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A B S T R A C T

RT STUDIES OF S PA TIAL L O C A T IO N  A N D  OBJECT ID E N TITY : 
E X A M IN A T IO N  O F TH E D U A L  P A T H W A Y  M O D EL OF H IG H E R  ORDER

V IS IO N

by

A N D R E W  S TE FA N  H E R M A N N  

A d v iso r: P rofessor John A ntrobus

R e la ting  lo c a tio n  and id e n tity  in  v is u a l object re co g n itio n  to 

s tru c tu re  and fu n c tio n  w ith in  h ig h e r o rd e r v is io n  have p roduced  d iverse 

cog n itive  m odels. The dua l p a thw ay m o de l proposes tha t m agnoce llu la r 

"trans ien t" and p a rv o c e llu la r "susta ined" ce ll sites in  o cc ip ita l cortex 

p ro ject fo rw a rd  in  p a ra lle l dynam ic synch rony th roug h  extra -s tria te  

regions u p w a rd  to  poste rio r pa rie ta l cortex (PPx) as dorsal ("w here") 

pa thw ay fo r p rocessing spatia l loca tion , and d o w nw a rd  to  in fe rio r 

tem pora l cortex (IT ) as ven tra l ("w h a t") pa thw ay to process co lo r and fo rm  

fo r id e n tity , the n  con tinue  onw ard  to  h ip p o c a m p u s /rh in a l cortex, b in d in g  

in fo rm a tio n  in  m e m ory.

F ifty -se ve n  u n iv e rs ity  students p a rtic ip a te d  in  response tim e  (RT) 

and accuracy s tud ies  ju d g in g  loca tion , id e n tity , and lo c a tio n + id e n tity  o f
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d ig itiz e d  Snodgrass and V a n d e rw o rt (1980) d raw ings  o f com m on objects, 

assessing lo ca tio n  and id e n tity  to  determ ine effects o f: (1) respective rate o f 

processing; (2) hue; (3) sp a tia l frequency filte r in g  (SFF) us ing  B u tte rw o rth  

d ig ita l h ighpass (9.50 - 11.00 cpd) and lowpass (0.01 - 1.50 cpd) filte rs ; and (4) 

speed-accuracy tra d e o ff (SAT) m e thodo logy to reveal ongo ing  processing.

O w in g  to the in a d ve rte n t use o f "o n ly "  in  m y  in s tru c tio n s , ra ther 

than "L o c a tio n " and " Id e n tity ,"  I  am unable to c le a rly  id e n tify  the 

processes th a t produced m y data. Therefore, I  can m ake no unequ ivoca l 

cla im s re g a rd in g  loca tion  versus id e n tity  processing, and any statem ents 

re g a rd in g  th is  data m ust be v iew ed  as speculative. Future research, 

how ever, o ffe rs the p o s s ib ility  o f c la rify in g  these am bigu ities.

N everthe less, results su p p o rt and extend the d u a l p a th w a y  m odel. 

Loca tion  was processed faster than id e n tity . Bw  s tim u li rt's  w ere  faster 

than rg b  s tim u li, in d ica tin g  rgb doesn't a id  id e n tity  processing. SAT 

m ethod revealed steep im provem en t in  loca tion  d u rin g  351 - 700 ms w ith  

sharp fa ll-o ff fro m  701 - 1050 ms. Id e n tity  im p roved  g ra d u a lly  d u rin g  701 - 

1050 m s, m a in ta in in g  d u rin g  1051 - 1400 ms. C o n jo in t lo c a tio n + id e n tity  

judgm en ts  revealed effects o f location, fo llo w e d  a fte rw ards b y  id e n tity . 

F in a lly , a double d issocia tion occurred: id e n tity  was m ore accurate fo r 

u n filte re d  and highpass objects and loca tion m ore accurate fo r u n filte re d  

and lo w p a ss-filte re d  objects.

H ighpass filte r  in h ib ite d  location, w h ile  low pass filte r  in h ib ite d  

id e n tity , e m u la tin g  dorsa l and ven tra l agnosias. SAT illu m in a te d  

co g n itive  processing o therw ise  obscured. SFF/SAT parad igm s m ay he lp  

characterize c lin ica l d isorders (e.g., M u ltip le  Sclerosis, A lzh e im e r's  

D em entia , and D yslexia).
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A C K N O W LE D G M E N TS

F irs t and forem ost. I  m u s t tha nk m y fa m ily :

A lliso n , m y w ife , w hose c re a tiv ity , in te lligence , b e a u ty , patience, 

and love has susta ined me th ro u g h o u t th is  ordea l, and w h o  has jo ined  

m e in  m y voyage, lo y a lly  a t m y  side, to  and fro m  the lands o f Ithaca. A nd  

w ith  A lliso n , I  th a n k  m y  th ree  yea r-o ld  tw in  sons, Jonas and  Lukas (cited 

a lphabe tica lly ), m y  e d ito rs  e x tra o rd in a ire , w ho have in ke d  o r penned 

m any a page fo r m e- a ll o f w h o m  I  love greater than  the sun  and the 

m oon and the stars u p  above. N ext, m y parents and s ib lin g s  and re la tives 

m y  parents, Deborah and H o w a rd , w ho have loved  and su p p o rte d  me in  

every w ay im ag inab le  and have stood as beacons and ro le  m odels fo r a 

re w a rd in g , sa tis fy in g , e m o tio n a lly  and in te lle c tu a lly  fu lf ill in g  life . A n d  

m y  s ib lings and th e ir fa m ilie s , w ith o u t whose sup po rt, gu idance, 

perspective, and love  I  w o u ld  n o t have had the courage to  overcom e a ll 

obstacles; Kate, whose her ca rin g , concern, fa ith , and assistance he lped me 

ca rry  on; Rachel, he r husband, A n th o n y , and m y  niece, S tephanie, and 

nephew , A lex, w ho  have p ro v id e d  guidance and pe rspective  in  the  w o rld  

o f academia and pa ren thood  and w ho  rem inded me th a t d is tance  and 

tim e  mean n o th in g  w hen  yo u  re a lly  care fo r o ther people ; P eter, h is  w ife  

Tam m y, and m y nieces C a m illa , Ju lia , and O liv e r (b y  age), w hose support, 

understand ing, love , and re m in d in g  me o f w ha t re a lly  m a tte rs , ke p t m y 

eye always upon  the fu tu re ; A n d  to  m y Uncle John and A u n t D o ro th y  

w ho  have m a in ta in ed  constan t fa ith  in  me over th is  m a ra th o n , sharing
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the m om ents th a t m attered m ost w ith  us, fo r w h ic h  I  w il l  a lw ays be 

g ra te fu l. A n d  th e n  there are so m any o ther re la tive s  and friends w ho 

have show n  such great ca rin g  and support ove r th is  jo u rn e y , I  have no 

hope in  n a m in g  them  a ll. F in a lly , I  m ust th a n k  those w h o  have come 

before, and are n o  longer here to  share th is  w o n d e rfu l day w ith  us: m y 

grandparents, A m a lie  and Shakm an, m y a u n t and uncle  G o ld ie  and 

N orm an, and o thers w ho w o u ld  kn o w  h o w  m u ch  th is  d a y  means.

F o r tra in in g  in  N europsycho logy and C o g n itiv e  R em edia tion :

I  m u s t th a n k  m any peop le , a great nu m be r o f w h o m  I  am lu cky  

enough to  ca ll frie n d s , also. F irs t, I  m ust th a n k th e  la te , and so ve ry  

w o n d e rfu l, N e lson  B utters, fo r  h is  guidance, ju d g m e n t, h u m o r, and 

tra in in g , and w ith o u t w h o m  I  w o u ld  n o t have ta ke n  th is  pa th  in  the firs t 

place; J im  Becker, w ho , ta u g h t m e th a t one can a lw ays  lea rn  m ore; to  E d ith  

K aplan w h o  show ed me th a t C T scans are fa r easier to  read w hen you  h o ld  

them  r ig h t s ide u p ; also, the  la te  Lou G erstm an, a k in d  and caring advisor, 

w ho was active  in  fa r m ore th a n  100 d isse rta tions, en su rin g  th e ir s ta tis tica l 

accuracy; Jason B row n , w ho  opened m y eyes to  th e  tru e  A . R. Lu ria , and 

w ho m ade m e see th a t neu ropsycho logy spans m u ltilin g u a l dom ains, and 

w ho ta u g h t m e th a t fo r eve ry idea I  had, there are ten m ore th a t can be 

spun o u t — Jason, yo u  m ay n o w  re tire , content; m y  deepest thanks also to  

F loyd T u rn e r, w hose c lin ic a l acum en, com passion, ca rin g , frie n d sh ip , and 

fun da m en ta l hu m an ism  has m eant m ore to  m e and m y  fa m ily  than he 

w ill ever kn o w ; and too, C harles Turner, w h o  m ade h im s e lf ava ilab le as
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acted as a k indhea rted , s ta tis tica lly  unbiased, m athem atical a rb ite r, and 

sc ie n tific  adv iso r to  p re ve n t skew fro m  en te rin g  w here it  co u ld  no t; D a v id  

Kassoff, w ho has he lped b rin g  co m fo rt and courage in  m y he a rth  and 

hom e; A d d itio n a lly , I  m u st thank J u d ith  B aum rin  fo r teach ing me the 

in it ia l steps to  fo llo w  the  road o f re m ed ia tion , and fo r m a k in g  m e see the 

im portance and be au ty  o f S ylv ia  A sh to n  W arner's perspective  on 

lea rn ing . To A n to in e tte  Lynn , whose love , caring, frie n d sh ip , 

un derstand ing , in s ig h t, and guidance he lped  me th roug h ; To R ita  R udel, 

M in n a  Brom an, and R ita  H aggerty, w ho  tau g h t me d iagnostic  and tes tin g  

s k ills ; Fu rther, to Lissa W einste in  and Jane H ea ly w ho  w o rk in g  together 

ta u g h t me the in c re d ib le  pow er and im portance  o f in te g ra tin g  c lin ic a l and 

neuropsycho log ica l understand ing , and m ade the experience e d ify in g , 

enchanting, co n tin u a lly  rew ard ing , and fu n . I  am g ra te fu l also to  

E lkhonon  (N ick ) G o ldberg  fo r e n lig h te n in g  me fu rth e r up on  subco rtica l 

processing, fro n ta l lobe fun ction , and the effects o f tea ring  and shearing o f 

the lo n g  w h ite  fibers on  cogn itive  fu n c tio n . I  m ust also th a n k  O liv e r 

Sacks, H a ro ld  K law ans, and so ve ry  m any o ther authors w h o  transfo rm ed 

the educationa l process in to  ne u ro log ica l and neuropsycho log ica l tales 

w h ich  have kep t me e n th ra lled  and have ta u g h t me to  va lue  the 

im portance o f c lin ic a l observation. F u rth e r, I  m ust thank M e lissa  and G ir i 

C hepuru  and fa m ily  fo r th e ir frie n d sh ip  and support, and fo r be ing  tru ly  

in s tru m e n ta l in  sho w in g  me w ha t is necessary to  create a s igna tu re  

docum ent. In  a d d itio n , to  M arisa Levine , a true  "g o -g e tte r." She took on
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fa r m ore re sp o n s ib ility  and independence than I  w o u ld  have though t 

possible o f som eone her age, even w hen it  m eant th a t one cou ld  n o t 

alw ays be there to  oversee every step, and fo r tha t I  am g ra te fu l. F in a lly , 

b u t n o t least, I  m ust thank B ill D ince fo r ensuring  m y pro fessiona lism , 

and fo r the know ledge th a t n o th in g  w o u ld  make h im  h a p p ie r than 

w itness ing  the  com ple tion  o f m y  docto ra l degree. A n d  w ith  B ill, h is w ife  

Dana, and ch ild re n  A aron  and Leah; a ll o f w hom  have m ade me see w ha t 

i t  means to  be tru ly  a frie n d .

For in te lle c tu a l tra in in g  and guidance su rro u n d in g  m y  d isserta tion .

I f irs t m u st thank those ou ts ide  o f m y program , w h o  extended 

them selves on  m y behalf: F irs t, I  m ust tha nk M arcia  Johnson, w ith o u t 

w hom , none o f th is  w o u ld  have been possible. She extended herself to 

p ro v id e  in te lle c tu a l guidance and em otiona l support, as she has done so 

m any tim es before fo r so m any people to  b rin g  me safe ly hom e to p o rt. To 

C harlie  G ross, w ho  made flo u ris h  m y fundam en ta l un ders tan d ing  o f 

neuroana tom y tau gh t b y  R ich Bodner, to  foster its  g ro w th  in to  an 

un ders tan d ing  o f the rew ards o f the dorsa l and ve n tra l pa thw ays and the 

astound ing  achievem ents o f a n tiq u a ria n  neuroscience. M arlene  O scar- 

Berm an w h o  jo in e d  in  and to o k  me under her w in g  to  p ro v id e  

neuropsycho log ica l and experim enta l ins igh ts  as w e ll as hum an w a rm th  

to im prove  m y  d isserta tion . M icha e l G azzaniga, w h o  w he n  I  firs t 

suggested h is  nam e to  one in  the  h ighest o f academ ic o ffices, assured me 

tha t he w as m uch  too im p o rta n t and busy to  ever extend h im se lf, fo r
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som eone like  me. A s a m em ber o f m y d isse rta tio n  com m ittee, he has 

show n h is deep com m itm en t to  educa tion  to  he lp  one m ore s tu d e n t. M y  

thanks fu rth e r as w e ll to  Bob Fendrich, w h o  w illin g ly  shared h is  in s ig h ts  

in to  v isu a l processing to  im prove  m y d isse rta tio n . M oreover, I  th a n k  

A rth u r G insburg fo r h is  w ords o f k in d  encouragem ent re g a rd in g  the 

u t il ity  o f v isua l filte rs  fo r experim en ta tion  and fo r c lin ic a l a p p lica tio n . 

F in a lly , I  m ust th a n k  H illa ry  Gomes fo r he r g o o d w ill and encouragem ent 

th a t he lped me persevere. Further, I  g ive  specia l thanks to  Joseph G lick , 

E xecutive O ffice r o f P sychology o f the C U N Y  G raduate School, w hose 

openness, honesty, g o o d w ill and fu n d a m e n ta l decency ba lanced w ith  

in te llig ence , p ragm atism  and superb a d m in is tra tive  a b ility  m ade i t  

possib le  to  achieve safe ha rbo r and to  fin d  p o litic a lly  com m on g ro u n d ; in  

m y  book; he deserves the h ighest le ve l o f re cogn ition  fro m  the  U n iv e rs ity  

F in a lly , m y program m ers ' R ichard and Bob, w ho  used th e ir u n p a ra lle le d  

in te llig e n ce  and a b ility  to  program  w h a t o thers w o u ld  have th o u g h t was 

im possib le . A n d , Judy W aldm an, the D isse rta tion  A ssistan t w h o , lite ra lly  

extended her w o rk in g  w eek, as alw ays, to  h e lp , "ju s t one m ore s tu d e n t."

As a pro ject, th is  experim enta tion  re q u ire d  m any lo n g  n ig h ts  and 

an equal num ber o f cups o f coffee. There fore , I  also am g ra te fu l to  O ren 's 

C offee C om pany fo r a constant su p p ly  o f La M in ita , Costa R ican bean.

A n d  w ith  tha t, the prescien t w ords o f F ranz K afka in  h is n o ve l, A m e rik a . 

"F o r years I  d id  n o th in g  b u t s tudy, day and n ig h t.. .  ." "B u t w h e n  do  you
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sleep?. . ."  "O h , S leep!" said the  student. " I ' l l  get som e sleep w hen I 'm  

fin ish ed  w ith  m y studies. I  keep m yse lf go ing on b la ck coffee. . . ."  (p . 265).

C le a rly , th is  has been a p ro fo u n d  educationa l experience, b u t as 

w ith  a ll experiences one learns th a t those w ho  fa il to  learn the lessons o f 

h is to ry  are doom ed to repeat them . A n d  w ith  th a t I  c ite  the w o rds  o f G. 

G rouigneau, in  h is preface to  h is  1884 w ork , E tude C lin iq u e  e t 

E xperim en ta le  Sur la V is io n  M enta le , "N ous n 'avons pas la tem erite  de 

cro ire  que nous avons reso lu  dans tous ses term es le prob lem e q u i fa it le 

su je t de cette these, nous vo u lo n s  seulem ent essayer de co n trib u e r p o u r 

no tre  p a rt a sa so lu tio n , tro p  heureux si nous reussissons dans no tre  

e n tre p rise ." F in a lly , there are m any others w ho  extended them selves fa r 

beyond the ca ll o f d u ty , and fo r w h ich  I  w ill a lw ays feel regre t th a t in  m y  

h u rry  to com plete these acknow ledgm ents tha t I  have fa ile d  to  m e n tio n . 

That o ve rs ig h t is so le ly m y  o w n  fo r w h ich  I  take fu ll re sp o n s ib ility , and 

beg th e ir pa rdo n , as i t  was u n in te n tio n a l. But, I  have learned th a t is o fte n  

the case in  research, in  w h ich  one is le ft to ponder, " i f  only?

E ducators from  the P rogram  in  E xperim enta l C o g n itio n :

A n  instance o f th is  w h ic h  I  have the good fo rtu n e  to correct is those 

be low : I  am  deeply and fu lly  th a n k fu l to those m em bers o f m y p ro g ra m  

fo r p ro v id in g  me w ith  the va lu ab le  educationa l experience and tra in in g  in  

co g n itio n , neuropsycho logy, p o litic s , and life : O f f irs t note m ust be m y  

adviso r, John A n trobus w ho  ta u g h t me w ha t i t  re a lly  means to  be a good 

ad v iso r and o f the fu lfillm e n t o f the academic quest, and w ho  fu rth e r

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



made m e see tha t i t  can tru ly  take a life tim e  to  answ er a research question 

in  fu ll. A lso , to  Jeff Rosen, w ho made me see th a t an unexam ined life  is a 

life  n o t w o rth  lead ing , and w ho rose to  the occasion to  p a rtic ip a te  in  m y 

d o c to ra l defense w he n  MSG cou ld  n o t attend due to  o ther com m itm ents. 

Y aakov Stem  and R icha rd  M ayeux, w ho gave m e a true  g lim pse  in to  the 

life  o f c lin ic a l research and the im portance o f e th ica l trea tm ent o f others. 

F in a lly , I  thank Jeff H a lp e rin  w ho  taugh t me the im portance o f the 

statem ent tha t, "O ne 's w o rd  is One's bo nd ."

A  F ina l N o te :

F in a lly , I  am in  the  em barrassing p o s itio n  o f ha v ing  to  th a n k  

m yse lf fo r w o rk in g  so v e ry  ha rd  to earn every s ing le  penny th a t I  spent on 

th is  p ro ject: fro m  the purchase o f a specia lized com pute r flo w n  over from  

Japan, paym ent to p rogram m ers and purchase o f so ftw are , re im bursem ent 

to vo lu n te e r p a rtic ip a n ts , and so m any o ther costs, do w n  to  the sm allest 

item s in c lu d in g  phone calls, xeroxing o f fo rm s, pencils, and even paper. 

Thus, I  can tru ly  say th a t a ll o f th is  research w ith  costs in  five  figu res, was 

so le ly and com plete ly earned and funded by m yse lf. A n d  w ith  th a t I 

re tu rn  - ju s t lik e  C and ide to  "cu ltiva te  (m y) ga rde n " a lbe it in  Scarsdale, (to 

w h ich  m y in -law s have o ffe red  to  get me w holesa le  prices), w ith  tim e  now  

to b u ild  m y ph o to g ra phy darkroom , re learn the flu te , s tudy languages, art, 

p h ilo so p h y , lite ra tu re , and an tiqua rian  neuroscience, and perhaps even 

arch itectu re , and to  hone m y professional c ra ft - fu ll c irc le  like  Odysseus 

hom e fro m  his trave ls back to  m y fa m ily  w here I  be long, w ho  have w a ited
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so p a tie n tly  and so fa ith fu lly  fo r m y re tu rn  and w ho share the  jo y  I  fee l 

fo rever m ore, "...a n d  yes I  sa id yes I w il l Yes." I  have m uch to  m ake u p  to 

m y fa m ily  fo r tim e  spent on educational p u rsu its  - I  hope th is  is a start.... 

--A n d re w  S. H e rm ann  (no longer A .B .D .)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



xiv

LIST O F TABLES

TA B LE  PAGE

A l.  G roup Perform ance on N eu ropsycho log ica l Tests .................... 98

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



XV

LIST OF FIGURES

FIG U R E  PAGE

1. D ua l p a th w a y  m odel show ing separate processing o f
loca tion  and object id e n tifica tio n  ................................................. 15

2. Exam ples o f u n filte re d  and filte re d  s tim u li .................................  66
3. Exam ples o f loca tion  o n ly  tria ls  ........................................................ 70
4. Exam ples o f id e n tity  o n ly  tria ls  ........................................................  71
5. Exam ples o f lo ca tio n + id e n tity  tria ls  ...............................................  72
6. E xperim ents 1 and 2: Regression o f RTs and d ' b y  filte r  ..........  80
7. E xperim ents 1 and 2: Accuracy fo r consistent cue-test

by filte r  .................................................................................................. 81
8. E xperim ent 3: A ccuracy fo r filte r  and in te rva l b y  cue ............... 84
9. A ccuracy fo r lo c a tio n /id e n tity  and id e n tity /lo c a tio n

by filte r  and in te rva l .........................................................................  86
10. A ccuracy fo r lo ca tio n + id e n tity : Inconsistent cue-pa irs

by  filte r  .................................................................................................. 87
11. C o g n itive  opera tions u n d e rly in g  perform ance o f

the D N M TS  task ................................................................................. 93

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



x v i

TABLE OF C O N TEN TS

PAG E

ABSTRACT ...............................................................................................  iv

AC KN O W LED G M EN TS .......................................................................  v i

LIST OF TABLES .....................................................................................  x i i i

LIST OF FIGURES ...................................................................................  x iv

1. IN T R O D U C T IO N  ....................................................................................  1

2. REVIEW  OF LITERATURE ...................................................................  3

H is to ry  o f Localization in  the  D u a l Pathw ay System  ...... 3
V is u a l A gnosia  and the D orsa l and V en tra l P athw ays ... 6
L o ca tio n  and Id e n tifica tio n  o f V isu a l Objects in  the

D orsa l and V entral Pathw ays ...............................................  10
Lo ca tio n  o f V isual Objects: P oste rio r P arie ta l C ortex ...... 14
Id e n tific a tio n  o f V isua l O bjects:

In fe r io r Tem poral C ortex .......................................................  18
In te g ra tio n  o f Location and Id e n tific a tio n  o f V isu a l

O bjects: H ippocam pus ............................................................  19
T im in g  D ifferences fo r L o ca tio n  and Id e n tific a tio n  o f

V isu a l Objects ............................................................................ 22
D eve lopm en ta l D yslexia Research and the

D u a l Pathw ay M odel ...............................................................  25
S pa tia l A tte n tio n  and the D u a l P athw ay M o d e l ...............  26
The R ole o f C olor fo r Processing V isua l O bjects ...............  29
B iederm an's Perceptually-Based M o de l fo r Processing

V isu a l Objects .............................................................................  33
H u m p h re ys ' Sem antically-Based M ode l fo r P rocessing

V isu a l Objects .............................................................................  35
P ilo t R T S tudy o f Loca tion  and Id e n tifica tio n

o f V is u a l Objects ........................................................................  38
RT S tud ies o f Location and Id e n tific a tio n  o f

V is u a l Objects .............................................................................  41
Footnotes fo r In tro d u c tio n  and L ite ra tu re  R eview  ..........  46

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



XV11

PAGE

3. M E TH O D  .....................................................................................................  61

Research O ve rv ie w  ......................................................................  61
P artic ipants ...................................................................................... 64
M ateria ls ..........................................................................................  65

4. PROCEDURES .............................................................................................  69

General E xperim en ta l Procedures .............................................  69
E xperim en t 1 .......................................................................  73
E xperim en t 2 .......................................................................  74
E xp e rim e n t3  .......................................................................  74

5. RESULTS A N D  DISCUSSIO N ...............................................................  75

Response T im e fo r Loca tion  and Id e n tity  .............................. 75
Q u a n tity  ............................................................................................  76
H ue ..................................................................................................... 77
Spatia l Frequency F ilte rin g  ........................................................  78
Speed-Accuracy T ra d e o ff ............................................................  82

6. G ENERAL D ISCUSSIO N .........................................................................  89

R elation to  the D u a l Pathw ay M o d e l ......................................  90
Cue Phase ..................................................................  90
D etection and C om parison  Phase .............................................  91
D ecision and Response Phases ..................................................  91
S um m ary and C onclus ion  ..........................................................  94

APPEN D IX ...................................................................................................  97

V isu a l pe rcep tion  tests ....................................................  97
L igh thouse N ear A c u ity  Test ...........................  97
V is io n  C on trast Test System  6000 ................... 97
PV-16 Q u a n tita tive  C o lo r V is io n  Test ..........  99

N europsycho log ica l tests ................................................  99
Boston N am in g  Test ............................................  99
W echsler A d u lt In te llig e n ce

Scale-Revised ......................................................  100
Raven S tandard P rogressive M atrices

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



XV 111

PAGE

(Short Form ) ........................................................ 100
Benton V isua l R e ten tion  Test ........................  101

LIST OF REFERENCES ...............................................................................  102

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



1

IN T R O D U C T IO N

Researchers in  the fie ld  o f v isu a l object processing o ften  elaborate 

u p o n  e x is tin g  m odels o f v isu a l system  fu n c tio n  in  an e ffo rt to re late 

expe rim en ta l fin d in g s  to new  ins igh ts  in  v isua l system  organ iza tion . 1 

These a ttem pts to  lin k  v isu a l system  structu re  w ith  cogn itive  processing 

re flec t a w id e  range o f theore tica l perspectives fro m  perceptua l 

(B iederm an &  C ooper, 1991a, 1991b, 1992; B iederm an, H um m el, C ooper, &  

G erhardste in , 1993; G erhardste in  &  B iederm an, 1991, M ay) to sem antic 

(Boucart &  H um phreys, 1992; H um phreys &  R iddoch, 1987a, 1987b; 

R iddoch &  H um phreys, 1987b). Recent advances in  the unde rs tan d ing  o f 

the o rg a n iza tio n  o f the h ighe r o rder v isu a l system based on 

neuroana tom ica l, c lin ica l, and experim enta l research and neura l n e t 

s im u la tio ns , n o w  o ffe r the o p p o rtu n ity  to c la rify  these in fo rm a tio n  

processing m odels.

In ve s tig a tio n  o f the h ig h e r o rde r v isua l system  has cu lm in a te d  in  a 

d u a l pa thw ay m ode l o f v isua l system  fu n c tio n  w h ich  p rov ides fo r the  

analysis, in te g ra tio n , and storage o f spa tia l and patterned aspects o f v is u a l 

in fo rm a tio n  fo r the percep tion  and the re-perception o f the lo c a tio n  and 

the id e n tific a tio n  o f v isua l objects (Andersen, Essick, &  Siegel, 1985; 

Fellem an &  V an Essen, 1991; F rie d m a n -H ill, Robertson, &  T re ism an, 1995; 

Gross, 1973, 1992, 1998; Gross, Desim one, A lb rig h t, &  Schwartz, 1984; G ross, 

S ch ille r, W ells , &  G erstein, 1967; L iv ingstone  &  H ube i, 1987; M a u n se ll, 

1987; M ish k in , U ngerle ider, &  M acko, 1983; Pohl, 1973; R ocha-M iranda, 

Bender, G ross, &  M ish k in , 1975; R olls, 1990; Schiller, 1993; S ch ille r &  Lee, 

1991; Tre ism an, 1992; U ngerle ider &  M ish k in , 1982; Van Essen, Fe llem an, 

DeYoe, &  K n ie rim , 1993; Van Essen &  M aunsell, 1983).
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The do rsa l pa th w a y  projects fo rw a rd  fro m  o cc ip ita l cortex th ro u g h  

extras tria te  reg ions u p w a rd  to the p o s te rio r p a rie ta l cortex (PPx) fo r 

p rocessing sp a tia l lo ca tio n  o f v isua l objects (A ndersen, 1989; F lechsig, 1896, 

1920; M is h k in , 1972; M ish k in , Lew is, &  U n g e rle id e r, 1982; M is h k in  &  

U n g e rle id e r, 1982; Z ip se r &  Andersen, 1988); in  con trast, the ve n tra l 

p a th w a y  pro jects fo rw a rd  from  o cc ip ita l cortex th ro u g h  extrastria te  regions 

d o w n w a rd  to  the in fe rio r tem poral co rtex  (IT ) fo r processing co lo r and 

fo rm  fo r the id e n tity  o f v isu a l objects. (F lechsig, 1896, 1920; Gross, 1973, 

1992, 1998; M acko, Jarvis, Kennedy, M iya o ka , Shinohara, S oko lo ff, &  

M is h k in , 1982; M acko, Kennedy, S oko lo ff, &  M is h k in , 1981; M is h k in , 1972; 

R ocha-M iranda, Bender, Gross, &  M is h k in , 1975; R ockland &  Pandya, 

1981).

