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A bstraCt

                    p revious studies suggest that the storage/retrievalof obj eet fe atures 15 related to brain regions that are involved in the processing of
 these fe atu res. H o w ev er,   it rem a in s u n elear w h eth er,   a n d u n d er w h at co nd itio n s,      retriev in g in fo rm a tio n ab o u t a fe atu re re aetiv ates th e

      sam e re gion that sPeeifieally suPPorts that fe ature !      5 PereePtion .In this fu netionalm agnetie resonanee im aging (fM R I) study , w e com -

       Pared brain aetivation in the left ventral oceiP ito一        tem Poraleortex during subj ects Perfo rm ing a eolor PereePtion task ,  and direet and
                indireeteolor retrievaltasks.A fter Perfo rm ing the eolorPereePtion task to loealize the regions resPonsible fo r eolo rPereePtion , subj eets

            w ere intensively trained (outside of the seanner) to rem em ber assoeiations betw een eolors and m otion direetions, and assoeiations
   betw een e o lo rs an d Ietters. T h en ,           th ey w e re aske d to P erfo rm tw o eo lo r retriev a l task s in th e sea n ner ,    w ith statio n ary a nd g ra y sc aled

          im age s a s c on trol stim u li.T he resu lts sh o w ed th a t th e b ilatera l P o sterio r o ceiP ito一       tem Po ral eo rtex w a s ac tiva ted d u ring th e co lor P ereeP -

         tion task .W hen eolor info rm ation w as retrieved by direeteues (m otion direetion),   the sam e bilateraloeeiPito一   tem poralregion w as aeti-

     vated.W hen eolorinfo rm ation w asretrieved indireetly臼           udgi ng w hethera m otion direction m atehed a letterby th eirassoeiated eolors), a
           regio n an terio r to the e olo r P ereeP tio n regio n in th e Ieft v en tra lo cciP ito一      tem P o ral eortex w as ad d itio n ally a ctiva ted .O u r resu lts P ro vid ed

            ev id en ee fo r th e fu n etion a l d isso ciatio n in th e tw o sub regio n s of th e v en tral oeeiP ito 一      tem p o ra l eo rtex d u rin g retriev a l o f eo lor fe a tu res:

        th e P osterio r a rea m ig h t rela te to Peree Ptu a lfe atu res o f eo lo r ,          w h ile th e an terio r re gion m ig ht rela te to th e k n o w led g e o f asso eia tio n s w ith

eo lo r.

&      2 00 9 N atio n al N a tu ral S eien ee F o u n d atio n o f C h in a an d C h in ese A e ad em y o f S eien ees.P u blished b y E lsevier L im ited an d Seienee in

   C h ina P ress. A ll rig h ts reserved .

犬即 w o rd s.% O ee iP ito一  te m P o ra l eo rte x ; C o lo r p erc eP tio n二R ea e tiv atio n : R etriev a l:舰 R l

 1 . In tro d u e tion

   D u rin g o u r d a ily liv es,  w e se e n u m ero u s

     re m em b er a lo t a b o u t th em . F o r ex a m P le

 obj ects and
  w h en w e see

      an aPP le or ju st see th e w ord  aPP le #,   w e ean retrieve its
k n o w led g e,    su ch a s it 15 ro u n d ∋ red , ed ib le, sw e et

  o n . o n e o f th e

 obj ect co neePts

 ee n tra l q u e stio n s In n e U f 0 S C le n C e

 a n d 50

 15 h o w

      a re sto re d a n d re triev ed in th e b ra in .

 C o rres P o n d in g a u th o r

吞m ail a �表lr ess: w yfm ri@ 126.eom (Y .W ang)

     F in d in g s o f fu n etio n a l m ag n etie re so n a n e e im a g in g

(1(      d R I) studies fo r n orm al su bj eets an d brain lesio ned

       P a tien ts in d ic a te th a t in fo rm a tio n a b o u t th e P ro P e rtie s o f

       an obj eet 15 eom P osed of its PereeP tual fe atures, fo r exam -
P le,      w h at it lo ok s like (its shaP e or eo lo r),  h ow it m oves,

     a nd w h at its fu nc tion al fe atu res are ∃l(  . T he storage an d

         retrievalof th ese obj eet fe atures are related to b rain region s
        that are inv olved in the P roeessing of th ese fe atu res [2一6 ).
 F o r in sta n ce ,      w h en w o rd s reP resen tin g th e a etio n s o f th e

fa ce , arm , or leg (e.g., to lick , Piek ,  or kiek ) are Presen ted ,

       a rea s a lo n g th e m o to r e o rtex a re a c tiv a ted d iffe re n tia lly ,

100 2一0() 7 lj$ 一 see fr ont m att er & 2009 N ation a1N atu ral Seien ce F o und ation o f C h ina an d C h inese A eadem y of Sc ienees. Pu blish ed b y E lsevier L im 宝ted
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        w hieh are either directly adj aeent to or overlaPPed w ith
       a rea s a etiv a ted b y a etu a l m o v em en ts o f th e to n g u e , fi n g ers,

