
ONA! INILUEN

CHAPTER 7 ;l]i'lii"iTiJi";';
Motivational lnf luences on Cognitive Control: i Hi. ,- r I ';';11';1; '1i"'.,i,0' ''" "''. lA Cognitive Neuroscience Perspective i ::llli ,,.,,-. ,.' .' ..

sll,i^,, ' i u,,r+ arLt"'ent

Hann,rhS Lockeunr)rodLts Braver ,i !{r,il";i,i l lll*---------- : r i l i lL.,". :. . ,s

I-l'.il ,* "" "''Hannah S. Locke und TotlLl S. Braver , l !'.' 111,, ..t'.a"u ']'u''':'il ll'1,. ".,r *,",r

tffi
.  " . ; , "  ;  , , , , ' " .  ,

ABSTRACT . ,"  , , . ,  I  f . .  , . . - ' l
qot i l ! tnnlsaDi ' ]PorraDLcon]P.Denl( l1s. | t |eg! ] i | lont ]uthclPlse| t I )ceJ1o. l le!e] [noj3. [ is i5

$i l r ,nstoe\1*ndroachiercrdtu,re.rsort  Howevcr,nr,rrr r r"rrsrrct ' \ i r . . t )n. .pLinfsrchotosi  '  
: ) . ,1] f : i , : : ; i : ; . ; ; ; ; ,.a l rcstar.h,  Nnh in lesr isaL,onsr) ' rn i l ly t r rger i r ig orher rcrrnr iLro lev. l (c ! ,  e,T. . rs ofroy,ni l i t r  ,  ' , . ' '  I  i l_^ ,"" , .  r ,A"- . ,

indtr iJualdi f reren(esandtrprr inrenralDrnir \ r l r t joDsoDElobi lhelr  ror . ]or \ ,e, lmiI . level{cs, :  
l l i_ ' " i , , i " i ,n" , .* t | ) ,n-

tb! \b logi .a l inrerv.ntnlh i i rger i rg +rc. , l i .  brr jD sl lu.rrres) p.o.esscs lhu5,rhr.ur icnrsrat00i  |  ' " ' "  i l  . ._. , . " . .^r l
kDoq' ledgr i rvcr!  i ror  regirdingthc parr i .uhr n)e.hrnisnls b\ ' \h i .h nr.r i \ar ior  int l ! . i .es.ogr i  oofr ' \ {Dr! !  u-b ' ' . . r  

, lL
rn 'e:nd ncur i r  { lsrenrs ro dr i \€.hdtrses iD sre. ih(  .on)po.cDrs oi  beh., ' ior  rh is r) . r rc i  ,0r is11 .  

, ,e*1i"-  
l l - l i l i l l ' " . . " -"

nrar.r  pcrr f . . ives on njoi i r i r ion i r is ing t rorn Lroi l r  rhc soer. l  persordtn\rnt  f€!ror. icn.(  t j ren i id nhen R$' inc '" ' "_-

t.rr$, and theD dis{rs hor! a co(nirive Deuro\c,rD!r pc6t..i\e r,,ghr br tn,irf!;} rptlied ro Jiu diferent lelels oL 3nr L'vs's {! |

Lhes.rsber'e.r)rrcnsr.. i6.tr l1\1,h€.hupre, i .r1(\,r. .r l trr. , in.hdi,rgoo,o*n,den,\ io*,: , l \ l*1., ' : ' l t l ' - l l j l ""\" l i i l ,
iil,"."i,.iliii'"i,i,'J,1,,ifi,;;ilr;fi,:':iii:i;l::ll:iil:'J:.jl:i::'ii;'l;:]''"llil# : .'*,.:ir*:::::t:j.:iIiilr  , {9, ! t , \  nr :oui" !  \ , ,J,  , , ,c er. r"on 0 '  sF 

Nr{rrhrd!r fJr .1!di{ t f t l. i l ,c .ogni lnccontrol fuD.( iDir  lhscl , .pr f f .or . lud(,bro l inurtsunr.snhedqDe\t i ( r isr .n jor i$ -  ,  - - .  ̂ ^ . . ihtet jon,  and bv suggcsr, .g dire. tnr \  for  furu€ i r r . .srr$ in Lhjs doDrin

Key$ords DoPrnr in! ,  nu(kns ar.unb..s.  basal  garglrr ,  t ret ,onr3l  .orrq, . rb i rot i . ' , r r l  ro 'LA, !  { i  tdrk i r  lhe .ontr jbul
insula,  tDrtedah. aDtr ior  . ingul i re (of l rx.  rs\a ,  l .unrslnciL.  r l Ie.r  in.cDrire s. \ t ier .c,  i , )dn d I  perolal i ty psrchoLogsts,
ul ldl fe,en.rs,  Nort ins nremo,_!,  

^rr .nr ion i  i , - t1 rn.."n".g,ns '* ,*
r . ienr isLs,  r l l  of  i tho'u i l r :

lltion, bul xrc aslijrg anc

LinJs of  Not j t 'aLtot t  ror t

MorvAroNAL INFLUEN.E. oN 
.re.,d)!! , ,h,.h ,o!6e or i i , ,on i \  j  rosr dr ' . i i  

l l : l , i : : : : i l l ]"J:],  i : :

r , "ne.t ]ons' ihe" Possible ' .
'nrc $ai ! r  se' t i 'n5 ' l  

1 l

Co6NrTtvrCoNTRoL:ACocNtf lvE'ng' fds(1l i 'qei lonl 'c lsr t r"ordJn.(r ' l1h
Nlulogclyql-,rgsryqr1y
s( l i  .orrrol  i r ! . lv .s br i rg i f lB beh.rr ior  rn l iDi  ,nr l rcsrodr. i . rsrrhet, , r \ i . ) ,burhr\ ,cL,e,r ! .  dolhui l l r ' r l lhrs s" ' r ls  i

Nj th goJk ( i r reD rhl  . .ht" . : ing u."  go"t  
" . . '  

r ( ,  l l "  in\ .<irgur. i r  r , !  rerr ,s t i t  thr j r  r r j i . r  L ' r  rhdr nrrrn ' lnr \ l  \ 'ur

prer luddpusnir ! i .orhe,. tL*u.pn' i r r r r , r l "  .osn,rxn),  su. l )  i \  t . r ! . rnc ani  f . . i ( , , r ;  r ; .  o ih.r  end 
' i l l r t  

\ " i tL!r

, l t " lup. : l . , , r i , " i , ' .p"r inggor ls ' .u(1j ] | . ] | ] (e! t r i i . { jcsa!di . .g l i l \ t .n i l | . l i | i tsseslc l l .
rcsour.es.r . i { !d inglv We su$* hrt  o! , rnx r f r  I I , t rktr ,a,r .  \ l rdd. !  I  1 l . r l ! l \ in. :L ior)  l l , .  ntr \ rhLrsr( \ \J '  I

r iof  , i  a .€n(Lr l  . , , ] l |oreDt Di  ic l t  .ontrol , .s i r  i . l r rJ( tnnr l , . tn. . r  r id, \ r r ionr l  rnd . , r !n '  . . f ' " , t '  
' ' : " "" ' ' t i i l . i

iu 'o lves \ fe iE| , .g Lr) . r i r i  a rr l  $Ls of  rcr ,o i r .  r \ r ! , , r r  l \ !  re,r .  \ .  ! . .  .n , , i . r r , r ,  . r .  i r f rk\ ' ' r t l1c( 'snrr '



MOTIVATIONAL INFLUENCf5 ON COCN]I IVE CONIROL |5

Control:

o tdl cortex' orbitoftontal !

tugtriri\t .onLnn icyNf.es, m.h .Ls {strined

nur.r I i .  a, !  cosl ] t  btrr  potcnf i i l l l  usefrLl  srLr:

r . ! !hmr.r  m€.hi . inns th. t  crr  be Lrrough( to

blr  or  Lrs i  pcr lonndr.r ,  gtre!  enDrgh i rccn

ri!. t! oLtr{.igli the .osti. Thn Lhafre, d..su.r

r tur  thc.ogf i t i r .  nNfoscien..  appfoidr,  $, i rh

ih rbi l i t )  to bLidge di l lereDt levels. l  . \p lar !

too rnd annl . !s is . !u,obiologi .a l ,  .ogni t ive,

beha! ior i l ,  indivrdual  d i fe.en.rs,  r f  d io. ia l

lis],choLogi.il is ttLl $ited to rhc study of

motil,at1o., rn.1 h.nc. tu gainidg d nI.R tho.

;ugh undcrstaDdDg of ielf .onL.ol
. . .AlLhough nroLivrt . his beer the mbi..l of

lsychologi.rl fescaruh io. de.ades, the.c is not c
. .onsor$6!rl"4retitscorefealurcsare.iliotivation

: . riact,.s il it rtfe a lo.cc of its owd, ak,n to the

i d;epr oi \Lill 
loil:ver, 

ths vastre drh.ition

o1. o

that n te i l ie r i  rvdrnh xbi l i tv todr. . tbehN
io.  th i r  i fJ t .h. j  their  ! lo. ls r .d not iv. t rors.
Fol lo\v ins the s! . t rons re\ i !11rg rhesc three
irers,  r  l i  r r l  s .crnrn r t t .Dprs ro rnrcsf . te rh.s.
.usfrr  r t !  v1etrs . t  Notrrarn '

SoctAL ANo PERsoNAl l ry PERspEcrtvEs

51)ciatadd trNralLtrpst .holosisrsr .gue thi l
borh indtrrd! i l  vrn.bles,  su.h rs goals,  a i tect ,
s. l t  iN.ge, iod pcrsonr ' l i rv,  and rash vaf iable\
such aj  the f rdmLne i .d jo. ia lcodtcrr ,  intefa. t
to in i lu.nc.  tk l ind ol  renards and punish
menr\  rhat  i r i l l  i r l l t ren.e rnor ivafron ar d hrgh
lclel niis bod! of resea..h denonsr.atcs thet
Lmo(Ledg. about indr!dLril dilf..ences .rn
ptu! ide gfeter exthnaror p.{e.  to undcr.
stand tar l i  behlvnr than cin apt.oaches thrr
cxamire onli rv.rage Sr.trp.esporses. Vario!s
theor ists hom ni thnr th i r  r radir ion hrve pro
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nrteDl ions,  b_v.onl ,d5r, . r f  f t rctrsed oD hon tbe
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i i r  r r ) r .v nl  l ) r . i  & I \ , i t rs e\ t . r r  nrnrs.

, r r r i f r .  rLr) t i ! i t i ( i t r  i \  nr . , rsrr . r l  bt  t i r ) re \ f rnt

o:r thet . j i l i in i i fc . .hf , . r" i lu i t ior  Tht.hoi .e

, : r  \ l : . , r  . , tnI t r  ( 'ensrsr in is ex In l torrart

rg;L , ' i  mtMror.  i \  Ls th!  I lp.  . l  g, i iLs

rt i ( lLLrs hr\ ' r  \ .h.r  lh. l ' . lg igr  j i  tasks.

?sr i f  11.r t r . .  goiLr Lnvol \ .  i  t . .u i  on hLr\  r i . l l

r  r r r l i \ | .ntal  \ i l l  d,)  r r  i  I is ! .  in r . l , l Idr  Lo

oLhcr5,  \Lr t l ,  r i ,  ! r i rphisn nf  , t fperr i , ) !  (onp.

rurr  ln.olrrasL Irs l r r f  [ r ia l !  enrPhis/c the

n.. i , t rnr$ of ierrn,ng to ( lo the task 
' ( .11,  

and

gd,Irg \k l l l  i fd onpeter! t  (Dwe.k,  Lr86)

Lt t ioL Lrrd tu l le i !des h,vc t t r r thcr proposed

bukLd,t . lo$r p.r ia,  m.rn.(  g. i ls  i r t ( ,  Pr, lo.

n.n. .  l t f r .a ih i t rd te, l ,nrrn.e a\rrdance

goxh, iLr !o l !Lng.rPpearLng {omp.t .nt  tn l rodl

oforhers i f  n. t  r !Pennng 
' r1! :omPetent.  

r .+e.

iirll(f.ll,nr. \lJ.ir.go..&Grbl., 1999). Ilrstc, I
goi ls rdfe bein ,1rs! . i i t&i  \ ! i l1 greatt ,  i . r rLn

! i . intcrcn in the l . r ih (e 9. .  H!fa.k ie$ic l  . t  a l ,

l t97l  gr i ter  peL51rr . r .e rnd.Rort  (c. !  l ' l l ior

d al ,  1999) ind gi .dLc,  l ik . i ihood oi  choos

. iig ch{lleng!rg txsks (trci {:\.e$ivelr difticult

d.  t r iv ia l l f  e is,v rrskr ( , \ tk i i \on & Rafh.  son,

1916). N.\€.ihil.ji. adopt,iB nrastL,f go.ls

!s nor bccn eis stent l t  rc r led ro l rctLlr  per

ilrlrin.c, perl)il)s bc..use iNviduils wh. aR:
i l tercsted in . r  rubrcct  i .e r ! ) , .  l ikely to scck
out c lared hrerf : i ,dS nr lorn,r t ion rhr:  i \  not

, llslrMlcnlal to bdrrrr perli{Dan.e, inll thus

'  
g4,r ' t  ds fo.$cd (ELl iot  er  u l ,  L! !9)  t {nrh.r ,

Frtonnake dp|,urh goil' reem lo l,c most
ro.!slrnrl) rclarcd kJ berter tcriorrna,rcc

. :r 11," 
^;sr"p dft- s"t.cli,g gorLs is r. ,vortr

J!a' i rd auan, i .8 r l , .n I Io\  ,u. .esj l lLt  Lrdi

' - ' "*8.  (cse sr ls r i r  b.  d. , . t ,Led,, \ (  o,neA r .Lkd dea , \  r t "  con.tr , r  . , i  
" . r^c 

.et t ,  r
! .ed h iohibrr  a, : t ion\  thdr are ternoL

{ i i !a l ,  inurre . . t i ( ,  r ,  rnd nake .r0t ;b

rffi;";Tfi' [l "],,tiiJill,::;
l i ,n i |ed r . \ tur .e,  ard.r .  be

shorr feood\ of ers.gem.rr

11. i ,  < i  inrrcr l  hr  c\r . ,1)1(.  \ . l ,an f r , r ,c,
t . 'nr i  (er .  .LsLien tL) . i t  .aJ shes ard r f l ,a i i
t r jn i  crLing .3. . l r ly  l . tes\ ib le ro.k es thcv p.r

r isre. l  l fs '  otr  sub'r( l !3or un$lv lb lc eeo,n. t r \
p, , )b l . ! rs {BatrnNistei ,  Brr jh\ ! l ( } :  }1r  r re, , ,  &
tL.e,  1!98) t l i is  re i rpof i f !  Jcpletnr,  rs is!) . i

! t .d 1r l l f r  strDsequ.r l t  p1rtr . .  pef lo 'nrn. .  on x
\ i idc rr fge oi  r rs l i i  t l ] . t t ,  ( tu ic r . t r r .  sdl .  , roni

pcfsrst ing . r  unsol i , rb l€ proLr l0ms to cont l  Jr !

