 
Gallistel ,  1988 )  I n rat s thi s abilit y  appear s t o b e 
modular ,  imperviou s t o nongeometri c informatio n 
(e.g .  distinctiv e color s an d odors )  marking 
importan t  location s (Cheng ,  1986 ;  Margule s & 
Gallistel ,  1988 )  I  teste d youn g childre n an d adult s 
i n a n orientatio n tas k simila r  t o tha t  use d wit h rat s 
(Herme r  &  Speike ,  unde r  revievyr )  Wherea s adult s 
readil y use d bot h geometri c an d nongeometri c 
informatio n t o orien t  themselves ,  youn g children , 
lik e rats ,  use d onl y geometri c information .  Thes e 
finding s provide d th e firs t  evidenc e tha t  humans , 
lik e man y othe r  mammals ,  orien t  b y usin g 
environmenta l  shape ;  tha t  th e youn g child' s 
orientatio n system ,  lik e tha t  o f  rats ,  i s 
informationail y encapsulate d (Fodor ,  1983) ;  an d 
tha t  i n human s th e apparen t  modularit y o f  thi s 
syste m i s overcom e durin g development . 

Rozi n (1976 )  ha s propose d tha t  durin g 
evolution ,  suc h increase s i n th e flexibilit y o f 
putativ e adaptiv e specialization s ste m fro m 
duplicatio n withi n on e syste m o f  anothe r  system' s 
processin g mechanisms .  I  argu e tha t  thi s 
contradict s standar d adaptiv e theory ,  an d tha t  an y 
suc h increas e i n flexibilit y  ove r  th e cours e o f 
evolutio n o r  developmen t  mor e likel y result s fro m 
more domain-genera l  processin g withi n a  logtea l 
syste m wit h acces s t o disparat e systems '  outputs . 
I  discus s candidat e mechanism s fo r  providin g thi s 
organization ,  base d o n m y researc h i n progress . 

Modulari ty ,  a n d spatia l  orientatio n a s 

a n adapt iv e specializatio n c o m m o n t o 

m a ny m a m m a l s 

Though sometimes in conflict over the 
underlyin g mechanism s the y suggest ,  severa l 
investigator s hav e propose d tha t  mos t 
fundamenta l  system s o f  informatio n processin g 
ar e modular ,  o r  informationail y encapsulate d (e.g . 
Fodor ,  1983) .  Nevertheless ,  wha t  ma y b e mos t 
strikin g abou t  huma n cognitio n i s it s  flexibility : 
Human adult s appea r  abl e t o overcom e th e limit s 
of  modula r  processin g i n thei r  reasoning ,  a t  leas t 
partiall y  (Carey ,  1991 ;  Townsen d &  Bever ,  1992 ; 
Carpente r  &  Just ,  1992 ;  Cosmides ,  1989) .  Thu s a 
centra l  proble m fo r  cognitiv e psycholog y i s t o 
rovea l  th e natur e an d limit s o f  natura l  modula r 
system s an d th e processe s b y whic h the y ar e 
overcome .  I  hav e mad e substantia l  progres s 
towar d thi s goa l  fo r  th e cas e o f  spatia l  orientation , 
particularl y wit h respec t  t o th e mechanism s 
underlyin g thi s abilit y  i n huma n adult s an d youn g 
children ,  an d th e mechanism s allowin g 
communicatio n amon g th e foundationa l  an d 
supportin g information-processin g system s fo r  i t  i n 
human adults . 