Th is o rg a n iza tio n  o f the d u a l-p a th w a y  system  indicates th a t 

lo ca tio n  in fo rm a tio n  is processed at PPx in d e p e n d e n tly  from  id e n tity  

in fo rm a tio n  a t IT , before pro jecting separa te ly th ro u g h  lim b ic  s tru c tu re s to 

the h ip poca m pu s w here th is  in fo rm a tio n  is a p p a re n tly  com bined and 

stored as e ith e r fused, o r m u ltip a rt, representa tions in  associated neura l 

n e tw o rk  ensem bles (Desim one &  Schein, 1987; Fe llem an &  V an Essen, 

1991; G oodale, M iln e r, Jakobson, &  C arey, 1991; G ross, 1992, 1994; Gross et 

a l., 1984; Johnson &  C halfonte, 1994; Kesner, 1989; Kosslyn, 1987, 1991; 

K osslyn  &  K oen ig , 1992; L ivingstone &  H ub e i, 1988; M a rtin -E lk in s  &

H o re l, 1992; M a unse ll &  Newsome, 1987; M cN augh ton , Barnes, M e ltze r, &  

S utherland , 1989; M is h k in  &  A ppenze lle r, 1987; M is h k in  et al., 1983; 

M is h k in  &  M u rra y , 1994; Rueckl, Cave, &  K osslyn, 1989; R ocha-M iranda et 

al., 1975; R o lls, 1989; R olls et al., 1989; S ch ille r, Logothetis, &  C harles,

1990a, 1900b; Z ek i, 1992; Zipser, 1991; Zo la -M organ, Squire, &  A m a ra l,

1986).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3

W hile  the  c o n trib u tio n s  o f a w id e  a rra y  o f researchers, c lin ic ians, 

and theore tic ians ove r the last tw o  cen tu ries have la id  the fo u n d a tio n  fo r 

cu rre n t in s ig h ts  in to  th is  p a ra lle l h ie ra rch ica l system , the proposed 

o rgan iza tion  o f th is  system  has ye t to  be assessed d ire c tly  th ro u g h  

co n tro lle d  e xp e rim e n ta tio n  w ith  h u m a n  p a rtic ip a n ts  us ing  response tim e  

(RT) parad igm s.

R EVIEW  O F LITE R A TU R E  

H is to ry  o f Loca liza tion  in  the D ua l Pathw ay System

In  1873, D a v id  F e rrie r advanced the v ie w  tha t, ra ther than  the 

o cc ip ita l cortex, the angu la r gyrus o f the  p a rie ta l lobe was the tru e  locus o f 

v isu a l im pressions in  the b ra in  (F inger, 1994; G lickste in , 1985; G ross,

1998).^ F e rrie r repo rted  th a t e lectrica l s tim u la tio n  o f the angu la r gyrus o f 

m onkeys caused conjugate eye m ovem ents, whereas s tim u la tio n  o f the 

o cc ip ita l cortex d id  no t. M oreover, he fo u n d  b ila te ra l lesions o f the 

angu la r gyrus resu lted  in  b lindness w h ile  large b ila te ra l o cc ip ita l lobe 

lesions d id  n o t. F e rrie r, how ever, w as n o t fa m ilia r w ith  L is te r's  an tisep tic  

prepara tions. A s a consequence, the an im als liv e d  less than fo u r days 

p o s t-o p e ra tive ly  p re ve n tin g  assessment o f longer term  post-su rg ica l 

recovery o f fu n c tio n . A lso , Ferrie r rem oved o n ly  tw o -th ird s  o f the v isu a l 

cortex w hen o b la tin g  the occ ip ita l lobes w h ich , unbeknow n to h im , spared 

a p p ro x im a te ly  the p e rip h e ra l 30° o f the  v isu a l fie ld  and "a few  degrees o f 

the en tire  rep resen ta tion  o f the lo w e r h a lf o f the ve rtica l m e rid ia n ..." 

(Gross, 1998, pp . 72-73) accounting fo r fin d in g s  o f preserved v is io n  

(G lickste in , 1985; Gross, 1994).

F e rrie r’s c la im  tha t the p a rie ta l lobe was the co rtica l locus fo r v is io n  

was challenged b y  H erm ann M unk (1881/1960) w ho asserted, instead , tha t
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the o cc ip ita l lobe was the sole co rtica l site fo r v is u a l processing. In  support 

o f h is  v ie w , M u n k  reported  th a t to ta l occ ip ita l lobe rem ova l produced 

com ple te  absence o f v is io n . In  contrast, lim ite d  o c c ip ita l lobe lesions 

caused fa ilu re s  o n ly  o f v is u a l recogn ition . I t  is also no tab le  tha t M unk was 

acqua in ted w ith  L iste r's an tisep tic  preparations. Thus, he was able to 

s tu d y  the dogs' recovery o f fu n c tio n  fo r up to 5 years post-opera tive ly. 

M u n k  concluded tha t the o cc ip ita l cortex was the sole co rtica l locus fo r 

v is io n , w h ile  the fu n c tio n  o f the angu la r gyrus w as o n ly  fo r eye 

m ovem ents and b lin k in g  (F inger, 1994; Gross, 1994).

To su p p o rt Ferrier's e a rlie r research fin d in g , F e rrie r and Yeo (1886) 

conducted  fo llo w -u p  stud ies. Th is tim e when th e y  pe rfo rm ed  b ila te ra l 

lesions o f the angu la r gyrus o f the pa rie ta l lobe, th e ir su rgery produced 

o n ly  te m p o ra ry  b lindness. In  contrast, the ir b ila te ra l lesions o f bo th  the 

a n g u la r gyrus and occ ip ita l lobes produced com plete and perm anent 

b lindness. F e rrie r and Yeo concluded that the com b ina tion  o f bo th  the 

a n gu la r gyrus and occ ip ita l lobe lesions were re q u ire d  to produce to ta l and 

pe rm anen t b lindness. In  the course o f the ir a b la tio n  stud ies, how ever, 

F e rrie r and Yeo, in  1884, no ted an unexpected consequence o f surg ica l 

re m ova l o f the angular gyrus in  one o f the anim als. F e rrie r and Yeo noted 

th a t, fo llo w in g  recovery fro m  surgery, th is an im al, "case 8," evidenced 

s ig n ific a n t d iffic u ltie s  in  its  a b ility  to localize and reach fo r s tim u li;

. . .  A  piece o f orange was he ld  before it, w hereupon it  came fo rw ard  

in  a g ro p in g  m anner and trie d  to lay ho ld  a t firs t, b u t m issed 

repeated ly. . . .  it  was e v id e n tly  able to see its  food, b u t constan tly 

m issed la y in g  ho ld  o f it, p u ttin g  its hand beyond it  o r sh o rt o f i t . . . 

W hen it  was w a lk in g  on a table it  tum bled o ff, ha v ing  com e too
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near the  edge w ith o u t seem ing to  be aware o f the fact (Gross, 1994,

pp . 460-461).

Thus, w h ile  F e rrie r and Yeo's "case 8," w as able to  co rre c tly  determ ine the 

id e n tity  o f v is u a l objects, i t  fa ile d  to  accura te ly loca lize  them  in  space.

In  1888, B row n  and Schafer, how ever, cha llenged F e rrie r and Yeo's 

b e lie f tha t co rtica lly -ba sed  v is io n  depended e xc lu s ive ly  on  the com bined 

co n trib u tio n s  o f the p a rie ta l and o cc ip ita l lobes.3 A cco rd in g  to B row n and 

Schafer, th e ir research in d ica te d  an im p o rta n t occ ip ito -te m p o ra l ro le  in  

v is io n  as, " ...to ta l rem ova l o f the o cc ip ita l lobe p roduced pe rm anen tly  

b lin d  an im a ls, b u t o n ly  i f  the les ion  extended on the ve n tra l surface in to  

the tem pora l lo b e ." (Gross, 1998; p. 72). Further, they described the 

consequence o f te m p o ra l lobe lesions. They discovered th a t b ila te ra l 

tem pora l lobe lesions led  to  a s ig n ific a n t re d u c tio n  in  the aggressive 

behavio r in  one o f the m onkeys, "an im a l 6," w h ich  they re fe rred  to as 

"the tame one." A n  a d d itio n a l, and s trik in g , feature they recorded was 

th a t th is a n im a l evidenced a severe d e fic it as w e ll in  v isu a l re cogn ition .^ 

B row n  and Schafer observed tha t, "H e gives evidence o f hearing , seeing 

and o f h is senses genera lly , b u t i t  is clear th a t he no longer c lea rly  

understands the  m eaning o f the s igh ts, sounds, and o the r im pressions 

th a t reach h im " (Gross, 1994, p. 460). W h ile  B row n and Schafer's "an im a l 

6," cou ld  accu ra te ly loca lize objects in  space, it  fa ile d  to co rre c tly  determ ine 

the id e n tity  o f the v isu a l objects. B row n  and Schafer's cha racte riza tion  o f 

"an im a l 6," is  re m in iscen t o f John H u g h lin g s  Jackson's (1876/1932) 

de scrip tio n  o f a p a tie n t w ho  was im p a ire d  in  the re cogn ition  o f objects, 

people, and o th e r v is u a lly  presented s tim u li. Jackson's p a tie n t was able to 

see, yet fa ile d  to  recognize presented s tim u li. A t au topsy i t  was discovered
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th a t the  p a tie n t had su ffe red  dam age to  the  tem pora l lobe. Thus, w h ile  

B ro w n  and Schafer's "a n im a l 6," was ab le to  co rre c tly  loca lize objects in  

space, i t  fa ile d  to  recogn ize th e ir id e n tity .

V isua l A gnos ia  and the D orsa l and V e n tra l Pathways

In  M u n k ’s (1881/1960) cha rac te riza tio n  o f object re cogn ition  d e fic its , 

he d is tin g u ish e d  be tw een "co rtica l b lind ne ss" (rin d e n b lin d h e it), w h ich  

w as caused by com ple te  rem ova l o f the o cc ip ita l lobes, and "psychic 

b lin d n e ss" (see lenb lindhe it), w h ic h  re su lte d  fro m  lim ite d  lesions o f the  

o c c ip ita l lobe, in  w h ic h  there was a fa ilu re  o n ly  in  v isua l recogn ition .

D ogs w ith  psychic b lindness fa ile d  to  recognize objects, food, o r fla m in g  

m atches despite the fac t tha t the an im als cou ld  id e n tify  objects b y  touch  o r 

sm e ll, and cou ld  am bu la te  over, un de r, and around the objects they fa ile d  

to  recognize. M u n k  be lieved th a t the dogs had lo s t th e ir store o f v isu a l 

m em ories and w o u ld  have to re lea rn  th is  know ledge. M unk 's  d e sc rip tio n  

o f v is u a l im pa irm e n ts  suggests th a t these m ore lim ite d  lesions m ay have 

a ffected  the occ ip ito -te m po ra l pa thw ay, b u t others fa iled  to re p lica te  and 

c ritic iz e d  his resu lts . A s a resu lt, the con trove rsy continued even th o u g h  

o th e rs , such as W illia m  James and la te r K liiv e r and Bucy adopted M u n k 's  

te rm , "P sychic B lindness." N evertheless, based on M unk 's  d e sc rip tio n , i t  

is apparen t tha t an im als w ith  psych ic b lindness were able to see, b u t fa ile d  

to  recognize the objects they v iew ed.

The firs t d e ta iled  theory o f d isturbances in  v isua l re co g n itio n  in  

hum ans was po stu la ted  b y  Lissauer in  1889. He proposed a stage m o d e l in  

w h ic h  object re co g n itio n  depended b o th  on ea rly  perceptual processes as 

w e ll as la te r stages in  w h ich  v isu a l im pressions w ere com bined to  p e rm it 

access to  in te rn a l representations. The e a rly  stage, term ed "ap pe rcep tio n ," 

w as the stage at w h ic h  conscious pe rcep tion  o f sensory im pressions o f
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separate v isua l a ttrib u te s  w ere com bined together in to  a w ho le . Patients 

w ith  apperceptive d e fic its  w o u ld  be expected to be unable to m atch, copy, 

or co rrectly  id e n tify  objects. The la tte r stage, w h ich  he term ed 

"association," re fe rred  to  the im p a rtm e n t o f m eaning to the con ten t o f 

percep tion  by  m a tch ing  and lin k in g  i t  to previous experience. Patients 

w ith  associative d e fic its  shou ld  be able to copy no rm a lly , because they 

perceive n o rm a lly , how ever, they w o u ld  be expected to fa il to  show  

re cogn ition  o f an object's m eaning. Lissauer's nom enclature was 

supp lan ted sh o rtly  a fte rw a rd  by  the te rm  "v isua l agnosia" b y  S igm und 

Freud (1891/1953) to  characterize de fic its  in  the recogn ition  o f v isu a l 

objects.

O ver the last cen tury, L issauer's and Freud's conceptions o f v isu a l 

re cogn ition  de fic its  have advanced such th a t v isua l agnosia is n o w  

conceptualized as a m o d a lity  specific fa ilu re  in  recogn ition  w h ic h  is n o t 

a ttrib u ta b le  to e lem entary sensory d e fic its , m ental d e te rio ra tio n , aphasic 

nam ing , u n fa m ilia r ity  w ith  m a te ria l, o r a tten tiona l d istu rbances (Bauer, 

1993). Bauer (1993) states tha t, "C om plex v isua l ab ilities are m ade up  o f 

d issociable ('m o d u la r') in fo rm a tio n  processing streams, in c lu d in g  fo rm  

d isc rim in a tio n , co lo r percep tion , lum inance, size, m ovem ent, and spa tia l 

lo ca liza tio n  and in te g ra tion ." Bauer concludes that, "v a r ia b ility  am ong 

apperceptive agnosics reflects the fact tha t in  in d iv id u a l cases these 

streams can be im pa ired  s in g ly  o r in  com bination" (p. 227).

Lesions to IT  have been associated w ith  "narrow  appercep tive  

agnosia" (Farah, 1990). Despite preserva tion  o f such e lem en ta ry  v isu a l 

functions as acu ity , v isu a l fie lds, lum inance detection, co lo r v is io n , depth , 

and m ovem ent perception, these pa tien ts are unable to recogn ize , m atch, 

copy, o r d iscrim ina te  sim ple v isu a l form s. The ir im p a irm e n t in  the
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id e n tific a tio n  o f v is u a l s tim u li is consisten t w ith  B row n  and Schafer's 

(1888) b ila te ra l te m po ra l lobe-lesioned "a n im a l 6," as w e ll as o f tha t o f 

tem pora l lobe dam aged patients described b y  H u g h lin g s  Jackson 

(1876/1932), G o ld ste in  and Gelb (1918), and Benson and G reenberg (1969). 

Th is  d e fic it in  v is u a l recogn ition  is a lso consistent w ith  d e fic its  in  v isua l 

object re co g n itio n  described by K liiv e r and Bucy (1938), w ho  la te r 

red iscovered B ro w n  and Schafer's (1888) observa tion  o f im p a irm e n t in  

v isu a l fo rm  id e n tific a tio n , despite in ta c t sp a tia l and e lem entary v isua l 

pe rcep tion  (a lso te rm ed a ven tra l agnosia).

The m eans b y  w h ich  patients w ith  tem pora l lobe lesions 

com pensate fo r th e ir im p a irm e n t in  id e n tific a tio n  o f v isu a l fo rm s is 

consistent w ith  separate pathw ays fo r transm iss ion  o f fo rm  versus spatia l 

in fo rm a tio n . F o r exam ple, w h ile  the p a tie n ts  described b y  Benson and 

G reenberg (1969), and G oldste in  and G elb (1918) were unable to id e n tify  

s ta tio n a ry  v is u a l fo rm s, bo th  patients co u ld  com pensate fo r d e fic its  in  

v is u a l fo rm  id e n tific a tio n  i f  pe rm itted  to  trace the o u tlin e  o f s tim u li 

k in e s th e tica lly , o r b y  m a k in g  m any sm a ll head m ovem ents the reby using 

m ovem ent cues to  a id  in  fo rm  detection. G o ldste in  and Gelb (1918) 

repo rted  th a t th e ir p a tie n t "Schn.," successfu lly  traced s tim u li u s in g  his 

hand and head m ovem ents, bu t his re co g n itio n  a b ility  d e te rio ra te d  w hen 

he was p reven ted  fro m  using  kinesthe tic  and p ro p rio cep tive  feedback. 

P reservation  o f these pa tien ts ' a b ility  to  use k inesthe tic  and m ovem ent 

cues to he lp detect and copy figures suggests tha t w hen the PPx rem ains 

in ta c t, i t  can be used to help com pensate fo r de fic its  in  the processing o f 

v isu a l fo rm s caused b y  tem poral lobe lesions.5

Lesions to  the pa rie ta l lobe have been reported to p roduce a "spa tia l 

agnosia." Patients w ith  spatia l agnosia are im pa ired  in  th e ir a b ility  to
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com pare s tim u li fro m  the e x te rn a l sp a tia l e n v iron m e n t w ith  an in te rn a l 

spa tia l rep resen ta tion  (B isiach &  L u z z a tti, 1978; B isiach, L u zza tti, &  Perani, 

1979; B ra in , 1941b). This im p a irm e n t in  the representa tion o f spa tia l 

loca tion  is consonant w ith  d e fic its  described b y  Holm es (1918) in  s ix  

sold iers w h o , due to p a rie to -o cc ip ita l in ju rie s , exh ib ited  gross spa tia l 

d ire c tio n a l e rro rs  w hen reaching fo r objects in  space regardless o f v isu a l 

fie ld  as w e ll as de fic its  in  rou te  le a rn in g , spa tia l nav iga tion , and 

d e te rm in a tio n  o f spa tia l re la tions. These d e fic its  also are consistent w ith  

the d e sc rip tio n  b y  M cC arthy and W a rrin g to n  (1990) o f a v isuospa tia l 

agnosic p a tie n t w ith  pa rie ta l lobe dam age, and b y  Luria 's  (1972) de scrip tio n  

o f a spa tia l ap ractic  patient, Zazetsky, w h o  suffered pa rie to -occ ip ita l 

damage. M o reo ve r, these fin d in g s  are consonant also w ith  F e rrie r and 

Yeo's (1884) de scrip tio n  o f "case 8" in  w h ich  angu la r gyrus lesions 

im pa ired  the an im al's a b ility  to co rre c tly  loca lize  and reach to w a rd  

s tim u li.

As described by L u ria  (1973), in d iv id u a ls  w ith  lesions to the in fe rio r 

pa rie ta l and pa rie to -occ ip ita l re g io n  w ere im p a ire d  in  the a b ility  to  fin d  

th e ir bearings w ith in  a system  o f sp a tia l coordinates and easily lo s t th e ir 

sense o f d ire c tio n . S im ila rly , they had d iffic u lty  de te rm in ing  the 

o rie n ta tio n  o f externa l objects in  space. L u ria  described the d iff ic u lty  they 

experienced p e rfo rm in g  such d a ily  tasks as m aking  the bed; they w ere 

unable to  de te rm ine  how  to o rie n t the b la nke t in  space. M e n ta lly  

reversing sp a tia l re lations was a p ro b le m  as w e ll, m aking dressing 

p rob le m atic , because they often  p laced th e ir arm  in to  the w ro n g  sleeve. 

T e llin g  tim e  also was d iffic u lt if  c locks d id  n o t have num bers as these 

in d iv id u a ls  co u ld  n o t d is tin g u ish  betw een sym m etrica l po s itions  on  the 

clock face.
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Lu ria 's  re p o rt o f Zazetsky's behavio ra l im pa irm ents fro m  p a rie ta l 

lobe lesions is consistent w ith  th is  v iew . Zazetsky cou ld  no t fig u re  o u t 

w h ic h  d ire c tio n  to w a lk  hom e even i f  o n ly  a b lo ck  aw ay fro m  h is house. 

M oreover, he cou ld  no lon ge r determ ine h o w  to fo llo w  spa tia l 

com m ands, and cou ld  no t gauge the distance and spa tia l re la tions between 

objects. S im ila rly , he experienced d iffic u lty  g u id in g  his body o r lim bs in  

space to com m unicate th ro u g h  physica l gestures and, w hen he attem pted 

to s it dow n, he w o rrie d  he w o u ld  miss the seat and fa ll over.

A d d itio n a lly , L u ria  described th a t Zazetsky was unable to in te rp re t 

d iagram s, m aps, o r spa tia l d irections. As Zazetsky, h im se lf, re po rted  in  his 

d ia ry ,

S udden ly the w ords rig h t, le ft, back, fo rw a rd , up, and d o w n  

occurred to  me, b u t they w eren 't any he lp , since I d id n 't re a lly  

understand w h a t they m eant. A  m in u te  la te r, I rem em bered the 

w ords south, n o rth , east, and west. But w hen I  trie d  to fig u re  ou t 

w h a t the re la tion sh ip  was between any tw o  o f these w o rd s , I  was 

los t (L u ria , 1972, p. 53).

Thus, the consequence o f p a rie ta l damage on spa tia l fun c tion  and 

representa tion  is p ro fo u n d  and clearly separable fro m  tem pora l lobe 

dam age.

Location  and Id e n tifica tio n  o f V isua l Objects in  the 

D orsa l and V entra l Pathways 

I t  is o n ly  w ith in  the last tw e n ty -five  years th a t researchers have 

com e to  understand how  the h igher o rder d u a l pa thw ay v isu a l system  

serves as an extension o f the genicu lo -stria te  v isu a l system (M is h k in , 1972;
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P ohl, 1973).^ O rig in a tin g  a t the leve l o f the re tina , axons fro m  tw o 

separate classes o f re tin a l ganglion cells leave the eye and pro ject in  

p a ra lle l a long the o p tic  nerve to separate m agnoce llu la r (M -ce ll) and 

p a rvo ce llu la r (P -ce ll) layers o f the la te ra l genicula te nucleus (LG N ). These 

tw o  cell types then  p ro je c t onw ard to  convey fu n d a m e n ta lly  d iffe re n t 

characteristics o f v is u a l in fo rm a tio n  to separate sites w ith in  the p rim a ry  

v isu a l cortex, w h ic h  is w here the du a l p a thw ay h ighe r o rd e r v isua l system  

begins (D eM onasterio  &  Schein, 1982; K osslyn , F lynn, A m sterdam , &  

W ang, 1990; L iv in g s to n e  &  H ubei, 1988; L u n d , 1988; M ig n a rd  &c M a lp e li, 

1991; U n g e rle id e r &  Desim one, 1986; C am pbe ll, 1974; G raham , 1980; 

Schneider, 1969)7

The cells o f the M -ce ll pathw ay are large, ra p id  respond ing , fast 

conducting , tra n s ie n t response cells w ith  h ig h  contrast se n s itiv ity , low  

spa tia l frequency, lo w  spa tia l reso lu tion  and lo w  acu ity , and litt le  o r no 

co lo r se n s itiv ity , except fo r a s ligh t response to  d iffuse  red w ave length 

lig h t in  area M T  (Cohen, 1993; D erring to n , K rauskopf, &  Lennie, 1984; 

D e rrin g to n  &  Lenn ie , 1984; Dreher, Fukada, &  Rodieck, 1976; H ube i &  

L iv ing s ton e , 1990; K ap lan  &  Shapley, 1982; S ch ille r &  S tryke r, 1972; 

Shapley, K aplan, &  Soodak, 1981; W eisel &  H ube i, 1966. Perceptual studies 

ind ica te  th a t the M  pa thw ay conveys in fo rm a tio n  about spa tia l loca tion , 

contrast, d e p th  and m o tio n  perception (G alaburda &  L iv ing s to n e , 1993; 

L iv ing ston e  &  H u b e i, 1987). Gross (1998), notes tha t the do rsa l pa thw ay is 

su b d iv id e d  in to  a stream  fo r spatia l v is io n  cu lm in a tin g  in  the PPx, and 

one sensitive  to s tim u lu s  m ovem ent p roceed ing  to area STP. F in a lly , 

Gross concludes, " . . .  the dorsal stream  is cru c ia l fo r v isu o m o to r fu n c tion , 

as w e ll as spa tia l v is io n , as Ferrier no ticed ."
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B eg inn ing  fro m  the p rim a ry  v isu a l cortex, these M -ce lls  com prise  

the dorsa l pa thw ay o f the d u a l p a th w a y  system, p ro jecting  fo rw a rd s  

th ro u g h  extra -s tria te  co rtica l reg ions v ia  the superio r lo n g itu d in a l 

fascicu lus u p w ard  to  the PPx fo r processing the spa tia l loca tion  o f v isu a l 

objects (A nderson, 1989; F lechsig, 1896, 1920; G oldberg &  R obinson, 1977, 

1980; G oldberg  &  Seagraves, 1987; Lynch , 1980; M ish k in , 1972; M is h k in  et 

al., 1983; W urtz , G oldberg, &  R obinson, 1980, 1982).8 A cco rd in g  to  Cohen 

(1993), the  PPx represents the p in nac le  o f the M -ce ll (dorsa l) pa th w a y, i t  

consists o f cells tim e d  to detect and convey broad, lo w  spa tia l frequency, 

spa tia l characteristics o f v isu a l s tim u li fo r detection o f spa tia l lo ca tio n  o f 

v isu a l objects. As a resu lt, these neurons w o u ld  no t e ffe c tive ly  convey 

in fo rm a tio n  regard ing  the co lo r and fo rm  o f v isua l objects. M o reo ve r, 

th is  p a th w a y  has been show n to be se lective ly stained b y  use o f a n tib o d y  

sta in  CAT-301 (M cG uire , H o ck fie ld , &  G oldm an-R akic, 1989).

Once v isu a l in p u t is processed at the PPx (the su m m it o f the  dorsa l 

pa thw ay), m ost p ro jections tra ve l to  the parahippocam pal gyrus (area TF) 

before co n tin u in g  on w ard  to  the p o s te rio r tw o -th ird s  o f the e n to rh in a l 

cortex (Sakai, Naya, &  M iyash ita , 1994; Suzuki &  A m ara l, 1994), and  fin a lly  

to the h ippocam pus (Gross, 1994)9

In  contrast to the M -ce lls w h ic h  lead to the dorsal p a th w a y, the cells 

o f the P -ce ll pa thw ay are sm all, s lo w  responding, s low  con ductin g , 

susta ined response cells w ith  p o o r con trast se n s itiv ity , h ig h  s p a tia l 

frequency, and fine  spa tia l se le c tiv ity  fo r h ig h  reso lu tion  co lo r and  fo rm  

pe rcep tion  necessary fo r object re co g n itio n  (Cam pbell, 1974; G raham , 1980; 

L iv in g s ton e  &  H ubei, 1987; G alaburda &  L ivingstone, 1993).

B eg inn ing  fro m  the p rim a ry  v isu a l cortex, these P-cells m ake up  the 

ve n tra l pa thw ay o f the d u a l p a thw ay system , pro jecting  fo rw a rd  th ro u g h
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extra -stria te  c o rtica l reg ions v ia  the in fe rio r lo n g itu d in a l fasciculus 

d o w nw ard  to IT  cortex fo r processing the id e n tity  o f v isu a l objects 

(Flechsig, 1896, 1920; Lovegrove , G arzia, &  N icholson, 1990; M acko et al., 

1982; M acko, K ennedy, S o ko lo ff, &  M ish k in , 1981; M is h k in , 1972; Rocha- 

M iranda  et al., 1975; R ockland &  Pandya, 1981)10. A lth o u g h , it  consists 

p r im a rily  o f P-cells, the v e n tra l p a thw ay receives M -ce ll in p u t as w e ll 

(Desim one, A lb rig h t, Gross, &  Bruce, 1980; Desimone &  G ross, 1979; Gross, 

1992, 1994; Gross et al., 1984; Levine, W arach, &  Farah, 1985; M ish k in  et al., 

1983; R ockland &  Pandya, 1981; Sagi &  Julesz, 1985; U ng erle id e r, 1985; 

U ng erle ide r &c Desim one, 1986; U ng erle id e r &  M ish k in , 1982; NB: See 

Footnote 8, also). Research and c lin ica l find ings ind ica te  th a t co lo r and 

co lo r and fo rm  are processed w ith in  the ven tra l pa thw ay (DeYoe &  Van 

Essen, 1988; Gross, 1994; Iw a i &  M ish k in , 1968; L iv ingstone  &  H ubei, 1988; 

M a rtin -E lk in s  &  H o re l, 1992; Z e k i, 1992). A ccord ing to C ohen (1993), the 

ve n tra l pa thw ay, p ro jec tin g  to  IT , is dom inated by neurons tun ed  to detect 

and convey na rrow -band , h ig h  spa tia l frequency in fo rm a tio n  fo r analysis 

o f co lo r and fo rm  feature characteristics o f v isua l objects. As a resu lt, these 

neurons are n o t tuned  to  e ffe c tiv e ly  convey in fo rm a tio n  re g a rd in g  the 

spa tia l loca tion  o f v isu a l objects (Bruce, Desimone, &  Gross, 1981;

Desim one &  U ng erle id e r, 1986; U ngerle ide r &  Desim one, 1986).

Once v isu a l in p u t has been processed at the IT  cortex, the su m m it o f 

the  ve n tra l pa thw ay h ie ra rch y, the m a jo rity  o f IT  p ro jections tra ve l to the 

p e rirh in a l cortex (areas 35 and 36), before con tinu ing  on w ard  to  the 

a n te rio r tw o -th ird s  o f the e n to rh in a l cortex, and fin a lly  to the dentate 

gyrus o f the h ippocam pus (G ross, 1994; M eunier, B achevalier, M is h k in , &  

M u rra y , 1993; M ish k in  &  M u rra y , 1994; Sakai &  M iyash ita , 1993; Sakai,
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N aya, &  M iya sh ita , 1994; S quire, 1992; S uzuki &  A m ara l, 1994; Zo ia- 

M organ, S quire, A m ara l, &  S uzuk i, 1989).H

A n a ly z in g  the evidence fo r the  dua l p a thw ay m odel o f v isua l 

system  fu n c tio n , Cohen (1993) concludes, "The h ig h  spa tia l frequency 

system  reaches its  m ost com plex le ve l o f representa tion w ith in  the 

tem pora l lobe, w h ile  the h ig hest le ve l o f lo w  spa tia l frequency system  is 

located in  the in fe rio r p a rie ta l area (PG)" (p. 208). Th is o u tp u t from  the 

PPx and IT  cortices pro ject in d e p e n d e n tly  th rough  lim b ic  structures to  the 

h ippocam pus w here th is  v is u a l in fo rm a tio n  is com bined and stored as 

e ith e r fused, o r m u ltip a rt, representa tions in  associated neura l n e tw o rk  

ensembles (Squire &  Zo la -M organ, 1988). Thus, it  is the th rough  the 

dynam ic in te rconnections o f these d u a l "d o rs a l^  and ventral^-3 

pathw ays w h ich  serve as the fo u n d a tio n  fo r the fo rm a tio n  o f a coherent 

v isua l-pe rcep tua l experience in  w h ic h  s tim u li are id e n tifie d  and loca ted in  

specific pos itions in  space (see F igure  1).