inS to hold hrndgf4) brr  togeLh.r  ( ! i t rn1! ister

. l  a l . ,  r9er j .1000: \ l  r . ryen. l i ie,  & BNnrei( . r ,
I t r tS).  su.h rapid dcplet ion t ) i  sel f  &. t lo l  i !

probl . . ra l ic  i .  that  many ererydiy i . l lv i t ies

' . .nr  to reqtrrr . the e gtrg.nr to inna.trr .  sr l i '
Nl ! . . re.  & BauDel\ tcf  i2000) Nggcn thi t  a

solutnn lo rhis pniblcm is ro tunsidc,  the r \cL, ! r
scl fas t r id logous ro r  nnN. lc,  Ln rhdt i t  qui . l , lv
t i res l rc i le\ert(n,  but .an retorn to nrcrgth
w, lh resi .  I !  addrt im, rhe i reqd.nt  erercis.  of
s. l t  .ontrc l .ar . iu icrn i i f tersc in the dnlount
( i l  avai laL,L.  r .sour.e rnd ihe Lcngth ol  rLme,t

!Vhercd\ io.iil fsrthologl the., .s .l'
n,otiratiorr h.us od \irtration.rl la.to( mft is
hor!  incerr t t r  c t l rn.rur.s int luen..  DotNrr ion,
pcson.r l i t t  thcor( 's lu,k : t  t [ !  t ra i ts pcople
ha!e rhat id i ] f tn.$heir  n lnrvatbd One cl issi .
d i j t in. t ! )n is rhc te.den.v nNr.ds apt( ,1.h
(\ceki fg re\rrr . ls l  \  s. l r , rhdrrual  l rvodur!  pur
ishmcnt) .  An i . l lLrenr ia l  pcrso.r l i t t  thc,) fy
.1er l ,ng $. i th app, oi .h xdd (r ihd.r l ra l  is  lc l l ic t
iira! s Ileltirnral Inh,bit,(,r;.\!rvarion S\ strm

i8lS1l iA5),  whrch posiLs th.r t  r r r i l  tenl lcfc ies
tdra.d i rh ibLrro.  or  0. t ivr t ( t r  xre niator dc!cr
n, inants nlb.havior {G.ar" ,  19;0.  lesl  I  The l l , \ \
svr t . . r  , \  re lated borh to r t t ru.h . f re,etr l ing

sr inr l i ,  and ict iv.  cs.ape i ronr degatnc s(r t r ,
uli. As strih, it etrcornf.$es both fosnN.r itli.l

i. the s$r. oiio\ iro recei\.ing. rr$.a,d, trnd
fc l i€aat rs(rping a punishdrr f t  the BIS slsten,
is rsvr. iated w,rh a nrspen5ion ofr . t i r r ty ( l r .cz

ng behi ! ! , . ) ,  i id er.ompissc.  bor l i  ncgar i 'e

l.eliog oi put1ishnr.trr. fear, an!1 rhc bss of d

potent ia t ry.rd,  saddes/dnapt)oi t r lm.f t  nre

theor)  .on.dpluaLlTes . l l i . r  t rs i  inrgle bipohr
r1 ' r ' tneon .rnn'ng l rod'  n lg i t i ! .  Io posi t i \ .

B) .orrast ,  Crr t€r  a.d .o lLe, lgues (c.g,  Jre

Ci.vcr, sLltlon & 5ch&er, l0!0) r,erv afiict as

t$o orrhogonaL din.nsion\,  t . rs i t i !e aEi.r  ! rd

;::l j::l.l;llll"'n
eiiuah ee arach,.v,ng rhqr goats da\ dcpcnd

, I  n- , ! lheir  "not i rar t .d! i  st  , tLs '  which .o! ,p i  n.

.*,,:i;'ll;l':::l
. r ioufccs fcop i .  h. \e . r f r i labte ro dcdi

il:'l:l::r'l;*:
to*ards gotrl pu6trir dnt raik persarcncr

i  & l i !ntrr ,  te9:r .  UDl i t rc pcrsnndt i rJ
lvhr.h i re t f t . juniblr  inrnu



negatire alTeci, I-.\' to5itrve affect is drard..
Leriz€d by 5ndntss, iDd hlgh p,)sirivc afie.t b!
jo\ i'hereas lowncgrtive rliict n d)aractelizcd
by r€licl aid l]igh fegnlile ill€.r hv anxicr!.
Carver atrd Whrte (199a) dereloped i s.ale to
ass€ss Grx.!s Bchdrn)r!l lDhibiiioD/Activation
S).s(enr, lhc BIS/BAS Sc!le. lhe diAircDcc
b€L(k.n their scal. ard crayr origir)31 concetr
is tl)at BIS and LIAS ire t.cared !s indetendcnl
dimcnsions, coDsisto)r  { i t l  t lc  v je$, th! t  p0si
rive and negarive a,Te.t are j])depeideDt, thus,
nrdrt iduals ca!  l ,e hieh oD l l r th,  lo$ on b, , th,  or
soine conlb at ion oi t | . lwo l }e s.ale- $hicn
!s l<s part ic i tants t ( r  eDdr!sc s lafum.lrr !  l ike,  r '1 i

$ould €xci tc nre t r i  wi l  a contest '  (BAS) a d
' ' I  $o(r  dbout Ddl ,ns nr is | l tcs ' (BIs) , .on
centr  ates oD cnrol ioni l .ed. l ions to posir iv.  ard
negatire life $.nts. lhr ider i\ that cr,o|onal
rta.livilv to e!.nis his elfe.ts oD bchiFntr, rs
nrdi ! iduals prn)r i l iz .  the,r  ( iDe and el j ; f l  inro
achieving go.ls thJt hi\.c rhe biggest iDl,act (D
rllct lrdppi'ids. thus. a,) indiudu.l wJro wor
rie5 r lot aboot making n\istik.s is nlre likeir
t() bc cautio s h siltrilnrns Nlren faih)r. is a
possibrlilv, evcn in silurliors rhere lhc poten
t iJ i  rc\rards fbr  t rk j rB a. l ion ! re hjgh.

SlDdies e, iaDi. iDg t l re BIS dnd BAS sys
teDs have ohen rdjcd or ph.rsiol.Bical drta lo
test  daiDs ,egardnrS thc indete.dcD..  of  Lhe
hvo synr s, and tb.ir relationsb4r to jndi

v ual or gro!! difere.ces in aliictne st)'le
A Le) conrfonent of this \rork is rhe assunrp
ljon th.t ap|rodch in(i r,iLhdrd\..1 3rc asso.i
. ted r i th greirei  re l i rnt  . . tn, l )  b dre l . f t  or
rjghi henrisphcres of th. brdiD- reste.tireiy (lbr
reri.w, iee Daridson.l00l) li,r eridn)ple, El(l
erprrjnrerts drar sho\\ th de|resscd p ients
h. !c rhe \ane le\ . lofactn,arx)n ,n r is l l  i ,ont . l
.or te\  as co. l ro ls,  ?nd l rhat  separr tes rhem i i
lo\.er lrfi iro!!al rcl,rir,i. .haid.tcristi. oi )ow
posiLn,e d ' ieci  (Hc.r i ! !es & D0\ idso.,  1991).
r \nB- is. .  inrporr i r t  rxc+r l ion bcclusc j t  is
rcgat ive,  but ; l is . lso ap|ro. , (h en i iorLh.t
piomlxs indi f idur15 ro a. t  (h lJrer a Kclrncr.
1400. 10011. lD an l l l ( r  erpc, i . re. l  ieal ins
r ' i th n 'ot ivJ{ i t t ,  S.botkr t i .d D!!nlsoD (1992)
con,plred.ordrrn)ns in whi .h tdr l ic i t i .G had
t.  r ' i thdr is rheir  l in{er quic l l r  ionr a but l ( r )
to !\Did nlrDctiw felilries .. htrd (, frc$ .

brrton quickl,! to obt!in morelarv
ilieht her,isphcre a.tivrrl Nas inclo"
srthJ 'ah p(nr l r \  cond,t( ,n ih, te hf t.1h.," ," , ," , ' " rn.re,scd,, '  . . i , ,Hi  .* j i l ; " , . ' : .  : : :. -a ' . , ' , i r , " , , . . . . i , i ;  : : ; . } r  dI11"," ," ,  u '
' 'e ,1 '  r r r . , . , ,or^, ,Fr, ,  a. , . r . . , . . " i )  r  !Y-. iL,"  " ' .  l .
s J I  . l r  Lhrr  rn, ler l re.  a i lecL 
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r ' r ' . , ,1 , r ,J roir l  . , , ' ,  r ) , . .1. \  mo, r5tnr" l  r '  r " r  '
vored to aLrairr .  whueas t l i r  oLrghr sel l  h.os- :  r ior  o l  t lsk cdld ' t lo is

f , is t { l  . fqudl i t ics rhrt  people f re l  obl igarei l ro I  rhdi(h$tnei l  or  
'11

. . | ' ' "  r " . ,  p-" . . .* i "  " r , rh" i .2,- ' r ,m 
*s '" '  "  "  ]

,  , . .u. .1 . . j t '  p,ud,.r  urs, t ' to i , , r "qr ? 'a *"*  
" ' . "

; " - . ; : ; .  
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; -  f , {s,  Jr , 'u,
p€,sonai sonrs. rn conrrast. LliflireDc$ beL,lNn i r'* * "'1 "1t'1111111
rhe o,r t . r r  \e l r  . 'nd 'n 

( lu l  e 'prolu (  r '  . , - "  
" ' i t " t '1"' ordd 1(\ alon! b'\ng r'

et) ,  as iDdniduJls anr,c ipale ncgai j rc .ore- I

q,,.*". 1.g.,..r."," nt irt*,,) iu. t"tt"'g ro r losnrsutorr ) dniosL

achicle lbeir obl,Bator) go,t, .dlid Litn ldlrc'I-

The relrtlve irtent io whirh irxln'rd!il3 'ondnnin 
(Nrile in es

focus on ,ni ! in, iz j .g discr.pdD.ies befveer Lhe ]  lor i 'hr f  drd gdt i "

, tduar sel fand rhese rw,) scrf  su rs { ,egul.ro,)  r i  s!nnlr l  so' l

locut c.n be Dasukd d i  stable pcrso,] i l  os!  rer i ( l r  donon

i t \  i r . i r  (sd,r  Regularo, ,v i ro(h Qusi ionnr lL i ,  rnurb(rol lcAdr

l t ,e*,, ' ..,.r- t ir, j  , '".. '  
"",r. '" 

ui."i ' .,.. '  h noti{tnn sLr' l
lhe actuil s€lt is rn iDdrcalior oi r promollon rfi..ti\t st{lc 'Jnd

l;.us lrronnlrn'r fo.uscd irdifidL,ak dlre.r fr-ncd or co"s"

nrort  dt tent i { i r i  nniards atrr i r i rS re ' r i r , l : .
rhus tbe! eDro) t isks rhat inr . l lc  nndr.S hc\r
fu i  i renrs nrore rh! i  rhose t l r t  ,Noh. l jndirS
h.nni i , l  i le! \  (Frei l .s & I l i .g! ins,  l io l l .  Fo,!s
on tbc ouglr  \c6rsr)rc.rcrui ls. ! i js  aD i r . l rcr
1ion of . trL\,rnt,o! lbius. P,.enti(D toorstJ



NEURAL

l;::^.1:'l:il'{i:
,. ;d *.sari" 'r\ 

le 'tso
! .Lnpt1e're 

r \  !  I r r l \ r ren

ri:i:;:'::: ::r;i

t rJr ' l . luals direi l  nrore . t tent ion to(€rds

rl,idirg degitn'e outcodes, thuj thel cni.il

i t rk l  t l iar  Drohe hDding (rnd avoidi fg)  h!r ' r

iulitdns njot thin tliose that !nvoh'c hndnLg

lind obtaididg) helptLrl rtenN this co.ctfl ot

' ' regut. , tor l  i l t '  is  o.e edimple ofhow peLsonal

!h .r, illi.t ho\v nohlarcd indiliduals are by

drtlereft t,vPes ot tasks

Regultttofy lbcus also has inrpli.atiotrs

tor ho!L iddi t rdur ls sct  and f t rAue go. ls.

I, nohod-lo.used individuals Lt.d lo {iew

Eoil\ r" oppofttrn,ries to a.hieve the best ]ros-

sible our.on\e, lvhercas rhe Ixevention tbcused

vn,{soa!s.r  b is ic f€qui fe incnts b avoida ne8

arivd out..n. 'TlNs, protrotion focused nldi

liduals nul .lerive nore uliLity lfom nioli.g

' loaidsth.irgorl\ lhanthePfetention focustd

Fodevc., p,c{aiiion'to.used indjv u!ls terd
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Ncn.oscicnl is ls hrve !r rd i ld nunvrtur by

loohiDg al  bow re\ i iJs .Lrd tuf ish neirs . r ( :

pfocess.d bI  Lhc b,rrn Old. !  vrN!sofnottre

t ion lbcrsd or "drtre '  nodels,  in whl .h the

la.k of an ejsetrrr.L phrsiologr..rl r.afjibl€ is

the sour.c, ,1 dr i fd in in i r iar ing a.h.ns t .  r , r

rect the dehcienc.r. Li,r cranplc, a lack oi tood

sorld cadse foriglrg behN,ior ro obtxin lood

lHul l ,  l9al)  T1,c he) idea has that tb. .cntral

ner lous s.rsteD rnplerkrted me.hrnisns

for honeosrisis forc€s that nliidtxin stibl.

i i te.Ml states.  whi .h .or .c. t  afy , l .v iator i

ii .niouDt of nutricnts, q,at.f, or .haDges itr

internal tenperature ftum a s.i poilt viLue.

Nloreove., rccording to the theor.r, driir stares

also pro.t(ce affe.tive respoNes, h.ith drire

.educing sr inul i  (e.g,  f iesent i t iod ofr  c l rese

btrrgrr to a hu.grr persort beurg elperren.ei

as rcward,ng, and df i te in. feasins st inuL,

bc,ng exper ienced as i resive (e g ,  f resentat io.
olsrlty l;ods wired tliirrt,v).