  orfe et 13,7 (  .In these studies,     it w as fo und thatthe regions
      fo r storage/retrievalofeoncept know ledge are overlapPed

        w ith those in PereePtual Proeessing of the sam e obj eets
∗2,3,5 ) .Forexam Ple,  Sim m onsetal. ∗  5]rePorted thatw hen

         subj eetsverify w hether a nam ed color15 aPProPriate fo r an
obj eet (e.g., TA X I一yellow ),     a region of the left fu sifo rm
gyru s,      w hieh 15 high ly resP on sive d uring eo lor Perc ePtio n

tasks (e.g.,  judging eolor hues),  15 also aetivated. T he

      results indieate that retrieval of an obj eet!  5 eoneePt 15

        related to the PereePtual fe atures of that obj eet (sueh as
  its color fe atures) [8,9 (    . B ut other stu dies reP orted th at

         the region s fo r sto rage/retrieval of th e eoneePt 15 n ot over-
 IaPPed w ith ,     but close to th e PereeP tion regio ns, e.g .,

        retrieving of eolor info rm atio n aetivates a regio n in the

         v en tra l tem P o ra l eo rte x th a t 15 a n terio r to th e c o lo r P e rc eP -

 tion area [2,6 ,10 )       .It im Plies thatthe anterior region of the

 v en tra l o ec iP ito 一      tem P o ral co rtex 15 reeru ited in th e P ro ee ss-
    ing of kn ow led ge of assoeiatio n ,    w hieh 15 d iffe ren tfr om the

    Processing ofthe pereeptualfe atures ∃l(.
        O n e P roblem in m an y P reviou s stu dies 15 th at b rain

       activity w as exPlored w hile subj ectsPerfo rm ed the PereeP-
 tion tasks,    or the retrieval tasks seP arately , rath er than

          both tasks in the sam e subj ects and in a single study

∃4 ,6, 11(       . T his m akes it un elear w hether the region s aeti-

     vated du rin g retriev al of a eon ceP t,    5 fe ature 15 the sam e

       reg io n a s th o se sP ee ifi ca lly resP o n d in g to th a t fe a tu re ! 5 P e r-

   eePtion.A lthough Sim m ons et al. ∗5 (   rePorted that there 15
         a n o v erla P in th e n e u ra l b a sis o f eo lo r P ere eP tio n an d

   stored info rm ation about obj eet一 associated eolor. the
      re g io n a e tiva ted in th e ir eo lo r P ereeP tio n ta sk , w h ich ran -

 ged fr om y = 一 33 to 一     38 in the left fu sifo rm gyru s,  15 obvi-

      ously an teri o r to th e tyP iealeolor are as (y = 一75)re Ported
  in Previousstudies ∃  111.M ore im Portantly,  fe w studiesare

        re P o rted o n w h e th er th e a c tiv a tio n in th e P erc e P tio n re g io n

          an d the anterior regio n 15 related to diffe rent fe atu res of th e

    obj eets.Based on the above issues,    it15necessary to fu rther
      e xP lo re w h e th e r retrie v in g in fo rm atio n a b o u t a fe atu re

       rea ctiv ate s th e sa m e re g io n th a t sP eeifi e a lly su P P o rts th a t

fe atu re , 5 PereePtion ,      and w hether th e aetivatio n in the P os-

        te rio r a n d a n terio r reg io n s re la te to retriev a l o f d iffe ren t

  fe atures of obj ects.
   In this fM R I study ,     w e asked subj eets to Perfo rm tw o
       ta sk s fo r retrieving eo lor in fo rm ation in th e sean ner. O n e

         w as a d irect retrievaltask of colo r in fo rm ation w ith m otio n
       d iree tio n s P re sen ted a s eu es. T h e o th e r w a s a n in d iree t

       retriev a l ta sk w ith m o tio n d ire etio n s a n d lette rs P re se n te d

    seP arately as eues.B efo re th ese task s,  su bj eets h ad learned
      th e a sso eia tio n s b etw e en e o lo rs a n d m o tio n d ireetio n s, a n d

     a sso cia tio n s b etw een co lo rs a n d letters th o ro u g h ly . T o

       a v o id th e in te rfe ren ee o f se m a n tic in fo rm a tio n a n d P rio r

k now led ge,   w e u sed n onw ord m ateria ls,  and ask ed subj ects
      to m a k e n o v el a sso eia tio n s b e tw ee n th e m . W e P a rtie u la rly

        P e rfo rm ed a lo ca liz a tio n sca n fo r eo lo r P e rc eP tio n a s th e

        fi rst se a n ru n . O u r h y P o th e sis w a s th a t th e P o ste rio r reg io n

  in th e o c eiP ito 一      te m P o ra l e o rtex re la te s to retriev a l o f P e r-

    ee P tu a l fe a tu res o f co lo r in fo rm a tio n , w h ile

      region relates to Proeessin g o f k no w ledge of

  a m o n g d iffe ren t fe a tu re s.