Location  o f V isu a l Objects: Posterior P arie ta l C ortex 

The PPx represents the m ost com plex leve l o f representation in  the 

h ie ra rch y o f the dorsa l p a th w a y  u n d e rly in g  the loca tion  o f v isua l objects 

in  space (A ndersen, 1989; M is h k in , Lew is, &  U ngerle ide r, 1982; M is h k in  &  

U ngerle ide r, 1982; Z ipser &  A ndersen, 1988). Research and c lin ica l 

fin d in g s  ind ica te  tha t the PPx generates an in te rn a l coord inate space in  

w h ich  the loca tions o f objects are represented (Andersen, 1989; A ndersen 

et al., 1985). Th is representation enables the PPx to d ire c t eye and lim b  

m ovem ents to spa tia l locations necessary fo r spa tia l percep tion and 

v isu o m o to r processing (D esim one &  U ngerle ider, 1989; K olb &  W h isha w , 

1990), as w e ll as to  integrate s im p le  and com plex m ovem ents in  response 

to the expansion o r ro ta tio n  o f v isu a l s tim u li (D u ffy  &  W urtz , 1991;
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Occipital
Cortex

OBJECT IDENTITY 
(color & form) 

Inferior Temporal Cortex

OBJECT LOCATION 
(spatial location) 

Posterior Parietal Cortex

OBJECT LOCATION

OBJECT IDENTITY 
Hippocampus 
(Rhinal Cortex)

F ig u re  1. D u a l-p a th w ay  m odel show ing  separate processing o f loca tion  

and object id e n tific a tio n .
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M o tte r &  M ountcastle , 1981; Saito et a l., 1986; Sakata et al., 1985; Snow den 

e t a l., 1991; Tanaka e t al., 1986). 14

The PPx com prises the caudal aspect o f the pa rie ta l lobe and consists 

o f su p e rio r and  in fe rio r po rtion s. The su p e rio r p o rtio n  contains 

e xc lu s ive ly  som atosensory cortex (C ritch le y , 1966; Lynch, 1980), whereas, 

the  in fe r io r p o rtio n  com prises fo u r separate co rtica l fie lds  (Andersen, 

Essick, S iegel, 1987; H yva rin e n , 1981; Lyn ch , 1980; M o tte r &  M ountcastle , 

1981; M o u n tca s tle , 1975). These fo u r fie ld s  are in vo lve d  in  sm ooth 

p u rs u it eye m ovem ents (Andersen &  S iegel, 1988; Seltzer &  Pandya, 1984); 

p la n n in g  saccadic eye m ovem ents (A ndersen e t al., 1985; N ew som e, 

W u rtz , D iirs te le r, &  M ika m i, 1985; N ew som e, W u rtz , &  K om atsu, 1988; 

S h u b u ta n i, Sakata, &  H yva rin e n , 1984); hand m a n ip u la tio n  and reaching 

(Q u in ta n a  &  Fuster, 1993), and the in te g ra tio n  o f eye p o s ition  w ith  

re tin o to p ic  v is u a l in fo rm a tio n  to p roduce  a n o n re tin o to p ic , head- 

centered, representa tion  o f space (A ndersen, 1989; Andersen et a l., 1985; 

A nde rsen , Snyder, L i, &  Stricanne, 1993; Saito e t al., 1986; Sakata,

S h ib u ta n i, &  K aw ano, 1980; Z ih l, von C ram on, &  M a i, 1983; Z ip se r, 1985; 

Z ip se r &  A ndersen, 1988).

Lesions to PPx cause spa tia l-percep tua l and spa tia l-behavio ra l 

d e fic its , such as im pa irm ents in  reaching and nav iga tion , an in a b ility  to 

assess s p a tia l lo ca tio n  based on a lloce n tric  p o s itio n  o r m ovem ent o f v isu a l 

and som atosensory in fo rm a tio n  (Benson, 1989; B row n, 1989; B u tte rs , 

S oeldner, &  Fedio, 1972; Dam asio &  Benton, 1979; Kesner, F a rn sw o rth , &  

D iM a ttia , 1989; L u ria , 1973; R a tc liff &  Davies-Jones, 1972; W a rrin g to n  &  

James, 1988); im p a ire d  representation o f sp a tia l re la tions in  m odels and 

d ra w in g s  (De Renzi, 1985; D iM a ttia  &  Kesner, 1988; Holm es &  H o rra x ,

1919; Kesner &  D iM a ttia , 1984; McFie &  Z a n g w ill, 1960; see also
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W a rrin g to n  &  T a y lo r, 1973); loss o f sp a tia l m em ories (Kesner &  D iM attia , 

1984); and d is tu rbance  in  the spa tia l d is tr ib u tio n  o f a tte n tio n  (Andersen, 

1987; B ra in , 1941b; D enny-B row n &  Cham bers, 1958; H e ilm a n  &  W atson, 

1977; Posner, W a lke r, F riedrich , &  R afa l, 1984, 1987).

C onsis ten t w ith  an im p a irm e n t in  detection o f spa tia l location, 

F rie d m a n -H ill e t a l., (1995) tested R .M ., a pa tien t w ith  b ila te ra l parie to­

o cc ip ita l lesions. R .M . was re la tive ly  accurate w hen re q u ire d  to report the 

name and co lo r o f one o f tw o  s im u ltaneously  presented letters. He was at 

chance, how ever, w hen de te rm in ing  w he the r a target le tte r was to the le ft, 

rig h t, o r center, o r a lte rna tive ly  up , do w n , o r in  the center. In  ad d ition , 

sequentia l p resen ta tion  along the h o rizo n ta l axis p roduced  chance 

perform ance. T h is  d ifference in  perform ance is consistent w ith  the v iew  

tha t dam age to  the PPx im pa irs the a b ility  to accurately loca lize  s tim u li in  

space, w h ile  p rese rv in g  the a b ility  to co rrec tly  determ ine the id e n tity  o f 

v isu a l objects.

S im ila r v isuo spa tia l im pa irm ents have been repo rted  in  m onkeys 

w ith  PPx lesions in c lud in g : d e te rm in ing  spa tia l re la tions am ong objects 

(M iln e r, O ck le fo rd , &  Dewar, 1977; Pohl, 1973; U ngerle ider &  B rody, 1977); 

reaching u n d e r v isu a l guidance (C ritch ley , 1966; H olm es, 1918; Holm es &  

L is te r, 1916; LaM otte  &  Acuna, 1978; Stein, 1978); ju d g in g  w h ich  o f tw o 

objects are closer to a landm ark (B rody &  P ribram , 1978; Pohl, 1973); and 

spa tia l m em ory tasks (Levine et al., 1985; Petrides &  Iverson, 1979;

Q u in tana &  Fuster, 1993; Sugishita, E ttlin ge r, &  R id ley, 1978). P oste rio r 

p a rie ta l co rtex lesions have been show n to cause exclusive im p a irm e n t to 

spa tia l aspects o f tasks that are essential fo r de te rm in ing  object loca tion  

w h ile  le a v in g  id e n tific a tio n  o f v isu a l objects in tact (M ish k in  &  

U n g e rle id e r, 1982).
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Id e n tific a tio n  o f V isu a l Objects: In fe rio r Tem pora l Cortex

The IT  cortex represents the top o f the h ie ra rch y  fo r the ve n tra l 

pa th w a y  u n d e rly in g  the  p e rcep tion , id e n tifica tio n , and d isc rim in a tio n  o f 

v is u a l objects, fo rm , an d  co lo r (Desim one, 1991; Desim one, Schein,

M oran , &  U ng e rle id e r, 1985; Desim one &  U ng e rle id e r, 1989; DeYoe &  V an 

Essen, 1988; Gross, 1973, 1992,1994; Gross et al., 1984; Gross, Rocha- 

M ira n d a , &  Bender, 1972; M aunse ll, 1987; M aunse ll &  Newsom e, 1987; 

R ichm ond, W u rtz , &  Sato, 1983; Tanaka, Saito, Fukada, &  M o riya , 1991; 

W a rrin g to n  &  T a y lo r, 1973; U ng erle id e r &  M is h k in , 1982; Van Essen &  

M aunse ll, 1983; W ilso n  &  DeBauche, 1981). A lth o u g h  a p o rtio n  o f IT  cells 

respond spec ifica lly  to  pa tte rned  s tim u li, such as hands and faces (Gross, 

1973; Gross, Bender, &  G erste in , 1979; Gross et a l., 1972), the m a jo rity  o f IT  

cells are selective fo r genera lized  param eters, such as leng th , w id th , size, 

shape, texture , and co lo r. Responses to m ore genera lized v isua l 

param eters suggests th a t com plex s tim u li m ay be coded th ro u g h  the 

co llec tive  response o f p o p u la tio n s  o f neurons w ith in  th is  reg ion  (B a lla rd , 

1986; Desim one, A lb r ig h t, Gross, &  Bruce, 1984; Desim one &  Schein, 1987; 

Desim one &  U ng e rle id e r, 1989; Gross et al., 1972; Gross &  M ish k in , 1977; 

M aunse ll &  N ew som e, 1987; R olls, Baylis, &  Leonard, 1977; Seltzer &  

Pandya, 1978; Z eki, 1975 1 9 8 0 ).15 M oreover, cells w ith in  area IT  have been 

show n  to have recep tive  fie ld s  w h ich  are m ore than one h u n d re d  tim es 

the size o f p rim a ry  v is u a l cortex neurons. These ve ry  large receptive  

fie ld s  enable one to respond to s tim u li in  v ir tu a lly  eve ry pa rt o f the v isu a l 

fie ld  (Desim one &  G ross, 1979).

Lesions to the IT  cortex produce severe d e fic its  in  v isu a l re co g n itio n  

and p a tte rn  d is c rim in a tio n  le a rn in g  fo r objects d iffe rin g  in  o rie n ta tio n , 

textu re , brightness, co lo r, pa tte rn , shape, o r size w ith o u t im p a irin g  v is u a l
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a cu ity  o r de tection o f ta rge t presence (H olm es &  Gross, 1984; H um phreys 

&  R iddoch, 1987a, 1987b). D e fic its  have been reported  in  re cog n itio n  o f 

s im p le  objects (Dam asio &  Dam asio, 1983), schem atic objects (M cC arthy &  

W a rrin g to n , 1986, 1987; W asserstein, Z a p p u lla , Rosen, G erstm an, &  Rock, 

1987), com plex scenes, geom etric figu res , incom plete  and am biguous 

fig u re s  (Landsde ll, 1970; W a rrin g to n , 1982), m eaningless fo rm s, abstract 

d ra w in g s  as w e ll as absurd ities o r inconsistencies in  d ra w in g s , and 

in te rp re ta tio n  o f soc ia lly  re le van t v isu a l cues (D elaney, Rosen, M a ttson , &  

N o v e lly , 1980). M oreover, b ila te ra l lesions have been sho w n  to  im p a ir 

the a b ility  to  id e n tify , d iscrim ina te , recognize, o r assess the s ign ificance  o f 

objects and faces presented th ro u g h  the v isu a l m o d a lity  (D am asio, 

D am asio, &  Van Hoesen, 1982; H o re l, K ea ting , &  M isan tone, 1975; K liiv e r 

&  Bucy, 1938, 1939; M eadows, 1974; W h ite le y  &  W a rrin g to n , 1977).

Thus, lesions to  IT  im p a ir id e n tific a tio n  and d is c rim in a tio n  o f 

v is u a l ob ject id e n tity  w ith o u t im p a irin g  the capacity to d e te rm ine  th e ir 

sp a tia l lo ca tion  (Farah, 1984, 1985, 1992; H um phreys &  R iddoch , 1987a, 

1987b; M is h k in  et al., 1983; Pohl, 1973).

In te g ra tio n  o f Location and Id e n tific a tio n  o f V isua l O bjects: H ippo cam p us

C om p e lling  evidence exists th a t the h ippocam pus acts as the s ite  fo r 

the in te g ra tio n  o f object loca tion  and ob ject recogn ition  in to  fused , o r 

m u ltip a rt, representations in  m em ory (M ish k in  &  A p p e n ze lle r, 1987; 

Z ip se r, 1985). 16 O u tp u t fro m  the dorsal pa thw ay to the PPx fo r loca tion , 

and the ve n tra l pathw ay to IT  fo r id e n tity  pro ject to the h ippocam pus 

w here  they are com bined in to  u n ita ry  sp a tia l concepts w h ic h  are 

com bined and stored as e ither fused, o r m u ltip a rt, rep resen ta tions in  

associated neura l n e tw o rk  ensembles (Squire & Z o la -M organ , 1988).

O 'Keefe and N adel (1978) suggest tha t th is  in te g ra tio n  o f lo c a tio n  and
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re co g n itio n  enables the h ippocam pus to  serve as the center fo r the 

genera tion  o f in te rn a l m en ta l representa tions o f the ph ys ica l la yo u t o f the 

e n v iro n m e n t (Barnes, 1988; Barnes &  M cN aughton, 1983; M cN aughton, 

Barnes, Rao, B a ld w in , &  Rasmussen, 1986; M o rris , 1983; M o rris , G arrud , 

R aw lins , &  O ’Keefe, 1982; N ade l, 1991; O 'Keefe, 1983; O 'Keefe &  N adel, 

1978; O lton , Becker, &  H ande lm ann, 1979; O no, N akam ura, Fukuda, &  

Tam ura , 1991; R olls, 1989; R olls et a l., 1989; R upniak &  G affan, 1987). 

S qu ire  and Z o la -M organ  (1988) assert tha t the hippocam pus functions in  

the  fo rm a tio n , storage, and re trie v a l o f m em ories by lin k in g  together 

m u ltip le  sensory in p u ts  in to  a s ing le  perceptua l event (Kesner, 1989; 

M cN au gh ton  &  M o rris , 1987; M cN augh ton  et al., 1989; O lto n , 1983; Rolls 

e t a l., 1989; W eiskran tz, 1987; W ib le , Shiben, &  O lton, 1991; Zo la-M organ, 

e t a l., 1986).

For m em ory conso lida tion  to  take place, in fo rm a tio n  processed by 

the h ippocam pus m ust tra ve l back th rou g h  the m edial tem pora l lobe to 

the  co rtica l sites w here the perceptions were o rig in a lly  reg istered (Cohen, 

1984). M ish k in  and M u rra y  (1994) have speculated tha t the  rh in a l (i.e., 

p e rirh in a l and e n to rh in a l) cortex, w h ich  extends h ippocam pa l fu n c tio n  as 

the p rim a ry  target site o f e fferent h ippocam pa l pro jections, m ay be the 

fin a l s ite  where th is  in te g ra tio n  occurs. The m em ory is then  encoded 

p e rm a n e n tly  as a lo n g -te rm  m em ory th roug h  s tru c tu ra l changes w h ich  

take place at co rtica l sites w here th is  in p u t was o rig in a lly  processed (Jarrad, 

1978, 1983, 1986; Jarrad, O ka ich i, S tew ard, &  G oldschm id t, 1984; M ish k in , 

1982; M ish k in , M a lam ut, &  Bachevalier, 1984). The h ippocam pus acts to 

b in d  together these d is trib u te d  storage sites to code specific data fo r the 

tim e , space, and content o f an event (K o lb  &  W ishaw, 1990). The en tire  

m e m o ry  can be re trieve d  la te r as a s ing le  event from  the va rio u s  co rtica l
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storage sites th ro u g h  th e ir lin k s  w ith  the h ippocam pus (M iln e r, 1989; 

T e y le r &  D iScenna, 1986). As such, h ip poca m pa l coo rd ina tion  enables 

subsequent re trie va l o f these u n ifie d  representa tions fro m  d is trib u te d  

c o rtic a l lon g -te rm  m em ory (R olls, 1990).

Lesions to the h ippocam pus in  hum ans have been show n to cause 

com ple te  anterograde topog raph ica l d iso rie n ta tio n . Rem oval o f the 

h ippocam pus in  the pa tien t, H .M ., le ft h im  unable  to learn to naviga te  in  

new  environm en ts, w h ile  p rese rv in g  h is a b ility  to  navigate in  

en v iron m en ts  kn o w n  p rio r to su rgery (M iln e r, 1965, 1968, 1972; R up n ia k  

&  G affan, 1987; Sm ith, 1988; S m ith  &  M iln e r, 1981). Further, lesions to  the 

fin a l processing area o f the hippocam pus (C A 1), p roduced com plete 

an terograde am nesia in  the pa tien t, R.B. M oreover, b ila te ra l h ip poca m pa l 

lesions have been show n to im p a ir a cq u is itio n  o f bo th  the loca tion  and 

id e n tity  o f objects (Jones-Gotman, 1986a, 1986b). In  contrast, u n ila te ra l 

r ig h t h ippocam pa l lesions have been reported  to produce im pa ired  

m em ory fo r the location o f objects and cause de fic its  in  tap p ing  sequences 

u p o n  blocks w h ich  are ra ndo m ly  arranged in  space (C orkin , 1984; Jones- 

G otm an, 1986a, 1986b; S m ith &  M iln e r, 1981).

Lesions to the hippocam pus in  m onkeys have been reported  to 

p roduce  d e fic its  s im ila r to those experienced b y  hum ans (M ish k in , 1982; 

P arkinson, M u rra y , &  M ish k in , 1988; O lto n  &  Pappas, 1979; O lto n  e t al., 

1979; Fuster, 1995; see also Barnes, 1988). O 'Keefe and N adel (1978) fo u n d  

th a t m onkeys w ith  h ippocam pa l lesions cou ld  re ta in  e ithe r id e n tity  o r 

lo ca tio n  o f objects if  response delays were no longer than several seconds, 

b u t w ere unable to pe rfo rm  tasks w h ich  requ ired  the in te g ra tio n  o f b o th  

ob ject id e n tity  and object loca tion  w hen a de lay was im posed (G a ffan  &  

H a rriso n , 1989). M ish k in  and M u rra y  (1994) stated th a t to successfu lly
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p e rfo rm  tasks o f new  place le a rn in g , m onkeys m ust re ta in  m em ories fo r 

bo th  the lo ca tio n  and id e n tity  o f the  v isu a l s tim u lu s . W hen there w as no 

de lay im posed , m onkeys cou ld  successfu lly  pe rfo rm  new  place le a rn in g  

tasks since b o th  the  PPx and IT  cortices w ere in ta c t to separately process 

bo th  the lo ca tio n  and id e n tity  o f the  s tim u li. H ow ever, w hen  a de lay was 

im posed, h ip poca m pa l-les ion ed  m onkeys c o u ld  no t p e rfo rm  these new  

place le a rn in g  tasks since the lesioned m onkeys could n o t in tegra te , 

encode, and thus subsequently re trie ve  the lo ca tion  and id e n tity  o f the 

s tim u lu s  to  p e rfo rm  the task.

T im in g  D iffe rences fo r Lo ca tion  and Id e n tifica tio n  o f V isu a l O bjects 

The a b ility  o f neura l pa thw ays to m a in ta in  synchron ized e le c trica l 

signals depends on  synaptic transm iss ion  and conductance p roperties. 

S ig n ifica n t d iffe rences have been re p o rte d  in  the conduction  rates and 

response la tencies o f the pathw ays p ro je c tin g  to PPx and IT  in  response to 

v isua l s tim u li (D e rrin g to n  &  Lennie , 1984; H icks , Lee, &  V idyasagar, 1983; 

M erigan  &  M a u n se ll, 1993; R obinson &  Rugg, 1988). The size and 

d iam ete r o f ce lls and axons o f the M -p a th w a y  enable them  to  conduct 

im pu lses ra p id ly  and e xh ib it fin e  s e n s itiv ity  to  ra p id  changes in  s tim u lu s  

onset, o ffse t, and m ovem ent (B re itm eyer, 1992; D e rring to n  &  Lenn ie , 1984; 

G ouras, 1969; H icks  et al., 1983; K ap la n  &  Shapley, 1982; R ichm ond e t a l., 

1983; S ch ille r &  Logothetis, 1992; S ch ille r, Logothetis, &  C harles, 1991; 

S ch ille r &  S tryke r, 1972; Schwartz &  Loop, 1983; S ilverm an, T ric k , &  H a rt, 

1990; W illia m s , B re itm eyer, &  Lovegrove , 1991). Lesions to  the M - 

p a thw ay decrease the se n s itiv ity  to  ra p id  changes in  low  sp a tia l frequency 

s tim u li, and im p a ir the detection o f ra p id ly  m o v in g  or flic k e rin g  s tim u li 

(M erigan , B yrne , &  M aunsell, 1991; S ch ille r e t al., 1990a, 1990b). S im ila rly , 

in a c tiv a tio n  o f M -ce ll layers o f the L G N  s ig n ific a n tly  reduce, o r e lim in a te ,
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responses in  area M T  w ith in  the do rsa l pa thw ay (Desim one et al., 1980; 

M a u n se ll, N ea ley, &  D ePriest, 1990; M aunse ll &  V an Essen, 1983a).

Petersen, R obinson, and Keys (1985) exam ined the response 

p ro p e rtie s  o f neurons in  area Pdm  o f the p u lv in a r and the PPx in  

conscious m onkeys. In  th e ir task, as the m onkey gazed a t a p o in t o f lig h t 

(fix a tio n  p o in t) on  a screen, spots and bars o f lig h t were m oved in to  the 

m onkey 's  v isu a l fie ld . A cco rd in g  to  Petersen e t a l., extensive 

in te rconnections betw een area Pdm  (86 ms) o f the p u lv in a r and area 7 (90 

m s) o f the  p a rie ta l cortex account fo r the s im ila rity  in  the latencies 

be tw een these areas (M esulam , Van Hoesen, Pandya, &  G eschw ind, 1977; 

S tanton, C ruce, G o ldberg , &  R obinson, 1977; T ro janow ski &  Jacobson,

1976; W eber &  Y in , 1984).

In  a s tu d y  o f response characteristics o f neurons in  area TE in  a le rt 

a d u lt m onkeys, R ichm ond e t al. (1983) reported mean response onset 

latencies to  e ith e r s lits  o f lig h t, sine- o r square-wave gratings, shadow s o f 

objects, and the objects them selves. They found tha t 40% percent o f the 

199 neurons had latencies betw een 120-220 ms. In  a re lated s tud y, Gross 

and R odm an (1992) repo rted  th a t latencies in  a le rt in fa n t m onkeys ranged 

fro m  110 to  320 ms fo r responses to slides o f m onkey faces, scram bled faces, 

fo o d  item s, and geom etric patterns. In  a d d ition , Gross and R odm an 

re p o rte d  a m ean onset la tency o f ap prox im ate ly  134 ms fo r one IT  ne u ro n  

in  response to  a v is u a l s tim u lu s  presented at va rious locations in  the 

ce n tra l v is u a l fie ld  o f a 12-w eek-old m onkey. A d d itio n a lly , B aylis , R o lls, 

and Leonard  (1987) repo rted  latencies fo r IT  neurons in  a d u lt m onkeys 

consis ten t w ith  those o f Gross and Rodm an (1992).

S ing le  u n it record ings fro m  the fundus o f the superio r te m p o ra l 

su lcus (STS) supports  d iffe re n tia l conduction  rates between the tw o
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pathw ays. Th is area o f the STS has been show n to receive pro jections 

fro m  IT  and con ta ins cells w h ich  are responsive to  fac ia l features (Bruce, 

Desim one, &  G ross, 1977,1981; Desim one &  Gross, 1979; Gross et al., 1972; 

R olls et a l., 1977; Seltzer &  Pandya, 1978; see also A gg le ton , B urton, &  

Passingham , 1980; Jacobson &  T ro janow sk i, 1977; Jones &  Pow ell, 1970; 

Seltzer &  Pandya, 1978). In  support o f th is  v ie w , Bruce et al. (1981) found 

response latencies ra n g in g  from  200 - 300 ms in  seven face-selective cells o f 

the dorsal (a n te rio r) bank o f the STS. S im ila rly , P errett, Rolls, and Caan 

(1982), assessed s ing le  u n it response p rope rties  in  497 cells in  a d jo in in g  

tissue o f the fu n d u s  o f the STS. U s ing  a shu tte r con tro lle d  presentation, 

they presented s im p le  and com plex, n e u tra l and arousing, 2- and 3- 

d im ensional geom e trica l s tim u li and objects as w e ll as real, pro jected, 

p a rtia l, com plete, and jum b led  facia l features o f rhesus m onkeys. P erre tt 

e t al. found  n e u ro n a l responses to faces in  48 o f the cells. These ce ll 

responses w ere exc ita to ry , sustained, and tim e-locked to s tim u lus 

presentation, w ith  m ore than 85% o f these face-selective cells ev idenc ing  

latencies betw een 100 -160 ms. M oreover, a subset o f neurons w ere o n ly  

responsive to faces presented fove a lly  and evidenced a mean onset latency 

o f 125 ms. I t  is no tab le  tha t more than h a lf o f these face cells evidenced a 

constant response m agn itude despite ro ta tio n  o r a lte rations in  the co lo r, 

size, o r d istance o f the fac ia l s tim u li.

These re la tiv e  differences in  RT are consistent w ith  p rio r research 

tha t has ind ica ted  100-150 ms RT advantage fo r lo w  spa tia l frequency 

gratings and v is u a l patterns w hen processed by the dorsal pa thw ay than 

w hen processed b y  the ven tra l pa thw ay (B re itm eyer, 1992; Petersen, 

Robinson, &  Keys, 1985; R ichm ond et a l., 1983; R obinson &  Rugg, 1988; 

S ch ille r &  Logo the tis , 1992; Schiller, Logothe tis , &  Charles, 1991;

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



25

S ilverm an e t a l., 1990). These stud ies have dem onstrated a consistent 

advantage in  co n d u c tio n  rates and response latencies w h ich  range fro m  30 

ms to  200 ms in  the m a gno ce llu la r system  and the dorsa l pa thw ay w h ich  

leads to  PPx, re la tive  to  the  p a rvo ce llu la r system and ve n tra l pa thw ay 

lead ing  to IT .

D eve lopm enta l D ys lex ia  Research and the D ua l P athw ay M ode l

The s ign ificance  o f d iffe re n tia l conduction  rates and response 

latencies betw een the pa thw ays p ro je c tin g  to PPx and IT  have been show n 

to  in fluence processing o f v isu a l text in  dyslexics. Recently, d ifferences 

have been id e n tifie d  in  the  m agnoce llu la r and p a rvo ce llu la r processing 

rates in  v isu a l dys lex ics (G alaburda &  L iv ingstone, 1993; Lovegrove, 1993). 

A na lys is  o f the L G N  o f fiv e  dyslexics revealed a 27% re duction  in  the size 

o f M -ce ll layers re la tiv e  to  the P -cell layers o f the LG N  (C onley &  

F itzp a trick , 1989; Leven tha l, R odieck, &  Dreher, 1981; P erry, O eh ler, &  

C ow ey, 1984). S m a lle r ce ll bodies shou ld  produce th in n e r axons w h ich  

s low  conduction  ve lo c itie s  (C opp in  &  Jack, 1972; G alaburda, 1993; H ursh , 

1939). G alaburda and L iv ing ston e  (1993) have speculated tha t th is  

decrem ent in  the M -ce lls ' fu n c tio n  m ay occur at m any leve ls w ith in  the 

v isu a l pa thw ay, and th a t these cum u la tive  processing ab norm a lities  and 

delays lik e ly  re su lt in  "20-50 ms delays in  the evoked p o te n tia l and 100-200 

ms delays in  tasks th a t requ ire  v isua l d iscrim ina tio n " (p. 77 ).

G alaburda and L iv ing s ton e  (1993) have reported reductio ns in  the 

v isu a l evoked responses fo r s tim u li processed by the m agno ce llu la r 

pa thw ay in  ove r 75% o f the dyslexic ch ild re n  tested (L iv in g s to n e , Rosen, 

D ris lane, &  G alaburda, 1991; Lovegrove, 1993; Lovegrove e t a l., 1990; 

Lovegrove, M a rtin , &  S laghuis, 1986; M a rtin  &  Lovegrove, 1987).

D yslexics have also been show n to be s ig n ifica n tly  s low er than  co n tro l
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p a rtic ip a n ts  in  the m axim um  ra te  at w h ic h  th e y  detect contrast reversa l o f 

b in o c u la rly  presented checkerboard pa tte rns (i.e., flic ke r fus io n  rates) a t 

b o th  lo w  sp a tia l frequencies and contrasts. Yet, these p a rtic ipa n ts  pe rfo rm  

n o rm a lly  i f  a llo w e d  p ro lon ged  s tim u lu s  p resen ta tion  (G alaburda &  

L iv in g s to n e , 1993; L iv ing s ton e  e t al., 1991; Lovegrove, 1993; Lovegrove , 

B illin g , &  S laghuis, 1978; Lovegrove et al., 1990; Lovegrove e t a l., 1986; 

M a rtin  &  Lovegrove, 1987). Th is d ysyn ch ro n y  in  tim in g  betw een the 

m a g n o ce llu la r and p a rvo ce llu la r system  m ay account fo r such d ys le x ic  

im p a irm e n ts  as le tte r and w o rd  reversals as w e ll as errors in  s p a tia l 

lo c a liz a tio n  w h e n  read ing text.

Spatia l A tte n tio n  and the D u a l P athw ay M odel

Recent research in  the  area o f v isu a l a tte n tio n  supports the  v ie w  

th a t the d u a l pa thw ays process and tra n sm it fun da m en ta lly  d iffe re n t 

e lem ents o f v is u a l in fo rm a tio n  (M ountcastle , 1978, 1979; M o un tca s tle , 

A nde rson , &  M o tte r, 1982; M ountcastle , Lyn ch , G eorgopoulos, Sakata, &  

A cuna , 1975; M ountcastle , M o tte r, S te inm etz, &  D u ffy , 1984). W h ile  bo th  

PPx and IT  are active in  response to the expectancy o f incom ing  

in fo rm a tio n , th e y  have been show n to do so based on d iffe rin g  s tim u lu s  

elem ents (D esim one et a l., 1980; Desim one &  Gross, 1979; G o ld b e rg  &  

Seagraves, 1987; W urtz et a l., 1980, 1982). T h is  v ie w  is s tro n g ly  endorsed 

b y  C ohen (1993), w ho states, "The a c tiva tio n  o f neura l systems in  each o f 

these areas before a target s tim u lu s  is presented produces d iffe re n t 

a n tic ip a to ry  effects."