Onc of thc fu,  rher ,nf l i .a l  ns ol  Jf ive thc

oryisthatshmrlaLnm Lhat i . . rer \cs a behavid

should bc expe.,en.ed as rve$ive, be.rosc bI

delirition, it n sr havr in.rcr\cd tht\iologi
cal  df ive.  Holvcve.,  th is in1c. . i , . r  wa\ in. ,nsis

t€Dt wi th brain strmu[h. ' i  e i ter inenls,  whi .h

slioi{cd that ele.tri.al stimulaton of the srmr

a.ea that .atrs.d i  crased eat idg ( the laGrdl

hlpothaladnN) also appeared to be re\vaRl

nrg to the ininal, as m.asu.ed b.r t.ndef.)' tor

the .nnnal  to i lso sel fst imuLate in t l iat  afea
(Valen s tein, Cox, & Kakol.wski, 1970). ,{nothef

,ncresti.g linding liom these experiNents was

drxtthc rcsponsr ther.irn!Ls gd!e losiirtr,lirion

$.s not . lways .ar ing $n,c rnin,rL\  drai l ,

gna\ved, or dispLa.!ed scxtril L'ehn!d, nlthough

which behar.io. $.as d,sflalcd

withir the sitrN anrnaLon drfierent o.calons

Thus, it seemcd that thc sli.rulatron l.rggcred a

more geneEl n,otivational statc apart ftr,n tiLl

nrg (or inc.easing) a tarti.ular need

In addition to providitrg data rhar conlli.t.d

with dr ive theofJ.  the. lectr ical  stnnuLat ior

studies also provided support ior dr€ next mijor

tlieory of.einfor.eritdt, nadrel)" the i.lea tlut

dopamurc (D^) served as i pleasur€ chedrical

' ro beg,n puritit of then gorLs earlieL (Freitas

. eral.,2002). \',et{inll a goal as d basi. nece$lty

:ltfi:::f:'J:lfL'; ltiye outcolts prirres a prercntknr ft,.trs,

!s cor.edtrlting on potential bcnelils

i,:::i,i:liT:llllJ pronotior focus. litr cranrple, partici
tinar e\Frim.nr whcrc thc tasl G i;rned

nlr'orierted way (rvrite xn e$al in
avoid being reje.ted for I feLlowship and

.lioosc to begi! writing th. e$at
rr'ihln participanrs ir a proniotio. frdned

t*"",.',""'L'li",r''.n'"un(vnk t rn c. \ r \  ro,er d.Lepted ro,  a let
gdn non91 (Freitds er al., 2002).

iirir::I'lT;ij:i':1 , sociiland pebon alit). psy.hol

lll*:1":q;111,1
nemonstmtes siro.g rrflucnces o1

?e6otrand \nuitLoD lacrqs rclattd
su.h as basic .haraderisri.s of

dihd th.n rn nriflguiilg possiliiLilt see.is to

' . ' , ' . -^ ' . ' . - l ]^"" . '1. ' . ' . . - . . . . ' - ' r . ' | , ' .il ur'gecarlier an{t nrre focuscd a.hon

r: 'l ilfiorch ..gulatory iocus can be rnea*red

:u,:r;:il ll.: ";::1't:.;r,::,T i::lt::: Ii;tatelike n,arncr, by erperine.tal nianilaLla
' iion of task.onJitions. Specifr callli enphrsr2ing
. riill.rchievondu ofa goal is in\xntant n) avoid

:, ald hoLv hottvarionaL goats a.c
oqstrued. i\,Iorc spe.rrically, paril,i:l...:;:'l';;

-" 1".'."d i"ul-l'-*- {ror duf ing taboraton tasks is

',i,"1':';il ;::l': roccntrres rhdr .rd oftared, indi_

:i,lHj:';l-l;il;
sin rel . t  . "  . r , i r , , r r )  ror , r rd\

ei1l 'n. .ot ivcsj  the rv les

,rIlll't:r'll':i
hoiv progre5s lxrarLts Lhose
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n.diatr .g Ihc subjccr i !e expcr icn.c of  reward.
l r  rhete erfer i ,nents,  e le.rr i . i l  sr inrul i l ior
del i .esw€rc rmplanted in l in lb,c s)$1.nr sr , r . .
I t ' res,  sere' i l iD,egions Lhi l  r re f r inrar y l r rg0ts
n)r  dopamjre,  su.h.s i ] ]e nLr. leus a. .un)be.s
(NA..) .  i l ,csc sr  d ier s l ror{cd t } r t  rDimdlr  and
p.ot le \ i r lh a.c$s to i  sdist i r )u l i r ion . ] r f !
i l tDs oJter scl l  sr iDUl i r€d ex.c$)vely,  cvdr
k) th.  cxclusio.  ot ,n] ]c,  n lornaled bchlr io*,
in. luding eal ing and de.ping (Hearh, 1996i
Olds,  l9:8).  RcscaLhers ( l re{  t I t  n!) .hrsnr.
lh LioprD),De i lsc l l  .arr icd rhc ledof i .  s ign. l ,
arrd t l ,u i  b!  DrDi.k i .g iL (b\  J i r (d l ) ,srDul i l
,xg do!!miDe targelr ,  p l .dnl ib lc srarrs !or ld

lId{.}cr, rhis vietr' \Ltrr r.lc.r.d b} crfc.)
nr.nl \  in l rh icI  l ) . \  $as dj , ( '1!  i r ]c.rrd ,DL,J
t l re NA..  in c,nrruncinf)  \ i ,Lh s, 'nr ic dcl j \cn
{\ \ ' \ ! .11& Bert idge,2000) In rh.se sr t rd ies,  D,\
in i tc l ion d rot  in.reas. lh€ .onni . r f r ion ot
; tpatnt  h.doni .  f tspon\c ro t l )c s\reul  I rs l l
( is  Dcan!.d i .  rn i ,nal :  l r )  ncfuot l t l  in i l ,
.€s ol fa(,al ertrLssnrn ind ie.rrn,rl Tl,!s, t)r\
dnt not irctease likiog of pr.ferrcd l.oJs 1(..9.,
$\deL rrsret ,  shich i r  should hi fe r f i l  rDt l r t i .d
rhe fo, ,dr  deaJur.  \aI t r . .  lD rd( lnr i r ,  i r  st !d,rs
wnh hunrins thit lrail clecrrcdes Inrplarted in
NA..  ( l , r r  t r . : tnrelr  , , fJef ,e*n!r  o!  d.bi1)rai-
ing f i i . l ,  d i ,€(r  qu€r i .s iL 'our rhen suhrccr,r .
crper le. .e ty! ic i lL\  ) je ideJ l rgoe srrrenre.rs
l ike,  l  feel  good rdlher thaD de\.r i t t i .ns oi
disrrer. ctisodcs oi tlcasurc tdlo\1ne \,\.i
sdI  st iDrolrrLon (Head,,  l t96).

l I r  hyfot l ics is of  dopinr i , ) f  ds n f l . r { r r r
.honi.il hrs becn fnrth.r .hdlhnscll trr nrorr

'e..,'1 
trpcrirrnt.rior, l.iding 1,, tlN d.vcir)I'

tr)eDt ot selenl fe{ iiieories ofdofnnrire fun.
tror. Belo\', rh€5c (he1)rjcs e bnellv r.riclfr,l.
Al thorgh rh(r  L l is lgrce lv i lh onc trn,) th.r  o i  (h€
era.(  fL,n(r ioni l ,o lcoJ dolrnr iDe,thc! .ne !Di l
! i 'e jc. l i rg t l , .  p leru ' . .htrr ic.L h\ |oLh€ns.

Modern Views of  Dopamine fun( l ion5 in
Reward and Mot ival ion

M.re reL{r1 sLndres o1 t l i .  n,h oi iof . ,n, inc Lr
rdvdtr l  rnd nroLirat id ] i  .  fc l icd r t1!r  ( l iRrt
snslc!c l l  rc.o dirss ot  )d, , . . r1 r . rn i r l
t r i rh i .  Jotan, ' r r ,c lersn,g ntu, . . \  , ,  r r r | t .

phdsic artjviry in rcsporse to re!e: li::J.l,:lll;::inforrar i lD at  rhe r i r .  . i  det i leryfor
dictral .ewdfds Yct \{hen rcvtrrds arc b ;;ii"1",'n' ,'....'"r
Jble r lL dlpJ r i  

' .  
, -p",*  , " . ,^ , , ;

reward predi . r ive . !cs and nor ro re$r ld
ery nse1l (-s.hull7, ll)0:) ll€se llndnrgs:iut
rnat the dopinr j fc stsreni  d.e\  ror

bela! ing an,nr. ls,  nr(b is f ,nnares.A
ing.f  Lhjs wo, i r  is  Lhir  dolrrmnre rh '

hed.r j .  asf€. ts . i ,€waf i l ,  hur rnthcr 1cLs
inf(rniat i .ndl  s ign, l  .bout \ ' lerbc.  aM
r.xr lJ\  ! , l l  hP le , \c jeJ Th,s r \  pe. f

,11,1"'. 1"i",.. l l : i : i ; i*, f::, i .:: : tr-,1.,,, 'H ".  ' , ,1,  l l , i l  ,  l i : ;H f f ; i . l  ,  .  . . """ ' . '
, r ' lh I  _" . .  . .  ,
,)a,fhaij '.. .:' ':j ; ' " - : '  " i ' ' ; l ; t  ;  I  : t i l  : i : , : " , : . : ' l : . : ' " ' r ' ,t .  1. , .p, .  - .  r . . t  . . . . /F.r  a.dd!"  , , , ]  "" , .  rn.r  .o, , , , i ]

l. ,: .l ' ,i. ; I , j ";i:l Lj,'.., "" :, ' ' '"" "
1..  

' . .1. , .  
|  . , . .  "  

( .o l . t  h ' i r 'c  r '  ' -

i .  :  . "  ; " , : ; , ;  : l t , : " - l^ ,1.1f , , "1.
.p j ,  ! r  

' . . . . " , , . . r . , 'pduL Tl" , '  . .  , , . . . , "
l . i ( -1,  !  . l .nral  r l , i r  .auscs gasr, j .  drJksJ i l
' \F,  r4p.c_.t  , ,  o- .  ' , . . , ! . l . r i res r1F' l  I1 f"  { r '  tP ' l '

h,. . . ' , ' . , ,  Jo1., , . . r .  . . ,  . , , '  r  ' ' . i  *b j i . ,1. , , . . , , . . , " - . , , . , .
' , -c. , " . '<. , ,  t . .  r  t  - ""1 

, , , , . ' . . . , , .  . . " , " , , ,_ , , ,
r tho\  g)rcr)  . rn.ni ,  bul  th i l  r }e le indg vi !  . l
no, iered,.d ,!,, ,h! Drce $de ,,e,,ed wirh . 

iilliltill:::;::::;il'.:l
Lll:'i,:'iil::::""j'il'l:i':lt:::ljilT:: I lliii.,',..'-", -*.-'* ""'

B(r.nr3cs\ ie\  is i |nr lbo\ . !Ddbe)onJ!)rbr 
. . i i . , , i , " ,*" ," , i " l ! ** ' .

l'l:t,::iJii:'i:*i:'t..::l,,i,I: ":t-i:i?i ::: ;:n:1,1 [,]'*
rc l r i rd.  r l , r  srsr .nr  nrrn f ,oJnir  i . r  n i r ioni l  ' : , i . , , , - "1*"  

*r ,"*"
$l l .  ro inLlu! : t  r  r1rD8r, .  b. \ . , \ ! {  i l le,  r idqes 

:J( t !  L l j r r  d,rgs t j r . r . r !s
r( ,b insolr .  reesl .  l re, ,n la.  in( l  R(!b,rn,r  cr t ' ,  

. , :L, . , , , , " . , . ; " , ,  " r , , , . , ,b!r .  r$u,d \ rani i r !  Lr :  rnr i j ! rnr  sr l , rn i .
1o rh.  a.rn) I  o i  t  nr , . l ru!  r . iJrr , f , tns , r l r l . l r  t l rernr l i r l  I ' i1h in i l 'n l r i

r . lared l t in)u1,.  )er  i r  rhe i .nt  t inre,  rhc la l is  j  
. '_ -_

q'1h ' \or  " ' ;  " . '  
' ' ; " l " i , . : ',cauirrd ro a.qu,re , .1rnl  e inrpaLrcd i , )  ihe 

,h:-1"" . , , r  , .  * .** ,y.  , ,
.L e,-  (  'D\

L'1tr t r l !  r tq(  l ' t rd ro rr  r ro 'u
B.jr idqr ani l  , :o eign!s,  ' { t ,o cnrphisnc 

""r , t . ,  "  
* . , r . " . , " r* .

rhrt IJA\c, ! .srD$l^ i l ,c ! rJ lndrcrrhinhedo "-" '  *_-  
.  . . . r r . , , ,^ , , , , .
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beutr*  t r ,1 rel i r .c !Jr  i 'Lrerse r .Lnt i lc

\ r leL(r  , ,  r  Es e,  r  r  J)  rdd,  
' !  

rhP ' !  lJ  t  i

- . . inE a h&tui ic i tea$re" r€sPonse (ucrndge &

.  .  . .Bdr idge i5 ! . r r  . l t r r  id dissoci . t ing in.en

,. ' l i r ,  sal icn.c 'wanr ing" i ion the . .L loquial

r | . f  r rgg. ! r  i j  th.  b.r i^  stru. t , , , t ,  id!porsible

ror r  r . ' l r t id!  pue t i (ual  in iod, . t ion abotr

r ]riilibl. rcL!rrd nr. i ore a11..lD,c d.sire

r i  f r r .  i r  Ttr is step co, l , l  t l re.  t ra i ib l l  Leid t l r

rl,rn:,.s in l)ehi1'!rr ne.ess.rl to ob|lir the

!uptoft lbr dle role oi NA.. in $antinq

. td i ,e.  thrn l ,k ing has come trcn,  .xPennents

dr r .d5trr t ing a r l . t r .d issocir t iotrot  UA n'dn'p

ol.rttuns of hcdoni. responses ts. goal dire.ted

i ls l iunrenLxl  bclu\  Lor.  SPecLi i .a l ln as dcs.r ibcd

ibo'e, NA!. D,l delltrn,n id rats has no cll:.t

or n,crlre .lidsunPlion or [.ral disPh]"s oi

l ik ,ng,  bul  do.s dradnt i .a l \ '  dc. iease beha'

rordl ' .spofses lc s,  re ler  f .essng or maze run

, ing) fequir{ l to obtain thc rewarJ ( !etr idge &

Robins(lr. 19981 \ior.ov.r, Beridge ntggesls

I rmr.rprctitiu, oi the NAcc scll stidrulatioD

nudies,  r fguurg rhar a. idah and htmrtrs

re drnd, lo sel f  st iDt l r re in these si tu l l ions

. lookl ike a .h, t  r t r ract t rc pLa.t  ( i .e. ,  fu l loa t r ! .c

hlftd re$rrds) rothr. rhdn dife.tl.r indtr.