 th e an te rio r

a SS O C la t10 ll S

   2 . M aterials a n d m eth o d s

2.了, Su bje  ∋

   Eight healthy subj eets (5 m ales, 3 fe m ales, age 2 1一31,

       m ean 22 years old ) PartieiP ated in the stu dy . N o ne w as

    ae h ro m a to P sia . A ll h a d n o rm a l o r eo rree ted 一to一no rm a l

v isio n ,     a n d n o o n e re P o rte d n eu ro lo g iea l P ro b lem s. A ll

        subj ects w ere Paid fo r theirPartieiPation and gave w ritten
 in fo rllled e o n sen t.

2.2.石冲 er im en la Zde slgn

   A s sh o w n in F ig . l,   e x P erim en ta l m a teria ls w ere e ig h t

    k in d s o f sta tio n a ry c o lo r d o ts,    eig h t k in d s o f m o v in g g ra y

d ots (10 只10),   and eight eolored letters, w ith statio nary

         a n d g ra y se aled d o ts a s eo n tro l stim u li. In o rd e r to Io ea te

      the regions fo rcolor and m otion PereePtion , subj ectsw ere
           fi rstly req u ired to P ress th e k e y to th e im a g es o f c o lo r a n d

 statio n a ry d o ts,       a n d im a g e s o f m o v in g a n d g ra y d o ts P re -

        sen ted to th em in th e M R m ae h in e . S tim u li im a g es w e re

 ra n d o m ly P re sen ted ,    w h ic h la sted fo r 2 5.

Then ,       subj eets w ere asked to rem em ber tw o kinds of

         a sso eia tio n s b o th re la te d to e o lo r in th e fo llo w in g 6 d ay s.

        O n e w a s th e a rb itra ry a sso e ia tio n s b etw ee n e igh t k in d s o f

         co lo r a n d eig h t k in d s o f m o tio n d ire etio n w ith o n e k in d

         o f e o lo r co rresP o n d in g w ith o n ly o n e k in d o f m o tio n d iree-

       tio n ; th e o th er w a s th e a rb itra ry a sso e ia tio n s b e tw e en e ig h t

     k in d s o f e o lo r an d eig h t letters,     w ith o n e k in d o f c o lo r eo r-

       resP o n d in g w ith o n e lette r ex a etly . M em o ry tests fo r th e

       tw o a sso e iatio n s fo llo w in g th e tra in in g sh o w ed th a t th e

  aeeuraey was 100% Finally , during scanning, subj ectsw ere
     asked to d o tw o reeall tasks,    on e n am ed the direet task , to

        v iv id ly re ea ll th e e o lo r eo rre sP o n d in g to th e m o v in g d o ts

       sh o w n fo r 2 5; th e o th er n a m e d th e in d iree t ta sk , to d e cid e

       w hether the letters and m oving d o ts aP Peared sueeessively

    w ith 1 5 fo r eaeh ,      m ateh ed w ith th e sam e kin d o f eolor.

 A n e v en t一      re la ted d esig n w a s ad o P ted w ith th re e sessio n s

   fo r eaeh subj ect:PercePtion loeation , direet retrieval, and
  in d ireet retriev a l se ssio n ,     ea ch Ia stin g 3 2 8 5 a n d e o n sistin g

   of 16 trials o f 20 s, 18 s as the baseline (6 s befo re the stim -

 ulation im age,        12 5 aft er) and 2 5 d u ring w hich the stim u li

         w ere Presen ted to ask th e su bj eets to resP on d .A t the b egin-
   n in g o f ea eh se ssio n ,       th e re w ere 8 5 w h e n b a selin e w a s P re-

         sen ted a n d n o re sP o n se w a s req u ired . T h e d a ta o f th e fi rst
          8 5 w a s rem o v e d fr o m th e d ata P ro c essin g to en su re im a g e

       q u a lity .T h ere w ere 16 trials in th e P e re eP tio n sessio n , w ith

       eigh t trials fo r e o lo r an d eigh t fo r m o tio n , re sP ee tiv ely . S ix -

          tee n tria ls o f m o tio n in th e d ire et re trie v a l se ssio n w ith th e

          sam e m o tio n tria ls w ere P resen ted a s th o se in th e fi rst ses-

sio n ,        b u t w ere P resen ted tw ice . In o rd er to m a te h w ith th e
 fi rst sessio n ,       w e se lee ted th e fi rst P rese n te d eig h t m o tio n tri-

       a ls to d o d a ta a n a ly sis . In th e in d irect ta sk ,  th e re w ere a lso
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  (outside ofthe seanner) + �2).
 P e ree P tio n ta sk