In ve s tig a tio n  o f the effects o f a tte n tio n  to location, lu m in a n ce , and 

m ovem ent on  the fir in g  ra te  o f neurons in  PPx are consistent w ith  

d isso c ia tio n  o f fun c tion  betw een PPx and IT . This fin d in g  has been 

su p p o rte d  b y  Corbetta, M ie z in , D obm eyer, Shulm an, and Petersen (1991)
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using p o s itro n  em ission tom ography, w ho  reported th a t sites in  PPx were 

activated w he n  pa rtic ipa n ts  w ere ins truc ted  to attend to the rate o f 

m ovem ent o f a set o f colored bars, whereas in s tru c tin g  them  to attend to 

the shape, o r the co lo r, o f the m o v in g  bars activated sites in  in fe rio r 

co rtica l regions.

A tte n tio n  to  spa tia l aspects o f v isua l s tim u li, w ith  o r w ith o u t eye 

m ovem ents, enhances responses in  PPx in  behaving a le rt m onkeys 

(B alin t, 1909; B isiach et al., 1979; B ushnell, G oldberg, &  Robinson, 1981; 

Farah, 1990; Hecaen &  de A ju ria g u e rra , 1954; H yva rin e n , 1982; H yva rin en , 

Poranen, &  Jokinen, 1980; M e rig a n  &  M aunsell, 1993; M ountcastle  e t al., 

1975; G oldm an-R akic, 1992). In  con trast, a ttention to  id e n tity , pa ttern, 

co lor, o r b o th  p a tte rn  and co lo r on  delayed m atching tasks suppresses the 

responses o f PPx neurons (Fuster &  Jervey, 1981; Gross e t al., 1979; M ik a m i 

&  Kubota, 1980; R id le y  &  E tlinge r, 1973).

C onverse ly, a tten tion  to  id e n tity , pattern, co lo r, o r bo th  pa tte rn  and 

co lor on de layed m atch ing tasks enhances responses in  IT  in  behaving 

a le rt m onkeys (Fuster &  Jervey, 1981; Gross et al., 1979; M ik a m i &  K ubota, 

1980; R id le y  &  E tlinge r, 1973). In  contrast, a ttention to spa tia l aspects o f 

v isua l s tim u li suppresses the responses o f IT  neurons (B ushnell et a l.,

1981; R ichm ond &  Sato, 1982; R ichm ond, Sato, &  W u rtz , 1982; R ichm ond 

&  W urtz , 1982; R ichm ond et al., 1983).

Research by  Posner (1992) o n  processes in vo lve d  in  v isu a l a tte n tio n  

have focused on fu rth e r cha racte riz ing  the in te raction  o f cog n itive  and 

neura l system s. Based on his research w ith  norm a l con tro ls, n e u ro log ica l 

patients, and M acaque m onkeys, Posner (1992) has proposed the existence 

o f a p o s te rio r a tten tio n  ne tw ork. T h rough  this ne tw o rk , the PPx signals 

the m id b ra in  to disengage a tte n tio n  fro m  a current focus to prepare fo r a
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con tra la te ra l s h ift o f a tte n tio n  (Posner &  C ohen, 1984; G oldm an-R akic, 

1988; Posner, 1992). The superio r co llicu lu s  then carries o u t the s h ift o f 

a tten tio n  to a new  re g io n  (see also Sparks &  M ays, 1980). F in a lly , the 

p u lv in a r locks a tte n tio n  in  place (Petersen et a l., 1985; Petersen, R obinson, 

&  M o rris , 1987; Posner &  Petersen, 1990).

Damage to the sites in  the po ste rio r a tten tio na l n e tw o rk  produce 

p red ictab le  de fic its . In d iv id u a ls  w ith  dam age to the PPx neglect the side o f 

space con tra la te ra l to  the lesion, (i.e., h e m i-in a tte n tio n  and hem i-neg lect; 

B a lin t, 1909; H o lm es, 1918; Hecaen, P en fie ld , B ertrand, &  M a lm o , 1956; 

D enny-B row n &  C ham bers, 1958; H e ilm a n , Pandya, K aro l, &  G eshw ind , 

1971; H e ilm an  &  V a lenste in , 1972; H e ilm a n , W atson, &  V a lenste in , 1985). 

These in d iv id u a ls  are perm anently im p a ire d  in  th e ir a b ility  to  disengage 

fro m  previous ip s ila te ra l foc i o f a tten tio n  to  locate targets in  co n tra la te ra l 

space despite in ta c t v isu a l fie lds (C ritch ley , 1966; Posner et al., 1984).

Aston-Jones and colleagues (Aston-Jones &  Bloom , 1981; A s to n - 

Jones, Foote, &  B loom , 1984; Posner &  Petersen, 1990) have re p o rte d  tha t 

in  m onkeys the p a rie ta l lobe, p u lv in a r, and sup erio r co llicu lu s  receive 

heavy in p u t o f no re p in e p h rin e  fibers fro m  the locus coeruleus, a 

b ra instem  nucleus a t the leve l o f the fo u rth  ven tric le  (Foote, B e rrid ge , 

A dam s, &  P ineda, 1991). This is in  con trast to the ven tra l v is u a l p a th w a y  

w h ic h  receives fa r less inne rva tion  w ith  norep inephrine . Posner and 

R aichle (1994) p o s it th a t norep inephrine  m odulates levels o f a rousa l.

T hey assert tha t "no rep inephrine  can in flu ence  a system 's speed and 

e ffic ie ncy  o f o p e ra tion , depending on the leve l o f the neurochem ica l 

present. Because the o rie n tin g  system is under the in fluence o f 

no rep inephrine  to  a greater extent than the pa tte rn  recogn ition  system , we 

suspect tha t the o rie n tin g  system w ill change in  speed o r e ffic ie n c y  un de r
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circum stances w hen  the "w ha t" ( id e n tity ) p a rt o f the v isu a l system  does 

no t" (p. 211). C onsisten t w ith  th is  fin d in g  they report th a t p resen ta tion  o f 

a readiness s igna l to  prepare fo r a task in fluences the o rie n tin g  system  

in v o lv in g  the do rsa l pa thw ay, b u t has lit t le  effect on the ac tu a l speed o f 

p a tte rn  re co g n itio n  in v o lv in g  the v e n tra l pa thw ay o f the v is u a l system .

The Role o f C o lo r fo r P rocessing V isual Objects

Recent research and c lin ica l fin d in g s  have increased o u r 

un ders tan d ing  o f the co rtica l ro le  in  c o lo r v is io n  and its  ro le  in  object 

processing (D a v id o ff, 1991; Sacks, 1 9 9 5 ).^  These find ings  p ro v id e  su p p o rt 

fo r the ro le  o f the v e n tra l pa thw ay in  co lo r processing, and in d ica te  th a t 

elem ents o f co lo r and fo rm  are processed w ith in  separate d iv is io n s  o f the 

ve n tra l pa thw ay on  the w ay to IT  (G ross, 1994; L iv ingstone &  H u b e i, 1988; 

M a rtin -E lk in s  &  H o re l, 1992; Zeki, 1989, 1992). For the m ost p a rt, 

how ever, advances in  the u n d e rs ta n d in g  o f the neuroana tom y u n d e rly in g  

co lo r v is io n  have n o t led  to the v ie w  th a t co lo r is essential to  ob ject 

re c o g n itio n .

The m a jo rity  o f object re co g n itio n  theories suggest th a t 

id e n tific a tio n  and re cogn ition  o f v isu a l in p u t is based on edge-de tection . 

M o st o ften, co lo r is v iew ed  as a surface feature, unnecessary fo r the in it ia l 

processes o f object recogn ition  (B iederm an, 1987; D a v id o ff, 1991; M a rr, 

1982). C onsistent w ith  th is  v ie w p o in t, a num ber o f in ve s tig a to rs  have 

fo u n d  no d iffe rence in  the speed o f ob ject recogn ition  betw een 

photographs and d raw ings presented in  co lo r and black and w h ite  

(B iederm an &  Ju, 1988; D a v id o ff &  O stergaard , 1988). O bject re c o g n itio n  

speed has also been show n to be ind epe nde n t o f co lor d ia g n o s tic ity  (i.e ., 

w h e th e r objects have been seen co n s is te n tly  in  the e n v iro n m e n t as a 

specific  co lo r; fo r instance, a ye llo w  sun  versus a ye llo w  pen; B iede rm an  &
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Ju, 1988; O stergaard &  D a v id o ff, 1985; W u rm , Legge, Isenberg, &  Luebker,

1993).

In  contrast to  D a v id o ff (1991) and others, Price and H um phreys 

(1989) suggest th a t co lo r can be essential to  the in it ia l processes o f object 

re cogn ition . Price and H um phreys argue th a t co lo r can be im p o rta n t fo r 

object re cogn ition  w h e n  objects are o f the same category or are s tru c tu ra lly  

s im ila r, such as d is c rim in a tin g  between an orange and a g ra p e fru it. A lso , 

W u rm  et a l., (1993) have reported  tha t co lo r fac ilita tes speed o f object 

re cog n itio n  w hen  p a rtic ip a n ts  v ie w  less p ro to ty p ic a l, ra ther than  m ore 

p ro to typ ica l, objects. N evertheless, in  each o f the color studies re ferred to 

above, researchers have used RT to ve rba l na m ing  as the dependent 

m easure fo r ob ject re co g n itio n . U n fo rtu n a te ly , the generation o f verba l 

labels fo r v isu a l objects takes place a fte r v isu a l processes u n d e rly in g  object 

re cogn ition  a lready have occurred and thus obscure any effect o f co lo r on 

RT. Th is perspective  is supported  by the w o rk  o f W arring ton  and Shallice

(1979) and S hallice (1985) w ho  note tha t ob ject names and objects in vo lve  

fu n d a m e n ta lly  d iffe re n t processing system s. In  th e ir v iew , object names 

are understood b y  a le x ica l sem antic system , whereas the v isu a l objects 

them selves are un ders too d  b y  a separate v isu a l conceptual system .

Researchers such as Tsai and Lavie (1993), have sought to exp lore 

the re la tio n  o f co lo r, shape, and location u s in g  a key press, ra the r than a 

ve rba l response. By th is  m ethod, Tsai and Lavie  sought to de term ine i f  

p a rtic ip a n ts  a u to m a tica lly  attended to one s tim u lu s  a ttribu te , such as 

loca tion , i f  cued to  focus upon  another a ttrib u te  such as co lor o r shape.

Tsai and Lavie , a rgued th a t p r io r studies, such as Nissen (1985), 

con founded processing o f targets from  nontargets as w e ll as the 

d is c rim in a tio n  o f lo ca tio n  fro m  co lo r o r shape. A ccord ing  to Tsai and
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Lavie , th is  w as due to sim ultaneous presentation o f ta rge t and nontarge t 

item s in  a sm a ll area o f the v isu a l fie ld . Thus, Tsai and Lavie asserted, 

N issen's fin d in g s  cou ld  no t be considered to have so lved e ither the issue 

o f w h ich  a ttrib u te  preceded another o r i f  one a ttrib u te  is bound to another. 

A s a resu lt, th e y  argue one m ust question N issen's fin d in g s  that 

pa rtic ipa n ts  w e re  equa lly  accurate w hen focusing on loca tion  and 

re p o rtin g  co lo r and shape, o r w hen focusing on co lo r and shape, and 

re p o rtin g  lo ca tio n . A d d itio n a lly , one m ust the re fo re  question N issen's 

conclusion th a t loca liza tion  o f item s is necessary fo r correct in te g ra tion  o f 

the other fea tures o f color and shape.

In  th e ir experim ents, Tsai and Lavie (1988, 1993) presented 

p a rtic ip a n ts  w ith  in d iv id u a l le tte r cues o f a p a rtic u la r co lo r, shape, o r 

loca tion  fo llo w e d  less than 100 ms a fte rw ard  by a c irc le  o f 6 to 8 d iffe re n t 

ta rget and n o n ta rg e t letters. The cue le tte r d irected pa rtic ipan ts  to respond, 

o r w ith h o ld  response, to id e n tify  as m any letters as possible by e ithe r th e ir 

co lo r, shape, o r location, and then a fte rw ard  re p o rt any nontarget le tte rs . 

A cco rd ing  to  Tsa i and Lavie, presentation o f the le tte r cue w o u ld  p roduce  

an a tte n tio n a l processing advantage fo r item s sha ring  the cue p ro p e rty , 

and te m p o ra rily  suppress or b lock item s w h ich  lacked th is  a ttribu te . Tsa i 

and Lavie re p o rte d  that the a d d itio n a l letters tended to  be those at, o r 

adjacent to , the  cue location ra ther than those w h ich  shared the cue 

p ro p e rty  (e.g., o the r red letters). Tsai and Lavie fo u n d  tha t selective 

processing o f targets specified by co lo r o r shape is accom plished by 

a ttend ing  to  th e ir locations, and th a t the processing o f shape o r co lo r co u ld  

n o t be ach ieved w ith o u t a ttend ing  to location, also. They concluded th a t 

lo ca liza tio n  o f item s is an autom atic, conscious, and necessary p recu rso r to

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



32

the  in te g ra tio n  o f co lo r a n d /o r shape, and tha t i t  acts to b in d  these 

features.

U n fo rtu n a te ly , a series o f design lim ita tio n s  lim it the conclusions 

w h ic h  can be d ra w n  fro m  the studies o f Tsai and Lavie (1988, 1993). Their 

cues across the d iffe re n t con d ition s w ere  inconsistent in  d u ra tio n , and 

w ere  presented fo r less than  100 ms. A cco rd in g  to Bloch's law , th is  causes 

the cues to d iffe r in  apparen t brightness. B loch's law  states th a t there is an 

inverse  re la tio n  betw een s tim u lu s  d u ra tio n  and apparent b righ tness fo r 

s tim u li presented fo r d u ra tio n s  be low  100 ms. M oreover, as cues were 

fo llo w e d  b y  an in te rs tim u lu s  in te rva l (IS I) w h ich  was too b rie f to  saccade 

to  new  locations, p a rtic ip a n ts  were lik e ly  to re p o rt m ore item s fro m  tha t 

loca tion . In  a d d itio n , betw een experim ents, cue type, and set size were not 

preserved. F in a lly , the  s tim u li were n o t equated fo r le tte r frequency, and 

the de te rm ina tio n  o f ta rg e t sets was based on subjective c rite ria . Thus, 

desp ite  th e ir e ffo rts , i t  is n o t possible to  de term ine if  loca tion , shape, o r 

co lo r are processed in d iv id u a lly  o r together.

A lte rn a tiv e ly , T re ism an and colleagues have sought to  exam ine the 

processing o f in d iv id u a l and m u ltip le  v is u a l feature d im ensions th rough  

an a tte n tio n a l-s p o tlig h t m odel. In  th is  m odel, in d iv id u a l fea tures such as 

o rie n ta tio n , co lo r, and spa tia l frequency are processed in it ia lly  in  p a ra lle l 

to  fo rm  an in te rn a l m ap o f preconscious feature boundaries (T re ism an, 

1992; T reism an &  G orm ican , 1988). W h ile  d isc rim in a tio n  o f the  presence 

o f in d iv id u a l fea ture dim ensions can take place a t this ea rly  stage, 

consciousness o f the loca tions w here features are conjo ined in  the  v isua l 

scene can take place o n ly  th roug h  the subsequent seria l m echan ism  o f 

fo ca l a tten tion .
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I t  is e v id e n t, the re fo re , tha t researchers d iffe r considerab ly in  the ir 

be lie fs as to  w h e th e r loca tion , co lo r, and fo rm  are preconscious, 

spontaneously encoded, a p rio ri substrates fo r a ll fu rth e r s tim u lu s  

processing o r w h e th e r th e y  are independent, u n ita ry  features, in it ia lly  

ava ilab le  to  consciousness and w ith o u t p rim a cy  over o ther fea ture 

d im ensions. T h is  o n g o in g  con trove rsy p r im a rily  m ay be due to a fa ilu re  

o f these stud ies to: s u ffic ie n tly  assess the independence o f loca tion , form , 

and co lo r; m a in ta in  c o n tin u ity  betw een the s tu d y  and the test phase 

co n d ition s ; and, account fo r the in h e re n t d ifferences in  s igna l p ropagation  

speed betw een the p a th w a y  subserv ing  loca tion  and the pa thw ay 

con vey ing  fo rm  and co lo r in fo rm a tio n .

B iederm an's P erceptuallv-B ased M ode l fo r Processing V isu a l Objects

In  h is "re c o g n itio n  by com ponent" the o ry  o f object re co g n itio n , 

B iederm an (1987) proposes tha t w e parse constituen t features o f v isu a l 

in p u t in to  edges and boundaries based on the gestalt p rin c ip le s  o f 

p ro x im ity , s im ila r ity , co n tin u a tio n , and closure to detect a series o f 

contrasts te rm ed  sm oo th  co n tin u a tio n , co te rm ina tion , p a ra lle lis m , and 

sym m etry  w h ic h  re m a in  in v a ria n t despite changes in  the p o s itio n  o f the 

observer. These p rope rties  are con jo ined in to  a set o f 24 basic geom etric 

p rim itiv e s  (e.g., cones, spheres, cy linde rs , b locks, wedges) te rm ed "geons" 

w h ich  m ay be jux tapose d  in  over one hu ndred  p repos itiona l re la tio n s  

(e.g., above, be low , beside). Once the geons are parsed, they are m atched 

a u to m a tica lly  aga inst representa tions in  lon g -te rm  m em ory in  a p a ra lle l 

process th ro u g h  m any sim ultaneous matches. Thus, objects can be 

recognized ra p id ly  and accurate ly b y  the id e n tifica tio n  o f th e ir constituen t 

geons even w hen  m ore than one-ha lf o f an object's geons are de le ted  or 

obscured (B iederm an e t al., 1 9 9 3 ).
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Biederm an suggests th a t h is research is s tro n g ly  supportive  o f a 

dua l system  o rgan iza tion  fo r the  perception and processing o f visua l 

sensory in p u t. He argues th a t there is an evo lu tio n a ry  basis fo r 

independent dorsa l and v e n tra l processing streams subserving v isua l 

processing. H e states th a t the  dorsal pa thw ay represents such m etric 

a ttribu tes o f spa tia l lo ca tio n  as size, pos ition , o rie n ta tio n , and depth w h ich  

subserve such spa tia l and m o to r in teractions as reaching, grasping, 

na v iga tin g  to w a rd  objects, and c ircum naviga ting  a round  obstacles in  one's 

path, w ith o u t the d e te rm in a tio n  o f an object's id e n tity . In  sup po rt o f h is 

v iew , B iederm an and C ooper (1992) reported a s tu d y  in  w h ich  pa rtic ipa n ts  

were faster and m ore accurate a t nam ing p re v io u s ly  presented item s in  an 

o ld -new  shape re cogn ition  task w hen objects rem ained unchanged versus 

w hen they w ere com pared a t a d iffe re n t size.

B iederm an suggests th a t the ven tra l pa thw ay conveys in fo rm a tio n  

subserving object id e n tity . H e asserts tha t an essential requ irem ent o f th is  

shape pa thw ay is tha t it  m u st be capable o f a c tiva tin g  the same m enta l 

representations despite w id e  va ria tions in  sensory param eters. He states 

tha t the m agnitude o f pe rcep tua l p rim in g  o f v isu a l objects is de te rm ined  

e n tire ly  by the capacity o f a s tim u lu s  to activate m enta l representations o f 

the geons and the ir in te rre la tio n s , ra ther than the absolute presence o f the 

specific vertices and edges a c tu a lly  present in  the v isu a l in p u t. M oreover, 

B iederm an reports th a t co lo r facilita tes object recogn ition  o n ly  i f  o ther 

shape cues are absent o r degraded (Biederm an &  Ju, 1988), and concludes 

tha t co lor, shading, and tex tu re  are unnecessary fo r v isu a l object 

id e n tific a tio n  unless one w ishes to d iscrim ina te  am ong s im ila r ly  shaped 

objects. B iederm an argues tha t th is strong invariance fo r shape 

recogn ition  reflects a fundam en ta l p a rtitio n in g  in  the w ay th a t the b ra in
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handles shape and he reaches the conclusion , "tha t a llo w in g  fo r response 

se lection, object n a m in g  RTs m ay p ro v id e  a re la tive ly  p u re  m easure o f the 

fu n c tio n in g  o f the shape system  (B iederm an e t al., 1993, p . 121)." A s 

evidence fo r th is v ie w , B iederm an cites stud ies in  w h ich  he fo u n d  an 

equa l m agn itude fo r p e rcep tua l p rim in g  fo r the associated response names 

o f nonsense d raw ings desp ite  a lte ra tions in  the, "p o s itio n , size, re flec tion , 

o rie n ta tio n , and ro ta tio n  in  depth  up to occlusion o f pa rts" o f the objects 

(B iederm an et al., 1993; B iederm an &  C ooper, 1991a, 1991b, 1992; 

G erhardste in  &  B iederm an, 1991, M ay).

The same com p lica tion s  occur, how ever, as a re su lt o f B iederm an's 

choice o f "nam ing" RT as the c ritic a l m easure o f object p rocessing 

(B iederm an &  C ooper, 1992; B iederm an e t al., 1993). In  h is  se lection  o f 

na m in g  as the c ritic a l m easure o f v isu a l system  fun c tion , he has chosen a 

be hav io ra l outcom e w h ic h  appears to occur after com ponent processes o f 

v is u a l object pe rcep tion , analysis, and id e n tifica tio n  have taken place. 

Thus, his fa ilu re  to fin d  differences in  sp ite  o f changes in  p o s itio n , size, 

re fle c tio n , and o rie n ta tio n  lik e ly  results fro m  the selection o f a m easure 

w h ic h  occurs too late in  v isu a l object processing to detect a n y  o f these 

d ifferences. A lso , h is  se lection o f a na m ing  response necessitates 

in vo lve m e n t o f a sem antic system  w h ich  m ay fu rth e r in flu e n ce  RT 

measures. Thus, the se lection o f nam ing  as the basic response m easure, 

also lim its  the conclusions w h ich  can be d raw n  from  th is  research.

H um p hre ys ' Sem anticallv-Based M ode l fo r Processing V is u a l O bjects

F o llo w in g  lo w -le v e l perceptua l processing, such as fig u re -g ro u n d  

segm entation and in te g ra tio n  o f loca l and global fo rm  d e s c rip tio n  

consistent w ith  M a rr and N ish iha ra  (1978), H um phreys po s its  th a t 

s tru c tu ra l, sem antic, and phono log ica l processing stages are a c tiva te d  to
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p e rm it re co g n itio n  and n a m in g  o f v is u a l objects (H um phreys et al., 1987). 

These three d iscre te  processing system  stages are activa ted in  cascade. 

H um phreys proposes th a t access to s to red  s tru c tu ra l descrip tion  is 

in fluenced  b y  percep tua l d is tinc tiveness in  the p rim a ry  stage. A t the 

secondary stage, he reports th a t access to  fu n c tio n a l and associative 

sem antic know ledge is affected by  p ro to ty p ic a lity . A t the fin a l stage, he 

adds th a t access to  o u tp u t ph ono logy is a ffected by  nam ing frequency 

(Boucart &  H um phreys, 1992, 1994; H um p hre ys  &  R iddoch, 1987a;

R iddoch &  H um phreys, 1987b). To fu rth e r exam ine th is  m odel, B oucart 

and H um p hre ys (1994) in itia te d  a series o f object m atch ing  studies.

In  th e ir stud ies, B oucart and H u m p h re ys  (1994) sought to 

d is tin g u ish  w he the r p a rtic ip a n ts  a ttend  and m atch d raw ings o f objects 

based u p o n  selective d im ensions o f o rie n ta tio n , size, lum inance, and 

co lo r w ith o u t sem antic in fo rm a tio n  p re ce d in g  and d e te rm in in g  RTs and  

accuracy. O n each tria l, p a rtic ip a n ts  w ere  in it ia lly  presented w ith  a 

reference object, w h ich  was im m e d ia te ly  fo llo w e d  by  a 100 ms p a tte rn  

mask. N ext, p a rtic ipa n ts  w ere show n tw o  objects s im u ltaneous ly  (i.e ., a 

target and a d is tracte r), and w ere asked to  press the le ft o r r ig h t key to 

ind ica te  w h ic h  o f the tw o  objects was the ta rge t object. P artic ipan ts w ere  to  

choose the ob ject tha t m atched the reference object on the designated 

d im ens ion  (i.e ., o rie n ta tio n , size, lum inance , o r co lor).

In  a ll o f th e ir stud ies B oucart and H um phreys (1994) fo u n d  th a t RTs 

were fastest and e rro r rates w ere low est w hen  the reference and the ta rg e t 

were p h ys ica lly  id e n tica l to the reference s tim u lu s . This fin d in g  has been 

con firm ed  repeated ly since it  was firs t re p o rte d  b y  Posner and M itc h e ll 

(1967) w h o  de term ined th a t m atch ing  w as faster w hen le tte rs w ere  

p h ys ica lly  id e n tica l than w hen they m e re ly  had the same nam e (see also
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E llis , A llp o rt, H um phreys, &  C o llis , 1989). Fu rther, Boucart and 

H um p hre ys fo u n d  th a t in  experim ents o f o rie n ta tio n  and size (fo r ou tline  

d ra w in g s ), there was fa c ilita tio n  w hen the ta rge t was sem antica lly-re la ted 

to the reference object, b u t in h ib itio n  w h e n  the d istracte r was 

sem antica lly-re la ted  to  the reference object. In  contrast, they fo u n d  no 

effects o f sem antic relatedness fo r d is c rim in a tio n  o f size (fo r silhouettes), 

co lo r, lum inance w ith  o u tlin e , s lig h tly  fragm ented  o u tlin e , and h ig h ly  

fragm ented  "non-nam eable" o u tlin e  fo rm s. They note tha t th e ir results 

cannot be due to unequa l d iffic u lty  o f d isc rim in a tio n  o r task co m p le x ity  as 

they sough t to  co n tro l fo r these factors. As a resu lt, Boucart and 

H um p hre ys acknow ledge the ir experim ents produced fin d in g s  w h ich  are 

d if f ic u lt  to in te rp re t based on v isua l system  organ iza tion .

In te rp re ta tio n  o f Boucart and H um p h re ys ' (1994) fin d in g s , 

u n fo rtu n a te ly , are ham pered by  a range o f problem s w ith  th e ir 

experim en ta l design. Item s both w ith in  and across studies w ere n o t 

con s is ten tly  counterbalanced or equated fo r practice, fa m ilia rity , ty p ic a lity , 

n u m be r and o rie n ta tio n  o f axes. In  a d d itio n , item s were se lective ly  

changed, deleted, replaced, added, and redraw n.

B oucart and H um phreys in it ia lly  asserted tha t p a rtic ip a n ts  cannot 

re fra in  fro m  accessing sem antic in fo rm a tio n  in  the perception and re­

pe rce p tio n  o f objects. Later they m o d ifie d  th e ir v iew  to say th a t autom atic 

sem antic ac tiva tion  and fa c ilita tio n  d isappear w hen tasks are e ith e r "too 

easy o r too d iffic u lt."  F in a lly , Boucart and H um phreys concluded that, 

"task d iff ic u lty  per se does not de term ine w he ther sem antic e ffects occur 

(p. 77)." W h ile  they note tha t increasing RT shou ld  enhance sem antic 

processing, th e ir argum ent, how ever, does n o t exp la in  w h y  w h e n  s tim u li 

w ere presented upside dow n (Boucart &  H um phreys, 1992), in
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incongruen t colors (Price &  H um p hre ys , 1989), in  non-canonical 

orien ta tions (Jolicoeur, 1985, 1990), in  s ilhouette  (Boucart &  H um phreys,

1994), o r to a v isua l agnosic, RTs increased, w h ile  the effects o f semantic 

processing were s ign ifican tly  reduced. They suggest tha t w hen partic ipants 

attend to co lo r and lum inance, they filte r access to  o rien ta tion  and size, 

w h ich  they characterize as h ig h -le ve l fo rm  in fo rm a tio n . F ina lly , they 

a d m it tha t th e ir m odel does n o t exp la in  m any inconsistencies in  the ir 

find ings  stating:

A lth o u g h  this p roposa l explains the lack  o f semantic effects in  

the lum inance and co lo r m atching tasks, i t  does not exp la in  w h y  

sem antic effects d id  occur in  the o rie n ta tio n  and size m atch ing 

tasks. Presumably, b y  a ttend ing to these sim ple properties o f 

fo rm , analyzed ea rly  in  the v isua l processing stream, partic ipants 

ou g h t to filte r ou t access to h igh  leve l fo rm  in fo rm a tion . 

E v id e n tly  this d id  n o t occur (p. 77).

In  the end, they conclude that, "there is au tom atic access to semantic 

know ledge fro m  objects, b u t o n ly  w hen partic ipan ts  attend to g loba l fo rm  

in fo rm a tion . O ther properties o f objects, such as the ir co lor and in tens ity , 

can be attended selectively (Boucart &  H um phreys, 1994, p. 79)." Thus, 

conclusions and in terpreta tions fro m  these stud ies necessitate 

considerable qua lifica tion  to account fo r recent research in to  the 

o rgan iza tion  o f the higher o rde r v isua l system.