$rnthg, cogn,r ive wart i ig (r1. , , ,dgr,

Whereas rn.crtr!. salience is not nc.cs

L! r . t io.s and the l ,kcl ihood ofobr.nr i ig
i1}ard s ne.csiar) to t:cilir.rte thos.

t!'itlead t. re!vard obLatrrnrerr. Itr ortief
i.ilecsion to pufsre a rewa r bxsed

ot ho\v nnLch thc r.s.a,d rviLl
\e sr l ien.e,  bI  conrrast ,  .atr  be

l lere per.ept ion oia st im! lus,  and
at 'onal  Nant ing of  sonrerhinB that
,d to be liked, such as a d.trg af
€e,2004).

salience niodel oi aJ.li.Lior
lhat causc DA release .reire

an Jbn,, fn i  I  hrBL si  , r  ng

cvrn $tretr  th.  d, t rg t rsef  is  long Pasr th.  to int

"'he! 
th! dn,g use is i.tivclt cnjoyed. nn6,

,lruq rse6 desp.r.tctl \!nf soolethrng thel
J. not like ' Ltis efii.r is e+r..irll.! ttmiciots
bc.ruse oihow lorg rr  lests w-hefeos tolef ! rc.
efe.ts (fu*..f Dr\ re.ettors as r I cstrllol reptared
.!eributrJa.cc oiD,\ in tlrc sr'.aI,ic) dnatirear
!n a n[ t t . r  oL weeks, sersi t iz ] t ion c l l icN . in

last for 
-veifs, 

lradi.g tlr x fisk oi relaprc rvhed

er.otrrter nrg d mg I e ldred stnnuli ( Robnison &
Berf idgc,201)11)

'ltlts, ..cofdns n) Bcrr ge, .rotir.tior is
dot a dr i ! .  feducing P.o.ess Lhdl  . t lempts to
c.rre.t dehcits ir relt.fd sigDaLcd try rhc leeel

ol  DA reLelse In\rerd,  i t  is  r  p.oc.ss by $hi .h

incent ivc sdl ience b.comcs i t tached to st inul i ,
su.h thaL lhese st io lu l ia l t ,a. t  dPproich related

behavior that  tar{ in st feDgth in p. .Po.t ion to
tb.estnnated nragniru. te ols i l ie.c€.  rn.ont.ast ,

the cxper ienc€ oi  acrual  l ik ! rg,  in Ecrrdge:
view, is mediated bv an opirie s,rstqn in th.
\Ac. shell. lhis ries n {rpported br findings
thdi injc.rior oi opiatcs th..e lrteNes Posi-
tile trste rerclioos n) sweet toods and fonotcs
!ariog, whilc op,ate blo.ke6 d..rcas. Po$r've
tasrc react ion r .d de.re.se eat ing (P.. ina &

Be'r idge, 2000) Neverthel€ss,  i l  is  inp.r t int

tu noG thit in a nornillv furdioning syst.n,

$ant ing dnd l ik i .g or r .$a s go together,  N.h
rhat appropriat. !.tnrs dre !nPlementcd t')

Pdnksepp has r  " im,1.r  t iew ofDA tun.tnnr,

in that it is pfimariLl idr.oL!e.l in instrunren
tal behaviors nc.ded to obt!io rewards, rrthc.
rhrn subs.rv ing the pleisu'c o,  l ik ,ng .a the
r€r lad i tsel t  Btr t  rn l ike Befr i l tge,  Pa.ks.PPs
vLes. is noi  thar N,Lcc nediatcs want iDs, but
.rthsr "flexible sccking l,eh.vior' llkemoto &
Panksepp, 1999) lhus, .onrrary to shdt wotr ld
b. prcdi.Led by the iNcntivc salitnc. hypoth
esls, whcn .otripd.itrg ${o grouPs ot hung,y
rdts in a novel tLrvi..naredt, tlie grouP thai rs
d{ i t r rn ine depleted rvr l l  a. lutr l l t  eat . rore th.n
lhc control  group (Koob el  aL,  1978).  laDksepp
cxllains th€se result! bt charlcterizing DA as
a d.ner of explomtrof, and reitaid seekinS.
'lhN, lor tromal rats in a doveL environncnt,
e\pktrrtorl bebalor\ wLll be hcilitated ercn
at thc expense oieat i .g In.onrnst ,  doPanrine

t .onscio!s,  .ogn, l i re nant ing is a der lara
f tPre$ntat ion olr . rodl ,  b.s.d o.  | l .vnrs
rieD.e wirh il or dd idLeiial est Datnf ol
iLue. In.ogritivc Natrtir1g, a. trnde6tidd
,r  lhe.JU . ,1 . [ i t !  r .h p hrrN.en .L 

'  
] r  l r

!\e bvhat,ls

of thar drug (of d.trg pxftr



del ic ient .ats i -celno roJnpr ls ion ro erplor.  Jnd
insLctrd iL6t  eat thei f  r i l l  Furrher,  rc.orJings
ol  dopanrtr lc le\c l5 i l r  rhe nucleus lccunib. is
show t ia l  D-^ is csfe. ia l l r  h lgh in thra( ing
pa.adignrs,  su.h rs$hcn a nralcral  js  prereDted
troN ac.cssjDts d ionale rit ln rlcse sjtu!
r ions,  t Ic reiard v i lue oi  thc t  nale ral  sho\r ld
bc.onsiant,  br t  \ rh.r  is  n)rx, ,n izcd is scekinq
behar jor ,  rs lbc lcsr rar t r i ts  n l i ree var ie l !  o l
behdvioF in order ro eet to thc fen!le

]\rother inrtortrni rlisr n.tion bclwe€.
Berr idge aDd l 'anl is€fp is th i t  l lerr idge do€s
Dr)t  d ist insuish beL\\ceD Jopahlnr r l ic .  t :  in rh€
tu. leus i r . .unbens d.d ( l .4rD, ine 

' r i  
t l ) .  dorsal

str iarurn ( i .c. ,  the.rudr le rnd p(tamcD sL^, .
lurcs of  t l re l ) i \a l  g ingl id)  \hereas Poksetp
sees t l re i ] \o !s v- \ '  d i f locnr.  In Pi .ksepds
rnodel ,  dopanine p,orecl ions foD (hc \cntral
tegnlental  af .a ( \ ' lA) lo thc \ \1. .  under l ie
il.xrlte steling boh!r jo,s, *hc.cxs dotinrinc

f.oic.tiots fro.r rhc rbstinln niEra to Llor
sr l  s i r la{Dnr nreJialc r l 'ead! leai , ,&l  ht l rat
i . rs (habi ts) .  Th! 's,  NheD anLn! ls hart  d l rc!d\
l .aD€d sel f -adnr in is l . ! tn i .  o l  i . t rug l ,kr  he.o
iDt,  or  €thlrrol ,  scic. tn0 dotdrr i , ,e deplr t lo.  i r l
r l r  NA.c does not dirr lpL th ls b.hi ! r . r .  Rrth€r.
he. i lse the di !B usc hd\ be.oDrc a habiL,  Ih.
nigh srr i r ta l  l i rh\ t ] \ ' is .b lc lo Dr jn la i !  r i t
beha\ 'n)r- I l is  is  i t r  coD(r!sI  to thc in.ent l \e
t ' l l . r .c h! |othe{ is,  Nl i .h should p,ednl  lhar
scl l  ! ( ln) i r ) isLr i rn)r  \oulJ be af . . rcd br i l re
in!bj l i t {  to r t ta. l r  sdl lcD.e to dr ug r l i tcd ( inr-
! l i ,  xnd in i t , i te apfroJch.

Anot!e.dose)rr . lnted, i r ,  ab.ardoprnl ine s
tdD.t ion has bcef r l rancrd lx Sahnore
(5rLtiDrone & Corrra, :00?) I rk. tlrrrdge atrd
Prnks(+)P. Str laD,one r . lecL\ rhe Lheory . i  dop
amjne as ptetrsufe.hc.r ic?i ,  n id insrcad bel iercs
OA hns. .enlr i1 role in Dol i ! ! l io l r .  I ! r lhe, ,  l re
lakcs l lcr !  ideci .oD.ef to l  \ ! r . t i rs nndde.on
sr ucl5 i t  i r to 1\ ! ( '  ( l i i r i r i . r  rspe. ls dire! t i r rF)
(d. ! rc for  a spc.)S r$LU.l l  . r rd . . t i ldtnDi l
l r ! l l , rLr t rcss io in i r l . re aor l  dne. l .d beha\.
ror to iurds of , t i in ine i  re\r  d) .  ln S. l rD,ones
\ id l ,  dopi . r i re is Lr i r i . , t l  io the i . r i t rn)nal
ist . i r  l , t  r lar i r ing.  b do.s nor i r lhe! .e th.
.1t ,per ' l j \ .e 1alL,e 01 rcLfrra! .  i le . )L. i  . ,s $ i l lo i .c
J f ! fnrei  ot  s ludie\  in \ 'h.h J. f r rn ine ai t !So
Dirr i  mpri r  i r ,n\rnrcnlal  r . -cFnrsrs ' t !  rc\ i rJ
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{ .  q,  l€rer pressing) but do ror dis
.hoics,  or  s i r r t l€ atp,oaclr  ind. .nsq;

lnJecd, sc\.rrl slLrdies .jrcd b} Sal
(e.9,  Caul  & B, in. l l€ 2001) denro str ; ;
e'en J^iril high {lo!e! ol r D,\ anragoDiJ
h.r lore ' rdr l  

" r j l  not  , l  
- r1 '  

pe,r" ,ua",
fh.  ! i  tu\ l \  lhJr JJL for JenB,rdj iu Thue;

r fpct i re fo,  (hc r .$ad is.ot  dnnin{hed,
fur l ,er  the rL, l l ins.css ro bort  f t i r  rhe D.

.: , :,,. " : ,r , : ,;::; :it i*;"T, r _.,:: .i ,
"" r ' ,  r ' r : . '  : , , , ' , ' , , ;  ' . l . i . i i rr l  :  J r
i.i; ,l-,"ll:; ;',ll:ll"l'r. , l';i 1';* ,,1 j, 

,t 
"; 

;
,l :,",,. l: ;;i"";' ', "'ii'l 

ll: : ',", ; ,_- .
\ )  porher\  Ncv. rhelcss, lhert  do.s \e. . r  ro lx ', i .  - , .  : , , ; , ; "" ; ; ; ,  . " : . ;  : i , : "" : . . i : ; " , : : ,  :  "
rnvolrcd in rrot i rat ion.  r ( r  a no'D. j .$ponq r

'  J ' r  " ' | ' ' |  o : l l :  : " : " ' '
f l ished, d. f , in ine t r insniss,oLs e$ent i . l .  . :
; " . . ,  - ,  , ,  .  , , ,  " ,  r , r  o :  r , . .  - i  * r , "" . , . ' ' ] l  , "  , "

oi i  r rJrJ rnlrrh in 
' \  

he 'u i
D)e,ct)  Lr is. . \ . rcd or.or.red. 

I  : l ' . : :1, . :  , . ,  "F,et !  
s isn. t i r

s opl ' r \ r !  !  r ' '  ' -  !

*. i ] . , , . .  i  ,  iPr.r iJ r r r  '
\eu.ar( i r (u i t ry ol  Rcwdrd Mol ivdtron !  Lr  1,L l r ,  ' ! r r i r '

r l * , i , f  orrr l .c of  drers\r 'Lh)n I

:l:i:it"t:^:'::it'::':'t::'t-:::i'::.:ii:t:: I i'i,',] ,"..'i*u' *n-'"'''
rcgions, rot oiirr ro rre ,enrrar (N^(.) aid ilfil..ll.iilll'l 'ii".,.,*"',
d.Frr iLa!drte and fuLanrenJ co'p,De.Lsol 

, l , , l l i i . i . , l"" , ,  i .  "r"",. ,1"0,.  
- i . ,p l .  

J 1l  
" ro,n.d.r .  

r r ' '  '
fronrrl (orri(di rcgiDns Thcsc pn)r.'.rn'i !i'rl '"-"""'-- 

;;r.,i.reri ,",rtl
+,t.dr n) b. i!!olved Nirll furrhe. prar(e$nrg
or,er,!,Jr.htediDrirrDar,o!,,o.crrD,rrd n :i i l :: l ' l : :::Tll"i:,::: l i
h,," ,  t -o 

-  
. l  r  '  .  L r  "  .  t -  .  1 e ,  .  .  p .  ,  "  . . , :  , , r . , . . , . , r .

Nhercrcr lards i fe lnrke{tro gor l .d i re.r .d R,r( i r  
. , . . . ] , , , ,  *"" ] .  "^.* . ,  

, " . ,
. . ln,os (X!\ 'x8oc . i  a l  ,  1998) | . r te ' i f rcDls rn
nJ.aqD*,,.o nrs,,r.a.ri\ r,or,elr's n litillii;::)l,l:l:i,1:ii:
lb(  .aLdrre duLrrs .1 src ide t lsk hr.  str . \ . r .  

" rL 
\ , ; i .q,  lh!  hrs i i  f , ,L(el

(hJi  inrn\r ! . ,ns ,€\rad: .aD ,aai .arh .hf l  
i , , " , . " ,  i , i ' r , . - . . , . , . | . " , " , r

rhcir  i ! r i f jLr  ( i  c  l lnf !  r l tesl  A1 l .as.L, fc.  . , , , '  
, , , . , , , " . i0, . , .  n 

^t ' , .  
] (u,  

' ldrre Icrn)ts r , (  sclc.r i \c l ! .en5i t^r  ro sr ,nrr l i  '  
* , i , "  , " r , . , ,  ,* ,  , .n

iDrf ! ,  r ro l i ,  lo!drn,r . !nml l )  the.oir , r l r te, i i
hatr  or  rhe 

' in,al  
r r . td.  I lon. \ f l .  r l t , . .  , .1vrrrs 

r t ' r l  r r r 'Dr '  r l i lc  L l i  inrgr i r '
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,  iLne r i  L i \Lrrd PruLe\ isg

\r l  , \ r r lLLet( '  
Jr '$ tgr i i !

NEURAL

,i:iill'i :::ilii:J;lil,i

)'i;;;':i,::,il::"i:i
s nl  r  l )A i f t rson$L f( l

dL. ,  uPr f  ( r l  LrNi '  ' i

J t  J!n '  r r r ih ' tS l r t r r r  ( ' :

il', i,l,i, 
"il 

iii ij"l,
li, J::]."15::'ll.
' iliii';,'i'llili,ill'lii'

r . r .  rsro. i . ' t . , iJ  \ . i rh . , '11 rh.  dodf,r l . r .e. l

dLr. i t ion,  t [ .k '  ] ! t r . { ,d i  . l rnSed t l r .LL r" t i i r

I , r .e.  ,nrJ ic\ ! ! r t r r l .d nr.rr  y ig.rouj ly h the

, . ,J:Je{ i  i l i r r . t ror .  Lhi \  ' \ i r ih 
r .  f r . i . , .n.e

r i , : : inr . i r I .J , { , th I . r i r . r  iLd

n(.r l . . . j t rorr5.J fu th.  r .wa.ded !1, . ! . t ioo

( l i i1 go. er i l  .  le ' r8) .

Ri \ ' in i  " i !nal inS 
l i i !  i ln,  l , .er  in\  (st igatrd

rnhr . r .s.  \  l ,er i  ss eLr l i r \1, . \  hRre u.Ldgi 'n

bltrrg ttfe ti\ks nrh .lifi. f .ntiat ov! d pryoft5

t0 iddr i i r  rh.  brs ic n! t r r rL. i rcui t r )  i r to yrd in

sigr i l f is  'e\ , td 
l -1)r  e{rNt l ! .  DeLgrLl , )  et  a l

( t r )1r0.  l0nr l  ! \ td su.h r  f imdign, in \ rh i .h

pir t i . t {nrr  Nek rsked { , '  gues 1!h( lher thc

\r lL,c oi  a t . r ! ( -do\vd . . r , i  \ar  h ighcr 1,1 lowei

lhr i  i fc .  \ , r f  Dr i . t r r t , . rvr  s t (^ idcd lo.

iod. i t  St . i r .5 l iagLrg r . iuk, i  showtJ r lut

in thc. i t ,L lL f r .Lers,  , \  nrstrrden l rcn.d)

!mL. rc+r, i r r .  ' ! r j  
ohstrved o cwiLd t i i r ls ,

(htr . is  prrrLt I  r i . I l !  L.J t .  .  s l ra, t  droP ol i

rn rctn ' . rdr  Inh lh.  bJ '1.  ! i len. .  c l i ic t  a l {

rhowi is s.aIrs t r . . . rd i rg | .  rhe .Ltgni tudt

0irhe rc\ tur ,1 . ,  pun,\ l !ncrr  Tt , is  fcward sig

DJln€ r j  p,nf  i1,r ] l l  uteaul  to,  l lagging rertais

*trons or ,lrcsrus as beln; rsi.i.ri {Ldr .