Spatia l  orientation ,  a n abilit y  foun d i n 
nearl y ever y teste d member  o f  a  terrestria l 
species .  I s  accomplishe d similarl y i n a  variet y o f 
adul t  mammals .  Afte r  losin g thei r  sens e o f 
positio n an d heading ,  chimpanzee s an d monkey s 
(Tinkelpaugh ,  1932) ,  rat s (e.g .  Cheng ,  1986) ,  an d 
youn g childre n an d huma n adult s (Herme r  an d 
Speike ,  unde r  review )  al l  reorien t  themselve s b y 
usin g environmenta l  shape .  I n rat s an d youn g 
humans thi s abilit y i s  modula r  (fo r  rats ,  Cheng , 
1C?̂ 6;  fo r  youn g children ,  Herme r  &  Speike ,  unde r 
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usin g environmenta l  shape .  I n rat s an d youn g 
humans thi s abilit y  i s  modula r  (fo r  rats ,  Cheng , 
1986 ;  fo r  youn g children ,  Herme r  &  Speike ,  unde r 
review) ,  eve n w h e n th e us e o f  salien t 
nongeometri c infonnation ,  whic h subject s perceiv e 
and remembe r  (Herme r  an d Speike ,  unde r  review ) 
woul d allo w fo r  mor e successfu l  orientation .  I n 
contrast ,  huma n adult s ca n us e bot h geometri c 
and nongeometri c informatio n durin g th e sam e 
orientatio n tas k (Herme r  an d Speike ,  unde r 
review) . 

Spatia l  orientatio n I n y o u n g childre n 

a n d adult s 

Although children's use of landmarks has 
bee n extensivel y studie d (e.g .  Pic k e t  al. ,  1988 ; 
N e w c o m b e,  1988 )  n o previou s stud y ha d 
examine d children' s abilit y  t o orien t  themselve s b y 
usin g environmenta l  shap e versu s environmenta l 
landmark s (feature s o f  surface s tha t  d o no t  alte r 
th e macroscopi c shap e o f  th e environment) .  I n m y 
experiments ,  subject s sa w a n objec t  bein g hidde n 
i n a  corne r  o f  a  rectangula r  room ,  an d the n wer e 
disoriented ,  afte r  whic h the y wer e aske d t o locat e 
th e hidde n object .  Orientatio n (an d henc e objec t 
location )  w a s partiall y  specifie d b y th e room' s 
geometry ,  an d full y specifie d i n som e condition s 
wit h th e additio n o f  salien t  nongeometri c 
Iandmar1<s . 

I n experimen t  1,1 6 universit y student s ( 8 
male s an d 8  females )  complete d 4  object-searc h 
trial s i n a n all-whit e room ,  an d 4  trial s i n a  roo m 
wit h on e blu e wal l  (Fig .  1) .  Unlik e rats ,  huma n 
adult s use d bot h nongeometri c informatio n (wal l 
color) ,  whe n i t  wa s available ,  an d geometri c 
(sense )  informatio n t o locat e th e object .  I n th e all -
whit e condition ,  th e proportio n o f  searche s a t 
eithe r  geometrically-correc t  corne r  (.93 )  fa r 
surpasse d th e chanc e expectatio n o f  .5 0 
(t(15)=11.35 ,  p=.0001) ,  wit h absolut e searc h 
accurac y (hencefort h "searc h accuracy, "  th e 
proportio n o f  searche s a t  th e actua l  objec t 
location )  clos e t o th e max imu m o f  5 0 % (wit h 
successfu l  disorientatio n an d wit h onl y geometri c 
cues ,  becaus e o f  th e axia l  symmetr y o f  th e room) . 
Thes e result s indicat e tha t  th e adult s perceive d 
and use d th e metri c an d sens e propertie s o f  th e 
room .  I n th e blue-wal l  condition ,  subject s 
exclusivel y searche d th e geometrically-correc t 
corner s (sig n test ,  p<.001) ,  wit h accurac y level s 
approachin g 1 0 0 % (t(15)=15.89 ,  p=.0001) . 
H u m an adults '  absolut e searc h accurac y improve d 
reliabl y wit h th e additio n o f  th e blu e wal l 
(t(15)=7.10 ,  p=.0001) ,  thei r  us e o f  thi s landmar k 
vastl y exceedin g adul t  rats '  us e o f  olfactor y an d 
visua l  landmark s i n a  correspondin g stud y 

(Margule s &  Gallistel ,  1988 )  (t(19)=10.33 , 
p=.0001) .  N o se x difference s wer e found ,  i n 
contras t  t o th e result s o f  a  prominen t  stud y o f  othe r 
aspect s o f  huma n navigatio n (Bever ,  1992) . 
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Fig .  1 :  To p vie w o f  th e tw o experimenta l  environment s 
used i n experiment s 1  an d 2 .  Pillar s i n th e corner s 
behin d whic h a n objec t  coul d b e hidde n ar e represente d 
by th e triangles ,  an d th e blu e wall ,  b y th e heav y dotte d 
lin e i n th e secon d room' s representation . 