P ilo t RT Study o f Location and Id en tifica tion  o f V isua l Objects 

This p ilo t  study sought to determ ine i f  the pa ttern o f RTs for 

detection o f location, iden tity , and loca tion+ iden tity  o f v isua l objects was
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consistent w ith  the p roposed o rgan iza tion  o f the d u a l pa thw ay  model.19 

In  a d d ition , th is  s tudy sough t to assess whether processing cues presented 

upon  the onset o f each tr ia l cou ld  m ean ing fu lly  a lte r the pa tte rn  o f RTs 

fo r de tection  o f location, id e n tity , and loca tion+ iden tity  o f v isua l objects.

Each tr ia l began w ith  the w arn ing , "T ria l Begins" in  the center o f 

the com pute r screen. Then, one o f fou r possible cues, (i.e., lo ca tion , 

id e n tity , lo c a tio n + id e n tity , and no change! was sho w n  in  the center o f the 

screen fo r  200 m illiseconds (ms). Next, the firs t a rra y  was presented, 

consisting o f three h o rizon ta l boxes displayed at the  center o f the screen 

fo r 300 m s; d u rin g  w h ich  a d ig it iz e d  line d raw ing  o f a single b lack-and- 

w h ite  object selected fro m  am ong the set o f 260 Snodgrass and V and e rw o rt

(1980) figu res  was show n fo r the fina l 100 ms in  one o f the b o x e s . ^ O  

N o rm a tive  data on the figu res  pe rm itted  counterba lancing item s bo th  

w ith in  and across cond itions fo r im ag ib ility , fa m ilia r ity , com p lex ity , 

concept frequency, and name agreement. Then, a fte r a de lay o f 0, 15, o r 30 

seconds, in  w h ich  the screen rem ained blank, pa rtic ipan ts  w ere sho w n  a 

second a rra y  o f three h o rizo n ta l boxes displayed in  the center o f the screen 

fo r 2200 ms. Tw o  hundred  ms after the onset o f th is  array, a s ing le  b lack- 

and -w h ite  object from  am ong the Snodgrass and V a n d e rw o rt figu res  was 

show n fo r  2000 ms in  one o f the boxes.21 Participants responded b y  

pressing one o f tw o response keys to ve rify  w he ther the in it ia l cue was 

"va lid " o r  " in v a lid " in  p re d ic tin g  the change, i f  any, between the f irs t 

array and the second array.

For example, i f  a p a rtic ip a n t was presented the cue, "L o ca tio n  O n ly ," 

and then sho w n a d ra w ing  o f a ham m er in  the fa r le ft box o f the f irs t 

array, fo llo w e d  by an iden tica l ham m er in  the m id d le  o r the fa r r ig h t box 

in  the second array, then the cue was "va lid " since the object had , indeed,
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changed location. I f  in  the second array, instead, the ham m er had been 

show n again in  the fa r le ft box, o r i f  a d iffe ren t object was presented in  any 

o f the  3 boxes, then  the cue was " in v a lid "  since the in it ia l object (the 

ham m er) had n o t reappeared at a new  location. The d iffe re n t tr ia l types 

w ere  presented ra n d o m ly  th ro ug h o u t three blocks and each b lock 

consisted o f 24 tria ls . T r ia l type and cue type were ra n d o m ly  pa ired such 

th a t fo r each tr ia l type , there was a 50% chance o f rece iv ing a va lid  or an 

in v a lid  cue.

I t  is notab le th a t partic ipants made few  errors (M  =.94). The RT data 

w ere  analyzed as a 4 (T ria l: location, id e n tity , loca tion+ iden tity , no change) 

x  4(Cue: loca tion , id e n tity , loca tion+ iden tity , no  change) analysis o f 

variance (A N O V A ). There were no m a in  effects for T r ia l o r  fo r Cue, but 

there was a T ria l x  Cue interaction. This T r ia l x  Cue in te rac tion  suggests 

th a t cue ins tru c tion s  appear to influence cogn itive  processes invo lve d  

w he n  m a k in g  ju d gm e n ts  about v isua l s tim u li. Partic ipants w ere fastest 

on  a ll tr ia l types i f  cues correctly  predicted the nature o f the tr ia l. Also, the 

pa tte rn  o f RTs ob ta ined in  the p ilo t s tudy  were consistent w ith  predictions 

o f the  dua l p a th w a y  m ode l since RTs fo r loca tion  judgm ents preceded 

id e n tity  judgm ents  and, bo th  location and id e n tity  alone preceded 

lo c a tio n + id e n tity  judgm en ts .

A d d it io n a l su p p o rt fo r this m odel was found even w hen  there was 

no change in  the f ir s t  and second presentation o f the array, (w h ich  is 

consistent w ith  Posner and M itche ll, 1967), and when the cue was 

" in v a lid "  in  p re d ic tin g  any change between firs t and second array. I t  is 

notab le  tha t responses were faster on loca tion+ iden tity  tr ia ls  w hen  the cue 

p red ic tions  were v a lid  than w hen the cue predictions led one to  expect the 

o ther types o f tria ls  (i.e., location on ly, id e n tity  only, or no change). This
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suggests tha t increased RT fo r lo ca tion + id en tity  judgm ents were n o t 

s im p ly  a re flec tion  o f a m ore com plex tw o -p a rt judgm ent, bu t an accurate 

re flec tion  o f the o rg an iza tion  o f the h ig he r o rde r v isua l system.

The differences in  RTs fo r location and id e n tity  judgm ents are 

consistent w ith  p r io r  research that has ind ica ted  30-200 ms RT advantage 

fo r v isua l s tim u li w hen processed by  the dorsal pa thw ay re la tive to  the 

ve n tra l pa thw ay (B re itm eyer, 1992; Petersen et al., 1985; R ichm ond et al., 

1983; Robinson &c Rugg, 1988; Schiller &  Logothetis, 1992; Schiller, 

Logothetis, &  Charles, 1991; S ilverm an et al., 1990). This RT advantage 

suggests that lo ca tion  in fo rm a tio n  shou ld  reach m ore central processing 

loc i in  the PPx p r io r  to a rr iva l o f in fo rm a tio n  fo r object ide n tity  w h ic h  

travels a long the ven tra l pa thw ay to IT  cortex. The outcome o f th is  p ilo t 

s tu d y  indicates th a t th is m ethodo logy fo r  exam in ing  RT patterns and  fo r 

in flu en c in g  cogn itive  processes associated w ith  v isua l object processing is 

an effective means o f p ro v id in g  ins igh t in to  the organization o f the 

h ig he r order v isu a l system. I t  is reasonable to conclude that th is  

m ethodo logy can be e ffec tive ly  applied in  fu rth e r studies o f v isu a l and 

m e m ory  processes.

RT Studies o f Location and Ide n tifica tio n  o f V isual Objects

C onverg ing  evidence from  the an im a l, c lin ica l, and expe rim en ta l 

lite ra tu re  supports the existence o f the du a l pa thw ay system o f v isu a l 

o rgan ization . The dua l pa thw ay m odel proposes tha t object lo ca tio n  and 

object id e n tity  are processed and analyzed independently  th ro ug h  separate 

pathw ays. In  th is  m odel, v isua l location in fo rm a tio n  is carried a lo ng  the 

dorsa l pa thw ay to  the PPx fo r processing o f spatia l location (M is h k in  &  

U ngerle ider, 1982; Z ipser &  Andersen, 1988), whereas color and fo rm  

in fo rm a tio n  are carried  by  the ventra l pa thw ay to the IT  cortex fo r
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processing o f id e n tity  (Desim one &  Schein, 1987; Gross, 1992; Gross et al., 

1984; Zeki, 1992). These centers each then pro ject separately to the 

h ippocam pus w he re  b o th  loca tion  and id e n tity  are conjoined and stored as 

e ithe r fused, o r m u lt ip a r t, representations in  associated neura l n e tw o rk  

ensembles (Fellem an &  V an Essen, 1991).

The in h e re n t re la tio n  between ne u ra l o rgan iza tion  and co g n itive  

processing pe rm its  assessment o f the p re d ic tive  v a lid ity  o f the d u a l 

pa thw ay  m ode l o f the v isua l system. Yet, assum ptions based on the 

organ iza tion  and processing o f the hum an du a l pa thw ay m odel have yet 

to  be investigated d ire c tly  us ing  RT and accuracy measures. The RTs and 

accuracy measures de rived  fro m  the p ilo t s tu d y  have p rov ided  s trong  

sup po rt fo r the p roposed organ iza tion  o f the du a l pa thw ay m odel, and 

have p ro v id e d  evidence tha t cues can m e a n in g fu lly  in fluence cog n itive  

processing.

The proposed experim ents w il l  assess the effects o f color, qu a n tity , 

spatia l frequency, and speeded response m ethodo logy on RT and accuracy 

to  examine the o rgan iza tion  o f the h igher o rder v isua l system g o ve rn in g  

the perception and re-perception o f loca tion  and id e n tity  o f v isu a l objects. 

Based on the p a ra lle l sequentia l nature o f the h igher order v isua l system, 

detection o f the loca tion  o f v isua l objects shou ld  be faster than de tection  o f 

id e n tity , and each alone shou ld  precede judgm ents o f loca tion + ide n tity .

RT and accuracy measures in  the p ilo t s tu d y  support this p red ic tio n .

The o rgan iza tion  o f the dua l pa thw ay m odel suggests tha t co lo r 

in fo rm a tio n  sho u ld  be processed by the ven tra l pa thw ay (M aunse ll, 1987; 

Schwartz &  Loop , 1983; W illia m s  et al., 1991). Researchers, how ever, are 

equivoca l as to w he the r co lor facilitates detection o f the id e n tity  o f  v isua l 

objects. For exam ple, Ostergaard and D a v id o ff (1985) have fo u n d  th a t
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co lo r facilita tes RT and accuracy fo r  ide n tifica tio n  o f v isua l objects. G iven  

th is  v ie w , the a d d itio n  o f  co lo r to the s tim u li sho u ld  p rov ide  a processing 

advantage fo r  id e n tity , and  lo ca tion + id en tity  judgm ents  fo r colored objects 

re la tive  to  the processing o f b lack-and-w h ite  objects. In  contrast, loca tion  

in fo rm a tio n  is expected o n ly , a t best, to be m a rg in a lly  facilita ted by  the use 

o f co lo r as loca tion  is conveyed a long the dorsal pa thw ay  to the PPx, w h ic h  

is responsib le fo r spa tia l loca tion , b u t exhibits re la tive ly  little , or no, 

s e n s itiv ity  to  color. Thus, the processing advantage p rov ided  by co lo r 

sho u ld  be lim ite d  a lm ost com p le te ly  to the detection o f id e n tity  w ith  lit t le , 

o r no, assistance in  de tection  o f location.

The degree to w h ic h  the location, the id e n tity , and the 

lo ca tio n + id e n tity  o f v isu a l objects are in fluenced b y  "com plex ity ," o r are 

processed seria lly , or in  pa ra lle l can be assessed on a va rie ty  o f levels b y  

these studies. W hile  the p ilo t  s tu d y  provides s trong  evidence tha t 

co m p le x ity  cou ld  no t account fo r the experim enta l find ings, the p roposed 

stud ies p ro v id e  fu rthe r o p p o r tu n ity  to  evaluate com p lex ity  and processing 

effects. A na lys is  o f RT and accuracy d is tribu tions resu lting  fro m  an 

increase in  the num ber o f objects fro m  one to tw o  item s can fu rth e r 

e luc idate  com plex ity  and processing effects. A na lys is  o f d iffe re n tia l RT 

d is tr ib u tio n s  can illu m in a te  w he ther directed processing for loca tion , 

id e n tity , o r loca tio n+ id en tity  results in  processing w h ich  is seria l o r 

pa ra lle l. I f  directed processing is paralle l, there shou ld  be no increase in  

RT caused b y  increasing the num ber o f items subjects m ust evaluate. 

H ow eve r, i f  the process is sequential, there shou ld  longer RTs w h e n  the 

nu m be r o f items are increased. Further, it  is expected tha t judgm en ts  fo r 

loca tion  o r id e n tity  alone using one o r more objects w i l l  p roduce RT and 

accuracy d is tr ib u tio ns  w h ic h  d iffe r fro m  judgm ents o f lo ca tio n + id e n tity
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together suggesting tha t these judgm ents  reflect the organ iza tion  and 

processing o f the h ig h e r order v isua l system, and no t the com p lex ity  o f the 

ju d g m e n t itself.

The dua l pa thw ay  m odel proposes that lo w  spatial frequency 

in fo rm a tio n  is conveyed along the dorsa l pa thw ay to the PPx fo r 

processing o f spatia l location, w h ile  h ig h  spatial frequency, co lo r and fo rm  

in fo rm a tion , is carried  along the ve n tra l pa thw ay to the IT  cortex fo r 

processing o f object id e n tity  (Breitm eyer, 1984, 1992; H um phreys &  

Q u in lan , 1987; M a rr  &  H ild re th , 1980; Pearson &  Robinson, 1985; Schwartz 

&  Loop, 1983; Sergent, 1988; W att, 1988; W att &  Morgan, 1985; W ilson , 

1980). Selective f ilte r in g  o f these spatia l frequencies, therefore, shou ld  

in fluence speed and accuracy fo r de te rm ina tion  o f location and id e n tity  o f 

v isua l objects. Use o f a highpass d ig ita l f ilte r  w h ich  removes lo w  spatia l 

frequency in fo rm a tio n , bu t perm its h ig h  spatia l frequency in fo rm a tio n  to 

pass th rough, shou ld  produce selective in h ib it io n  fo r judgm ents  o f 

loca tion  re lative to judgm ents o f id e n tity . In  contrast, use o f a lowpass 

d ig ita l f ilte r to selectively remove h ig h  spatia l frequency in fo rm a tio n , bu t 

p e rm it lo w  spatia l frequency in fo rm a tio n  to pass through, sh o u ld  produce 

selective in h ib it io n  fo r judgm ents o f id e n tity  re lative to judgm e n ts  o f 

location. F ina lly , use o f selective filte rs  should  d iffe re n tia lly  in h ib it  

judgm ents o f loca tion  or iden tity , respective ly, causing the perfo rm ance o f 

no rm a l subjects to resemble that o f neuro log ica l patients w ith  selective 

lesions o f PPx and IT  respectively. 22

The use o f speed-accuracy tradeo ff m ethodology pe rm its  precise 

exam ina tion  o f the re la tion  between seria l and para lle l processes 

u n d e rly in g  de term ination  o f the id e n tity  and location o f v isu a l objects. 

Dosher and colleagues have dem onstrated tha t this m ethodo logy is
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capable o f  d is c rim in a tin g  the degree to w h ich  com ponent processes are 

seria l o r pa ra lle l in  nature b y  analysis o f RT, accuracy, and item  capacity 

d is tr ib u tio n s  (M cElree &  Dosher, 1993; Meyer, O sm an, Irw in , &  Yantis, 

1988). In  th is  m ethodo logy, a response signal is presented at set points in  

the  processing o f the s tim u li fo r response. U pon  rece iv ing  a response 

tone, pa rtic ipan ts  m ust in te rru p t the ir ongoing processing, lead ing to a 

com ple ted response, to respond w ith  the ir best guess w ith in  a b r ie f critica l 

pe rio d  o f tim e. A na lys is  o f the partia l, and com plete, accuracy and item 

capacity d is tr ib u tio n s  fo r processing single and m u lt ip le  item s b y  this 

speeded response m ethodo logy perm its one to d is tin g u is h  w he ther 

processing o f loca tion  and iden tity  o f v isua l objects is serial, para lle l, or in  

cascade. The pa tte rn  o f RTs produced b y  this m e thodo logy  is expected to 

re flec t the fundam en ta l organization and processing o f the h ighe r order 

v isu a l system, and is expected to be consistent w ith  the dua l pa thw ay 

m ode l (Greene, 1992; I rw in  &  Yeomans, 1991; M cE lree &  Dosher, 1993; 

M eyer et al., 1988).
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Footnotes fo r In trod u c tion  and  L ite ra tu re  Review

1-The re tino -s tria te  m odel o f v isua l system  o rgan iza tion  w h ich  

proposed that the v isu a l system projected o n ly  as fa r as the p rim a ry  v isu a l 

cortex (Kreig, 1975; Lashley, 1948, 1950; M o rg a n  &  Stellar, 1950) has been 

extended fo r experim enta l, clin ica l, and neuroana tom ica l reasons (Gross, 

Bender, &  Rocha-M iranda, 1969; Gross et al., 1972; Gross et al., 1967; Gross, 

1998). The gen icu lo -s tria te  m odel o f v isua l system  o rgan iza tion  (H u b e i &  

W eisel, 1965), w h ic h  conceptualized the v is u a l system  as a feedfo rw ard , 

linear-sequentia l, h ie rarch ica l progression has been extended as w e ll to 

account fo r p a ra lle l pathways, reciprocal connections, and instances in  

w h ic h  m idd le  stages were bypassed before neura l pro jections reconverged 

at h ig he r levels w ith in  the v isua l system (M aunse ll &  Van Essen, 1983a, 

1983b; DeYoe &  V an  Essen, 1988). S im ila rly , the tecto fuga l m odel o f v isu a l 

system  organ iza tion  (Ingle, 1967), p ropos ing  a v isuosensory ro le fo r the 

sup e rio r co llicu lus  in  humans, has been rev ised  to suggest that the 

su p e rio r co llicu lus  contributes to m otoric  gu idance w hen  sh iftin g  eye 

m ovem ents (Bushnell, Goldberg, &  Robinson, 1981; H e ld , 1968;

N ew com be &  Russell, 1969; Schiller &  S tryker, 1972; T revarthen, 1968). 

M oreover, B ushne ll et al. (1981) dem onstrated tha t com plete b ila te ra l 

co llicu la r ab la tion  fa iled  to cause deficits o n  spatia l loca tion  tasks.

Gross has recounted in  depth bo th the  con tribu tions  and the 

e vo lu tio n  o f developm ents in  the m app ing  o f extrastria te, IT, and PPx in  

v isu a l processing (Gross, Rodman, Gochin, &  C olom bo, 1993). As a resu lt, 

th is  foo tnote serves o n ly  as a sum m ary o f  h is d iscussion fo r the convenience 

o f the reader (see Gross, 1988, pp. 184-6). A s described, the obstacle o f 

estab lish ing a corticocortica l pa thw ay to IT  w ith o u t severing  the op tic  

rad ia tions was surm ounted  by Kuypers, Szwarcbart, M ish k in , and R osvo ld
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(1965) th ro u g h  the use o f s ilver degeneration. Kuypers et al. iden tified  the 

presence o f tw o  successive stages w ith in  prestria te cortex w h ich  ne ither 

p u lv in a r  lesions, no r prestria te lesions had produced. A t  tha t tim e, M is h k in  

dem onstra ted tha t in te rru p tio n  o f the pa thw ay between prestria te cortex and 

IT  th ro u g h  a crossed lesion pa rad igm  produced p ro found  v isua l learn ing 

de fic it.

M a p p in g  o f the area su rrou nd ing  the striate cortex was continued b y  

such researchers as C ow ey (1964), w ho  established the v isuo top ic  

o rgan iza tion  o f area V2 in  the sq u irre l m onkey. These find ings  led to a 

p ro life ra tio n  o f v isua l areas based on research b y  A llm an, Gross, Van Essen, 

Desim one, U ngerle ider, Zek i and the ir colleagues (e.g., A llm a n  &  Kass, 1971) 

us ing  s in g le -u n it record ing. Iw a i and M ish k in  dem onstrated a fun c tion a l 

s u b d iv is io n  between an terio r (TE) lesions causing defic its in  concurrent 

v isua l d isc rim in a tio n  learn ing and m em ory, and posterio r TEO regions o r 

foveal prestria te  cortex, p roduc ing  perceptual defic its on single-object 

pa tte m -d isc rim in a tio n  learn ing tasks. Gross, Bender, Schiller, Gerstein, 

C ow ey, Perrett, Rolls, Caan, and th e ir colleagues in  the fie ld  o f v isua l 

processing and perception w ent on  to map the organization and a ttribu tes o f 

v isua l processing w ith in  the h ighe r o rder v isua l system th ro u g h  an im al 

studies us ing  single u n it record ing (As noted b y  Gross, 1998; see also 

Fellem an &  Van Essen, 1991; Desimone &  Ungerle ider, 1989).

These m odels have c la rified  conceptions about v isua l system  

o rg an iza tion  and have been im p o rta n t in  the ir con tribu tion  to the 

deve lopm ent o f the dua l pa thw ay m odel as w e ll as accounting fo r  the 

m u lt ip le  cortica l and subcortical v isua l areas w h ich  have been id e n tifie d  

to-date the m a jo rity  o f w h ich  occur after p r im a ry  visual cortex (Andersen 

et al., 1985; Felleman &  Van Essen, 1991; Gross et al., 1984; L iv ingstone ,
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1990; L iv ingstone  &  H ube i, 1984, 1987; M aunse ll, 1987; M ish k in  e t al., 1983; 

Pohl, 1973; Rolls, 1990; Schille r &  Lee, 1991).

^U n til G a ll and S purzheim  advanced the no tion  o f ph reno log y  in  1810, 

the "optic" tha lam us was considered the h ighest sensory locus in  the b ra in  

(Finger, 1994; Gross, 1994). H av ing  observed tha t the LG N  and the superior 

co llicu lus a troph ied  after op tic  nerve damage, G a ll and S purzhe im  speculated 

tha t v isua l p ro jec tions con tinued fu rthe r beyond the thalam us to  the cortex. 

The ir speculation was supported by Bartolomeo Panizza in  1855, w ho  detected 

the presence o f o p tic  rad ia tions projecting fro m  the thalam us to  the v isua l 

cortex, and b y  Flechsig (1895) w ho confirm ed Panizza's find ings .

Panizza observed tha t strokes often w ere fo llow ed  by  p a rtia l or to ta l 

blindness. H e pos ited  tha t these visual im pa irm ents were the re su lt o f 

occ ip ita l lobe damage. In  support o f his v iew , he produced to ta l b lindness 

in  dogs th rough  b ila te ra l occ ip ita l lobe ablations, b u t on ly  p a rtia l b lindness 

(restricted to the con tra la tera l visual fie ld ) w ith  un ila te ra l occ ip ita l lobe 

lesions. In  1870, Theodor M eynert re fined the understanding o f  the 

occ ip ita l cortex b y  p o s itin g  tha t the calcarine sulcus was the p o r t io n  m ost 

c ritica l fo r v isu a l processing o f the occip ita l lobe. A lthou g h  these 

advances in  the unders tand ing  o f the v isua l system extended the v isua l 

pa thw ay as fa r the cerebral cortex, the cerebral loci fo r v is ion  had ye t to be 

de term ined .

^S up po rting  the speculation o f M eynert in  1870, B row n and  Schafer 

reported that com plete b ila te ra l ablation o f the ven tra l surface o f  the 

tem pora l lobes and to ta l rem oval o f both occ ip ita l lobes p roduced  com plete 

and perm anent b lindness. Further, B row n and Schafer reported  tha t 

occ ip ita l lobe lesions caused s ign ifican tly  greater v isua l de fic its  than  angular 

gyrus lesions. T hey concluded that angular gyrus lesions w ere ne ithe r
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necessary, no r su ffic ien t, to  p roduce blindness. F ina lly, B row n and Schafer 

observed tha t e lectrical s tim u la tio n  o f the occ ip ita l cortex produced far 

g rea te r contra la tera l eye m ovem ents than angu la r gyrus s tim u la tion .

4A n  ad d ition a l s tr ik in g  feature w h ich  B row n and Schafer noted was a 

s ig n ifica n t reduction  in  aggressive behavior, and they referred to th is 

"a n im a l 6" as the "tam e one." Th is fin d in g  o f d im in ished aggressive 

be h a v io r and v isua l defects w o u ld  later be rediscovered by K liiv e r and Bucy 

in  1938. Yet th is synd rom e rem ained und iffe ren tia ted  u n til the 1950's w hen  

Josephine Semmes (N issen, Semmes B lum , &  B lum , 1949) and Kao L iang  

C h o w  (1951) reported th a t large lesions in v o lv in g  no t on ly peris tria te  areas 

18 and 19, b u t also do rsa l prestria te  areas leading in to  the parie ta l lobe w ith  

a n te rio r and ven tra l lesions reaching in to  the tem poral lobe produced 

p ro fo u n d  im pa irm ents in  v isu a l d isc rim in a tio n  learn ing (i.e., psychic 

b lindness) as w e ll as some defic its in  tactile learn ing (as noted b y  Gross, 1998: 

see Ruch, Fu lton, &  G erm an, 1938; B lum , 1951; and W ilson, Stamm, &  

P rib ra m , 1960). C how 's research dem onstrated tha t the tem pora l cortex 

u n d e rla y  v isua l lea rn ing  since lesions o f the la tera l surface o f the tem pora l 

lobe, p a rticu la rly  the m id d le  tem pora l gyrus, resulted in v isua l defects, 

a lth o u g h  adjacent areas d id  not. P rib ram  and Bagshaw (1953) reported  that 

th ro u g h  lesions to the am ygdala  and adjacent cortex they were able to 

p rodu ce  tameness and changes in  sexual and eating behavior w ith o u t v isua l 

de fic its . In  1954, M is h k in  and P rib ram  fu rth e r localized v isua l com ponents 

o f  the syndrom e described by  K liiv e r  and Bucy (1938) to the m id d le  and 

in fe r io r  tem pora l gy ri, n o w  term ed IT  (M ishk in , 1954; see Gross, 1973, 1994, 

1998; Dean, 1976).

5The interconnections between pathways m ay explain w h y  the 

pa tien ts  described by  Benson and Greenberg (1969) and G oldste in and Gelb
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(1918) cou ld  compensate fo r the ir v isua l agnosia th roug h  the use o f 

k in e s the tic  and m ovem ent in fo rm a tio n .

^The gang lion  fibers w h ich  leave the re tina  project to 3 basic 

subcortica l regions o f the brain:

[a]. Pretectal area: Located ros tra lly  to the superio r co llicu lus , this area 

uses re tin a l inp u ts  to respond to ove ra ll changes in  brightness to con tro l 

reflexes fo r p u p il d ila tio n  and constriction. Specifically, the pretecta l area 

pro jects to the accessory ocu lom otor nucleus in  the bra instem  to inervate 

c ilia ry  gang lion  in  bo th  eyes to  cause p u p il constric tion and d ila tio n .

[b]. S upe rio r co llicu lu s : The co llicu lus uses in p u t re ga rd ing  m o v in g  

shapes, v isua l attention, and broad v isua l ou tline  to con tro l saccadic (h igh 

ve lo c ity ) eye movements so as to integrate head and eye p o s itio n  in  re la tion 

to a v isu a l s tim u lus . The co llicu lus  acts in  con junction  w ith  fro n ta l eye 

fie lds , w h ic h  receive in p u t fro m  the occ ip ita l cortex concern ing fine  v isua l 

d is c rim in a tio n  and are invo lved  in  generating saccades to com p lex v isua l 

m ovem ents. The superio r co llicu lus  projects to the in fe r io r p u lv in a r, the 

ve n tro la te ra l P u lv in a r, the dorso la tera l p u lv in a r, and the m e d ia l p u lv in a r 

(w h ich , in  tu rn , projects to the PPx). NB: In  contrast, the o ra l p u lv in a r 

projects to area 5a o f the superio r parieta l lobe, w h ich  a long w ith  area 5b o f 

the sup e rio r pa rie ta l lobe, projects to area 7b (anterio r parie ta l cortex, also 

ca lled la tera l area PF).

[c]. La tera l geniculate nucleus: P rinc ipa l subcortica l re g io n  processing 

v is u a l in fo rm a tio n  fo r v isua l perception. The L G N  receives in p u t  fro m  the 

re tin a l gang lion  cells o f both eyes. V isua l in p u t to the nasal p o r t io n  o f the 

re tina  crosses over to the contra la tera l hem isphere, whereas the  tem pora l 

p o rt io n  rem ains ips ila tera l w ith o u t crossing over. The L G N  m a in ta in s  a 

v isu o to p ic  representation o f the retina. M oreover, each gen icu la te  neuron
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receives re la tiv e ly  un transfo rm ed re tina l in p u t fro m  o n ly  a ve ry  sm all 

num ber o f gang lion  cells, a lthough 90 percent o f op tic  nerve fibers project to 

the LG N . Th is gang lion  cell axon in p u t represents o n ly  a sm all p ropo rtion  

o f in p u t to the LG N , since 80-90 percent o f the connections are from  other 

regions in c lu d in g  bra instem  re ticu la r fo rm a tio n  and co rtica l feedback 

connections. A t  the LG N , in d iv id u a l layers receive in p u t fro m  one eye o n ly  

so tha t fibers fro m  contra latera l nasal hem iretina pro ject to layers 1, 4, and 6; 

w h ile  fibers fro m  the ips ila te ra l tem pora l hem ire tina  pro ject to layers 2, 3, 

and 5. Axons o f M -cells term inate in  the lowest layers 5 and 6, and axons o f 

P-cells te rm ina te  the upperm ost layers 1-4. These s ix maps are in  precise 

vertica l register so th a t the same location in  each layer represents a single 

o rie n ta tio n  in  v isua l space.

In  1965, H ub e i and Weisel reported the existence o f spot detectors in  

the re tina  and LG N . Projecting lig h t patterns onto a screen in  fro n t o f cats 

and m onkeys, they dem onstrated tha t the receptive fie lds  o f L G N  neurons 

are the same as gang lion  cells in  the retina. M oreover, they p rov ided  

evidence tha t these L G N  cells have sm all on-center o r o ff-center concentric 

c ircu la r fie lds, about one degree in  diam eter, w h ich  respond best to small 

spots o f ligh t. D iffuse  illu m in a tio n  o f the entire receptive fie ld  o f the LG N  

neuron p roduced o n ly  a weak response caused by cancelling o u t bo th  the 

center and the surround .