Stldies oi r. \r1tui ref.es.,uat io n hJ\ c sugS$reil
rhe'mponrd.e ot  r r r r \  !y(  h in f .ef torr i l .o.rer

, ,4 reinr i r . . r i , i i r  ; . r ,  .L { ,ur l .d

oiul  r  i \h, t rgur & l i ,  r \ ,  )0ol ;  i t l i  r t isu.  s
(bl tn l l )06l  lhn' ,  t r ' l i r i  t i . .J  \ , , r  r .L.hoi ie

l , . t$trn rr \ i , f i  rh l l  r  (  l i . r rd ( ,  . , ,  ntrrr ,  l i r r

r \ rn,ple.  r f  i !c  t re iD . , { , .  \  j .  rd hou, (n f  J

Ldgrq!o '1 bo! l i .  n! tLVtr l ( , ,15rr . rbLr to.ors(1, , ,

r l \e i .  i r i r r r r l  s t i t .  (huh!er.  t i rLqu() .  Sen.. i l

f rcrr f .d.er lo,  th.r  i i r r \ i r r . \ . .os(\of  rhc t \ .

oplFn' ,  r , rd $ r ; . lh.  rLr i  grn.rdk i  \ . r lu.  ra l

e.ch R.p,?sentr ig rh.  r . r :u.  of  , r \vrds i l  . r

nav th. t  w, i t r ld dr. l i .  |  , r  r  J i rectLl  uo nf i ,  abl .

\v. ! ]d rLb{ F!otr i . r \  tLr  l ' .  L l j i . r ted rorLatul

! .h ier i .s r l , .  dron rrrJ. t , \e . - t . rJ f t , .  OF(l

iptra6 w. l  t t t r , tnr tJ nn rh,s tun. tLon, aj  r t

sLnN5 kspfrsr5 r( i  : t id l ! l i  thar r t te i r  ro.oLl l

then i  r . ! i )s oiboLt i  1 l i . i r  halof i .  t tuperr ier .
rh i .h n,glr t  L\ .  .ofr . \ r  Jef .nJen!.  Jnd th. , ,

v. lue io thc i  tv iJtrJL i r i  r . l . r t i !nshLt ro oth. f

potent ia l  r .wi l ! ]  retr t t l l  
"huul i

fuse t( , r  f  arperrLe., ,  OF(i f rnrrron .ar be

5e.n in ten! \  1r I  i rs . . r f ,nr . t  Io p '  
'nr ' r  

y \ .n i . f

rc in i r . . r r  ru.h ai  t r \ r .  rnd snel l . ' thc . , ,1.  of

the OI( l  i0 t l r .s.  d.dLi ins Ls $clL est ib lLshcd,

given 
' ts 

sr lofg r . rL.r ' ) r .a i fh iSr lo pfLmar\

!ustar{ , f  t  . 'n, l  . l l r . r . , \  .o. t . \  t t io lh lOr) l )

Ind.ed,. iqdol . te,rL OfC has bc.n terdrd thc

secondai ,v t . rstc .oLte\  ( l io lL5,  l00l) .  l t r  !u

Last In t , , i rar . !  lar t . ' r , f tc\ ,  whi .h rcsp,,n. l \

.onsisrenrh k,  r r ) t r  nrr \ I ron,  s. .ondrn tarr .

.o i  le i .e iscr rc i tondlng r , )  t rstes \vh. f  thr  rn,

nr i l  l ias b!c.  tud to \ l t ie l t  Ihus,  Rol ls (-u005)

statesthrrrr .ond.r \  Lr \Le. i r t . \ r . l icsetr lsrh.

rcward r  a lu. . i task'  H,rL 'e,c. .  xs w,th Jbstr . r . r

.cwirds, lhcr r  evnlc r ! .  r l iar  both f ( r iL i re id i l

f .gr t ive sr inul i  1.e . . t , r$.nred i i  thc Ol:c,  rs

i r  O Dohert \  & al  t l0() l l  Nheic p.s i t i r .  t inr
(glucor.)  ] l l r l  n.s lL i rc (  h!r t . . i  were l i rund r . r

i . t ivatc di l l iFnt  t r r  ts . i  se.ondrf)  tasre ror

tex Th. () l :C reiponi !  \  rL$ srro.gl) ,  s. !shrc
to the o.Edorrni  nrb (  r (wird l l | . l - r r tn.es l .

f re.  chor. .  r i tuat tun\.  C)F( lsho\Lr sr . t r rcr  a. i i !

i t I  for  rhe nrost  f , . t . ,  fd re\ ! i i r l  ( ' l i .n ib lar  &

Sciul tz,  l9!r)  Nl . re r(cnl l r .  i r  hrs bedr s l io\rr
thdt  rerrard vare i .  t ins ol  . l )oL.e f fetuf
.ncc xtpe.rA t( ,  be. l , f . . i l r .od. . l  in rhe l . ! .1

of  act , ! i t t  F i th in sLrg (  OFC r€u| ! t i5 (Pddol

S. l i iotpr & Ai i r l ,  l l ioa) In h!ndfs,  a fd i

st i rDulu5 or.e.on!dod re{ 'ardirg nra) al \o

be repres.nt .d aj  prr ishnr.nt  i f th.  indn idur la

l'iI.i,.,',, "'"*""'r'""':' . . "1 r i ' - rr ' r i rk ! ! ' t l r  t r  \ \  
l lo

:ll:,::il-,:..:: :: "l;
lli:'l:r":n.l'il1'
ri::;l::, ll::T',1' :;:'J:
lill':i.:lu:.;::l:i.'ji ', ' i., ;,,,"'' **''*

(Y of Rewa'd Motivairon

.._, n.,".,,,,,.,,llil")i
,iiil.i' l: l:l:':',',ll:
i,ljjrrr:"1'1,:l;
'1'"li*ll 

I l:':l:
illijri:r**':r:
: .ri ; tl .:::' ,:'rr;
.1i[;ir;::::: :::;
:r,ii"::rl:r slll
,:*illl"*l:llrl;

Reward [ t r ! .ntatnnr rctc. \  kr .Ni  1(ani i ig
infoi iut ior , lLrout rhe t ]pf  and.u,rcrr  vcluc

ol! rd{ard nvh,.h nriv b( r{,nte\t J.t(nd.nt),
!J I 'ptosed lu rrr l l  $ghl t idg ih.  presen. l

'  0 i  absen.e . f  rwr , rnd/of  i rs rdigr i rude.

itFesenr!ri,!r r\ b.ing rLjti ro ref r..drr v.rten.c
o{:rn ! ions,  d5.r t \ .  oc.urs wirht i  b i5! tgrnglra

l l tLj!uB eon ,;.4,.; , ;  ; ;  .  , . ; , ; ; ; ;",l l :L j ruB eon k, t  
' , r  , r  '  r . \u,r f r ! '

vrt  hsont JIprJr ,  hr  r , .  , , . r  t \  , l  s , i
!ED{tLtrreSrrd\  

iu \ r  c r . r .F.rr !  Lr  t r , t rer  r f  r-*" . , rEaros ro \  t r ler t r ( . f r ( : . t5.  O t)oher ivel
t l  t?nolr  to!nd thrr  nr .JL, t  i rLJs, ,  t ,F(.r . r l
vr tdtore\rd * i , .E.s L,c . r t  J,rJ.  rc. londcJ

tiltt;flt.tT;1.:'. t1.:.; 1..: 1,.,
il"i:t ;:j: ::j',: i:" I I ;i :i :,i1,',t:,

l rch & tol ts,2a1)+).
Ie8r0ns ttrar r.!,ejeft re\!xtul ritu.

4.bl . lo nt .B, i rc. lLL. . r  L. . , rewrr. ;



IN'LUE
"'iito,.,ot

orer \i(ialcd {Suuil, Zalffr€, Dagher, f.!ars, &

to.es Gornin,200i) .  i l )s.eNh w3s r+l i ra led
osDBl,q!rdr ( tonr r lo j  u idc : rDd Jo.olate i lk ,

conlfrned \fiti . flalorless sohttnjn approri

matiig srlnLl ]l1c liquids iihicb irerc ingcsrcd

ro r ! t lerv ra, led lo:rct) !  e OF(i ,  Nhcreas r l ie

l iqnid Nl , 'ch \ ' . r  noL coDrinued t , )  act ivdle OlrC
(Xr iDgelbidr el  i l ,  :001)

Al lhough tht  pr ,mrr,v iocus oD rbc t r i
{ ro l r ta!  corer wi lh regard 1(,  rcwa{l  reJated

IrocesiDg lrrs ber,. on lhe OfC, sonr. srudiei
| ! rc relcaled Jrt i r r inn j , r  ibe l i t r r i lprelon

tal  .orrc\  ( l - l l .C) 3s $dl  I . r  e iaDplc,  l -eon

and Shadlc j l  (1999) iDrsl ,Brte. l rcw.rd jn(cn

r i tc eBe. l \  dLrr j !c cogni t l re task p(r iarDdD.l

{ i r l r in.rcr t .16 
'n 

na.rque\,  a rcgion rnJlo
gous io the human. i060lct*r l  PF( i .  n)e rr .
d i l ionir l \  assrDcd fun.t ion ot t l r is .eg!rn is r , l

Dalr t . i r  gor i  .c la ie l  in l ( rm.tnm rn hrrk i .e

Dr€nror! lyer short dd.rs. tit!rons in arer 1t'
,€\ponJ nr ix indlh 1,r  sr inr ! l j  iD a st)e. i l l i  p i , r

o i the\  inml hcld, . ra inrr ln j .g thn p(tr iL jon.rel

a delry n,  rhe anbl l  . !n rejndnber lhe lo.a

l ion. f t r  s l jnnLlu al ier  i {  has dis3p|earc, l .  i } ,e) '
1( tnd rhi t  r l j .  ( inr !h!  +re. j l i (  neur l r r l  i . r i l -
i t r  ] tas cDhanic( i  \hen nr iD.ent i \ . .Lrd indi

. ! t€d the possibi I r r , ) l I  ln,ge r*vard lor  conect

te'1.rmdtr.c. llljr rn(rcrsed r.1n ir,! mrr h.rv€
bcen n1di .a l t re ol  a s l rongrr  r ipres. . l i r l roD. l

the locar ioD ol  l I .  sr inr t r l !s ,  whi .h i rould h.r(

L,cen advani(8(ods iD ferf{r r i i .g lhe t r \k
\{itdDabc (t i] (20{:r2J rontend rhrr rht

I  Pl 'a ma! in I : .1bL i  sLc iJ i i r rcgral0r 01 tug

l ] r i i re and mlt i \?rhDr l  , ,p. f t r i .ns t l iar .onrr ib

ute io loal  d i r ! .Lrd br l l r ior  Ushg srrelc .c l l

rc.ordhg iJr  Nonkcls dur in-{  !  gol ! ! '  go rask

ther lo ln( l  .  n,bsd r l  ncur i r is  thaL dis.r inr i

naicd bct , {ecn rdtrdeLl  add un.cwirJe{ l  r r i

lk  ste. i l i .a l l ) r  r l rc l  in. ,eascd 6nrrs in rc{ard

tr i iL.onrpc,€d r , r  odrNrrd!d t r ia l \  d!rn,g

thc delal  phi \e oi ihc l isk I l ig |cr  a. ln j t r  r rs

a$ocialsd r i r th n1o,e p, . i r r . .d rcwdrdi  sr ih

es (rbbagc. lh!  drLhors. lso looker l  ar  ,L ' i i l rne

J. t r ! i l !  r .d fonnl  i isDi t i . rnt  d i t l i rcD.es,  suih
rhat r . ! r ic  icrr ' ,N l r \ ( ls  \ re 'e bigbsr dur in!
hlo.kr  o i  r f i r l .  ,n \v l , i (1,  r l re f r . l i r .&l  ,er , r rd

lns ar. i lable in ishtst  Io,  .Jbhigel  The\ lh<'
, izc (hal  rh is biseLin0 i i t , rnLn thi  J i l l i ,c , r r

b l (xk!  n, . r  rcnNr ( .nr i , i ! ! rs D.! intrnt , )J

rhc moLir l t i { ) ! ! l  contcxr,  a id nrd!  be
oI mohvJr i^ndl  lL\ .1 I rcqJnlLnts r
3uthors suggesl  a dorsal^ enrr , r l  \ I l t l ,
sr l  rcr iy i r )  re i leding rhe.onr,r lous
ing ol nolivarional . onrci I and rhe !e
i ' .uale i reas t racl ing the rbor lL ional la i, " ""t']"'t '""'rhe p(nn.e , r  Jb.enR nr ,n,1, \  durtjl::il ,r.:i.::' :i l":' 1 : Hl: | {x;"" , ,
anr ine s lneln,  t l re f ! . lcur n. .uhbcos' ""#lli';;. "".k
r ru l  e DUrlcu\ .  r i , l  r l t r  .  t '  J 'esrLI l  u i ::;:.i, -^ '. .,r'1n!.srigarn)n, lhere is Bencral igr.rlenl Iir:'i;,;'TT :-, '1ril'li 

" *;* I,,:,i:
"  ,  " ; " ,1; , , "  i ; . ,  ; ; ; i l i  :J" : , , , . - , . . . . .

" , , . , , . " , , , " , , , . , ,  .  , ,  i t  ; , ;  i l ; : "  I .1:
, , ,Jca .  , r .  .b , . r  ' . ,  "  . . r " ,  .  .  l f  .  r . . rer  

" , " , " ' ' , t  
"  :1

r . . . , . \ , . , , . .  . . , . .h. . {p* 
-  "" , . . - ,1",  

. . l l^

. r lo, ,  J,Ll(  e-r 'd ' ,  . , , . " .  , , , . " . , r ] ""  . . ; , ,  ' .  " '

' . i { , . , - , .  . ,  r , - ,ne, . . . . .  . ' . , r i , '  
"u '  

l .  r . r r  o ' .  
"  ' "  

'  
' : "  1:

, . . , ,u\d, l '  , ' { '  
' ,o 

I  .  "1 
'  '  " ' ' '  

'
1 \irct{mitr rid d'fo rirt

' ' - - '  at  '  ' ' " 'Ncu'at( i rcuirryot  Puni \hnenr Morivar ion 
; ;1", , , , " .  .  