In experiment 2, 32 children (16 males and 
16 females )  age d 19-2 4 month s (mea n ag e 21. 1 
months )  complete d th e sam e task .  I n th e all-whit e 
condition ,  subject s primaril y searche d th e 
geometrically-correc t  corners ,  wit h searc h 
accurac y ove r  4 0 % (t(31)=6.38 ,  p=.0001) .  I n th e 
blue-wal l  condition ,  however ,  accurac y di d no t 
increas e (paired-t(35)<111) ,  despit e th e fac t  tha t  th e 
absolutely-correc t  corne r  looke d strikingl y differen t 
fro m it s rotationa l  equivalent .  A t  th e en d o f  th e 
disorientatio n procedur e an d befor e eac h searc h 
trial ,  eac h subjec t  wa s mad e t o fac e a  randoml y 
determine d direction .  Ther e wa s n o effec t  o f  "fina l 
facin g position "  o n corne r  choic e i n thi s 
experiment ,  i n eithe r  th e all-whit e o r  th e blue-wal l 
conditio n (t(15)s<|1|) .  Youn g children' s searc h 
accurac y i n th e landmar k conditio n differe d 
significantl y fro m tha t  o f  th e adult s (unpaired -
t(46)=-9.62 ,  p=.0001 )  bu t  no t  fro m tha t  o f  th e rat s 
(t(35)<|1|) .  Onc e again ,  n o se x difference s wer e 
found . 

Experimen t  3  w a s undertake n t o 
investigat e whethe r  youn g childre n coul d us e soli d 
object s a s landmark s an d t o attemp t  t o ensur e tha t 
subject s represente d th e landmarks '  identit y an d 
location .  Sixtee n ne w subjects ,  mea n ag e 21. 9 
months ,  participate d i n tw o searc h sessions . 
Befor e th e firs t  session ,  th e experimente r  pointe d 
out  th e landmark(s )  t o b e use d i n tha t  sessio n 
(eithe r  th e blu e clot h comprisin g th e blu e wal l  o r 
tw o distinctiv e toys .  Fig .  2) .  Befor e th e secon d 
session ,  th e chil d an d experimente r  playe d wit h 
th e secon d se t  o f  landmarks ,  an d the n place d 
the m i n th e roo m togethe r  t o b e use d fo r  tha t 
session .  Eac h searc h sessio n wa s followe d b y a 
tes t  o f  memor y fo r  th e landmarks .  Th e result s o f 
th e tw o searc h test s wer e simila r  t o thos e o f  th e 
previou s experiments .  Youn g childre n reliabl y 
chos e th e geometrically-correc t  location s bu t  di d 
not  choos e th e absolutely-correc t  locatio n mor e 
ofte n tha n it s rotationa l  equivalent ,  despit e th e fac t 
tha t  mos t  subject s remembere d th e landmarks ' 
identit y an d location .  Agai n ther e wer e n o se x 
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difference s an d n o effec t  o f  "fina l  facin g position " 
on corne r  choice . 
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Fig .  2 :  Th e tw o environment s wit h nongeometri c 
landmark s use d i n experimen t  3 .  Th e roo m a t  lef t 
contain s a  blu e wall ,  indicate d b y th e heav y dotte d line , 
and th e roo m a t  righ t  contain s a  re d an d yello w to y 
dump truc k an d a  brow n teddybear ,  fillin g roughl y equa l 
volume s an d wit h simila r  shape ,  indicate d b y th e T  an d 