D i,  CC t re trie v a l tas k

  In d ire e t retrie v a l ta sk

F 一g     T h e se h em a fo r th e e xP erim en ta l d e sig n

 16 tria ls,       w ith eig h t fo r th e in d ireet retriev a l ta sk a n d

       anothereightfo rthe PercePtualjudging task (subj ectsw ere

        required to judge w hether the m otion and arrow m atched
         w ith each o ther). A s w e fo eu sed o n th e issu es w ith eolor

k n o w led g e,        w e d id n o t d iseu ss th e resu lts o f th e P e rc eP tu a l

 Ju d g in g ta sk .

dent (B O L D ) elleet,   aequ xrzng 164 volum es d uring eaeh ses-

   sio n . S lice s selee ted w e re eo ro n a l,   w h ich 15 P erP e n d ic u la r to

       th e Iin e co n n eetin g th e a n te rio r a n d P o sterio r e o m m e a su re s

(A C一 p C line),       and eovering th e bilateralV 4 and M T + area

     in th e P o ste rio r o f th e b rain .

 2.4, D at  an  今515
2 .了. M R l a eq u ilv itio n

     Im a g e s w e re a e q u ired o n a l.S T e sla w h o le一b o d y sca n -

   n er (G E M ed ieal System s).A reeeive一 on ly w hole一 head eo il

       w a s u se d fo r sig n a l re eeP tio n . E arP lu g s w e re u tilize d to

       w eaken scan ner n oise. S ubj eets lie su Pine in the sean ner,
          lo o k in g a t th e P ie tu re sh o w n o n th e se ree n th ro u g h a m ir-

            ro r o ve r th e ir h ea d a t se a n a n d w ere a sk ed to fi x th eir ey e s

 o n to th e  + #     in th e ee n tre o f th e P ie tu res .

       Stru ctural im ages w ere aeq uired using a SE (sP in eeho ,

 T R : 3 80 m s, T E : 9 m s, F O V : 2 4 em , th ie k n ess: 6 m m , sk iP :

 1 m m ,  m atrix :256 x 256),   and w ho le b rain sagittal

      (sP oiled g rad ient recalled acqu isition in steady state

in g) im ages (T R : 2 .5 5, T R : 30 m s, T E : 6 m s, fl iP

3 5 ∀, th iek n e ss : 2 .5 m m , F O V : 24 cm , m a trix : 2 5 6

    w ere e o llected fo r a n a to m iea l e o一re g istra tio n . A

S P G R

lm a g -

       w e ig h te d E P I se q u en c e fo r fu n e tio n a l im a g in g w ith P a ra m -

   e ters o f T R 2 5,  T E 55 m s,  th ick n e ss 7 .0 m m , sliee s s ,

1ll a tf lX

e ll! e e ts

  6 4 x 64 , a n d F O V

  a n d m a xim ize th e

      24 cm w a s u sed to red u ee in fl o w

   b lo o d o x yg e n a tio n lev e l d eP en -

   A nalysis of fu n etio nal neu ro im ages (A F N I) (h ttp://

      afo i.nim h .n ih .gov ) w as u sed fo r fM R I d ata an alysis an d
       im a g e s d isP la y . T h e fi rst fo u r E P I v o lu m e s w ere d isc a rd ed

       b ee a u se o f d a ta q u a lity . T h e re m a in in g 16 0 v o lu m e s w e re

        re g iste re d to th e n ea rest v o lu m e e lo se to a n a to m ica l im ag e s

  to eo rrect subj ect !  5 head m ovem ents,  and then sPatially

      re alig n ed to th e fo u rth v o lu m e . S y n c in terP o latio n w a s

    u sed to ae co u n t fo r b e tw e en 一   sliee tim in g d iffe ren ces ca u sed

    b y d iffe ren e es in a e q u isitio n o rd er,    an d th e lin e a r slo P e w a s

   rem o v ed o n a v o x el一b y一    v o x e l b a sis.A n d th en v o lu m es w ere

     in terPo lated an d overlaid o n each subj ect,  5 anato m iealsean

        a ft er b e in g sP a tia lly n o rm a liz ed in to th e sy stem o f re fe r-

     ence o f T alairaeh and T o urno ux (1988) u sing A F N I

(C ox ,    1996) v 2 .2. N o rm alized im ages w ere re一 sam p led to

       a v o x e l siz e o f 3 x 3 x 3 m m fo r d isP lay P u rP o ses an d th en

       sm o o th ed w ith a 4 m m F W H M G au ssia n k e rn el.

 A v o x el一    w ise d ec o n v o lu tio n a n d m u ltiP le re g re ssio n s

    w ere u sed to d etee t stim u lu s一     rela ted e h a n g e s in th e M R 519 -

       n a ls to a e q u ire th e a v e ra g e a ctiv a tio n im a g e s th ro u g h t一test

nsle:樱
Xa
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     analysis betw een stim uliand baselin e (aetivation thresh old :

户< 一∀一4, clu ster size:一    35 m m 3).T h e grou p aetivation m ap

    w as gained fr om analysis of t一   tests of the subj ects, activa-
 tion th resho ld :户< 10一16,  elu ster size: 270 m m 3. R efe rene-

   in g fr o m P re viou s stud ies ∗12 ,13 (, w e u sed y = 一  60 as the
         b ou nd ary to d ivide the anterior an d P o sterio r in the ventral

o ee iP ito一 tem P o ra l e o rtex .