^ .
\  : , r i t  uedl  . i  

' "  
cr ' .1,  r ,  r ' - ,  .o_/ !  red u 

' f  
f ,  

""  "  " ' l l

r ( ,  uDLicrstand lhe Deurdl  ! i r .u i r r |  , , i  rc, ia,ds dre f r t$rrc€ ol  i rersr

r td thcir  
'cht iorrshi l  

1o i ' ( ' rnrenr, l  behi*  I  on \ ' l t r \  i f l l !en'e 1"_

or r-tsr is u'derstood rboul ha\ dnihrli aM : \s!ld b. etrher rflrLor

hnnr ins t ! , .css purr ishmcDrs.r  othr.  i re6nt i  u ot  l l , to: l  " t  t* t " '

ourtuDrcs One rossibi l i l . !  i \  rh i r  tuDjslrn, t . t r  i  lerdirg '  
€ l  (n 

' rop
, '  Jer. ' . r ' ' .1 '  - 'er '1" ' r .  p.r . ' . -  i  

" , -"  " '1 ' ' l -
'  " \  , , ,  I .  . . . ' ,nt+ ,  -n "  tp r . , .  .o ' r
nrentcd that his lheNv oi  lu. letrs a. . lmbens D.\  ncurols ' i lnal  

a '  I

t lofanr jn€ l in( t ion,  iD, !Jr i .h dofrmrfe ido1, rcQ

rr ls i l . \ i lJ lc appl t .h t (N.ni  ,eb.r( i \ ,  . r i ,  be l , r  rddi t id l  l ( '  ques

.q! .1!appl icdtot !n j \hnrent, i r th. la\o i r ts lhete r \  ' !  d is l 'n i r  \ r t

" , '  
. . . , " .  

^ , , . " . "  
cnrai ls rp1,, , r rb rouar, i  ,  .ontrs in io iDi t io!

sr tet \ ' ,  r .  in.drr iL.  ( l Icn,oLo & I) inkstFP,

l t99l  Jr  S.hulr l !  rh.orv ofren!rd l . funing. n\h.  
' rhelhcr 

d 'erc ar

l rc nolcs lhal  nr i lsed rc$atds del ' r 'ss dotamir ie i ! ' r \ lNlutrherfntr !

l l r :ne,  b l t  s i \ ' .n rb.r  DA (el l \  ha, .  a reni , )g , iL l r  r ruLr l  c i ratr t t

i i r iDg r l re oJ anDna n\c a. t ion potclrr j . i l !  fef  Ni lh th i r  io r ' 'ard '

sf( !  ,  Lhe,e rs tot  i  lxrse r lnuc t ( i  d i . rease lo d$r in. \  tonr l 'orenL!

in.orporaie. tgrrnctvenrs(,nrhcr iharr , ,strh.  o i lLrDis lnt 'nr 'srd1

ibnJrf t  , r l  po: iLn.  e\ . rn ls)  lc f r lc & l lunncl ,  b] !gd. la lsqso\r

lgsl t  I rd(nl ,  l \ l i r .nor i (z r 'd S. l ru l rz ( l r9( i )  r . t r r l t !  i t  r l ) '  brso'

-n, . \ .d r)r i r  a losi lc sr iJr , r l i  .1,)s.1,  dr i t ( [cd t ( ,  t l , t  ]NrSdal ' \ '  r r l '
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r f f rL i r f  \ t innr l i  lsr l t \v.r lcr  r  r ,1 rui . .  r . \ fc! .

r l f . .v  thn \ .  e i l ib( iL.d t .  Frrnt , r  th.  s!r ie

5.hr\  or i l  f ! r tornaf id la i le( l  Ln ! . r ivrrr  dof-

C,\( , ,  th is l ,nrn. ' r i (nr .  nnre

,r \ . . r ' .1 ' . r r  l \ rve t f t rpos.d r [ . r t  Lr . !or iv€ ptu-

.e\ i  r !  L!  a i .ct ihtd svstcn, ,  t r { . r .b)  fo i i t i \ (

! r . l  ,k ! i r lv . In.e. t , r .s rF pr( ' resiJ l ) r  sep. l

r r t .  | . rurL nrt .h.o 'sf  rs

l l .  l . !J ! ig i .ndidrt .  tor  J ndrr l  .oun-

Irr f r r r  nre.hrni5n'  rn Llotdn'1rc.  ! r  crdtc,v 'q8

p!. i rhfr i r  r .L ica i r .ent ivr  ! ignr l \ ,  n dn'

srrDor in r \ i t ( ln serobnrn Li  Hl)  p.or. . l i

Nideil rh!ru!thout rlre nes.,\Ls sl_jt.ir, idd hrs

!  Nfnrd oi  f ( rn. t tn l \  ( tbf  i  , ( \  ie lL oi  \ r ,  oto. in

ldd orhi f i , ,L jJr  Luck, .  l99S) lhc donr l  nrd

rdi i l  r i t t r i  ducLei  nr  rhe r i ldbrdLn rrc Lhc

n'urre. i r i r ' ! ror( ' rn that  l {o jeds rd the forc.

t i ( iu.(Jn!  prr t i .uLrr  p i tnQy r l i . I  ha:  r .e lcd

rr t rnr i ( r i  n n)oLLr i t ioore; . f , r  (h is I  r ' r  l l r )  ect i .n

oheturo.rg r i  . . l l i  r rom lhr. in6alr ! th.  to the

\ tn l ra lstr inrrn,  i ln i  n t i f  s . r  r1 dotr ! t r r t r r . .L ls.

i ruc ro th i !  rsociat i , r , .  rscr. .he6 (c g,  Dalv

et  i l . ,  z0Lr l r  l )eakin t98l)  h)  pothc. ized lhtr t

t!.orotur ifLt d.fa ur. rrr ofpo.crt slsicrns.
$'h{e!s drlidiinc li.illtrt.: .tp,.a!h b.hr!.
iors towx j  tosi t ivc s l imuh, ieroton,n i ih ib
lN lhse bel i . r ' iof i .  r r f t  me(i i r tes . rvoldadc. in
lhc pesen;r of arc.rn? ninrulL. I)cpendinE

'  qhnh ln l luef . .  Nis strorg. i ,  rhe rcr  re$r l t
'  rould be dlhrr  af$oi .h of  $ i thdra\ ! .1.  l )a\

with le i r  n,  nr  rL)  fLed . t  an(t  .L oi  N. i  s ivc o!L
.ur,es.  ru\ l r  rs rd.r i r  t ! r i , I rhetr . i lL]cr  r r  et
rL.  100.1,Pdron.t iL.  r00ar)  ldhuDr ) : , rset \ rch
hr j  ihos,r  (h i t  !^ , \gdi ld d. ,nrag. , r  rssociJ l rd
i ! l lh f ic  r i r .LL) i l i r !  o I im ,$soi iarLors bet\r . .n
viru! lst iNul i  anr l  nes. tnr  outcoDrs i t r .h is l
lord noi i  lLJ.rhir !  . r  a l  1999),  or  in . lc . t r ic
shock ( t  r f i . r  . t  r l  .  19951 l t rsuLr r . t iv i t \ .  f rs
be{r  obsen.J in . .uro r)r)agi0g paradiqms
thi t  n, \ .o l ! (  cnrrr i f  ntr l l r  unplerr t rdt  (c g.  Corn
et r l , l00a).  d isgusl l rg ie.g. ,  Caldcr er ai . ,200t) ,
or  unlair  otr t .on, . i  (5 int i \  r t  i l . .  .100i)

In rddn on lo i ts potcnlL! l l r  uni !u. .or \ ro
. .nts,  rhe neu,rL ( i r .u i l 'v  o l  punishNcnr dLs.
rppi i .s ei  p i r r ia l l l  oved. 'p wnh rer?el  . r r
.u l l rv.  s i f ie l )o lh rcLn L.  Invoh,e basi lgrrgl i r
s l ructurc\  F.r  exant lc,  , rs discu$&l rbor. ,
mrnl  idv{st igrr ! rs nLgg$( th.r  rhc ntrc le(s
accudbens pllrs i b \,!Lent io[. Ln nrotirr
tu ' ,  re+uJing lo borh.  fa.dinr and.ver
sive e! .ents fSal in 'on. ,  199 t) .  Sini ld, l I ,  hunlaf
neutu n! ig ing nodles hrve obsencr l  nncleus
ar.odrb.n\  d i .e.r . r . r ivarnnr du,,aS aor i ( i fa
l i t in ol  iot  rn ly f t ' l rar  d in!  b! t  a ls.  drersiv.  onr
.ohes {1. . . .n eI  i l . l00l) .  \eE, ihcle$, soir .
.v lden..  tuggens thor!  l )osi t ive rnd neg.r t rvc
valc i , .es rrr  .etresenicd in dist i rLr  rddronr -
. r l  subregnms \r(hin ihc nu. leus a. . rn 'bens
{l{eltrol.ls & Bcrrdge, l0l):J.

I i€ pfeln ' r ta l  cort . i  r lso at f (a6 to phy
a lommotr R' le in pn). .sro8 both .e\rel  rnd

tunnhtnr i r ,n iormar, .n.  SiDglc. .e l l  .e(rd

'n8 
exprr inrnts n Plnnrre l .PF(: .  s in i lar  to

t t ros.  p.e\ . iousL,t  d i i .d$.d crartrnin.q cr lc! t i  o i
i  cwid,  have.of t rdsGd the cl l i . ts  ofEwardins
rrrd a! . rstre i t rnr ! l i  (Kobi)arhi  et  a l . l0 l )6) .
' lhe gor l  o i  these srrdies has bc(n to ( l r r r r
nt inc 1vh.th.r  LPFC neururr  ! ln)  rc\pond to
puni+inr.nr5,  e.h is a.  i i r  pu$ t , '  rhe e!{ ,  J!
potcnriil our.onres tirr p(br t.rli)nurrfti Ln
t .s l$.  t r lor) l i . !s  ! ! ( re to,cmemLrer rhc l ( i . i r ion
ofa targc( ort f  a l .or  I  ic(on.{  dehl ,  and rhen
saccad! to i ts lo.ar ion,  which was the sanrc t isk
pe.to.mtd in th.  r  codandShadteo (1999) \ tudy:
Resl l ts nkJwed rhtr t  a l t l iough the m.jof i ( t . f
neuroni  weresen\ i l ive to fc$r,  ds only.rsn, . i l ler ,
\cpRratt Sroup \v!s lou.d rhtrt .espo.d.d t.ef
crcnr i . l l t .  to punrhmcnts sp. . i i lc i l ly ,  rhrse
DcuroDs \ ignih. . r r l i  i rcreased or de.rca\d

(  .1200lr  r r  p t ru i r ,  f , rer l  L lLc rNrd
,. '.,* ,,, u. jt .1,,r"," *',, ;;.,;,; ;. ,;s

' l*lr rhar s.rctorur r(utuns .t.rrriL\ sisnal\ ;n
-  r ior  in rhe F.cdi . t ion oi  tunr,hmeni,  jusr t ls

l ' r  DA Dtuons signat a,r  
- roL 

in rh.  r ,  cdi . iun of

ln rdd( jon ro,{ ! . . r ro, ,  rerr . t  r (  ,h.r f ,er
I iac B a Jtr  rLr  ,  g".  , ,  g , ,  . . t , r , , , , " ,  ,1, . t
coitv+s informarioo "trbour 

Dtrnishdrenrs ind
:,.rY6{ttortq.'*,, * i, r,..iint.,"st 1,, a"teL.

l[*illil]ililiI*tTrr:r:r :il,
ural oruitrl of !unishnen ovd taps
rr , : . rcwa.a. l* ,e o.ome e"d". . .  fur
contonef rs s hr j  t1e t r ruL.Ll  ! i , .u,rrv

, "T:" i  *+ 
",  'n.  

, rrcr or surJ 4,dts"r.*, . ,  " i . , ; ; :  
" ;  i . ; ; ;- ; ,

b! i lJr . r , t , . , l  t ' , r r .L l  !u. le I l
klr  i i rs hecr rsso. iarcd
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their r.te olrestording Jurlng t!e deiiy feriod
rf ter  cues ind! .ar ing rhc posibj l i i )  ot  an ai !
pult. LJrIlie Lcon !rd Shadlen (1999), (hcy did
not nrsnipuhtc in.cnr iv.  InagDnude, .Dd rh s
i t  js  not  known \rhether h,ger punl$hrnenls
$orki be ass,,.iarL,I rqrh tr.arer chang$ in fir.
iDg ralc.

Roes.h a.d Olsor (-u 004)used a s id i lar  lask.
cx.epl that both ,(\!drd arxl penrlt.r, $cre poF
sible oo.. .h t r id l  AdJi t ion, l i l ,  {h€!  f , )c |sed o,r
the OIC as l'el! as a po(ernr regnrr oI l.lf(:
(Lh€ tr . ,notor.onc!)  h( l r  Lr ia l  leatLrrcd i ro
lo.at iors,  one ofNh . l r  d ist la led a.ue in l i .dr
ing thsl  a rew! $or ldbei la i1.blc i fLhc Don
Itey p. 'nonn(d a sa. . rde t .  lh. t  l ) .at i , ! r ,  and
the other in i j . i r in{  r lur  r  peni l r !  rvo! ld resuLL
i t  rhc,n.nkey Dor.d ns evcs ro that  locat ion.
l \n ish'n.nts in th is task {ere t ine ours ol  l
lr) a s.conds, rn a\Lsi\.c outon)e bccau\c the
thj6ty DoDkeys v(rc !nrble r i )  per lornr rr ia ls
to get |quid r ts.rd\  dur i , rB Lh,s r ime. I lca, l ls
rhoNed a djsso( ia ln!r  in dre adjv i ly  l )crneen
()FC and prcnior, t r  .orrer OFC neurons
respoodcdlolhe.roal l  r i lncol thc.ucspfts
.Dt .n each tr ia l  { r  e,  rhe la lu€ ol  the f . \ 'ard
nr lnus drc v. luc 01 the tr ) r ishnrenr) ,  \hcred\

I 'eDotor.orLrx resfondcd l igorously r i i  both
l lpes, ,  jn.cnt iv.  ie lat i ! t  ro rhc neulr i l  co!di .
t i iD.  Prcmot,)r  neurof  srestordcd niar im! l lv  to
l , ic  h igh rer in l ,  aId hieh t€ralr I .ondj tnnrs.
'n). authors sLr!gcst thrt thc\e rcsults slenr Lon
i  d ist inct ion of  ihc fun. tn$ of  tbese r \ ro drcas,
such thi t  Ol ]C,cprcrtu s the.ombjred valLre
ol potentirl in.cnti\'es, \Llrercas rh. prenrok,
corter retrescrts rhe nrot ivr t iondl  nnl i . t  o1
lbe nrcenr i res ( i .e.  l l jar  rhrrc n unelhiDg of
vr lue . t  (akc.  *heLh.r  tosi tnc or nc8ot i rc) .
fto$€l.cr, ji is nlll possilrl. thar distin(t OIiC
sl 'brcgn!\  .ode J(n ,cgatr \ 'c  i .d posi tnr  !ahre,
rs app(a6 to o. .ur  \ . j rh ln. ther srnr.ru.es
slLh is the nn. lc ls d.cumbens l lunrar)  .e!
rorn, . r ! ing s l rd ie!  f  ntr , iJe .v idcrce .onsi \ r€nr
rv, ih r I isr Ipe. lorgaDihr iorr l  srLu.t ! re,  h i th
nrraf t l jng stnnul i  r . t ival i .q nedi l l  OI( : .  cnd
.scrsir .  sr jnnr l j  a. l j rar jne l r lo i l  oIC rcgnrns
(O Doherl , r  €t  r l  ,  :0011

l lunhr Dc!ronnagnrs nudies crr t r i . ing
thc Dol i r !L io,r , l  e l l i . rs of  t r r i rhmenls dic
nr l l  spirse (p ( l I  becrusc . ) f  rn.r t rscd erhi .a l