Finally ,  I  assesse d youn g children' s 
performanc e i n a  "direc t  landmark "  tas k i n eithe r 
th e rectangula r  roo m o r  i n a  roo m whos e shap e 
di d no t  allo w an y distinctio n amon g hidin g place s 
(Fig .  3) .  Separat e group s o f  8  childre n wer e teste d 
I n a  rectangula r  roo m (mea n ag e 21. 8 nrK>nths ) 
versu s a  cylindrica l  roo m (mea n ag e 21. 3 months) . 
I n on e sessio n th e chambe r  wa s entirel y white , 
and th e objec t  wa s hidde n behin d on e par t  o f  th e 
chamber  wall .  I n th e othe r  sessio n a  blu e clot h 
covere d th e portio n o f  th e cylindrica l  wal l  directl y i n 
fron t  o f  th e objec t  hidin g place . 

b) 

Fig ,  3 :  Th e rectangula r  an d cylindrica l  experimen t  room s 
fo r  th e "direc t  landmark "  task ,  experimen t  4 .  a )  Rooms 
fo r  th e all-whit e condition ,  b )  Rooms fo r  th e blue-wal l 
condition . 

In the cylindrical room, search accuracy 
was a t  chanc e wit h n o landmar k (define d a s th e 
proportio n o f  wal l  surfac e are a an d circumferenc e 
occupie d b y th e blu e cloth ,  =  1/6) .  However ,  i t 
ros e t o nearl y 9 0 % wit h th e additio n o f  th e blu e 
wall .  I n th e rectangula r  room ,  i n contrast ,  searc h 
tende d t o b e geometrically-correc t  bu t  wa s evenl y 
distributed ,  i n th e landmar k condition ,  betwee n th e 
blu e wal l  an d th e opposit e whit e wall .  Landmark -
guide d searc h i n th e cylindrica l  roo m exceede d 
tha t  i n th e rectangula r  roo m (unpaired-t(14)=-2.54 , 
p=.024) ,  suggestin g tha t  t o determin e orientation , 
childre n use d a  direc t  landmar k onl y whe n th e 
"geometri c module "  (Cheng ,  1986 )  wa s inactive . 

Thes e finding s sho w tha t  whe n youn g 
childre n wer e unsur e o f  thei r  positio n an d heading , 
the y reoriente d themselve s an d continue d wit h 
goal-directe d behavio r  b y findin g a  locatio n 
congment  wit h thei r  representatio n o f  th e shap e o f 
th e environmenta l  layout .  Childre n oriente d b y 
suc h geometri c informatio n alone ,  eve n thoug h 
most  o f  the m detecte d an d remembere d th e 
potentiall y  usefu l  nongeometri c landmar k 
information .  Thes e finding s provid e evidenc e fo r  a 
common shape-base d orientationa l  mechanis m i n 
humans an d othe r  mammal s (or ,  mor e likely ,  land -
dwellin g polygynou s mammals) ,  an d fo r  modularit y 
i n th e youn g child' s mechanism . 

I n contras t  t o youn g childre n an d matur e 
rats ,  adult s conjoine d geometri c an d nongeometri c 
informatio n t o orien t  themselves .  Becaus e thes e 
tw o type s o f  informatio n appea r  t o com e fro m 
anatomicall y an d functionall y separat e processin g 
system s (Ungerleide r  &  Mishkin ,  1982 ;  Fara h e t 
al. ,  1988 )  adul t  performanc e suggest s tha t  thes e 
systems '  output s becom e mor e accessibl e (Rozin , 
1976 )  ove r  th e cours e o f  bot h developmen t  an d 
evolution . 