3 . R esu lts

 The subj ects,       aecuracy w as quite high in the direct and
      th e jn d irec t re triev a l e x P e rim e n ts . T h e re sP o n se w a s n o t

        reeorded in the direetretrievalexPerim entin w hich subj eets
         w ere req u ire d to retrie v e th e c o rresP o n d in g c o lo r to th e cu e

 o f m o tio n . H o w e ve r,     th e test a ft e r th e e x P erim en t sh o w ed

    th a t th e a ee u ra ey w a s 10 0洲   ). In th e in d irec t ex P e rim e n t,

   th e a ce u ra ey w a s 8 7 .5 士 ] ].2叹,,    th e re a etjo n tim e w as n o t

    re eo rd ed d u e to re eo rd in g P ro b lem s.

   In th e P eree P tio n ex P erim en t,   w h en eo lo r stim u li w e re

sh o w n ,       th ere w a s a ctiv a tio n in th e b ila tera l v e n tra l o ee iP -

ito一       tem Poral eortex fo r all of the subj ects (the averaged

   coordinates of all subj ects: left 一22 , 一68, 一9, right:26,

一73, 一6 ),   the re gion streteh ing fr o m J 一一 63 to 一82,
         w h ie h w a s o ve rlaP P e d w ith th e reg io n s o f th e ela ssic co lo r

 PercePtion area ∃12 ,14 (    .W hen m otion stim uliw ere show n,
    th e b ila te ra l m o tio n p eree p tio n a rea , M T + w a s a e tiv a ted

       fo r all subj ects.T hese results are broadly eonsistent w ith

   findings fr om previous studies 仁15, 16 ((F ig.2).
    In the direct retrievalexPerim ent,  subj ects retrieved the

       m a teh ed e o lo r to th e eu e o f m o tio n d iree tio n s, a n d th e

         resu lts sh o w e d th a t th e co lo r P erce P tio n a rea w a s a lso a eti-

v a ted . M o reo v e r,      th e c o o rd in a te s o f th e tw o re g io n s w ere

    very elose (P eak sign ifi eance: eo lo r PerceP tio n task :一22 ,

一68 , 一9 ,  d ireet retrievaltask :一26 , 一74 , 一10), w hieh dem -
      o n strated th a t th e re triev a l o f e o lo r in fo rm a tio n rea etiv a ted

      the colo r P ercePtio n area (F ig. 2). In the ind ireet exPeri-

 F ig . 2 . A n a v era g e d s一       g n ifi ca n ce m a P fo r th e e o lo r P e re ep tio n lo e a tio n e xP erim en r,     d ire e t re trie v a l ex P e rim en r a n d in d iree t re trie v a ] ex P e rim en rs. T h e

               figu re d ep iets eoron al sections fr om the N 2 7 tem plate brain w arped ro T alairaeh spaee (tem plate available in A F N I, h ttp://afn i.nim h沮ih名o v/a fn 一/).
O b v io u sly ,          th e a n te rio r a rea w a s a etiv a ted in th e in d irec t re trie v a l ta sk o n ly . A , a n te rio r二P , p o sterio r: R , r一g h t: a n d L , Ie ft .
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m ent,        w hen subj eets w ere required to use indireet cues to
  retrieve the eolor, th at 15,    to ju dge w h eth er th e m o tion
       an d th e letter m a te h ed to th e sam e e o lo r,  tw o re g io n s w ere

    ae tiv a ted in th e v e n tra l o eeiP ito 一  te m P o ra l e o rtex . T h e fi rst

      regio n w as in the Po sterior area (Pea k signifiean ce: 一25,

一7 1, 一     12) o verlaPP ed w ith the eo lo r PereePtion area, and
       the oth er w as in the an terior area (P eak co ord in ate:一37 ,

一51, 一 13 (F 19. 2)),      w ith the left m o re aetivated than the
        rig h t. It s u g g este d th a t th e a n te rio r a rea w a s ae tiv a ted in

    th e in d ire et re triev a l ta sk o n ly ,     b u t n o t in th e d ire et re trie -

 va l ta sk .