.oncerns),  bur a few nnagi , rs \ r !drsh{b
(xrd!.rcd durjrg cogniti\'e iastt Dcrf;:
Srral l  ct  a l  (200s).ondu.1gd a spr l iaL
rrsk xsing bolh losi t jve arJ neg,Ljvc

L .r  l "  d '  
' . r , '  ,  .

r i thcr t | ! .  dor\ i l regn)D. B.( ib. lh.k \s.o l
n l r t .hed reNa, .on( i i th.  jn rhtr  nudrt , r  \Ms i
n,) t  po* ib le lo decr nr i .c $.hsrh€r lhe ed-e. t  i i  l
AC(- $as !alcn.e scl . ( tn.c

I  r f l , -  .  \ . , r ' .  " , . .1,  p , .
Dripped dur a nclworl ofb'aj. rcqn\rs thir sig-
n! l  

' .w.( l  
aDd tunishDrenr in th.  erv i ronf lcnt

dnd reprcsent those i l .cntnes su(h rhir  rhcl
. r  l l . .  P r

.hoices. t rd ef l l r l  le\ .k-  H$r.yer rhis . r .etu]
b,x l t  o l  lvor l  hrs less ro sr) ,  rbourr tarhdffdrs
to thdl  , r l fornr i l t ion.  J ld }os x 

^ 
inrcqnr.d

inlo o.eonrg pro.c$rn!r  thar dj , . ( t i \  i jL.{s

qgcMvlE 9lgs<Mclf Ej:pEllLvrJ

l lorh r(4r-d(tr ! i  n i . i . , ihc,  ! rc l iN th.or is dd
irorrom trf Deu,,,biol( jqii.l thr., nTot f hr j\ rrirrn

IN'LU EN C]

Cogni! ive Control  Pro(el

ln arr  !og' i l i (  i t rsk '  th '

rhat nrrkt rh'r 
"'rr'lrlr

j rs l rsk s l . . i l i '  
" !WoI

bur rallrrr l' lhe hislr'r re

regl l i lnn ' i  
l rsk elsner

l r igh kt t  tuorJnrt l 'n r l

kctrelr  re ieLrco to 4" "
r ions C.gf i tne 'on' !  

or ,

h\ L{h, ih io:Dl lnn) r iu

tcYdrds r l re fu l { i l l rnrr t  
(

Ci . l !  i \ \ i l l '  S Col) 'n. l

! .sses hI  \ rh l !h nrnr ioL

irc i ' ro ' rq $s^in*t  t I r t

far .e i rd r ' ts \  f r t far

f6 ' r r rd l i ! '  Fr t '  !

L i l . . t \cr ,  f  r i1 i"1 '1rr ' ' l

\1rll'f iJ 
"ie'r 

l-r !

rrcenli!.es. In i replicalion .f a freyious
r l !er  tound rhr l  the dnonnr . f  str l ia l
( l j .e. t i fg drtent ioD t , r  

"  
cud 1, ,cr t i ;n rr i :

t ind \ fhen rhr rarser afp.d()  \a\  coor
{ i th ict iv i ty in t le posrcr io . rnguhte

:riri::ii ::i :i'":r"i::,":.: : triiii;,:'. :t
:i";l:; ..",11'i::i:J:: l'l:' ' l:1t 

.*;;l-i::" ',"" "

,iii,.'',if :i:,: ,;;:,$ , i*;1 ,,,,,1i;
. , t r i l  |  1r  L\  LndbB N.tr  s.o!  Lr t rd s,rh,ctN$

'  r ' , ; : , : , r , :  : ; ; ; t :  r i  :  : : f lJ  i  ; ;1, ; . | ' t : t : r  I ,
( ,nne.r .d wirh PC(;  d Lhe n, t r . iq! . ,  aDd i f rhn I
, . . r ,orh--" ,c.nr, i . ,n,  rn 'n. , . , , , . r  d",1,  i l " ' i . . ' ' ' " ' * ' " -" ' *, 
" 
, :, " "riJ 'l;it ji.t I :r.: il,li , Il,:l' "., . ,,, :

't 't: ' :"'ll i::l '):.':lt 't::"]:'1-:: lifl"' " .r, '
v.rrion a'Lr ror.dd$r rcDrionar .(,Drror. ' ,. lLli".,,i^;.,.,,."u,a 

..
' , . .e '  , r .  "0D'  i . . " , ,  .  "c., , . . , ' . . r ,h"J 'nun. ' . , , .  r \ ' ' , . | | " . , . , , , , idd,  

: : , "  . . ,  ,  ,  ,  ,*

' . f " ' i ' i i . . " , ' I  
r '  

: : , ,  . , .
l ] lcr  a ls.  obser\ .cd that  f  otcnr ia l  lor  penr lLyhd
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LNqtng srudres lrxae Dee'

eniiive t^d< tcrfornra -
;duct€d i st!ti'l dttedl'or

s,€ ond negaii!e monerarY

.rtion .i 
' 

Pre!Ous sttraY

dnomt of sPaLrrl biasi'g

io a .trnl lo'ahon ro oe

,"i "pP""'O 
*"' *'"1"t'a

!osterior'ilrgulaie-con{
'L  lLct  JLtr \  r tv L r  PC! rd l

rositive and trcgal1'e tic'r -

s tlicse ha'] ma) hwe oecn

. tinttti. ,t^tttu'"t rit" Pn'

lvrs rssocirled ivid\ achvny ,
, , ,  . - t , '  Jkd doAdl i f te 'or

, i ,n,uL' sn' i t  "t  'L 
luooc)

t  r l l  r lLke 01 tLr$t  ieBion5ar '

L Ln r i re a"qnt r  rd i t  tnF

*,-.tt' trt"y m"y *"aitt'

in PCC thcY obseraeo !i

rf PCC \flrh lidbic st!uctui

n Nith directnn ot rlLenoo

r  hr \ t  P, !Po'ed 
thar Po'reir

. .  sr te ! t  r t r i 'g i  t io i  o1 no

, ,* .  ""-uto*t t- t"u.
12006) maniPuilted {Ni

Neunosg5f!!

,ont . l , r te to i  gredter understandins of  r r t rva

ror.  So. ia l  afd pc,$niLi t I .cs.ai .h. .s b.$ od

h01! Lhe gor ls r .d at t r i l ) t r t iors oi  in. l ivrduals,  as

\€ll as rhe soci.L.odf.rt, intlL,crcc.nrrivrrion ro

g!g. r prrticular tasks A.lditionill,v, th.E js

r srr on-{ dnpharis o. i nd ividur I .ti lti.ences, nlch

N rhc role oi  r . i 'ad anJ punishf ,cr i r  sensi t iv

ill- as sralte lfait ch.ract..ini.s. N.uroicien.c

b$cd theori.s to.rs or the neural svstems

rcsponsihl€ tin generatitrg a desire lor fes'afds

and trddsl i t ing thrs i . l .  s impl.  i .s l funcnlal

.ctiorr like lcvtrpre$nrgto obtrhrflt.fds. the

.gap bet$edr th.sc hvo is a po.els lefelaccotrnt

dfho{ feoflc are able to chinnel thejr Dotiva

tion to gard desirtJ ree'ards into idproved Per

coordLnatnh ard rcgulahof arc col.
: f t red ro as .ognir ivc conr iot  fun.

r' tnrmri.e rn norc ..mPL.x bchrvnral ttrsks
I Cognitik deutus.ience aPPfoi.hes mar dll thr
- . ' i rapb{ i l l ,n i inat i rgthe meunlnechaDismsthat
. u4nsht.{dting,ntogettlrg.Spe.ilicilll,cogni

L rhr nedros.ierce stu.Li€s invol\€ .lirectly e&rI
. iijrrgL!Nan brin a.rN'ity dtrring Pe.fo.rttance

:, ifrogririle trsks. MoLivariod crn be sttrdie.l ni

onrert b,v.ran,,ning how |ask related brani
is it{e.t.d boLh bt .hrnges h lrotiva

::.n!.nel rt.t. (1., eafcrnn€nlal nunipulationt,
'a motivari{)n relrGd nrdividual di{erences.

thsnr€ ro rhese lutr . t ions, \  that  th.  f r . f ro. fuL
.orre{ is rble l ra inrx in i . l i i rn,aLion nbort  qo.rh,

and horL to achL.v. then, id a nannei rhrl is
less n 'scept ib le to idte. ieren.e

NIot i rar i , r . rL,n.enrtrcsNi)  cnibl . rnpfnyed

pertoinun.e b,t itrfluer.nrg .ognilivr .1).t,oL

t i ,nct ions.  Speci6.al lv,  t rsk per iof  m.rc.  nr i ] '
imp.(ive witI lighter .ont.ol ovcr .ogtritnt

pfocessirg aid nronr lorurg of  bchavn)ral  tef
fomancc, such rhai reg!rive ekntl likc intc,

icrcd.c .r dbncnra.l hpses of .itentlon afc
pfevented Sin,iLarll, ef.o6 \vill br leis li.qtr.Dt

when part ic ip ints sr .cesLir l ly  rnaint ln task

iDstruct ions in a highly accessible lorn,  that

ersnfes narrtenarce of.ttentional fo.tr\ and

n,ppre$ion ol nuerleren.e lionr d,st,actins

cvcnts Th.s. .pe.rhons af. pot.nti.ll) costlr-,

in tcnns ol subjc.tive m€ntal €lTort and merd

boLic dc, .ands, bur t l rc possibi l i tv  o l  reuard

may shi l1 the.ost  benei t  f t lat ionship,  lcadi .g

to increased i.tivity in cognitii,e conl..L str uc
tufes that enhatrce pertomance.

Locke and Bravef (2008)looked at the efu.rs

of  mot iv. t ioni l  incer i ives on brai i  r . t i ! i tv  ,n

a cont inuous t . , tdna.ce t ish (AX CPT) th i t

sc.vcs as a pnrbc of .ogni t lvc cort&i  t in.

t ion In pr.vnrs n.uoimlging studies oi  thc

AX-CPl Lrsk pei  ibmance Ls rel iab\ 'a$ociated

with increascs in hlc.al  l , l :C act iv i t )  associated

with the aciiv. niaint€!.trce of tisk Lelevant

goals (Nl i lLer &Coher,200l)  rocke and Braver
(200E) fi,und tbat undc, rcNird incedtive con

di i ions (good |cr fo,nian.e was !$o. i r ted

witb moncra.l bonuscr, therc nas a $st.ined

inc.case in r . r iv i l ) ,wi lh in braLn regions asso
.iarcd rvirh cognirnc control ftr..iion Thef

in. ludcd I  ight  Lar,  a l  Pi .C, r  rghr par ietdl .or tex

r ight  in le. ,or  l tuntal  c l f tex {BA a5),  and lef t
do.saL anterb. . iogr l r | t  (BA i2)

Right Lateral prefrontcl utea (RLPf(l) i.d

right pirietal cort€x afe thought to be the .o(

comlonetrts of a brain network ihat hcdiatcs

suttained at t€ntron (Pa.do er al ,  l99l ;  Posne.

& Petcrscn, 1990) Right inLrior liontal coft€x
(RtfC) has becn impLicatcd in cognitive inliibi

lion, or tbe srtpression ofirrelevant tlioughts

memories,  or .$ponses (Aron, Robbins,  &
Pold.ack,200,1).  And i inal ly,  anter iof  c i i
gtrlale acrivily, tarlL.nlarly dorsal rntc.nt

n;Ntar\  i ' ' i " l r re\  
d.Nr '

,  of  J i  ELLlstn t l in {  L

po$ibilitfsrrr: al) efects on high level cos
toftrolstructures ird f2) dire.t el1i.ts on

Ld t l rar  fotentrJ l  
for  f (o i

in task fehted regions.

I i'1.'Jil.,l.'" :li,:,: ;: ControlProcesses in the Brain
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r r !or l  " i  
btar '  r lBro'r '

n the higher lcvd .oodioat ion and

I ounishnenr $ tne 'D\
ihor i'rertlves sucn

oftask elcme.(  lhese proce$es of

I as informdlbn to gl

fiort lerels' Ho{ere! '
c.ntrol relcrs to rhe pro.ess

r ..cl beharior is direct€d
hJ5 l* ,  to 

"Y 
t t ' " "1*n'"

nrton ind h '$ i i  L ' - :
i l l ,nr  r r  ! r  r rernr l )  Sctuctured

& Cohen, 20or)  iv1a.I  ot  thc p,o
njch rorrn t  \  e i . , r -11 Jur j r  g rr , l  \ ,

red at tcnrto. ,  i rsk sct  mainre-
rat'o^, an.l inre.feferce
locaLizrd r. the prefron

rqrl).latc.il pr.tionrat corrca.
$n socilLlPdso"alitll (2001) cLguc rhJr r t r  L.rr  rL



. i rgularc,  hds been in lp l icdcd in the de!c.
rioD ind rcsolutron ol r.sponse r.rerlcrence or
n)ntlict lbgedrer, llc rn(.crsed ionic .ctivir.r
in rbcsc regions m!!  ,e1l . . r  lhe qr0ater le le l
o i  cogDit i !e . ! r tn ' l  . rsred bI  p i r r j . jpdn(s
Ir  lhe reNard 

' lcdr l ive 
j  i i toD nr o er to

' l  Pro!€ penonnin.r  rnd nuxiJnize rewa

,^ theor!  o l  how inJi ln lu ik rnrrcase coBDi
t i le. ,nkol  prc.e$es lo Dairrajr  or  i f lprcrc

fdnnDancc hds bcer d.s. i ibcd in a review
!1 lhr  neurobblogv ol  iLreDt,on lsr f le,  . r  ,
21106).  ln rcstons€ t .  thcor i r !  o i  ruoir ior  rhar
l l )crs sol . l l  on l lsk d(nrdDJs. the iu lhors .ouD
r.r  thar motn ar i rD i ( )  a i r i i ! rn . r | lenl ion is ke.r ,

far l i .u l r r l ]  in sr tual t r )n\  \ ! l , . fc  rhcrc i \  !  ch. l
hngt,  $, .h is !  drs(h.( . r ,  r  d!r l  r isk,  or  gere,  d l
l ! r igue l , ) th i ! i l i€onrdde. l jnqf  pei f . fnrance
.r  in. ,e,scd resf ,Dse ! , l l ! (  \  dde. l rd bI
t l r t  aor i r io,  c ing! lar . ,  $hirh Ll ,dr .an.dl l  l l r r
jn(rerscd !rrcnr j ixral  e l io ' ( .  dei1ending on r l rc
.1r ls 3nd L.nef iG oi .o i t inr l t rg rerN diseD
gi8'nu. A r ighf) ! tddl ,7ed f .Lrrrot) ! r i . t r1 net
x{rk j  l l r .  Jnter ior  ar tenLr}D n. t \ {ork,  (xn (h.n