Examina t io n o f  th e child' s m e c h a n i s m 

I am currently conducting experiments to 
isolat e th e mechanism s underlyin g children' s an d 
adults '  performanc e i n thes e tasks ,  a s wel l  a s th e 
mechanism s responsibl e fo r  th e strikin g 
developmenta l  chang e fro m th e child' s orientatio n 
mechanis m t o th e adult's .  Th e firs t  experimen t 
probe s whethe r  children' s inabilit y  t o us e 
nongeometri c informatio n i n th e abov e task s 
result s fro m a  tru e exclusio n o f  nongeometri c 
informatio n durin g orientation ,  o r  fro m a  salienc e 
hierarch y makin g geometri c informatio n inherentl y 
more noticeabl e t o subject s thi s age .  I f  th e forme r 
possibilit y  i s  correct ,  subject s shoul d exclud e 
nongeometri c informatio n fro m reorientation ,  bu t 
us e i t  i n navigatio n an d object-searc h task s tha t  d o 
not  involv e disorientation .  If ,  o n th e othe r  hand , 
th e latte r  possiblit y i s  correct ,  subject s shoul d fai l 
t o us e th e nongeometri c informatio n i n th e tes t 
environmen t  (whic h i s identica l  i n th e tw o 
conditions )  whethe r  o r  no t  the y ar e disoriented . 
Preliminar y finding s fo r  thi s experimen t  sugges t 
th e forme r  outcome .  Thi s i n tur n suggest s a  tru e 
doubl e dissociatio n i n th e child' s mechanis m fo r 
us e o f  geometri c an d nongeometri c informatio n i n 
objec t  search ,  a s show n i n task s identica l  excep t 
fo r  whethe r  subject s wer e disoriente d prio r  t o 
search . 

Anothe r  stud y i s designe d t o distinguis h 
betwee n tw o possibilitie s underlyin g children' s 
failur e t o us e geometri c an d nongeometri c 
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informatio n togethe r  i n th e abov e tasks .  Childre n 
may hav e a  logica l  mechanis m allowin g the m t o 
us e th e tw o type s o f  informatio n together ,  bu t 
whic h canno t  operat e i n th e rectangula r  roo m 

indirec t  landmar k task s becaus e i t  i s  suppresse d 
by th e functio n o f  th e geometri c module .  O n th e 
othe r  hand ,  a t  thi s stag e o f  developmen t  childre n 
may no t  posses s a  mechanis m fo r  joinin g thes e 
tw o type s o f  information .  I n thi s stud y I  a m 
therefor e testin g whethe r  youn g childre n ca n solv e 
an indirec t  landmar k tas k (involvin g th e 
conjunctio n o f  geometri c an d nongeometri c 
informatk)n ,  e.g .  wit h th e objec t  hidde n opposit e 
th e blu e fabrfc )  i n th e cylindrica l  room ,  i n whic h th e 
geometrt e modul e appear s no t  t o operate . 

T h e developmenta l  c h a n g e an d th e 
"languag e productio n hypothesis " 

I suspect that children this age cannot 
conjoi n geometri c an d nongeometri c information , 
becaus e o f  evidenc e tha t  a  specifi c  linguisti c 
ability ,  whic h doe s no t  develo p unti l  wel l  afte r  ag e 
2,  i s  require d fo r  conjunctio n o f  informatio n fro m 
tw o separat e an d encapsulate d domains .  First ,  9 
out  1 0 adult s i n m y firs t  experiment ,  whe n aske d 
ho w the y chos e a  corne r  t o searc h i n th e blue-wal l 
condition ,  immediatel y responde d tha t  the y ha d 
use d th e k)catio n o f  th e blu e wall .  However ,  whe n 
th e sam e subject s wer e asked ,  afte r  completin g 
th e all-whit e condition ,  wh y the y onl y searche d i n 
tw o o f  th e chamber' s fou r  corner s fo r  th e hidde n 
objec t  (th e tw o comer s o f  correc t  sens e relations) , 
onl y on e wa s abl e t o respon d wit h th e correc t 
answe r  immediately ,  an d onl y on e othe r  subject , 
give n substantia l  tim e t o think ,  als o mentbne d th e 
shap e o f  th e roo m (Hermer ,  unpublishe d data) . 
Thi s suggest s tha t  orientatio n i n th e tw o condition s 
dre w o n tw o separat e systems ,  onl y on e o f  whos e 
output s wer e accessibl e t o language .  Second ,  I 
conducte d a  Chil d Languag e Acquisitio n Databas e 
(MacWhinney ,  1990 )  searc h o f  children' s 
productto n o f  spatia l  descriptions ,  an d foun d tha t 
onl y childre n beyon d th e ag e o f  5  year s coul d 
describ e spatia l  relation s correspondin g t o th e 
informatio n necessar y fo r  succes s i n th e origina l 
tas k (e.g .  "th e to y i s i n th e corne r  wit h blu e o n th e 
righ t  an d whit e o n th e left" ;  Hermer ,  unpublishe d 
data) .  I n pik)tin g th e origina l  experiment ,  I  foun d 
tha t  n o chil d unde r  ag e 5. 5 year s use d th e 
nongeometri c informatio n whe n i t  wa s availabl e 
(se e below) .  Third ,  som e evidenc e suggest s tha t 
encodin g spatia l  relation s wit h respec t  t o a  nearb y 
landmar k i s mor e effectiv e wit h th e us e o f 
languag e (Kosslyn ,  1988) .  Fourth ,  man y aspect s 
of  proble m solvin g ar e know n t o improv e wit h th e 
onse t  o f  languag e (Premack ,  1983) ,  whethe r  thi s 