        T here w as the sam e aetivation Pattern in single subj ect

   analysis(F ig.3).In the PereePtion task ,  allsubj eetsshow ed
         th e sam e a ctiv a tio n P attern a s th a t in th e g ro u P a n a ly sis;

         seven outofeightsubj eets show ed the sam e aetivation Pat-
          te rn a s th a t o f g ro u P a n a ly sis in th e d irect an d in d iree t

    ta sk s. In th e e o lo r P e rc eP tio n ex P erim en t,  th e eo lo r P e rceP -

       tio n a rea in th e b ila te ra l v en tral o e eiP ito 一 tem P o ra l co rtex

    w as aetivated in all subj ects,   w ith the region stretehing
fr o m y = 一 6 3 to 一    8 2 . In th e d ire et re triev a l ex P e rim e n t,

      o n ly th e P o sterio r a rea s in th e o e eiP ito 一 te m P o ra l eo rtex

 w e re ae tiv a ted ,    w ith th e reg io n stre te h in g fr o m 少 = 一60

to 一     7 8 . W h ile in th e in d ire et retrie v a l ta sk , tw o a ctiv a tio n

         regio ns w ere fo u nd w ith the region stretehin g fo r the ante-

 rio r o ne (y = 一 48 to 一66),   and the Po sterior o ne (y = 一6 1
to 一75).

4 . D iscu ssio n

        T h e n o v elty o f o u r fi n d in g s w a s th e fu n c tio n a l d isso eia -

        tio n in th e tw o su b reg io n s o f th e v en tra l o ec iP ito 一tem P o ra l

        eo rtex d uring retrieval of eolor fe atu res in diffe ren t retrie-

       val eo nd itio ns w ith n on verbal cues. B y asking su bj ects to
       P e rfo rm th e e o lo r P eree P tio n task a n d eo lo r in fo rm a tio n

 retriev a l ta sk s,      th e eu rre n t stu d y sh o w ed th a t w h en re triev -

      ing eolor in fo rm atio n by d irect eu es (m oving direetion ), th e

F 一 9 . 3         T h e aetivation m aP fr om a standard subj eet fo r eolo r p ereeptio n, dir       e et re triev a l a n d in d ire et retrie va l e x P e rim e n ts. T h e fi g u re d e P 一 e ts e o ro n a l

       see tio n s fr o m th e N 2 7 te m P la te b ra in w a rP ed to

 w a s a e r一   v a te d o n ly in th e 一  n d iree t re trlev a l ta sk

  T alalraeh sPaee (tem Plate availa ble

 A . a n te rio r: P , P o ste rio r: R , rlg h t:

 in A F N I, http :// afn in im h刀ih名ov/afn ,/).O bviously,  the anterio ra rea

a n d L , le ft .
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  sam e b ilateral occ iPito一   tem Po ra l re gion w as aetiva ted ,

       w hich suggested thatretrieving obj eeteoneePts w asrelated
   to their PereePtual fe atures ∗12,13, 17 (  .W hen eolor info r-

   m ation w asretrieved indireetly, that15,  subj ectsw ere asked
         to judge w hether a m oving direetion m atehed a letter by
  their assoeiated co lo rs,      a region an terio r to th e color Per-

    ceP tion area w as add itio nally aetivated.

        W e fo und that the regi on Posterior in the oeeiPito一tem -
        Poral gy ru s w as aetivated du rin g the d ireet retrieval ta sk ,

     w hieh w as suPPorted by Previous studies ∃18,19 (. For
exam Ple, in the汉     R lstudy by W heeleret al. ∗18), subj eets

          learn ed a set o f Picture and so und item s an d w ere then

          g iv en th e so u n d a s a e u e to re trie ve th e eo rre sP o n d in g P ie -

        tu res . T h e resu lts fo u n d th at th e a rea fo r P ietu re s P ere eP -

    tio n in the left o ceiP ito一 tem P oral eo rtex (一14 , 一69, 一6)

        w a s ae tiv a ted in n a m in g P ie tu re s b y so u n d cu e s. In N u n n

 et al.!   5 study on w ord一 eolor synesthetes ∃19 ), the subj eets
       exP erieneed vivid eo lo r im ages o n hearing n oneolor w ords,

        it w as o bserved th at the co lor w o rd synesthetic exPerience

        w a s a sso cia te d w ith a c tiv ity in th e co lo r P e rc eP tio n a re a

(一33, 一66, 一     13) th at w as in the Po sterior oceiPito一tem P o-

      ra l eo rtex . B a sed o n th e se a n d o u r fi n d in g s, w e eo n sid ered

         th a t th e a ctiv a tio n in th e P o sterio r reg io n m ig h t b e a sso ei-

      a ted w ith retriev in g P erce P tu a l fe a tu re s o f k n o w led g e .
     W h ile d iffe ren t fr o m th e P o sterio r su b re gio n , th e a n te-

        ri o r su b reg io n w a s a e tiv a ted o n ly in th e in d iree t re trie v a l

 task.A sM artin ∗1)ProPosed ,    thissubregion m ay be related
       w ith so m e e o m P le x P ro ee ssin g o f k n o w led ge o f a sso eia -

tions (e.g.,    betw een obj ects and color info rm ation)
∃l,6,       171.In the indirect task of the Present study, subj eets

        w ere asked to judge w hether m otion and letter w ere

        m atehed to eaeh other or not. A s subj eets had learned
     th e a sso e ia tio n b etw een eo lo r a n d m o tio n , an d a sso e ia tio n

       b etw ee n co lo r a n d letter d u rin g th e tra in in g se ssio n , b o th

       m o tio n a n d le tter w e re a sso e ia te d w ith e o lo r k n o w le d g e .