^V isua l sensory in p u t to the occip ita l cortex is fro m  the contra latera l 

ha lf o f v isua l space. The six layers o f the v isual cortex are approx im ate ly  tw o  

m illim e te rs  th ic k  and in fo rm a tio n  flow s system atica lly fro m  one layer to 

another. The stripe  o f Gennari in  layer 4 o f the v isua l cortex contains 

m ye lina ted axons fro m  the thalam us and other cortica l areas. Th is layer is 

subd iv ided  in to  fo u r sublayers: 4 -A lpha, 4-Beta, 4C -A lpha, and 4C-Beta.
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Axons o f M -ce lls  term inate in  layer 4C -A lpha w h ic h  pro ject onw ard  to the 

broad band reg ion  o f layer 4B, and axons o f P-cells term inate in  layer 4C-Beta 

w h ich  p ro jec t onw ard  to layers 2 and 3 to the b lob  reg ion  invo lved  in  co lo r 

detection and  the in te rb lob  reg ion  invo lve d  in  fo rm  detection.

The cells in  layer 4C are the o n ly  cells in  the v isua l cortex w h ic h  

respond to sm a ll spots o f l ig h t  and, along w ith  the b lob  region, have c ircu la r 

receptive fie lds . A ll o ther regions o f the cortex are com plete ly unresponsive 

to sm all spots o f lig h t and o n ly  respond to s t im u li w h ich  have linea r 

properties such as a line  o r a bar. In  the ir research, H ub e i and W eisel 

dem onstra ted tha t striate cortex (V I)  s im ple cells responded to a specific  

re tina l po s itio n ; exh ib ited discrete excita tory and in h ib ito ry  zones w h ic h  

com bine m u lt ip le  stellate cells fro m  layer 4C o f the stria te cortex to fo rm  

rec tilinea r receptive fie lds; have specific vertica l, ho rizon ta l, or ob liq ue  

rectangu lar axis o f o rien ta tion  fo r every re tina l pos ition ; d id  no t respond o r 

responded o n ly  w eakly  to spots o f ligh t; d id  n o t respond to d iffuse lig h t; had 

larger receptive fie lds than L G N  cells; showed ind ica tions that cells in  layers 

2, 3, and 4B projected o n w ard  to h igher v isua l co rtica l areas; whereas, cells in  

layer 5 pro jected to the superio r collicu lus; and f in a lly  showed tha t laye r 6 

cells pro jected back to the L G N  and the c laustrum .

^The stria te cortex can be considered to  be the beginn ing o f the h igher 

o rder v isu a l system and, therefore, the beg inn ing  o f w h a t is term ed, the 

"dorsa l p a thw ay ." The m agnoce llu la r cell in p u t to  layer 4B o f area V I  then 

continues o n w a rd  as the dorsa l pa thw ay to synapse upon: perastriate v isua l 

association cortex area V2 (also called area 18 and OB); dynam ic fo rm  area 

V3v (also called VP), V3d, and V 3A  w hich are p a rt o f area O A  as w e ll as M T  

(also called V5). Inp u t to area OB projects to the th ic k  da rk  stripe reg ion  

w ith in  area V2. M oreover, fro m  area VP, V3d, and V 3 A  there is p ro je c tio n
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to  the  co lo r area V4 (also p a rt o f O A) in  the ve n tra l pathw ay. From  area M T , 

the p a th w a y  synapses u p o n  area MST; as w e ll as up o n  area V IP  (ven tra l 

in tra p a rie ta l area, w h ich  projects a fte rw ard  to  area STP o f the superio r 

te m p o ra l po lysensory area), as w e ll as LIP  (la tera l in traparie ta l area), and 

u lt im a te ly  to  area 7a (PPx, also called m ed ia l area PG). Area MST, in  tu rn , 

pro jects to area VIP and area 7a (PPx). As noted in  the text, area 7a represents 

the  p innac le  o f the dorsa l pa thw ay  in vo lve d  in  v isua l location.

^F ro m  PPx (area 7a), the dorsal pa thw ay  then projects on w ard  to  the 

p re su b icu lu m , w h ich  projects on  to the e n to rh in a l cortex (area 28) and to the 

p r in c ip a l sulcus o f the p re fro n ta l cortex w h ic h  m a in ta ins d irec t connections 

w ith  the h ippocam pus. A rea 28 o f the e n to rh ina l cortex then projects to 

th ree  sites w ith in  the h ippocam pus: the dentate gyrus (also called fascia 

denta ta  o r  FD); area CA3 o f  the C ornu A m m on is ; and area CA1 o f the C ornu  

A m m o n is , respectively. The dentate gyrus projects to CA3, w h ich , in  tu rn , 

pro jects th ro u g h  area C A 2 to CA1, w h ich  projects to the sub icu lum . The 

su b ic u lu m  then projects back to the e n to rh in a l cortex, w h ich  then  projects to 

the parah ippocam pal cortex gyrus. Specific regions w ith in  the PPx pro ject to 

separate sites w ith in  the parah ippocam pal cortex. Specifically, the ve n tra l 

cauda l reg ion  o f the PPx projects to the la te ra l parah ippocam pal gyrus , w h ile  

the do rsa l in fe r io r PPx projects to the m ed ia l parah ippocam pal gyrus; and 

the cen tra l in fe rio r PPx projects to in te rm edia te  parah ippocam pal gyrus. 

Fu rthe rm o re , the parah ippocam pal gyrus projects to area TE (i.e., A IT ), 

w h ic h , in  tu rn , projects to  the en torh ina l cortex (area 28).

lOThe "ven tra l pa thw ay" is considered to begin at the s tria te  cortex as 

w e ll w here, fro m  layer 4C-Beta the axons pro ject to layers 2 and 3 o f the blob 

and in te rb lo b  regions, (based on cytochrom e oxidase stain ing) and  are 

in v o lv e d , respectively, in  detection o f co lor and o f form . Cells w ith in  the
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blob reg ion p ro jec t on w ard  to the th in  da rk  stripe region o f area V2 invo lved 

in  color, w h ic h  then pro ject on w ard  to area V4 (part o f O A ), w h ich  is viewed 

by  m any as the key "co lor area" o f the ven tra l pathway. S im ila rly , cells from  

the in te rb lob  reg ion  pro ject o nw ard  to the pale ligh ter in te rs tripe  regions 

w ith in  area V 2 in vo lve d  in  fo rm  detection, w h ich  then pro jec t onw ard to 

separate sites w ith in  area V4 (part o f O A) w h ich  is, fo r m any, the key area 

in vo lve d  in  "co lo r sensitive fo rm ." Both the color and co lo r sensitive fo rm  

portions o f area V4, then pro ject to  area TEO (i.e., posterio r in ferotem poral 

area, also called PIT). The cells o f TEO then project onw ard  to area TE (i.e., 

an te rio r in fe ro tem po ra l area, also called A IT ) w h ich , as noted in  the m ain 

bo dy  o f th is text, serves as the pinnacle o f the ventra l pa thw ay  invo lved in  

id e n tifica tio n  o f v isua l objects.

l lF r o m  IT  (area TE), the ven tra l pa thw ay projects o n w a rd  to the 

en torh ina l cortex (area 28) as w e ll as to areas 11 and 13 o f the o rb ita l surface 

o f the fro n ta l lobe (Chavis &  Pandya, 1976; Goldman-Rakic, 1987; Gross, 1994; 

Gross &  W eiskrantz, 1964; Macko et al., 1982; M artin -E lk ins  &  H ore l, 1992), 

and area 12 o f the p re fron ta l convexity  (Webster et al., 1994). These 

connections betw een the pe rirh in a l and o rb ita l cortices co n tribu te  to both 

recogn ition  m e m ory  and perform ance on delayed-nonm atch-to-sam ple tasks 

w ith  long  delays (Kowalska et al., 1991) Area 28 o f the e n to rh in a l cortex then 

projects to three sites w ith in  the hippocam pus: the dentate gyrus (also called 

FD); area CA3 o f the C ornu A m m onis; and area CA1 o f the C o rn u  

A m m onis, respective ly. The dentate gyrus projects to CA3, w h ich , in  turn, 

projects th ro ug h  area CA2 to CA1, w h ich  projects to the sub icu lum . The 

sub icu lum  then projects back to the en torh ina l cortex, w h ic h  projects to the 

parah ippocam pal cortex gyrus. F ina lly , the parahippocam pal gy rus  projects 

back to area TE (also know n as area AIT).
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12A n  ad d ition a l set o f fibers trave l fro m  PPx v ia  the superior 

lo n g itu d in a l fasciculus to the p rin c ip a l sulcus o f the dorsolateral p re fron ta l 

cortex w h ic h  con tribu te  to  short-te rm  spa tia l m em ory and to the dorsom edia l 

fro n ta l lobe to  con tribu te to spatia l aspects o f  v is ion  and egocentric 

loca liza tion  (Barbas, 1988; Cavada &  G oldm an-R akic, 1989; Funahashi, Bruce, 

&  Goldm an-Rakic, 1990, 1993; Gross, 1994; La w le r &  Cowey, 1987; Macko et al., 

1982; Rodm an, 1994; Q uin tana, Fuster, &  Yajeya, 1989; Quintana &  Fuster, 

1992; W ebster, Bachevalier, &  Ungerle ider, 1994). Projections fro m  the PPx to 

the fro n ta l eye fie lds and the superior co llicu lus  are critica l fo r coord ina tion  

o f the guidance o f m o to r sequences necessary fo r v isua l saccades fo r foveation 

and eye m ovem ents (Cohen, 1993; M esulam , 1981; W atson, M ille r , &  

H e ilm an, 1978).

l^ A n  add itiona l set o f fibers project fro m  the an terio r p o rtio n  o f IT  to 

areas 11 and 13 o f the o rb ita l surface o f the fro n ta l lobe (Barbas, 1988; Chavis &  

Pandya, 1976; Goldm an-Rakic, 1987; Gross, 1994; Gross &  W eiskrantz, 1964; 

M acko et al., 1982; M a rtin -E lk ins  &  H ore l, 1992; M is h k in  &  M anning, 1978; 

Rodman, 1994; Suzuki &  A m ara l, 1994; W ebster et al, 1994; W ilson, O 

Scalaidhe, &  Goldm an-Rakic, 1993), and area 12 o f the p re fron ta l convexity, 

w h ich  con tribu te  to the acqu is ition  o f the nonm atch ru le  fo r shape and co lo r 

o f v isua l objects (Webster et al., 1994). These connections between the 

pe rirh in a l and o rb ita l cortices have been show n  to contribute to bo th  

recogn ition  m em ory and perform ance on de layed-nonm atch-to-sam ple tasks 

w ith  long delays (Kowalska et al., 1991; M eun ie r et al., 1993). In  a d d ition , the 

anterio r p o rtio n  o f IT  has been reported to be essential fo r concurrent object 

d isc rim in a tio n  in  v isua l m em ory tasks (Gross, 1973; Overm an, Bachevalier, 

Turner, &  Peuster, 1992; Sakai &  M iyashita, 1993).
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l^R ecent research has dem onstrated the existence o f a subd iv is ion  

w ith in  the dorsa l p a th w a y  w h ich  subserves s tim u lus  m ovem ent, 

in c lu d in g  such m o tio n  pa thw ay sites as MST and M T  w h ic h  pro ject to 

area STP (Bruce et al., 1981; Gross, 1994). M ost notab ly, area M T  is a sm all 

v isuo top ica lly  o rgan ized  area w h ic h  contains cells specia lized fo r analysis 

o f m otion. These cells are selective fo r d irec tion  and speed o f s tim u lus 

m ovem ent as w e ll as expansion and ro ta tion , b u t evidence lit t le  o r no 

sen s itiv ity  to fo rm , co lo r o r bo th (A lb rig h t, Desimone, &  Gross, 1984; 

Desimone et al., 1985; Desimone &  U ngerle ider, 1989; DeYoe &  Van Essen, 

1988; D u ffy  &  W u rtz , 1991; Gattass, Gross, &  Sandell, 1981; Gross, 1991; 

M aunse ll, 1987; M a unse ll &  Newsom e, 1987; M aunse ll &  V an Essen,

1983a, 1983b; M erigan  et al., 1991c; M o tte r &  M ountcastle, 1981; Saito et al., 

1986; Sakata, S h ibu tan i, Kawano, &  H arring to n , 1985; Snow den, Treue, 

Erickson, &  Andersen, 1991; Tanaka et al., 1986; Van Essen &  M aunse ll,

1983; Van Essen &  M aunse ll, 1983).

Lesions w ith in  area M T have been show n to im p a ir  de tection  o f 

shearing m otion , m ovem ent o f random  dots, and pe rcep tion  o f s truc tu re  

fro m  m o tion  (N ew som e &  Pare, 1988; Siegel &  Andersen, 1986). W h ile  large 

lesions in v o lv in g  p o rtio n s  o f M T  and MST produce severe and pe rm anen t 

im p a irm e n t in  m o tio n  perception (M erigan &  M aunse ll, 1993; N ew som e &  

Pare, 1988; Yamasaki &  W urtz, 1991). In  fact, com plete b ila te ra l M T -M S T 

lesions cause persistent d is ru p tio n  to several aspects o f  m o tio n  percep tion , 

in c lu d in g  speed, d irec tion , and g lobal m o tion  (Pasternak et al., 1991).

^ A p p ro x im a te ly  one th ird  o f cells in  the IT  cortex respond 

selective ly to tw o - and three-d im ensional patterned s t im u li in c lu d in g  

hands, brushes, facia l profiles, facia l parts, or entire faces (Baylis, Rolls, &  

Leonard, 1985, 1987; Desimone &  Gross, 1979; Gross, 1973; Gross e t al., 1979;
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Gross et al., 1972; Perrett e t al., 1985; R ichm ond et al., 1983; R ichmond, 

O ptican, Podel, &  Spitzer, 1987; Tovee, Rolls, &  Azzopard i, 1994; Sato, 

K aw am ura , &  Iw a i, 1980). The responses o f these selective cells are 

reduced b y  rem ova l o f fac ia l features w h ich  in fluence recognition of 

specific features o f faces, ye t are unaffected b y  u n ifo rm  changes o f s tim u lus 

pos ition , o rien ta tion , distance, spa tia l frequency, d irection, and size 

(Desim one et al., 1984; Desimone &  U ngerle ider, 1989; Baylis et al., 1985).

l^ T h e  h ippocam pus was f irs t nam ed b y  Ju lius Caesar A ran tius, a 

"ra the r d u ll"  p u p il o f Andreas Vesalius. A cco rd in g  to Lewis (1923), "The 

f l ig h t o f fancy w h ich  led  A ran tius , in  1587, to in troduce the term  

h ippocam pus is recorded in  w ha t is perhaps the w o rs t anatomical 

descrip tion  extant." Gross (1998) how ever, has offered 1564, instead, as the 

date on w h ic h  A ran tius  (A ranz i) f irs t labeled the hippocam pus (sea horse). 

Fu rthe r, Gross offers the a d d itio n a l h is to rica l foo tnote that fo r one-ha lf a 

cen tury, beg inn ing  in  1779, the h ippocam pus came to  be know n as the 

"H ippopo tam u s," in  con tem pora ry  pub lica tions u n t il this e rro r was 

rectified  b y  Burdach in  1829 (Gross, 1998, p. 143).

A lth o u g h , G a ll and Spurzheim  (1810) hypothesized tha t co lo r 

b lindness m ig h t be due to  specific cortica l organs, the ir idea rem ained 

p u re ly  speculative u n t i l  the 1880's. The ir ins igh ts are pa rticu la rly  

rem arkable in  that the na ture  o f the ph reno log ica l system related to 

id e n tify in g  persona lity  characteristics ra ther than sensory or m o to r cortica l 

loca liza tion . Instead, co lo r v is ion  was believed to occur at the leve l o f the 

eye ra ther than  the cerebral cortex. Then, in  1883, Swanzy reported the 

case o f a 77-year-o ld m an w ith  chrom atic hem ianopsia w ho had no 

evidence o f re tina l o r op tic  nerve lesions. Swanzy concluded th a t th is, 

"proves co lo r perception is in  the b ra in  and no t the eye, and th a t in  the
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b ra in  is a separate center from  tha t fo r  the fo rm  sense and fo r o rd ina ry  

l ig h t  perception ." Soon after, W ilb ra n d  (as cited in  Solms, Kaplan-Solm s, 

&  B row n, 1996) suggested that in  the three separate layers o f the p rim a ry  

v isu a l cortex, "v isu a l projections f irs t go to  a lig h t center, then to a form  

center, and f in a lly  to a color center." A t  th is  time, V errey (as cited in  

Dam asio &  Dam asio, 1986) reported a case o f a com plete 

hem iachrom atopsia , conclud ing tha t co lo r v is ion  took  place in  the lingua l 

and fus ifo rm  g y r i o f the occip ita l lobe. A ccord ing  to Verrey, the m ost 

do rsa l o f these ne ighboring  areas was fo r ligh t, the m id d le  fo r fo rm , and 

the centra l ven tra l area fo r color. As a result, defic its in  fo rm  perception 

frequen tly  shou ld  co-occur w ith  de fic its  in  color perception. By 1923, 

Poppelreuter had extended these conceptions to suggest that streams of 

v isu a l in fo rm a tio n  fo r form , m otion , stereopsis, and co lo r were processed 

in  pa ra lle l (Cowey, 1979; Finger, 1994; H aw kins, 1969; Saraga &  Shallice, 

1973; Zeki, 1989).

l^ M a r r  (1982) proposed a com puta tiona l approach to v isua l 

pe rcep tion  in  w h ic h  v is ion  is organ ized in to  an in fo rm a tio n  processing 

system  w h ic h  com prises successive stages o f "m odu la r processes." These 

processes break v isua l com puta tion  in to  com ponent parts w h ich  proceed 

re la tive ly  independently . The s ta rting  p o in t o f the process o f v isua l 

perception  occurs at the image stage w h ich  is a spatia l d is tr ib u tio n  o f 

in te n s ity  values across the retina. This is fo llow ed b y  the p r im a l sketch 

w h ic h  takes the ra w  in tens ity  values o f the v isua l im age and makes 

e x p lic it the spatia l, o r geometric, d is tr ib u tio n  o f in tens ity  changes, and the 

m anner in  w h ic h  they are organized. This affords surface detection and as 

such, the M - and P-pathways con tribu te  to the tw o-d im ens iona l 

representation. The next stage is term ed, "The 2 1 /2 -D  sketch." A t  this
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stage the o rie n ta tion  and ro u g h  depth o f the v isua l surface are made 

e xp lic it p rod u c in g  a "p ic tu re  o f the w o rld ." Yet this p ic tu re  is organized 

egocentrica lly  w ith  reference to the v iew er o n ly  and no t lin ke d  to a stable 

externa l w o rld . The fin a l stage is the 3-D representation in  w h ich  shapes 

and th e ir o rien ta tions are made exp lic it as tokens o f 3 -d im ensiona l objects. 

These tokens are o rgan ized  in  an object-centered fram ew ork  w h ic h  is 

independent o f the p o s itio n  and orien ta tion  o f the image on  the retina 

thereby p ro du c ing  an a llocen tric  (i.e., v ie w e r independent) representation 

o f the externa l w o rld .

l^ T h e  proposed task design can be traced to hum an studies 

in c lu d in g : "  Learn ing-A-P lace-In-Space-Test" (Lherm itte  &  S ignoret, 1972); 

"7 /24 -S pa tia l-Loca tion -Test" (Rao et al., 1984); "T o y  Location Task" (Smith 

&  M iln e r, 1981); "Object-P lace Association Learn ing  Task" (Squire &  Cave, 

1991); "S patia l A rra y  M e m o ry  Task" (H irs t &  Volpe, 1984); "D es ig n  

M e m ory  Task"(Jones-G otm an, 1986a, 1986b, 1986c); "V isua l-C on jun c tion - 

Task" (B riand &  K le in , 1987). The task design o f the proposed studies is 

also re la ted  to p r io r  an im a l studies in c lu d in g  "D e layed-N onm atch-To- 

Sam ple" (D N M TS; M is h k in  &  Delacour, 1975) and "Food-Search-Task" 

(Passingham, 1985).

20Investiga tions o f early  perceptual processes have sho w n  an 

inverse re la tion  betw een s tim u lus  du ra tion  and apparent b righ tness for 

s tim u li presented fo r du ra tions  below  100 m s (i.e., Bloch's law ).

21 Increasing the d u ra tio n  between presentation o f the f ir s t  and 

second s tim u li to 30 seconds w o u ld  serve as a hum an analog to  D N M TS 

task in  w h ich  one m u s t d iscrim inate w hat is new  in  the second a rray  that 

was n o t present in  the f irs t array (M ishk in  &  Delacour, 1975).
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22c iv e n  the o rgan iza tion  o f the h ighe r order v isua l system, 

patients w ith  lesions to the PPx or IT  cortex shou ld  be expected to show 

doub le  d issocia tions fo r detection o f location and id e n tity  o f v isua l objects. 

Patients w ith  dam age to PPx should  be im pa ired  in  de tection  o f location, 

b u t show  n o rm a l a b ility  to detect id e n tity , whereas patients w ith  lesions to 

IT  sh o u ld  evidence im pa ired  detection o f id e n tity , w h ile  sho w ing  that 

de tection  o f loca tion  is intact. Further, i f  no de lay is im posed between the 

f irs t and second arrays, patients w ith  h ippocam pa l lesions shou ld  be able 

to  co rrec tly  de tect location, id e n tity , and lo ca tion+ iden tity  since the ir PPx 

and th e ir IT  rem a in  intact p e rm ittin g  them  to  correctly  de term ine 

loca tion , id e n tity , and loca tion+ iden tity . H ow ever, shou ld  a de lay be 

im posed be tw een presentation o f the firs t and the second arrays 

necessita ting invo lve m e n t o f m em ory, these patients w o u ld  no t be 

capable o f p e rfo rm in g  these d iscrim inations successfully, as i t  requires an 

in ta c t h ippocam pus to com bine and store these traces in  m e m ory  (Farah, 

1990; M e u n ie r e t al., 1993; Pohl, 1973; Rueckl et al., 1989).
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M E TH O D

Research Overview

The present inves tiga tion  o f the dorsa l and ven tra l pathw ays o f the 

h ig h e r o rder v isua l system  derives its fou nd a tio n  from  pre-established 

anatom ical, phys io log ica l, and neuropsycho log ica l find ings (Fellem an &  

V an Essen, 1991; Gross, 1973, 1998; M ish k in , Ungerle ider, &  M acko, 1983; 

Pohl, 1973). The dorsa l pa thw ay projects fo rw a rd  from  m agnocellu lar 

p ro jec tion  sites in  occ ip ita l cortex th rou g h  extrastriate regions u p w a rd  to 

the posterio r pa rie ta l cortex fo r processing spatia l location o f v isua l objects 

(M ish k in , 1972; Andersen, 1989). The ven tra l pa thw ay projects fo rw a rd  

fro m  parvoce llu la r p ro jec tion  sites in  occ ip ita l cortex th rough extrastria te  

regions do w nw ard  to the in fe rio r tem pora l cortex fo r processing hue and 

fo rm  fo r the id e n tity  o f v isua l objects (M acko, Jarvis, Kennedy, et al., 1982; 

Rocha-M iranda, Bender, Gross, &  M ishk in , 1975; ).

The orig ins o f the occ ip ita l-pa rie ta l and occip ita l-tem pora l 

con tribu tions  to v is ion , w h ich  are seen n o w  to correspond to the dorsa l 

and ven tra l processing streams, can be traced, respectively, as far back as 

1884, w ith  Ferrier and Yeo's anim al "case 8," and to 1888, w ith  B ro w n  and 

Schafer's "an im a l 6 ." Ferrier and Yeo's case 8 evidenced v isuospatia l 

lo ca tio n  im pa irm ent, w ith o u t defic its in  v isua l iden tifica tion ; w h ile  

B ro w n  and Schafer's "a n im a l 6" showed im pa irm en t in  v isua l id e n tity , 

w ith o u t deficits in  v isua l location (Gross, 1998). In  spite o f subsequent 

c lin ica l descriptions b y  Holmes and H orax (1916), Goldstein and Gelb 

(1918), K liiv e r and Bucy (1936), Brain (1941), B lum  (1951), and m a ny  

others, the in it ia l find ings  by  Ferrier and Yeo and by B row n and Schafer 

w ere often overlooked o n ly  to be appreciated once again fo llo w in g  fu rth e r
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progress in  the unders tand ing  o f the organ ization and  fu n c tio n  of the 

v isua l system .

I t  was n o t u n til 30 years ago tha t the extrastriate cortex began to be 

recognized as the true site o f h ig he r o rder v isua l processing. In  fact, even 

as recently  as 1968, sho rtly  a fte r the groundbreaking w o rk  o f H ube i and 

Weisel (1965), T revarthan was to advance a dua l p a th w a y  m odel o f v is io n  

in  w h ich  tectal v is ion  served as one o f the tw o m ajor processing pa thw ays 

fo r p rim a te  v is ion . H ow eve r, soon after T revarthen 's no ve l conception 

was supp lan ted  b y  a m ore precise cortica l representation o f h igher o rder 

v isua l processing based on  the w o rk  o f M ishk in  (1972) and fo llo w e d  soon 

after b y  Pohl (1973). I t  is these latest find ings that n o w  serve as the 

cornerstone fo r fu tu re  unde rs tan d ing  o f the dua l p a th w a y  m odel o f h ig he r 

order v is ion . Since that tim e  unders tand ing  o f the extrastria te  role in  

h igher o rd e r v is ion  has advanced considerably. D ifferences have been 

show n in  sites along the dorsa l and ven tra l pathw ays in  facia l recogn ition  

(Gross &  Rodm an, 1992), co lo r processing (Gross, 1994; L iv ings tone  &  

H ubei, 1988), single cell reco rd ing  (Perrett, Rolls, &  Caan, 1982; W illiam s, 

B re itm eyer, &  Lovegrove, 1991), neuro transm itte r d is tr ib u tio n  (A ston- 

Jones, Foote, &  Bloom , 1984; Posner &  Petersen, 1990; Posner &  Raichle, 

1994), PET and fM R I studies (M itche ll, Johnson, Raye, &  D 'Esposito , in  

press) c lin ica l reports (H um phreys  &  Riddoch, 1987a; Lu ria , 1973; S m ith  &  

M iln e r, 1981; W arrin g ton  &  James, 1988), dyslexia (G a laburda &  

L iv ingstone , 1993), v isua l a tten tion  (Bisiach et al., 1979; Fuster &  Jervey, 

1981; Posner, 1992) and in  com puta tiona l and cogn itive  m o d e lin g  o f these 

pa thw ays (Kosslyn, F lynn, Am sterdam , &  Wang, 1990; Rueckl, Cave, &  

Kosslyn, 1989) In  sum, these reports p o in t to differences w h ic h  shou ld  be
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m easurably re flected th ro u g h  be hav io ra l measures o f reaction tim e and 

accuracy (Posner &  M itch e ll, 1967).

The goal o f the present research in to  the detection o f  id e n tity  and 

loca tion  o f v is u a l objects is to m ore fu l ly  illu m in a te  the organ iza tion  and 

response characteristics o f the h igher o rd e r v isua l system. To realize th is 

goal, the effect o f  tim in g , num ber, co lo r, and spatia l frequency upon 

hu m an  v isua l object recogn ition  was assessed us ing  the behaviora l 

measures o f response tim e and accuracy. T h rou g h  e xp lic it con tro l o f 

in fo rm a tio n  f lo w  to in tac t partic ipants, th is  pa rad igm  a ffo rded selective 

fa c ilita tio n  and in h ib it io n  o f the tw o  processing streams w h ich  underlie  

judgm ents  o f id e n tity  and loca tion  o f v is u a l objects.

As sho w n  by  F igure 1, p re lim in a ry  sites w h ich  precede the o rig in  o f 

the dorsal and ven tra l pa thw ays begin as early  as the re tina  th rough  

equivalents o f w , x, and y  cells. These cells lead to the lateral geniculate 

nu c le i and p ro jec t fo rw a rd  in  pa ra lle l as the m agnocellu lar and 

pa rvo ce llu la r pa thw ays to selective sites in  p r im a ry  v isua l cortex (V I). 

D ifferences in  P arvoce llu la r and M agno ce llu la r pa thw ay cell 

characteristics have been reported bo th  neuroana tom ica lly  (Schiller et al., 

1990a, 1990b) and  behav io ra lly  (M erigan, Byrne, &  M aunsell, 1991). 

P arvoce llu la r pa th w a y  cells are sm all, s lo w  responding, s low  conducting , 

susta ined response cells, w h ich  exh ib it p o o r contrast se n s itiv ity , h ig h  

spa tia l frequency, and fine  spatial se le c tiv ity  necessary fo r h ig h  reso lu tion  

co lo r (i.e., hue) and fo rm  perception fo r  pa tte rn  d isc rim ina tio n  and object 

recogn ition  (C am pbell, 1974; Graham, 1980; L iv ingstone &  H ub e i, 1987; 

G alaburda &  L iv ingstone, 1993). In  com parison, M agnoce llu la r pa thw ay 

cells are large, ra p id  responding, fast conducting , transient response cells 

w ith  h ig h  con trast sens itiv ity , lo w  spa tia l frequency, lo w  spa tia l reso lu tion
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and lo w  acu ity , w h ich  e xh ib it reported ly  lit t le  sens itiv ity  to hue and are 

id e a lly  su ited  to convey signals re la ting  to m ovem ent and spatia l location 

(Cohen, 1993; D erring ton , K rauskopf, &  Lennie, 1984; K aplan &  Shapley,

1982).
Three research m ethodologies were b rough t together to assess 

responses to  v isua l s tim u li processed b y  the h igher o rder v isua l system: 1. 

de layed-nonm atch-to-sam ple (DNMS) was selected over delayed-m atch- 

to-sam ple (DMS) fo r reasons o f v isual processing and anatom ical 

o rgan iza tion  (M ish k in  &  Delacour, 1975; M ish k in  &  M u rra y , 1994); 2. 

speed-accuracy tradeo ff (SAT) was used in  ad d ition  to the trad itiona l RT 

pa rad igm  to a llo w  assessment o f performance d u rin g  ongo ing processing, 

ra ther tha n  sole ly at the p o in t o f com pletion (McElree &  Dosher, 1993;

M eyer, Osm an, Irw in , &  Yantis, 1988); and 3. d ig ita l f ilte r in g  o f objects was 

chosen o ve r op tica l f ilte r in g  as i t  afforded s ign ifica n tly  greater contro l over 

spa tia l w ave leng ths o f s tim u li presented (Breitm eyer &  Ganz, 1977;

G insburg , 1986; W illia m s et al., 1991).