result s fro m th e developmen t  o f  languag e itsel f  o r 
fro m th e developmen t  o f  th e resource s supportin g 
it .  An d finally ,  a n obviou s differenc e betwee n 
subject s succeedin g a t  th e origina l  tas k (adults ) 
and thos e failin g i t  (childre n age d 19-2 4 months ) 
was a  fluenc y wit h language . 

My specifi c  hypothesi s relie s o n th e fac t 
tha t  languag e ofte n ha s acces s t o visually -

perceive d propertie s o f  surface s (e.g .  color ,  size , 
shap e an d texture) .  W h e n languag e i s use d a s a 
way t o reced e suc h information ,  language-base d 
proposition s abou t  th e spatia l  relation s i n question , 
particularl y i f  the y ar e presen t  i n acces s 
consciousnes s (Block ,  1992 )  ma y b e use d t o 
overrid e th e mor e automati c functio n o f  th e 
geometri c orientatio n system .  Fo r  thi s mechanis m 
t o operate ,  th e subjec t  mus t  b e abl e t o produc e th e 
proposition s i n question .  I  a m no w runnin g studie s 
t o tes t  thi s hypothesis ,  on e t o determin e th e age s 
at  whic h th e transitio n fro m childlik e t o adultlik e 
performanc e (acros s a  variet y o f  tasks )  take s 
place ,  an d anothe r  t o tes t  specificall y th e validit y o f 
thi s languag e productio n hypothesis .  Thes e 
studie s hav e als o bee n designe d t o tes t  alternativ e 
hypothese s abou t  wha t  mechanis m underlie s 
succes s i n th e tasks ,  involving ,  fo r  example ,  th e 
myelinatio n o f  certai n fibe r  tract s (Whit e &  White , 
1980 )  o r  th e mor e genera l  advance s i n children' s 
concret e reasonin g associate d wit h th e onse t  o f 
forma l  schoolin g (Col e &  Cole ,  1991) .  Eve n i f  th e 
"languag e hypothesis "  i s sustained ,  however ,  i t  wil l 
remai n unclea r  whethe r  th e mechanis m 
responsibl e fo r  succes s i n th e task s i s spatia l 
languag e productio n pe r  se ,  o r  som e othe r  logica l 
capacit y supportin g languag e (som e researc h 
suggest s th e latte r  possibility ,  e.g .  Premack , 
1983) .  Furthe r  studie s woul d b e neede d t o 
addres s this . 