T h u s,        w h en th e a sso e ia tio n k n o w le d g e o f e o lo r h a d to b e

     re tri ev ed to d o th e m a tc h in g ta sk ,   th e a n te rio r a re a s we re

  eorresPondingly activated. In contrast,  as subj eets had
      lea rn ed th e a sso eia tio n s b etw ee n e o lo r an d m o tio n , b y

       m o tio n cu es th ey e o u ld re triev e th e e o rresP o n d in g e o lo r
info rm ation ;thu s,     th e P osterio r area w as aetivated w itho ut

       th e n ecessity of the an terio r on e. T h ese resu lts ind ieated

        th a t th e P o sterio r reg io n w a s a sso eia ted w ith th e P e ree P tu a l

   Proeessing of eolor info rm ation ,   w hile the anterior regi on
       m ight be related to th e asso eiation s b etw een k now ledge

      and fe atu res o f d iffe ren t stim uli. T his fu n etion al d issoeia-

       tio n P ro v id e s e o n v in e in g su P P o rt fo r th e h y P o th e sis b y

M artin [l(.
   A s P rev io u s stu d ies in d iea ted ,    th e a etiv a tio n in th e a n te-

         rior region w as related to the retrievalof obj ect coneePts
[2,6, 17 ( . F o r exam P le,  th e an terior reg io n (一46, 一46,

一12, and 一52 , 一36, 一    16) 15 activated by asking subj eets
         to generate eolor nam es fo r the aehrom atie obj eets or to

      nam e the eolor of the colored obj ects.A nd ,  in the study
   of G oldb erg et al. ∃2 ),   an sw eri n g w ritten question s con cern -
 ing obj eet一     a ssociated visu al Pro Perties activated region s in
 th e o cc iP ito 一      tem P o ra l re g io n s in v o lv e d in th e eo lo r P ro e ess-

ing (一33, 一36, 一       16).A s th ese stu dies are all re la ted to th e

      retrieval of sem an tie info rm ation o f co neeP t k no w ledge ,

     our study suggested that the eu es,   neither verba ln or non -

verbal,       are assoeiated w ith th e aetivation in an terior vs.

    P osterior sub regions.In th e eu rren t stu dy ,  instea d of u sing

        v e rb a l eu es in P rev io u s stu d ie s to re trie ve th e Io n g一term

  know ledge of assoeiations ∗2 ,5,6,17 ),  w e used nonverbal

     eu es w hleh w ere diffi eult to nam e ,   and fo un d th e fu n ctio nal

    dissoeiation s b etw een an terio r vs. P osterior su bregio ns.

        O ur results in dieated that one fu netion of the anterio r

         region m ight b e to Provide a neural su bstrate fo r aeq uirin g

 new obj eet一      color associations and to rePresent those asso-
      eia tio n s in th e serv iee o f in d ireet retriev in g .
        O u r resu lts w e re n o t eo n fl ietiv e w ith th o se o f S im m o n s

 et al. ∃5 (       .T heir results indieated the overlaP fo r eolorper-

     eePtion and fe ature retrievalaboutobj eet一 assoeiated eolor,
          but the aetivation in th eir stud y w as in the an terio r regio n

  in th e oeciPito一 tem Poral eo rtex (一33, 一36, 一16), w h ieh 15

        n o t th e ela ssic a re a fo r eo lo r P e rceP tio n . W e co n sid er th e

         d iffe renee m ay be due to th e task diffe rence.In th eir stu dy ,

        they asked subj eetsto judge the hue ofeolor, ratherthan a

        P assive view o f the eolor in the elassie stud y ∗ 111, 50 th e

   anterior region w as aetivated ∃   131. T he results fu rther
         im P lied th a t th e ae tiv a tio n in th e a n te rio r a re a 15 rela te d

      to m ore eom Plex Processing of color know ledge ∗l(, sueh
   asjudging the obj eet一    co]or association and indireetretrie-
   v a l o f eo lo r in fo rm atio n .

       L e sio n stu d ies sh e d lig h t o n o u r fu n c tio n a l d isso cia tio n

      o f P e re eP tu a l fe a tu re s a n d k n o w led g e o f a sso e ia tio n s. F o r

ex a m P le ,     d a m a g e to m o re P o sterio r v en tra l o ee iP ita l

co lo r一      selective areas (su eh as the lin gual gyrus) 15 associ-
     a ted w ith d iffi eu lty in e o lo r visio n . In tere stin g ly , eo lo r

      kn ow ledge in aehrom a ts oft en rem ain s in taet (such as

grass一green) ∃ 20}.In eontrast,    eolor agnosia 15 im Paired in

    retrieving eolor know ledge about obj eets (e.g., not know -
           in g the eolor of ban anas 15 yellow )d ue to lesion s in th e left

 tem P o ra l lo b e ,       b u t th e P a tien ts h a d sP a red e o lo r v isio n an d

      intact know ledge ofobj ect fo rm and fu netions ∃21(.These
        d a ta in d ie ate th a t th e reP re sen ta tio n o f th e P eree P tu a l fe a -

        tu res an d th e k n o w led g e o f a sso e ia tio n s o f eo lo r in fo rm a -

   tio n e o u ld b e d isso eia ted .