P artic ipan ts

F ifty-seven college and graduate student volunteers between the ages 

o f 18 and 35 were recru ited from  universities in  N ew  Y ork C ity ; fourteen 

p a rtic ip a te d  in  Experim ent 1, seventeen in  Experim ent 2, and tw en ty-s ix  in  

E xperim en t 3. There were no sign ificant differences between the groups w ith  

respect to  age, years o f education, gender, handedness, and a ll reported no 

p r io r  h is to ry  o f substance abuse and reported that they were drug-free at tim e 

o f testing. F ina lly , a ll perform ed w ith in  norm a l lim its  on neuropsycho log ica l
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measures and v isua l acu ity  was w ith in  norm a l lim its  w ith  glasses i f  needed, 

(see A p p e n d ix  fo r e laboration o f neuropsychologica l tests and for descrip tions 

o f v isu a l acu ity  tests).

M a te ria ls

The experiments w ere created in  the B /C  Pow erLaboratory 

p ro g ra m m in g  env ironm en t (C hu te  &  W estall, 1996), and were presented 

u t i l iz in g  a M acintosh Pow erBook 550c com puter w h ic h  was connected to a 

M1297, 13-inch A pp leC o lo r H ig h  Resolution (square-p ixel) RGB m o n ito r. 

Images were prepared fo r d isp la y  th rough the p rogram , Image A lchem y. 

S tim u li consisted o f 260 d ig it iz e d  Snodgrass and V and e rw o rt (1980) line  

d raw ings . N orm ative  in fo rm a tio n  on the figures pe rm itte d  

counterba lancing items b o th  w ith in  and across cond itions fo r im a g ib ility , 

fa m ilia r ity , com plexity , concept frequency, and nam e agreement.

A l l  line  draw ings o f objects were filtered d ig ita lly  using 2- 

d im ens iona l b u tte rw o rth  filte rs . D ig ita l com puta tiona l processing o f  

im age p ixe ls affords a level o f bandpass filte r p recis ion that is s im p ly  

unobta inab le  using optica l filte rs  (Maunsell, 1987; Schwartz &  Loop , 1983; 

W illia m s  et al., 1991). There w ere three sets o f objects: the firs t set 

com prised un filte red  d ig it ize d  line  draw ings (see F igure 2a); the second 

m a tch ing  set o f line d raw ings was filte red w ith  a highpass filte r, w h ic h  

filte re d  o u t a ll spatial frequencies except those w ith in  the range o f 

9.50 - 11.00 cycles per degree (cpd; see Figure 2b); and the th ird  set o f  line  

d raw ings  were filte red w ith  a lowpass filte r w h ich  filte red  ou t spa tia l
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a. un filte re d  object

b. h ighpass-filte red object

c. low pass-filte red object 

F igure 2. Exam ples o f un filte red  and filte re d  s tim u li.
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frequencies outside the range o f 0.01 -1.50 cpd (see F igure  2c). P rio r 

research us ing  spa tia l frequency gratings has dem onstrated th a t the

m a g n o ce llu la r pa thw ay responds to  m ovem ent and lo ca tio n  in p u t fro m  

sp a tia l frequencies be low  6.0 cpd; whereas, the p a rvo ce llu la r pa thw ay 

responds to  co lo r and fo rm /p a tte rn  in p u t fro m  frequencies above 6.0 cpd.

O n a ll tria ls , a specia lized v isua l p a tte rn  m ask was show n fo llo w in g  

each sam ple s tim u lu s to  ensure th a t no " ic o n ic " re p resen ta tiona l store 

obscured the effects o f the  independent variab les on  the experim en ta l 

tasks (d i L o llo  &  D ixon, 1992; Irw in  &  Yeomans, 1991, 1995). The pa tte rn  

m ask covered the en tire  screen and consisted o f a tw o -d im e n s io n a l 

b u tte rw o rth  bandpass sp a tia l frequency m ask o f o ve rla p p in g  v isu a l 

g ra tings com pris ing  v isu a l frequencies fro m  0.01 - 11.00 cpd. Each o f the 

tw o -d im e n s ion a l g ra tings consisted o f tw o  row s o f p ixe ls so as to  a llo w  240 

independen t row s o f v isu a l g ra tings. Each g ra tin g  was program m ed so as 

to  beg in  ind ependen tly  a t an in it ia l random  loca tion  at any o f the  640 

p ixe ls  in  a p a rticu la r ro w  o f the com puter screen and then  repeat 29 tim es 

across th a t ro w . M oreover, the ph o tic  pow er (i.e., energy) o f each o f the 

sine waves th a t com prised the gratings was equated to  ensure th a t there 

w as equal m asking effects a t a ll frequencies fro m  0.01 - 11.00 cpd.

Use o f d ig ita l filte rs  p e rm itte d  con tro l over the sp a tia l frequencies 

presented to  pa rtic ipan ts . The b lack, red, green, and b lue  low pass and 

highpass filte re d  Snodgrass and V and e rw o rt (1980) d raw in g s w ere filte re d  

us in g  2 -d im ensiona l b u tte rw o rth  filte rs . M oreover, us in g  p h o tic  pow er
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spectrum  analysis, the energy levels o f the filte re d  lin e  d ra w in g s then 

w ere assessed to  ensure th a t they were equ iva len t. The highpass and 

low pass d ig ita l filte rs  co n tro lle d  the in p u t to  the  re tin a l ce ll detectors 

w h ich , in  tu rn , were expected to  determ ine re tin a l c e llu la r o u tp u t pro ject 

to  re tin a l gang lion  cells such tha t b y  the level o f the la te ra l geniculate 

nucleus, one cou ld  be co n fid e n t tha t d ig ita l filte r in g  o f these selective 

spa tia l frequencies, ca rried  b y  the m agnocellu lar and p a rvo ce llu la r 

pa thw ays, respective ly, w o u ld  be detectable in  h ig h e r o rd e r v isu a l 

in fo rm a tio n  processing b y  response tim e and accuracy m easures.

The selection o f the  D N M S  paradigm  w as chosen ove r DM S because 

the fo rm e r has been id e n tifie d  as in v o lv in g  o cc ip ita l, p a rie ta l, tem pora l 

s tructu res (M ish k in  &  M u rra y , 1994), w h ile  the la tte r has been m ore 

s tro n g ly  associated w ith  n e u ra l structures re la tin g  to fro n ta l lobe and basal 

gang lia  c ircu its  such as fo u n d  in  delayed a lte rn a tio n  tasks. A  fu rth e r 

advantage o f D N M S w as its  extension and clear precedence in  an im al 

research associated w ith  lo ca tio n  and id e n tity  d is c rim in a tio n . F in a lly , 

g ive n  the h ig h  levels o f re co g n itio n  often associated w ith  v isu a l 

re co g n itio n  m em ory tasks, the greater task dem ands and d iff ic u lty  of 

D N M S  served as a p ro te c tio n  against ce iling  effects.

F in a lly , the SAT m e thodo log y was chosen to  com plem ent 

tra d itio n a l response tim e  and accuracy measures. In  sp ite  o f the u t ility  o f 

se lf-te rm ina ted  RT pa rad igm s, researchers ru n  a greater r is k  o f p a rtic ip a n t 

bias as sam p ling  occurs based on pa rtic ipa n t's  sub jective understand ing  o f
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the in s tru c tio n , "P lease answer as q u ic k ly  and accura te ly as possib le." N o t 

o n ly  does th is  m e thod  freque n tly  generate non linea r da ta , b u t also the 

shorter the  response tim e , the w orse the accuracy and converse ly, the 

longer th e  response tim e  the greater the accuracy w ith  n o  system atic lin e a r 

means o f com parison  fo r m ode ling . The advantage o f th e  SAT 

m e thod o log y  is th a t i t  makes it  possib le  to  assess o n g o in g  processing tha t 

o therw ise  m ig h t be obscured using  tra d itio n a l se lf-te rm in a te d  RT 

m ethods in  w h ic h  h ighest leve l o f accuracy occurs a t co m p le tio n  o f a ll 

processing. The data fro m  these tw o  m ethodolog ies can be com pared and 

m ore precise conclusions can be m ade rega rd ing  the n a tu re  o f cogn itive  

processing.

PROCEDURES

G eneral e xp e rim e n ta l procedures: Each tr ia l (see F igures 3-5) in  the three 

experim ents began w ith  the presen ta tion  o f the w o rd s , "T r ia l Begins," in  

the center o f the com pute r screen fo r 4000 ms, fo llo w e d  b y  a b lank screen 

fo r 1500 m s. Then, one o f three possib le cues was show n on  the screen fo r 

4000 ms, (i.e ., ID E N T IT Y  O N LY , LO C A T IO N  O N LY , o r 

LO C A T IO N + ID E N T IT Y ), fo llo w e d  b y  a b la nk  screen fo r 1500 ms. N ext, 

fo u r separate, b u t con tiguous, tw o -in ch  squares arranged h o riz o n ta lly  on 

the screen w ere  d isp la yed  fo r 300 m s. H o riz o n ta lly , the  im ages subtended 

a h o riz o n ta l v is u a l angle o f 30.00 degrees and ve rtica l ang le  o f 7.50 degrees 

as v ie w e d  b y  a p a rtic ip a n t 18.26 inches fro m  the screen. Then, 200 ms afte r 

the onset o f the b la n k  squares, an ob ject was presented fo r 100 ms in  one o f
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4 0 0 0  ms 

1 5 0 0  ms 

4 0 0 0  ms 

1 5 0 0  ms 

3 0 0  ms 

1 00  ms 

1 5 0 0  ms 

2 0 0  ms

Press "Y" 
Location only changed

Press " IT  
Identity only changed

Press"N"
Locati o n + 1 de nti t y c ha nged

T R IA L  BEGINS

LOCATION ONLY

OR

▲
OR

▲
F ig u re  3. Exam ples o f "lo ca tio n  o n ly " tria ls .
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400 0  ms 

1 500  ms 

4 00 0  ms 

1 500  m3 

300  ms 

1 00 ms 

1 500  ms

200 ms 

Press "Y"
Identity only changed

Press "N" 
Location only changed

Press "N"
Locati o n + 1 de nti t y c ha nged

T R IA L  BEGINS

IDENTITY ONLY

OR

OR

▲
F igure  4. Exam ples o f " id e n tity  o n ly " tria ls .
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4 0 0 0  ms 

1 5 0 0  ms 

4 0 0 0  ms 

1 5 0 0  ms 

3 0 0  ms 

1 00  ms 

1 5 0 0  ms 

2 0 0  ms

Press "Y”
Locati o n + 1 de nti t g c ha nged

Press “N" 
Location onl g changed

Press "N" 
identity onlg changed

T R IA L  BEGINS

L0C A T I0N +  DENTITY

□

▲

OR

OR

F igure  5. Exam ples o f " lo c a tio n + id e n tity " tria ls .
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the fo u r boxes. Im m e d ia te ly  a fte rw a rd , th is d isp la y  was fo llo w e d  by the 

presen ta tion  o f the p a tte rn  m ask fo r 1500 ms, th a t com p le te ly  occupied the  

screen. Precisely a t the m om ent the m ask d isappeared, the a rray  o f fo u r 

squares was presented once again. A fte r 200 ms an object appeared in  one 

o f the  fo u r squares up o n  the screen. This tim e , how ever, the  object 

rem ained in  one o f the fo u r squares u n til the p a rtic ip a n t responded w ith  a 

key press. P artic ipants had been instructed  to  decide w h e th e r the object, o r 

the  objects, presented had changed between the sam ple and the test phase 

in  the m anner p red ic te d  b y  the cue. P artic ipants pressed "Y "  fo r "yes" i f  

the  change was co rre c tly  p red ic ted  b y  the cue, and " N "  fo r "n o " i f  the 

change was n o t co rre c tly  p red ic te d  b y  the cue w h ic h  had been presented a t 

the  beg inn ing  o f the  tr ia l.

E xperim en t 1

E xperim ent 1 m a n ip u la te d  co lo r and num ber o f s tim u lu s  item s 

u s in g  o n ly  u n filte re d  lin e  d ra w in gs  o f objects to  exp lo re  w h e th e r these 

param eters d iffe re n tia lly  in flu ence d  response tim e  m easures fo r de tectio n  

o f loca tion , id e n tity , and lo ca tio n + id e n tity . The fo u r co n d itio n s  

adm in iste red  to each p a rtic ip a n t consisted of: a s ing le  b lack and w h ite  

object, a single co lo red object, tw o  b lack and w h ite  objects, and tw o  co lo red  

objects. P artic ipants w ere adm in is te red  24 practice  tria ls , and the objects 

presented were n o t reused in  the experim enta l tria ls . These practice tr ia ls  

consisted o f six tria ls  fro m  each o f the fo u r con d ition s . P artic ipan ts w ere  

the n  adm in iste red one b lo ck o f 72 tria ls . For the p ractice  tr ia ls  and in  the
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exp erim e n t itse lf, tria ls  fro m  each cond ition  w ere e q u a lly  d iv id e d  and 

ra n d o m ly  presented.

E xpe rim en t 2

E xperim ent 2 was id e n tica l to  Experim ent 1, except tha t 

pe rform ance was assessed u n d e r tw o  d iffe re n t filte r  cond itions: h ighpass 

and low pass.

E xpe rim en t 3

E xperim en t 3 was the same as Experim ents 1 and 2, except fo r  the 

fo llo w in g  m od ifica tio ns. S tim u lu s  set size com prised o n ly  fo u r objects 

selected fro m  the Snodgrass and V anderw ort (1980) d raw ings. F ou r objects 

w ere selected so as to  equate the num ber o f locations w ith  the num ber o f 

object id e n titie s . A t 350, 700, 1050, or 1400 ms a fte r the presen ta tion  o f the 

object in  the test array, p a rtic ip a n ts  were presented w ith  a 100 ms s igna l 

tone. A t the onset o f the tone, the pa rtic ipa n t was re qu ire d  to  answ er w ith  

h is o r he r "best guess" by  pressing one o f tw o  response keys. I f  the 

p a rtic ip a n t's  response occurred m ore than 250 ms a fte r the response tone 

o ffse t, the p a rtic ip a n t received a 1000 ms w a rn ing , "T oo  S low " at the  end 

o f th a t tr ia l. S im ila rly , i f  the pa rtic ipa n t's  response preceded the onset o f 

the tone, the p a rtic ip a n t received a 1000 ms w a rn ing , "Too Fast" a t the end 

o f th a t tr ia l. W hen th is  occurred the tr ia l was no t repeated and the data 

fo r th a t tr ia l was excluded fro m  subsequent analyses.
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RESULTS A N D  D ISCUSSIO N

O w in g  to  the  in a d ve rte n t use o f "o n ly "  in  m y  in s tru c tio n s , ra ther 

than "L o ca tio n " and " Id e n tity ,"  I  am  unable to  c le a rly  id e n tify  the 

processes th a t p roduced m y data. Therefore, I  can m ake no unequ ivoca l 

claim s regard ing  loca tion  versus id e n tity  processing, and any statem ents 

regard ing  th is  data m ust be v iew ed  as speculative. Fu tu re  research, 

how ever, o ffe rs the p o s s ib ility  o f c la rify in g  these am b igu ities .

Despite th is  lim ita tio n  as RT studies ris k  n o n lin e a rity  o f data, log  

transfo rm ations w ere pe rfo rm ed fo r a ll data, w ith  b o th  d ire c tio n  and leve l 

o f s ta tistica l s ign ificance m a in ta ined  in  every case. Last, a lpha p ro b a b ility  

leve l was set at .05 fo r s ta tis tica l sign ificance fo r a ll ca lcu la tions. Accuracy 

fo r a ll experim ents was analyzed w ith  D -prim e (d ') scores. Use o f d ' 

ensures tha t in d iv id u a l response bias cou ld n o t be a fac to r in  recogn ition  

perform ance m easures.

Response T im e fo r Loca tion  and Id e n tity

C onsiderable an im a l and hum an research has led  to  the hypothesis 

th a t in  hum an h ig h e r o rd e r v is io n , judgm ents o f lo ca tio n  sh o u ld  be 

processed m ore ra p id ly  than judgm ents o f id e n tity  (REFs). Based on 

p lanned com parisons, th is  specu la tion  was s tro n g ly  con firm ed  b y  the 

present s tudy w ith  u n filte re d  s tim u li, F (l,26) = 5.59, p. <.03. A lth o u g h  

response tim e  fo r loca tion  (M  = 1151 ms) was faster than fo r id e n tity  (M. = 

1262 ms) and fo r lo ca tio n + id e n tity  (M  = 1289 ms) judgm ents, there existed
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no s ta tis tica l d iffe rence  betw een judgm ents o f id e n tity  and jud gm e n ts  o f 

lo ca tio n + id e n tity . C onsis ten t w ith  th is  v ie w , a Cue x F ilte r in te ra c tio n  in  

E xperim ent 2, in d ica te d  th a t judgm ents o f "lo c a tio n  o n ly " w ere  m ore 

accurate fo r low pass filte re d  objects than fo r h ighpass filte re d  objects. 

P red ictions based on the d u a l pa thw ay m odel w o u ld  suggest th a t lowpass 

filte r in g  w o u ld  fa c ilita te  processing o f loca tion  in fo rm a tio n  as i t  is carried 

b y  the dorsa l pa thw ay, and tha t highpass filte r in g  w o u ld  ham per 

processing o f lo ca tio n  in fo rm a tio n  as i t  se le c tive ly  rem oves the spa tia l 

frequencies ca rried  the do rsa l pathw ay. The im p lic a tio n  o f these fin d in g s  

is tha t loca tion  and id e n tity  are separable processes, w h ich  can be 

d iffe re n tia lly  in flu ence d  b y  spatia l frequency filte r in g  consistent w ith  the 

p red ic tio ns o f the d u a l pa thw ay m odel.

Q u a n tity

The e ffect o f q u a n tity  o f v isu a l in fo rm a tio n  on v isu a l processing 

was exam ined and p a rtic ip a n ts  responded faster fo r one item  th a n  fo r tw o  

item s, (M  = 1170 vs. M  = 1297; F (l,26) = 11.02, g. c .O l). H ow eve r, num ber o f 

item s d id  n o t in te rac t w ith  cue type. This absence o f an in te ra c tio n  

ind ica tes th a t a lth o u g h  tw o  v isua l s tim u li re q u ire  m ore tim e  to  process 

than  one v isu a l s tim u lu s , the response tim e  fo r ju d g in g  tw o  lo ca tio n  

item s o r tw o  id e n tity  item s is no t p ro p o rtio n a lly  faster than fo r tw o  

lo ca tio n + id e n tity  item s. In  o ther w ords, the  co g n itive  opera tions 

in vo lve d  in  the processing o f conjoined lo c a tio n + id e n tity  jud gm e n ts  are 

n o t m ore com plex th a n  the processing o f each ju d g m e n t in d iv id u a lly .
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F u rthe r su p p o rt fo r th is  fin d in g  comes fro m  the fin d in g  th a t fo r tria ls  in  

w h ich  tw o  objects w ere  show n s im u ltaneously , com parison  o f ea rly  b lo ck 

tria ls  w ith  la te  b lo ck  tria ls  revealed th a t subjects co n tin u e d  to  m o n ito r 

bo th  item s. These resu lts  ind ica te  th a t com p le x ity  canno t account fo r the 

data in  th is  s tudy.

F in a lly , on  tr ia ls  in  w h ich  tw o  item s were presented 

s im u ltaneously , a suggestion was m ade to  have tria ls  in  w h ic h  o n ly  one 

item  changed ra th e r th a n  bo th  change o r n o t change in  the  same m anner. 

A lth o u g h  there w as a ris k  o f experim enta l redundancy as p a rtic ip a n ts  

cou ld  m o n ito r ju s t one o f the tw o  item s on these tria ls , i t  is no tab le tha t 

the  p a rtic ip a n ts  co n tin u e d  to m o n ito r b o th  item s in  ana lys is  o f e a rly  and 

la te  b lock tria ls . M oreover, the reason b o th  item s changed, o r d id  n o t 

change in  the same m anner, was th a t to  have do o th e rw ise  w o u ld  have 

produced a s itu a tio n  in  w h ich  pa rtic ip a n ts  w o u ld  have had to  g ive  

co n tra d ic to ry  responses.

H ue

P rio r research lite ra tu re  suggests th a t hue im pacts  v isu a l object 

re cogn ition  u n d e r u n filte re d  cond itions so le ly in  instances in  w h ich  

objects are less p ro to ty p ic a l o r are h ig h ly  s im ila r in  ca tego ry  o r structu re . 

H ow ever, the e ffec t o f hue on object re cogn ition  o f s p a tia lly -filte re d  item s 

was ye t to  be de te rm ined . This issue was o f p a rtic u la r no te  in  the dom ain 

o f v isua l object p rocessing as the ve n tra l pa thw ay con ta ins sites fo r hue 

and fo r hu e -fo rm  (area V4), whereas the dorsa l p a th w a y  exh ib its  litt le
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(s lig h t s e n s itiv ity  to  red o n ly  in  area ST), o r no co lo r se n s itiv ity . In  

E xperim ent 2, the  effect o f co lo r and cue and filte r  w as analyzed as a 2(Hue: 

b lack &  w h ite  (bw ), red &  green &  b lu e  (rgb) x 3(Cue: id e n tity , location, 

lo ca tio n + id e n tity ) x  3(F ilte r: h ighpass, lowpass, u n filte re d ) repeated 

measures analysis o f variance (A N O V A ). There w as a m a in  effect o f H ue, 

F (l,28) = 9.88, p  <-01, w ith  p a rtic ip a n ts  e x h ib itin g  h ig h e r levels o f 

recogn ition  fo r b w  objects (M  = 4.34) than  fo r rgb objects (M  = 4.00).

Th is e ffe c t o f hue ind ica tes th a t the presen ta tion  o f rgb item s does 

no t fa c ilita te  processing o f v isu a l id e n tity  in fo rm a tio n  fo r highpass o r fo r 

lowpass filte re d  objects. Thus, the lim ite d  s itua tions in  w h ich  color assists 

in  object re co g n itio n  rem ains unchanged by  th is  s tu d y . These find ings 

suggest th a t the  processing advantage fo r b w  s tim u li ind ica tes tha t the 

ra p id  processing o f the dorsa l p a th w a y  has an essentia l co n trib u tio n  fo r 

both loca tion  and id e n tity  o f v isu a l objects.

Spatial F requency F ilte rin g

The regression analyses o f the d ' scores fo r E xperim en t 1 and 2 lend 

support to  the  idea tha t the processing o f cues over tim e  is sensitive to the 

spatia l frequency o f the m a te ria l to-be-rem em bered (see F igure  6). W hen 

s tim u li are u n filte re d  and tria ls  are se lf-te rm ina ted , as was the case in  

E xperim ent 1, "lo ca tio n  o n ly " judgm ents declined ra p id ly , F (l,26) = 5.45, p  

<.01, re la tive  to  the com para tive ly  fla t and consisten tly  h ig h  levels o f 

accuracy fo r judgm ents o f " id e n tity  o n ly " and "lo c a tio n + id e n tity ." A  

s im ila r p a tte rn  was eviden t w ith  the highpass filte r  in  E xperim ent 2:
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accuracy fo r loca tion  rem ained constant, b u t accuracy fo r id e n tity  

ju d g m e n ts  declined o ve r tim e  and the change approached sign ificance , 

F (l,1 2 ) =  4.17, p  <.08. In  contrast, in  the low pass filte r  c o n d itio n  in  

E xpe rim en t 2, accuracy fo r " id e n tity  o n ly " declined ra p id ly , F (l,18 ) = 5.98, p. 

<.01, w hereas, accuracy fo r "lo ca tio n  o n ly " and fo r " lo c a tio n + id e n tity " 

rem a ined  re la tive ly  fla t, consisten tly  h ig h , and d id  n o t change 

s ig n ific a n tly  over tim e . In  a d d itio n , as is e v id e n t fro m  F ig u re  7, Cue 

in te ra c te d  w ith  F ilte r, F(4,56) = 2.72, p  <.04; judgm ents o f lo ca tio n  w ere 

m ore accurate fo r low pass filte re d  s tim u li (M  = 4.37) th a n  h ighpass filte re d  

s tim u li (M  = 3.66).

In  sum , w ith  low pass filte re d  item s, there was a ra p id  decline  fo r 

" id e n tity  o n ly " jud gm e n ts  com pared to  the re la tiv e ly  f la t and consis ten tly

h ig h  leve ls  o f accuracy fo r "lo ca tio n  o n ly " and " lo c a tio n + id e n tity " 

ju d g m e n ts . As a ll tr ia ls  w ere  se lf-te rm ina ted  in  E xperim ents 1 and 2, the 

ap p a ren t s im ila rity  in  slopes both fo r u n filte re d  and h ighpass filte re d  

s tim u li cou ld  lead one to  the m istaken in ference th a t h ighpass filte r in g  o f 

s tim u li has no effect on processing, and th a t o n ly  the low pass f ilte r  is 

capable o f p ro d u c in g  the double d issocia tion  noted above. A lte rn a tiv e ly , 

one m ig h t in fe r th a t the ve n tra l pa thw ay predom ina tes processing under 

u n filte re d  con d ition s, and i t  is o n ly  un der the  low pass filte re d  cond itions 

th a t the  effects o f the do rsa l pa thw ay became apparent. The low pass filte r, 

the re fo re , aids processing o f loca tion  in fo rm a tio n  w h ic h  increases signal 

s tre n g th  to  im p rove  accuracy fo r lo c a tio n + id e n tity  judgm ents. T h is can be
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better understood by exa m in ing  the SAT data o f E xperim en t 3, re su ltin g  

fro m  the in te rru p tio n  o f processing at specific  tim e  in te rva ls .

Speed-Accuracy T radeoff

In  E xperim ent 3 the tim e  course fo r m a k in g  lo ca tio n , id e n tity , and 

lo c a tio n + id e n tity  judgm ents w as in te rru p te d  a t specific tim e  in te rva ls  

a fte r the onset o f processing. The re su ltin g  d ' data was analyzed as a 3 

(Cue: loca tion , id e n tity , lo ca tio n + id e n tity ) x  4 (In te rva l: 1-350 ms, 351-700 

ms, 701-1050 ms, 1051-1400 ms) x 3 (F ilte r: h ighpass, low pass, u n filte re d ) 

repeated measures A N O V A . There was a m a in  effect o f In te rv a l, F(3,66) = 

5.03, p  < .003, accuracy was low est at the 1-350 m s in te rva l (M = 1.35), and 

peaked d u rin g  the 351-700 ms (M = 2.20) and 701-1050 ms (M = 1.98) 

in te rva ls . These results in d ica te d  th a t se lection o f fo u r tim e  in te rva ls  

w ere su ffic ie n t to  e ffe c tive ly  d iscrim in a te  the  d iffe re n t phases in  

processing loca tion, id e n tity , and lo ca tio n + id e n tity .

In  a d d itio n , there was a m a in  effect o f Cue, F(2,44) = 9.96, p  < .001; 

loca tion  (M = 1.91) and lo c a tio n + id e n tity  judgm ents (M = 2.11) w ere m ore 

accurate than id e n tity  judgm en ts  (M = 1.45). N o ta b ly , the conjo ined 

ju d g m e n t o f " lo c a tio n + id e n tity " is m ore accurate than th a t o f " id e n tity  

o n ly " w h ic h  suggests th a t lo c a tio n + id e n tity  benefits fro m  the c o n trib u tio n  

o f processing loca tion  in fo rm a tio n . C onsistent w ith  th is  n o tio n , Cue 

in te racted w ith  In te rva l, F(6,132) = 2.33, p  < .04; (see F igure 8), loca tion  (M 

= 2.59) and lo ca tio n + id e n tity  judgm ents (M  = 2.45) w ere m ore accurate 

than id e n tity  judgm ents (M = 1-56) at the 351-700 ms in te rva l.
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In  a d d itio n , the re  w as a tendency tow a rd  a th ree-w ay in te ra c tio n  o f 

Cue x In te rva l x F ilte r, F(12,132) = 1.70, £  =.07 (see F igure  9). F u rth e r 

analysis revealed th a t d u rin g  the 1-350 ms in te rv a l, lo c a tio n + id e n tity  

judgm ents were m ore accurate in  the u n filte re d  c o n d itio n  (M = 1.86) than 

the low pass co n d itio n  (M  = .91; F (l,13) = 9.81, £  < .01). The fact th a t the 

con jo ined lo c a tio n + id e n tity  ju d g m e n t is m ore accurate fo r u n filte re d  than  

low pass filte re d  item s at th is  e a rly  in te rva l suggests th a t id e n tity  

predom inates in  the u n filte re d  con d ition . A t the  351-700 ms in te rv a l, 

how ever, lo c a tio n + id e n tity  judgm en ts were m ore accurate in  the h ighpass 

c o n d itio n  (M  = 2.92) re la tiv e  to  the u n filte re d  c o n d itio n  (M = 1-84; F ( l , l7)

= 4.37, £  < .05). Th is fin d in g  suggests that highpass filte r in g  o f item s 

enhances the signa l s tre n g th  o f id e n tity . F in a lly , a t the 1051-1400 m s 

in te rva l, judgm ents o f id e n tity , F (l,14) = 8.44, £  < .01, and 

lo ca tio n + id e n tity , F (l,1 4 ) = 4.88, £  < .04, were m ore accurate w ith  the  

highpass than the low pass f ilte r  in d ica tin g  tha t h ighpass filte r  m a in ta in s  

the accuracy fo r the id e n tity  in fo rm a tio n  ra ther tha n  decline as w o u ld  be 

expected w ith  the low pass filte r.