T h e adult' s  m e c h a n i s m 

Human adult spatial orientation may rely 
on th e sam e mechanism s a s thos e allowin g fo r  th e 
developmenta l  change .  Alternatively ,  i t  ma y rel y 
on anothe r  se t  o f  mechanisms ,  regardles s o f  wha t 
mechanism s ar e foun d t o underli e th e 
developmenta l  change .  On e adul t  stud y I  a m 
runnin g addresse s whethe r  th e processin g o f 
geometri c informatio n (i n a n environmen t 
containin g n o usefu l  nongeometri c information ) 
and o f  nongeometri c informatio n occu r  separately , 
and whethe r  eithe r  kin d o f  processin g occur s 
automatically ,  i.e .  quickl y an d withou t  drawin g o n 
significan t  cognitiv e resources .  Anothe r  stud y o f 
adult s addresse s bot h thi s automaticit y issu e an d 
whethe r  languag e i s necessar y fo r  adults ' 
performanc e i n th e origina l  task .  Preliminar y 
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evidenc e suggest s tha t  orientatio n b y geometri c 
infornnatio n occur s automatically ,  witliou t  muc h 
strai n o n cognitiv e resources ,  whil e orientatio n b y 
nongeometri c informatio n occur s mor e slowl y an d 
effortfull y  (Hermer .  unpublishe d data) . 

modificatio n o f  adaptiv e theor y fo r  th e evolutio n o f 
brai n an d behavior . 

Re fe rence s 

T h e futur e o f  thi s a p p r o a c h 

The importance of this research may 
transcen d th e stud y o f  huma n spatia l  orientation . 
We ma y fin d a  simila r  developmenta l  increas e i n 
flexibilit y  i n othe r  processe s fo r  whic h human s star t 
wit h adaptiv e specialization s share d b y man y 
mammals.  Fo r  example ,  aspect s o f  foragin g 
behavio r  o r  o f  interactin g wit h physica l  object s ma y 
initiall y  depen d o n highl y encapsulate d 
mechanisms .  Afte r  sufficien t  maturation ,  however , 
thes e processe s ma y operat e les s automaticall y 
and wit h mor e integratio n o f  information . 
Furthermore ,  i f  th e languag e hypothesi s i s correct , 
I  woul d expec t  linguisti c mechanism s t o ai d i n 
othe r  suc h increase s i n flexibility .  A t  leas t  on e 
othe r  lin e o f  researc h support s thes e hypotheses , 
tha t  b y Galliste l  an d Gelma n (1992 )  o n 
developmenta l  change s i n numerica l  reasoning . 
Also ,  i t  ha s bee n propose d tha t  th e formatio n o f 
isomorphism s betwee n domain s o f  knowledg e 
partl y drive s conceptua l  growt h (Care y &  Speike , 
i n press ;  Centner ,  1983) .  Th e underpinning s o f 
adults '  conjunctio n o f  informatio n fro m disparat e 
system s i n m y task s ma y becom e a  candidat e fo r 
th e mechanis m allowin g suc h conceptua l  change . 

Finally ,  thi s researc h wil l  likel y contribut e 
t o th e emergin g fiel d o f  evolutionar y psychology . 
At  leas t  on e researche r  (Rozin ,  1976 )  ha s 
suggeste d that ,  i n tightl y constraine d 
circumstance s ove r  th e cours e o f  evolution , 
previousl y hardwire d adaptiv e specialization s fo r 
cognitiv e functio n becom e mor e flexibl y use d t o 
solv e problem s pose d b y th e environment .  I n 
proposin g a  mechanis m fo r  this ,  however ,  Rozi n 
di d no t  dea l  wit h th e issu e o f  ho w selectiv e 
pressure s lea d t o a  mor e flexible ,  mor e domain -
genera l  us e o f  informatio n tha t  ha d bee n rigidl y 
encapsulated ;  standar d adaptiv e theor y predict s 
tha t  suc h system s shoul d onl y becom e mor e 
refine d withi n th e domai n fo r  whic h the y evolve d 
(Williams ,  1967) .  I f  th e result s o f  m y ongoin g 
researc h correlat e increasin g flexibilit y  wit h 
languag e (o r  wit h anothe r  logica l  capacit y wit h 
acces s t o output s fro m severa l  differen t  domains) , 
the y wil l  sugges t  tha t  a  mor e domain-genera l 
proces s i s "impose d on "  th e adaptiv e 
specialization s leadin g t o thei r  mor e genera l  use . 
If ,  o n th e othe r  hand ,  n o suc h logica l  capacit y i s 
implicated ,  the y wil l  sugges t  a  widenin g o f  th e 
specializations '  earlie r  domains ,  warrantin g a 
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