         It 15 in te restin g to n o te th at th e re g io n s a etiv a ted d u rin g

        retriev a l ta sk s sh o w e d a ten d en ey to b e left la te ra lized , a n d

       sim ila r re su lts w e re re P o rted in m a n y o th e r stu d ies

[2,5,6,10 ,      19]. The aetivation in the right hem isphere w as

 rath er w eak ,      w hieh m igh t ind ieate th at th e fu n etion o f

        th e tw o h em isP h eres 15 d iffe re n t in retriev in g th e eo lo r

        info rm ation ofobj eets.It 15 also Possible that the retrieval

         o f co n ee P t P ro e essin g o f c o lo r a sso cia tio n sh o w ed a left la t-

   era liz a tio n in th e o ceiP ito一 tem P o ra l co rtex .

         T h e d a ta o f re sP o n se tim e s fo r th e re trie v a l ta sk s w e re

        m issin g in th e P resen t stu d y . T h e P o ssib le d iffe re n ce in th e

 resP o n se tim e s,   a n d h e n ce ta sk d iffi c u lty ,  b etw een th e tw o

        retriev a l ta sk s m ig h t b e c o n fo u n d ed to in fl u e n ee th e re su lts,

       w h ieh w e n ee d to a d d re ss in fu rth er stu d jes . N ev erth eless,

          w e b e liev e th a t th is d e fa u lt w ill n o t a ffe et o u r m a in e o n e lu -

     sio n s fo r th e fo llo w in g th ree rea so n s. F irst,  th e ae eu ra c y o f
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        m em o ry te sts rea e h ed 10 0 % d u rin g th e train in g o f 6 d a y s,

         w h ic h w o u ld la rge ly red u ee th e in fi u en ee o f th e ta sk d iffi -

   cu lty and m ental load , 131. Secon d ,   the aetivatio n to task
       d iffi e u lty a n d m e n ta l lo a d sh o u ld b e m o re e x ten siv e , w h ile

      in o u r stu d y th e in c rem en t a etiv a tio n o f th e in d iree t ta sk re l-

          a tiv e to th e d ire ct retriev a l ta sk w a s co n fi n ed to th e a n te rio r

     a rea in th e left v en tra l o e eiP ito一 tem P o ra l eo rte x . T h ird ,

         m a n y o th e r stu d ie s sh o w e d th at th e an te rio r re g io n in th e
  le ft v e n tral o c eiP ito一      tem P o ra l e o rte x 15 rela te d to th e retrie-

   valofsem antie info rm ation !5,6, 11, 17 (.Therefo re, the acti-
         v a tio n in th e a n terio r re g io n in o u r stu d y m ig h t b e

       a sso eiated w ith th e k n o w led g e o f a sso c ia tio n s w ith c o lo r.

 In co n clu sio n ,    in th e P resen t fM R I stu d y , w e c o m P a red

      b ra in ae tiv a tio n s in th e left v e n tra l o c eiP ito 一 te m P o ra l c o r-

  tex d u rin g P e reeP tio n ,     d ire et an d in d irec t retriev a l o f eo lo r

      in fo rm a tio n . T h e re su lts sh o w ed th a t P erce P tio n o f co lo r

    a e tiv a ted th e b ila te ra l P o sterio r o eeiP ito一 tem P o ra l e o rte x .

     W h e n co lo r in fo rm a tio n w a s retriev ed d iree tly , th e sa m e

 b ila te ra l o ceiP ito一   tem P o ra l re g io n w a s a c tiv ated . W h e n

    e o lo r in fo rm a tio n w a s retriev e d in d iree tly ,  a re g io n a n te-

        rio r to th e e o lo r P e rce P tio n a rea w a s ad d itio n a lly ac tiv a ted .

         O u r resu lts in d ie a ted th a t th e P o sterio r a re a m ig h t b e a sso -

     e ia te d w ith P eree P tu a l fe a tu re s o f c o lo r,  w h ile th e a n te rio r

        re gio n m ig h t b e a sso e ia ted w ith th e k n o w led ge o f a sso eia -

        tio n s w ith c o lo r. O u r stu d y P ro v id e s th e e v id e n e e fo r th e

        fu n c tio n a l d isso eia tio n in th e tw o su b reg io n s o f th e v en tra l

o e e iP ito一      tem P o ra l e o rtex d u rin g retriev a l o f eo lo r fe a tu re s

        and shed s light o n the m ech anism of retrieving obj eet
   k n o w le d g e in th e b ra in .
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