The d ' data fo r incons is ten t cue-test pa irs w as also analyzed. A s is 

e v id en t fro m  F igure 9, a t the 701-1050 ms in te rva l, there was grea te r 

accuracy fo r the h ighpass than  the un filte re d  c o n d itio n  fo r " id e n tity  at cue 

and loca tion  at tes t" (M  = 1-96 vs. M = 1.16; _F(1,17) = 5.16, £  < .04), and 

"lo ca tio n  at cue w ith  id e n tity  at te s t" (M = 3.94 vs. M = 2.06; ¥(1,17) =  7.58,

£  < .01). This fin d in g  suggests n o t o n ly  tha t u n d e r u n filte re d  co n d itio n s
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th a t id e n tity  p redom inates, b u t tha t h ighpass causes loca tion  judgm ents 

to  susta in  an a d d itio n a l in te rva l u n til 1050 ms ra the r than beg in  to  fa ll o ff 

b y  the preceding in te rv a l 700 ms. A  s im ila r pa tte rn  at the 1050 ms in te rva l 

w as ev id en t fo r lo ca tio n + id e n tity  cues (see F igure 10) w ith  the highpass 

(M  = 3.48) re la tive  to  the u n filte re d  c o n d itio n  (M  = 1.12). H ighpass filte re d  

item s at 1050 ms w ere m ore accurate th a n  u n filte re d  item s fo r 

"lo c a tio n + id e n tity  a t cue" pa ired  w ith  " id e n tity  at tes t" (F (l,17 ) = 8.03, p  < 

.01), "lo ca tio n  at te s t" ( F ( l, l7) = 10.12, p  < .01), and "n o  change a t test"

( F ( l, l7) = 4.55, p  < .05). These results in d ica te  th a t highpass filte r in g  

m a in ta in s  loca tion  processing, ra ther th a n  decline ra p id ly . F in a lly , 

accuracy fo r tria ls  w ith  "lo c a tio n + id e n tity  a t cue and loca tion  at test" was 

h ig h e r w ith  the low pass filte r  (M  = 3.09) than the u n filte re d  co n d itio n  (M  

= 1.03; F (l,17) = 4.89, p  < .05) at the 1050 m s in te rva l. This fin d in g  ind icates

th a t w hen the cue and test do no t m atch, the cue in fluences the processing 

s tra teg y pa rtic ipan ts  adop t in  a n tic ip a tio n  o f the test. Thus, the 

" lo c a tio n + id e n tity " cue prepares p a rtic ip a n ts  to expect a co n jo in t 

ju d g m e n t despite be ing  tested on "lo c a tio n  o n ly " and the re su ltin g  

accuracy curve close ly matches tha t o f consistent " lo c a tio n + id e n tity " cue 

and  test tria ls .

Processing o f loca tion  and id e n tity  in  the h ighe r o rde r v isu a l system  

is  de te rm ined b y  spa tia l frequency. U n d e r no rm a l u n filte re d  cond itions, 

lo ca tio n  is a ra p id  process th a t occurs b y  350 ms, peaks by 700 ms, and 

declines m arked ly  b y  1050 ms. In  com parison, id e n tity  is a process tha t
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rises m ore g ra d u a lly  to  peak and predom inate processing fu lly  by  1050 ms 

and then  con tinue  to  m a in ta in  accuracy. C on jo ined lo c a tio n + id e n tity  

jud gm e n ts  re fle c t the  in fluence  o f loca tion  u n til 700 ms and then the 

c o n trib u tio n  o f id e n tity  th ro u g h  la te r stages o f processing. Use o f an 

h ighpass f ilte r  causes lo ca tio n  judgm ents to  resem ble the u n filte re d  

p a tte rn  o f id e n tity , w h ile  enhancing accuracy leve ls fo r jud gm en ts  o f 

id e n tity . The same occurs fo r conjoined lo c a tio n + id e n tity  judgm ents in  

w h ic h  loca tio n  resem bles the  u n filte re d  pa tte rn  o f id e n tity , how ever, 

id e n tity  judgm ents peak ea rlie r and then con tinue to  m a in ta in  accuracy. 

By contrast, low pass filte r in g  enhances accuracy o f lo ca tio n  judgm ents, b u t 

m akes id e n tity  judgm ents decline ra p id ly  at 1050 ms resem b ling  the 

p a tte rn  o f id e n tity  judgm en ts under lowpass filte re d  co n d itio n s . Together 

these fin d in g s  show  th a t loca tion  and id e n tity  are s tro n g ly  in fluenced by 

filte r .

The s ig n ifica n t e ffect o f cue is also im p o rta n t to  conside r as there is 

evidence th a t cue d irec ts  the order o f processing in  th a t consistent cue-test 

p a irs  are processed faster than  inconsistent cue-test pa irs . F u rthe r, tria ls  

w ith  inconsisten t cue-test pa irs  in  w h ich  loca tion  is the cue are processed 

m ore ra p id ly  than those in  w h ich  id e n tity  is the cue. Th is  means tha t to 

expect lo ca tio n  and receive id e n tity  should be processed faste r than tria ls  

in  w h ic h  one expects id e n tity  and receives loca tion . The reason fo r th is  

d iscrepancy is th a t lo ca tio n  processing has already occurred in  the form er, 

and can access lim ite d  id e n tity  in fo rm a tion  to  respond ra p id ly , whereas in
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the la tte r id e n tity  in fo rm a tio n  m ust be processed fu lly  be fo re  respond ing . 

O n inconsisten t tr ia ls  in  w h ich  one is presented w ith  con jo ine d  lo ca tio n  

and id e n tity  cues, b u t e ithe r no change, loca tion , o r id e n tity , alone occur as 

the test item , one w o u ld  expect lo ca tio n  in fo rm a tio n  to  be processed m ore 

ra p id ly  than id e n tity .

G ENERAL D ISCUSSIO N 

Both R a tc liff and M cKoon as w e ll as Tow nsend have proposed 

m em ory search m ode ls w h ich  em p loy a search a lg o rith m  th a t com pares 

lim ite d  and exhaustive  search fie lds. A lth o u g h  they d iffe r  in  the degree to  

w h ich  processing is seria l o r pa ra lle l, in  b o th  m odels search continues 

u n til a m atch occurs between the ta rge t and the m em ory set. A ll possib le 

com parisons m u st be m ade between the  ta rge t and the m e m ory  set to 

determ ine th a t the re  is "n o  m atch." A s lo n g  as e ithe r the  ta rge t set o r the 

m em ory set co n ta in  m ore than one ite m , the tim e re q u ire d  to  detect a 

m atch betw een these tw o  sets (i.e., lim ite d  search) is sh o rte r than  the  tim e  

needed to de te rm ine  there is "no  m a tch ," (i.e., exhaustive  search).

Data fro m  the  present study o f h ig h e r order v isu a l processing does 

n o t sup p o rt an in te rp re ta tio n  consonant w ith  lim ite d  versus exhaustive  

d ich o tom y m odels. A cco rd ing  to  the p re d ic tio n s  fro m  these m odels, 

p a rtic ipa n ts  sh o u ld  be fastest w hen cue and test item s m a tch  as ne ith e r 

e lem ent changed, re q u irin g  on ly  a lim ite d  search to m a tch  item s as w o u ld  

be the case w ith  a ll "n o  change" test item s. C onversely, p a rtic ip a n ts  

should  be s low est w hen cue and test item s fa il to  m atch as a ll p a irin gs
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be tw een cue and tes t item s m u st be m ade "e xh a u s tive ly " to  d iscover the re  

is no m atch, as w o u ld  be the case w ith  a ll lo c a tio n + id e n tity  test item s.

In  the p resen t in ve s tig a tio n  o f loca tion  and id e n tity  processing, the  

"n o  change" test c o n d itio n  requires o n ly  lim ite d  search fo r b o th  elem ents, 

b u t the  " lo c a tio n + id e n tity " test co n d itio n  requires exhaustive  search o f 

b o th  lo ca tio n  and id e n tity  item s. Factor analysis o f the lim ite d  versus 

exhaustive  searches (m a tch /m ism a tch ) bo th  in  d e ta il and v ia  cluster 

ana lys is  show  no s ta tis tica l d iffe rences between exhaustive  vs. lim ite d  

searches fo r a ll categories o f com parison.

R e la tion  to  the D u a l P athw ay M o d e l 

F ig u re  11 d iagram s the co g n itive  opera tions fo r the  D N M S  task 

used in  th is  s tudy, p ro v id in g  b o th  task decom position  and correspond ing  

co g n itive  processes re q u is ite  fo r a ll tria ls . O ve ra ll, the  task fo r the 

p a rtic ip a n t is to v e r ify  the type  o f change from  the sam ple phase to the test 

phase o f the tr ia l. A s  such, a ll tria ls  re qu ire  fo u r fu n d a m e n ta l stages o f 

processing: 1. the cue generates a p a tte rn  o f p re d ic te d  changes, w h ich  is 

the n  h e ld  in  m em ory; 2. pa rtic ip a n ts  separately de tect changes in  lo ca tio n  

and changes in  id e n tity ; 3. p a rtic ip a n ts  com pare the  p a tte rn  o f these 

changes w ith  the p a tte rn  o f changes he ld  in  m em ory p re d ic te d  by the cue; 

4. the  o u tp u t o f th is  decis ion  expresses the p a rtic ip a n t's  response.

Cue Phase: The tr ia l commences w hen a ve rb a l cue ("lo ca tio n  

o n ly " , " id e n tity  o n ly " , " lo c a tio n + id e n tity ") is p resented v is u a lly . Th is cue 

is  processed by a lin g u is tic  transducer th a t generates sem antic in fo rm a tio n
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fro m  the cue. Th is sem antic in fo rm a tio n  w ill be used to select a p a tte rn  

p a ir fro m  fo u r possible re la tions w h ic h  w ill occur in  the tr ia l (loca tion  

change o r loca tion  no change) w ith  (id e n tity  change or id e n tity  no 

change). The re su ltin g  selection is an outcom e m ainta ined b y  a h o ld  

fu n c tio n  th ro u g h o u t the sam ple and test phases.

D etection and C om parison Phases: A  sam ple pattern is presented 

fo llo w e d  by  a v isu a l test pa tte rn , and are com pared to each o ther. A  

d iffe rence  detection m odule  com pares lo ca tio n  and id e n tity  in fo rm a tio n  

to  de term ine the type  o f change in  p a tte rn  betw een the sam ple and the test 

phase. There are fo u r outcom es possib le  in  th is  com parison: 1. change in  

lo ca tio n  w ith  change in  id e n tity ; 2. change in  loca tion  w ith  no change in  

id e n tity ; 3. no change in  loca tion  w ith  change in  id e n tity ; 4. no change in  

lo ca tio n  w ith  no change in  id e n tity .

D ecision and Response Phases: Once the type  o f pa tte rn  change has 

been detected, the o u tp u t o f th is  m o du le  is fed to  a decision m odule . A  

"ye s " response ind icates tha t the change in  p a tte rn  from  sam ple to  test 

m atches th a t pred icted by the cue. A  "n o " response indicates th a t the 

change in  pattern fro m  sam ple to test does n o t m atch that p red ic te d  b y  the 

cue.

In  order to determ ine w he the r the in p u ts  fro m  sam ple and test 

m atch, the D ecision and Response Phase com parator m ust search fo u r 

elem ents in  o rder to  ind ica te  "n o  m a tch ." S hou ld the sam ple p a tte rn  and 

outcom e patte rn  m atch (i.e., consistent), search is term inated. The m odel
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in  F igure 11 p red ic ts  th a t 'cons is ten t' cue-test tria ls  shou ld  occur faste r 

than incons is ten t tria ls . A t the D ecis ion  and Response Phase, 

m agnoce llu la r and p a rvo ce llu la r system s w h ich  p ro v id e  in p u t fo r the  

dorsal and ve n tra l pa thw ays sam ple and test array com parators becom e 

im p o rta n t. The in p u t s igna l (s) over tim e  (t) to  the D etection and 

C om parison Phase com para to r m o du le  is (s/s+a vs .1/s+a w here, s o f 

"lo ca tio n  o n ly " » s o f " id e n tity  o n ly " an d f o f " id e n tity  o n ly " » t o f 

"lo ca tio n  o n ly "). U n til the D e tection  and C om parison Phase m odu les 

have pe rfo rm ed  th e ir tasks, the D ecis ion  and Response Phase m o du le  

cannot com plete its  com parisons.

B oth the p a rvo ce llu la r and m agnoce llu la r pathw ays can be 

characterized as "le a ky  in te g ra to rs " w hereby the signal loses a m p litu d e  

over tim e . S igna l a m p litu d e  conducted b y  the m agnoce llu la r system  rises 

m ore ra p id ly  tha n  in  the p a rvo ce llu la r system . H ow ever, signal 

a m p litu d e  also decreases a t a faster ra te in  the m agnocellu lar system  

re la tive  to  the p a rvo ce llu la r system  w hose signal am p litud e  rises m ore  

s lo w ly  and lasts longer. Thus, one sho u ld  expect tha t the o u tp u t o f the  

D etection  and C om parison Phase w ill c lose ly pa ra lle l signa l a m p litu d e .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



93

C U E

1  ___
L in g u is t ic  T ra n s d u c e r

H o ld  in  M e m o ry  

P a t te r n  S e le c te d P a tte rn S e le c to r  R u le

i ~
H IO H FaV s Frt-TEH c o io m o w  I I WOWMtL OMFILTgegn COWPmQuJ I tO W » » e a  f lL T t e  - co»

n
V IE W  S A M P L E  P A T T E R N

L o c a t io n  D e te c to r  

E x tra c ts  S a m p le  P a tte rn  

S p a t ia l L o c a t io n  C o o rd in a te s

H o ld  In  M e m o ry  

S p a t ia l L o c a t io n  C o o rd ln a  

F ro m  S a m p le  P a tte rn

n
Id e n t i ty  O e te c to r  

E x tra c ts  S a m p le  P a tte rn  

O b je c t  Id e n t i ty  F e a tu re s

H o ld  In  M e m o ry  

O b je c t  Id e n t i ty  F e a tu re s  

f r o m  S a m p le  P a tte rn

I H1QHPAS3 F l t T t *  COMOtTIOM I I WOSMSL ■ IM n tT S S tP  COWOITIOW [ | tO W PS SS riLTCW  COHOITIQMI

n
V IE W  T E S T  P A T T E R N

DL
L o c a t io n  D e te c to r  

E x tra c ts  T e s t P a tte rn  

S p a t ia l L o c a t io n  C o o rd in a te s

Id e n t i ty  D e te c to r  

E x tr a c ts  T e s t P a tte rn  

O b je c t  I d e n t i ty  F e a tu re s

- -  t  ■ • 1

H o ld  In  M e m o ry  

S p a t ia l L o c a t io n  C o o rd in a te s  

fro m  T e s t P a tte rn

H o ld  in  M e m o ry  

O b je c t  Id e n t i ty  F e a tu re s  

f ro m  T e s t P a tte rn

N C  -L o c a t io n L o c e t l -N C  Identity C Id e n t i ty

NC L o c a tio n  

w i t h  

NC  Id e n tity

NC Id e n tity  

w i t h

C L oca tion

C L o ca tio n  

w i t h  

C Id e n tity

C Iden tity  

w i t h  

NC Loca tion

P a tte rn S e le c te d  b y  S ig n a l s t re n g th

1
H o ld In  M e m o ry  P a tte rn  S e le c te d

K e y  P re s s  

R e s p o n s e

“ N O "

Figure 11. C o g n itive  operations u n d e rly in g  perform ance o f the  D N M TS  

task.
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Sum m ary and C onclus ion  

These v is u a l processing experim ents su p p o rt and elaborate 

u n d e rs ta n d in g  o f the dua l pa thw ay m ode l o f h ig he r v isu a l system  

fu n c tio n  and the  co n trib u tio n  o f lo ca tio n  and id e n tity  processing to  v isua l 

object re co g n itio n . They reveal lo ca tio n  and id e n tity  judgm ents are 

la rg e ly  ind epe nde n t, w ith  "lo ca tio n  o n ly "  jud ged  faster than " id e n tity  

o n ly ." In  a d d itio n , speed-accuracy tra d e o ff m ethodo logy reveals c ritic a l 

d iffe rences in  the tim in g  between the  pa thw ays: loca tion  ra p id ly  rises and 

then declines; id e n tity  rises m ore s lo w ly  and then continues a t the  same 

leve l; and con jo ine d  lo ca tio n + id e n tity  judgm ents re flect the in it ia l 

in fluence  o f lo ca tio n , fo llo w e d  b y  the  la te r in fluence  o f id e n tity .

The e ffect o f filte r  on th is p a tte rn  o f accuracy is tha t the low pass 

filte r  enhances lo ca tio n  and causes the  slope o f id e n tity  to  decline  ra ther 

than to  co n tin u e  a t the same leve l; w h ile  the highpass filte r  enhances 

id e n tity  and causes the slope o f lo ca tio n  to con tinue  at the same leve l 

ra the r tha n  to  decline .

Th is s tu d y  fo u n d  tha t there w as no effect o f rgb hue on  the 

processing o f v isu a l objects in  u n filte re d , highpass, and low pass filte r  

con d ition s, and th a t bw  s tim u li w ere processed m ore ra p id ly  suggest tha t 

the do rsa l p a th w a y  has have an essentia l co n trib u tio n  in  the processing o f 

v isu a l objects. Fu rtherm ore, p a rtic ip a n ts  judged  a sing le ite m  faste r than 

tw o  item s, and response tim e fo r ju d g in g  tw o  loca tion  o n ly  item s, o r tw o
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id e n tity  o n ly  item s, was n o t p ro p o rtio n a lly  faster than  ju d g in g  tw o  

lo c a tio n + id e n tity  item s.

F u rthe r, the in te g ra tio n  o f standard RT m e thodo logy w ith  speed- 

accuracy tra d e o ff m ethodo logy p ro v ide d  an deeper g lim pse in to  the  na tu re  

o f processing in  the h ig he r o rd e r v isua l system. N o t o n ly  d id  i t  revea l a 

greater leve l o f in te raction  betw een the pathw ays in  m o d u la tin g  v is u a l 

ob ject lo ca tio n  and id e n tific a tio n , b u t it  also revealed the n a tu ra l fu n c tio n  

and tim e  course o f such processes. M oreover, th is  s tu d y  p ro v id e d  firm  

g rounds fo r describ ing a process m odel w h ich  describes h ighe r o rd e r 

v is u a l system  and gives s trong  su p po rt to the d u a l pa thw ay m odel o f 

v is u a l system  fun ction .

A lth o u g h  these experim ents serve as the cornerstone o f fu tu re  

exp erim e n ta tion , an lim ita tio n  o f th is  design was th a t pa rtic ip a n ts  w ere  

g ive n  the ins truc tions “ lo ca tio n  o n ly " and " id e n tity  o n ly ," ra th e r th a n  

" lo c a tio n " o r " id e n tity ."  Th is m eant tha t p a rtic ipa n ts  had to  v e r ify  b o th  

lo ca tio n  and id e n tity  in  every case to  respond to  the cue. Thus, a d d itio n a l 

cond ition s  w o u ld  lay th is  issue to  rest by rem oving  the w o rd  "o n ly ,"  and 

s im p ly  have pa rtic ipan ts detect changes in  " lo c a tio n " o r changes in  

" id e n tity ,"  regardless o f the state o f the other a ttrib u te .

In tr ig u in g  po ten tia l fo r fu rth e r research is suggested in  the area o f 

dyslexia , also. Recent studies w ith  v isua l dyslexics have posited a 

m ism atch in  synchrony betw een the dorsal and the ven tra l pa thw ays as 

the cause fo r the dyslexics fa ilu re  in  le tte r and w o rd  synchrony. By use o f
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le tte r com bina tions, rea l and nonsense w o rd s , and phonem ic and 

sem antic m a n ipu la tio n s , one cou ld  exp lore the  precise na tu re  o f these 

d ys le x ic  e rro rs, and p o in t to  new  approaches to  re m e d ia tio n  o f v isu a l 

d ys le x ic  errors. F in a lly , a d e fic it in  spatia l frequency processing has been 

suggested in  in d iv id u a ls  w ith  M u ltip le  Sclerosis and A lzhe im e r's  

dem en tia  (T urner, 1990). Thus, th is  m e thod o log y opens new  avenues in  

the  area o f detection fo r these s ig n ifica n t n e u ro lo g ica l d isorders as w e ll.
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A p p e n d ix

A fte r o b ta in in g  in fo rm e d  consent, a ll pa rtic ipa n ts  w ere 

adm in is te red  a screen ing questionna ire  o f re levan t personal, educationa l, 

psycho log ica l, and m ed ica l h is to ry  as w e ll as a handedness in ve n to ry  

(Nebes &  B riggs, 1975). A  series o f tests o f v isu a l perception w ere 

presented to  ensure th a t pa rtic ipa n ts  had the  v isu a l sk ills  necessary to 

p e rfo rm  the e xp e rim e n ta l tasks. U pon co m p le tio n  o f the tests o f v isua l 

pe rcep tion , in d iv id u a ls  w ere presented the  com puter-based reaction  tim e 

s tu d y . Once the  com puter-based reaction tim e  was com pleted, pa rtic ipan ts  

w ere  adm in is te red  a series o f neuropsycho log ica l tests to  ensure th a t they 

had the basic s k ills  necessary to  p ro v id e  m e a n in g fu l data as w e ll as to 

serve as a source o f v a lid a tio n  fo r the com puter-based experim enta l tasks.

V isua l p e rce p tio n  tests:

1. V isu a l a c u ity  was assessed th ro u g h  a d m in is tra tio n  o f the 

L igh thouse N ea r A c u ity  Test. P artic ipan ts v iew ed  sixteen row s o f Sloan 

le tte rs  o f decreasing size fro m  a distance o f 16 inches. The last ro w  o f 

le tte rs  id e n tifie d  w ith o u t e rro rs was considered the p a rtic ip a n ts ’ leve l o f 

v isu a l acu ity. To q u a lify  fo r p a rtic ip a tio n , p a rtic ip a n ts  had to  have 

corrected v isu a l a cu ity  a t leve ls o f 20 /80 o r be tte r. 2. N ext, contrast 

se n s itiv ity  was assessed b y  a d m in is tra tio n  o f the V is io n  C on trast Test 

System (VCTS) 6000 (G insburg , 1986). P artic ipan ts  v iew ed and ind ica ted 

the contents o f fiv e  ro w s o f 9 circles fro m  a distance o f 16 inches. Each 

c irc le  consisted o f evenly-spaced, c ircu la r sinew ave
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Table A1
G roup Perform ance on N europsycho log ica l Tests

Experiment 1 Experiment 2 Experiment 3

n = 14a n =  17b n =  25a

Test M SD M S M
BNT 5 4 . 4 3 3 . 6 3 5 3 . 9 3 3 . 9 6 5 2 . 6 5 5 . 3 2

W AIS-R Vocabulary 1 1 . 5 0 1.91 1 0 . 7 7 2 . 4 6 1 0 . 4 2 2 . 6 2

Raven SPM 55.71 3 . 0 7 5 3 . 5 9 3 . 4 3 5 2 . 9 2 5 . 6 3

BVRT-R (Copy) 9.86 0 . 3 6 9.53 0 .51 9.80 0 . 4 1

BVRT-R  (M em ory) 8.43 1 . 0 9 8.35 1 . 1 2 8.36 1 .2 5

N o te . B N T  = Boston N am ing  Test (Kaplan, G oodglass, &  W ein traub , 
1983); W A IS -R  = W echsler A d u lt In te lligence  Scale - Revised (W echsler, 
1981); Raven SPM - Short Form  = Raven S tandard Progressive M atrices - 
S hort F o rm  (Raven, Raven, &  C ou rt, 1995); BVR T-R  = Benton V isu a l 
R eten tion  Test - Revised (S ivan, 1992).
aTw o p a rtic ip a n ts  from  E xperim ent 1 and tw o  p a rtic ipa n ts  from
E xperim en t 3 d id  no t com plete the BNT.
bOne p a rtic ip a n t d id  no t com plete the W A IS -R  V ocabulary.
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gra tings w h ich  appeared as fin e ly -b lu rre d , gray bars random ly  tilte d  to  the 

le ft, to  the rig h t, v e rtic a lly  u p rig h t, o r s im p ly  b lank. Each con trast g ra tin g  

ind ica ted  se n s itiv ity  to  a specific spa tia l frequency expressed in  cycles pe r 

degree (cpd).

3. F in a lly , co lo r v is io n  was assessed us ing  the PV-16 Q u a n tita tive  

C o lo r V is io n  Test. P artic ipants w ere sho w n  16 p lastic caps, each o f a 

d iffe re n t co lor w ave length . A  specific "p ilo t"  cap was then designated and 

p a rtic ipa n ts  were ins truc ted  to  select th e  cap w h ich  was closest in  co lo r to  

the  p ilo t cap. The chosen cap was then p laced next to the p ilo t cap and 

p a rtic ip a n ts  were asked to  continue to  select and place successive caps in  

the  same m anner u n til a ll caps had been used.

F o llo w in g  com p le tio n  o f the v is io n  tests, the com puter-based 

reaction  tim e s tud y  was presented (see Procedures). A fte r co m p le tin g  the 

reaction  tim e s tu d y  on the com puter, p a rtic ip a n ts  were ad m in is te red  fo u r 

standard ized neuropsycho log ica l tests:

N europsycho log ica l tests:

1. The firs t o f the neuropsycho log ica l tests adm inistered w as the 

Boston N am ing  Test (B N T; K aplan, G oodglass, &  W eintraub, 1983) w h ic h  

was used to assess pa rtic ip a n ts ' a b ility  to  recognize and name lin e  

d raw ings  o f com m on v isu a l objects. Research fin d in g s  b y  Van G o rp , Satz, 

K iersch, and H e n ry  (1986) ind ica te  th a t perform ance on the B N T is  h ig h ly - 

corre la ted w ith  general nam ing a b ility .
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2. The next test a d m in is te re d  w as the V ocabulary Subtest o f the 

W echsler A d u lt In te llig e n ce  Scale-Revised (W AIS-R ; W echsler, 1981) was 

g iven to  de term ine the a b ility  to  d e fine  w ords. The V ocabu la ry subtest o f 

the W AIS-R  was chosen because the subtest exh ib its  the h ighest re lia b ility  

coe ffic ien t (.96) and in te rc o rre la tio n  w ith  verbal IQ  score (.85) o f a ll 

subtests on the W AIS -R  the  n o rm a tive  sam ple on w h ich  the  test is based 

(W echsler, 1981). As such, th e  V ocab u la ry  subtest can be considered to  

represent the s ing le  best b r ie f m easure o f bo th ve rba l and general m enta l 

a b ility  and is considered a "h o ld " score as i t  is litt le  affected b y  academ ic 

m o tiva tio n  o r achievem ent o r d iffu s e  o r b ila te ra l b ra in  in ju ry  (Lezak,

1983; M cFie, 1975).

3. The th ird  test a d m in is te re d  w as the Raven S tandard P rogressive 

M atrices (SPM )-Short Form  (Raven, Raven, &  C o u rt, 1995). O n the  Raven 

SPM, p a rtic ip a n ts  w ere re q u ire d  to  select the best item  to  com ple te  each 

com plex v isu a l pa tte rn . T h is  v is u a lly  presented test o f p ro b le m  s o lv in g  

a b ility  requ ires th a t p a rtic ip a n ts  conceptualize v isu a l, spa tia l, design, and 

num erica l re la tionsh ips to  so lve  the patterns. The Raven SPM is 

corre lated w ith  o ve ra ll IQ  score on the W AIS-R  (.7), and has tra d itio n a lly  

been v iew ed as a su p p o rtive  m easure to  assess general reason ing a b ility  

and to p ro v id e  an IQ  estim ate  (Raven, C ourt, &  Raven, 1976). A cco rd in g  

to  Lezak (1995), the Raven SPM  is  "considered m ore c u ltu re -fa ir th a n  the 

W echsler fo r m easuring  IQ ," and evidences the strongest re la tio n sh ip  

w ith  the B lock D esign sub test o f the  W AIS-R , in v o lv in g  v isu o sp a tia l
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sk ills . G iven the d iv e rs ity  o f the p o p u la tio n  fo r th is  s tu d y , i t  was 

considered a use fu l to o l fo r p ro v id in g  a less biased m easure o f in te lle c tu a l 

a b ility  (M ills , A b la rd , &  B rody, 1993; O 'Leary, Rusch, &  G uaste llo , 1991).

4. The last test adm in iste red to  p a rtic ip a n ts  was the Benton V isua l 

R etention Test (BVRT). P artic ipants w ere presented A d m in is tra tio n  A , 

(Form  C) o f the BVRT, in  w h ich  p a rtic ip a n ts  w ere show n lin e  d raw ings o f 

abstract geom etric shapes fo r ten seconds and then im m e d ia te ly  a fte rw ard  

requ ired  to d raw  these figu res fro m  m em ory. M oreover, pa rtic ipa n ts  were 

g iven  A d m in is tra tio n  C (Form  D ) o f the BVRT, in  w h ich  they w ere 

requ ired  to  copy lin e  d raw ings o f abstract geom etric s tim u li w h ile  i t  

rem ained in  fro n t o f them  a llo w in g  one to  d is tin g u is h  betw een v isua l 

m em ory and g raphom oto r d iffic u lty . The BVRT is considered an e ffective 

test o f "v isu a l m em ory, v isu a l pe rcep tion , and v isu o co nstru c tive  a b ilitie s" 

(Lezak, 1995). A cco rd ing  to  Lezak in te rscorer agreem ent fo r 

a d m in is tra tio n  A  is above .95, w ith  re test re lia b ility  o f .79 (Form  D ) and .85 

(Form  C); in te rn a l consistency coeffic ien ts .80. The BVRT evidences 

m oderate co rre la tio n  w ith  IQ  (Benton, 1974; Benton, E slinger, &  Dam asio, 

1981) w ith  a strong co rre la tio n  w ith  life tim e  occupation regardless o f 

educational leve l (D artigues, Gagnon, M azaux, &  Barberger-G ateau, 1992).
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