.r f r t  rot  do\n , r i luenr.s \  i i  d)ol in€rei(  t ro
Ir . r )ofs lo scnsorr  sysreDs lL '  I  e l ! .e f .o.{ssins

l ,o. l  n d al  { t0 l )21 d.nron\rrrred rr l
I tcnrse in i ( r iv i l f  in r . { io!s !sn, . i i t ( .d ( i1h

exc.! lnc ionrol  in hunrans rn i tD i l lRl  sLudI.
(  otr ip, ,nns a.r , r i r !  j r  . r  N br. i  L is l (  r rher)
re\rdfJ n, !s r l l i r .d rei t r tnc r , ) . ( r i \ i r \  \Lh.n no
rr \L i 'd \?s ot l . r .d I ,e ldud an r . . j  c . )sc i r  r .  v-
i r r  in i l . ,so1f lc ia l  ! ,e1toDri  .o,1e\ (DLt)F( l ) ,

dn er , . roL\ ,cd j r  Drainl . in ing . r  i rsL scr Jn
(her s!d\ ,  horI  incrers.s , f  1.r+ deDard and
rehard in.rcase. l  ! .L iv i l !  i  f ) l  l , I (  . . \  

' lnr i lar
pr i rernnl i lD(1ings\as!hiurr . i l ,D l rv l i ) r .L i l

1100. l j .  f r .st  srudie\  $rgs.sL Lhir  ie,Lard nr,rr
i , . r  ar  i  l i in( lo i . r l l i ( t r i r rJ.$er ld ior  .  a srD
j l i r  NaL rs r  . l r inc.  j !  a.ru.r l  l r \k { lenrr lds 1tr
l )oLI  jnni . . .5. , .ok ei l i , r (  is  rcqujFt l  r , rnr in
la in r)r  rnrp,o\c beha! ior .

l . ler tst ineh. lor l ior  er  i  f : l l r l l l  d lso
refor lcd l l re rerrr i lnr . r t  .1 l ; lJr l  f r . r rof( ,
h el i t . r  r f  re+ro.sc l { )  rer fa l : ionnrtn)hr

n,  he inr . l \ t ( l  i , i  gor l  str l .St)al  r . . rL| . i r j r ! ) ,
l l iar  i : ,  Dl i r r r i  jDrn,q rn ovdLh n!  gor l  $r I le

ri,*rir ilii.p"n i' r."Hs'i' i
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15"r ." ,  .1 . .
oppo\ilionil relarionship berwec! ctunioDa!

nui- i ,or  - . t  { ,  u,J 'c , , . -  .s.0.  , : '  ' " '  . ' . ' , ' ; " f l l
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(c irber l  & Ficz,200.,  
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Id<L RelevJni  A(t iv i ly  in the B'bin . r . rp.  .  la ' I t ' "

'1]1€ sc.ond luth(al lo, A*ar.1 r,, L"* m I 
parrs&lritdtheirtrrtllrr

inp.c, d''rsk rcr'o Dij,.e rmlld be ,r,u€h , 
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. .  t ,o in. , \ ,p sJ. ,  
, , , , . . , , , . f  . .

1N e ' '  'u ' l r r ' " r '  
I '

rondir ions,  i t  Dr.)  bc tossible to sce cnharced :

,.,'\,it] n sf€cijr. rrsr.chred bril, ,esn,n\ ' *,1]lii]:::11::1,,"t
, , r t , , :  1yre, ,Jn. .  l  . " . . , : , .  j , . " , , , r .

erihttlc, 'l illor .r dl {200.1) dcrnoDstrrtcd dr
,.,easc i' i.r,v.,,i,nr in r:skrerevanr eson, : ii:i;i:"::lliJ:':]:i:;nr a!  obrcn \ i , ! l . l .9 niem.r]  stud\, .  tn r lan 

, , , . " f , , . , t , , , ,1,p,n, . t .p,
l runf ,  r lcr  r ' . fc  rb le ro de.onto!€ th€ (r j r ls  

, r" , , , " , " , . . . i "g"t"" .' r . .o.r , . . , . r . r . r , . . . . . r . t .1u, , , . !  t . -J. i . . t , ) , ' , . . i , , " . , , ,
' l - .  ' : . ,L I  i  o_o. 

. , . .  "N,fer i , r  i r l r r | ( l  { r i .us and rhe iruzrrr ieral  
i . , , , , .*  i . . . " ,"a . , , ,

n' l t1rs i l 'e:e Jtrs,  i f r  oh ed iD sbor l  Le,D)st fJ

.,sc. 1isu.srr1i.r,D,i,n,tion.rlsoincr,.s,, l::l, i i i l: l l i ' :, i1l:
i .  r . rpo\ '  ro \oLr ins D.mrr l ( iad i l is  NS 

, ,* ."1; .*  S. . , t t  " r  " tqr( t \ ,  .s i .  P. .hdr c l  a l  ( lu02l ,  id\ard Dra\
c,i( enhi...d p,..es!ns i, i si' rr1 r*nno :i;::l i i j i:, i: lT,.Jl
rs,1r in i r€rk i !  r idt  J.r) . j i , i \
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Al th, , ! !h r( , .1b,  t r .L l  (21)r-1) sho{ ' rd fk.
i . . ! r t . r l  r tsrnr.  r f . r  r l i r ' . r  f i  a.drnr l i \ i  ! r { i t tuL

! t r f i r , t r ,  s! \ :h re!Loi \  iLso t , .  e. t  m t .1sl  re l -

r  r11 r() !  \ ' is ! r l  arr . r r iLr . ,  lq . r inr t le,  thr

r , ,11 obrci t :  r r .  i t . r r l r .1 i . r  at t r ' I t iod I ( .nr  r r l

i .Lr l  or  .Ltrrp. tL ig.Lrr f r t r .  m\ dePcrd oi  i

r i f  J . \D bLtr ius r i5! . r l  r r 'nn l l j (  i I ) . \ idon(

& Dr$ir i r ,  L99i)  f r t r ' rng r isLis wi ih t isuaL

n nul i .  r l  nta!  L) t  ios)ble 1. ,  se.  r r r r r !d.d

r. t iv i t r  Lo \ is !n f tu. . rsLng r  e.r  a\ . r  f rstrLt

oiroD do\" t r ,nf lu, , ] .cs i  nn F. t r .n lx lco. t€\

th$ r)  . rLd !  i fn iu i l \  i , i  to 'k i ing at l . f tnr . l

or  stL ul !s ob.. l . .  oI  thcLr !dr t i .u!rh i . l_

l l ! . i r  ! ! i th.oi  r ! t r i rd rn. .n l ives,  Prr tL.Ltrdts

n|J)  n l . . l i \ r lv  ,h.n. .  r . rsk \pe;Ln. ptur.css
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\ctivity in the Brain

i | ]g rgtr , . \  L i  r ! : . ( id i . . .  l i t rh task d(m.ndr.

, \n e{nt f [  ot  st i ] i  a \  lual io.  .ar  bc seet rr \

rhe dasni  l l  I  s tod) '  ot  (_,rrb.rrr  . t  . l  (1991)

in Nhidr f r r r i .Lf i , ts wut r j l i !d lo dl le i i r r ( '

l r rent io i i l  lJ i ! '  to \ f r i rh.  r ( ,nrulo\  d im.n

$oi i ( . .9. .oLor, ,otnin,shaPe), lu i ingnsr.E'
i i i l i rnr  D,rL.hi ig t i . l  I ra.h din,ersior ( is

.  r rsocir ic,  h l th l . . . . r r ( l  r i t  rL( \  i f  the co.r . .

! i rondnig rrLe! i  r l  regi l r ls  ot  cr t r . rst i  i r t t  .1tr tex

1..9., altrntron n' mn!!r tQi isto.rrted rrilh
'  innok io i icr  i l l r  I  lu .ontr . ,sr ,  wht.  part i .

p ints di ! id.d rheir  arL. , ) r i , ,n ! . , !$ d nr inrber i i l

r \  stu! l ) '  bf  I i r .N.zl l (  r r  r t .  ( l0a7l  i t rv. \ t i -
g, , l rd r . t i r i t r  r .Lrred ro t rGpl(D ol  sc.n.s
Ltr  .Lh4,to.an+r\  r . rLrnr) ,  i r id p.Lrprn)n
ol  r i res (  usi tor i i )  g1r! '  ! . t t r iL!)  T.Lr ls p, i '
n ' . red b.rh sredL, rnd t i i . i ,  \  Lth pi ,  . rp i t r is
rdstru.red to atrcnd to .ne c. tcuorf  and rgn.re
the oth.r Resul' sho\(d tl[r r.rirtrf in rhc
,rL(ranr rcgion,tr . re iscJ Lor the i t te. i l .d Inr-
egorr i  ar( l  de.r . l \cd tor  rh:  igror.d . i tegoi  y,
r .L. , r r \ .e ro r  p isr ive y iewLnq.ondrrnrr .  lhesc
cl l r . ts rvcre Dugni f i . l l  b\ ' th.  ot f r i r tuni ty !o
. . r I  poir ts thar tuuk1bd.r .hnosed 4, ,  moo.f
l i i !etbrr ,  thesc resul ts strugest th{ t  i t tent i . i  can
.nhad..  ! . t iv i l !  in p.rccptral  

'cgions 
,c lev. , r r

to r  g i r . f  task,  d.d rhdr rew.r{ l  .an iNpl i iy
thcsc df te l r r .naL r i le.rs.

r f fects of  lndiv idual  Di f ferences

I Iemator i t r ' . ts( ! i iesi \ .ognihve neuu. ienc.
n, .us on rhat i i  co&Drr across i t rdtr  rduals.  A
i .gni t i r (  t ro.css urdrr  studl  Ls i ' r r . \L ig i ted
b\ . t rn. i r f  i  fur t rber ol  f i r r ic iprnG i fd t !k-
i . {  r  Er)up N.raqe lhr  ke) rnterest  i i  i
idrnt i f l i r ig rar idnce that ca!  bc erplained by
rh( erPtr , . reDt. ' l  . ran,puht ions.  sh.rcrs di i
r$src. \  rdrong the prr l i . ip in ls are t rc. ted as
rrro.  r r . i . rncc ( l tomfson S.hi l l  . t  !1,  2005)
ll\1s ]tproa.h \'orl$ wetl in nt.l|iif).in( regbnr
rsso. iar .d wi th !  co.e set  o l lunct iofs ne.e$afy
r,r i ta\ l  bc.atrJe prcstrr t rabh r l rese rcgions N, l l
be thc s.rmc lo.  er . rv p.r t i . ,prnt  as t l re l  t l r
nrm t5r l l ik  $ 'h i r  m!)  b.  in is ing n . . tn. i t r
i r  regiors th. t  aren t  nc.essary l )ut  ar .  opt iondl
fcsour.c\  indi !  uals nr{rbr i .g to b.ar t { r  t . r
r ( i rd r ' . l l  Jr  a r i \k.  This kurd oi  r . rn,nf  mar be
ptrr  t r .u l idv relevant to nrot ivat ior ,  rs in.rca5cs
in motn'ation should be asro.,tued R,rh greatd
trsc oi tsorr.es r(, acquirc fewards 0r aro

fun,shncnts.  nrc use of  indiy idu, l  dLl lerenc*
mcrsures. lhereforc, miy bc us€ful in idedtii).
i rg mch rcgions (Locke & havcr,2003)

StuJ,rs ofhoN stable pc6o,r t r l i t l  r ra i ts mod.
u ate bf t jn !ct i ! l ly  ar€ st i l l  in thcir  intancf.
\efe.th.lcss, this hork ha! dlread! bequ. t,,
r0tcal  rhat  mori iat iu!relatcd iddiv idtrnl  d i f .
iere. .es m.v inf luence ho$,cogni tnr  tasks are
performed. S.ver.r l  studies havi  io.u5.d on the
i0lat i .nsbip betwecn BAS ind brnin act ivat ion,

llirjf{nJ.":.'r'!$r,$
. difldent leatL,r.5 trtr Lr,v 

"ii 
nor g..a(er thio

l;:',:;l';:'lt l' ;':l"n;
'  in . r1rrstr i fe n,rrc{  n)Npir(d L. '  r  passive

vre\ in8.ondir , , , r  Ei .h , ) i  rh.  )e le. l ! .  ar t .D-

,ih:i*rnr::::sx
::j:. ljgri!ondnMs ,!ere .r Ls,r asso.iarcd wilh act,!-

ny! !  dr tcnt iool l  . rg,on, \uch r j  rhe puI td!r ,  r

c;t rc L:st  retr tcd t ' ' " 'n "u-

.  'n rn, ! /L \  i 'g | | r l  r r l r ! "
, l r lhe sr t rd,v b!  Jn, i1t . r  r t .  t - t1 lo j ) ,  drs.u$.d

l l  r !dr ,  t \a i  uscd ,etratut j  i r i  fuf ishmenrs dr f -

rtiilll::r;".;q:: e8qsp ial 2rrqrtiid rJsk, rh. iurhor, suggen

ii:rirml*'li
(nrNe\ ni .du rrd srnLL:rures direcrLl

$i thst , t r ia l  rprr \enrdr iod.  sp. . i i . i l t \ :

lli:.:::llrl':'ll';
':r:":':l:'li'ihut;:lilullt:ll; la:o : ' ro,rd iurh.r  nodulatnin br

.:'i;l:,'l-l'"'::]'I;
' . r  \mr l  er  i  1t0u! l  n oorhcnz.d rL, l r
' r . ,nsuhteo,, . , , , , , i reot , , res,rL orr

'"-"ii."u 
u"^'"a'

aDd spat ' i l  a l tenr ion coni . . l



nr$t l i  usiDg EIG nr€thods k.s,  Sui ton &
t)!vjdsD, 1997). More recerd),, IIURI nud
j ."s ot  wor l iDg rnonory dDd cognl t i !0.ontrol
h.rve crarniDcd how rask.rc lurcd i . t iv i ( r  mav
bc nodulaLcd br rndj!idurl (jifJcren.cs in BAS.
Cri l  and Braver (2(J02) denronst,  ated (h!L BAS
scores werc rclated to .cti!it! tr tic ,{CC ddr
iDg i uorhing mentrl task. SpcciG.!11_v, highcr
BAS scores \ rerc.sociated wit i  deqeascd
a.t jy j t )  i r  l le . r rLdi l  cogni l i re" A( lC, dcspi te
ro di6e.ences in pcrturaran.e belrrecn hish and
low BAS p.rLic4rints A follor'!p stud_! (craa
et aj . ,2005) indi .ared rhir  rh is saDre p. t rero
dcscr ibed a rumber oico$f,Drr$ of i l i  cog
ni tne control  network ( . .g,  lateml l IC. p.r i€ ld l
.ortex). Mor€orer, a Dnritlple r.srcss,or inalv
lis trdi.lted Ulrt tlt efii.ts oIBAS oD (()gDitirc
cortr() l  fe l . ted brain ! .1, \ j t \  herc nl lependent
. f  indnidual  d i lTercn.€s in l lu id int . l l ietDic
(ht i.h also shof.d s.paraie nrod!l.rtorl cllicts
oD icrivdthr. This suggesi\ thar B S D iso
.iaLld s'ith gieatr, (,gnirn€ cti.ien.v Grerler
t f i  c ien.y in .ogr i rnc . l iool  s l f l r . r t r ' rs could
bt pote. t ia l lv  uselul in drbplr \  tdsls l ik .  so. i i1
interaction,$hi.h nrok cxlra\.rt!d iDdiviJtrals
crcel  31, . .d wlr i .h requjre rhe .br ln\  to nuhi
tdsk (r , i .bcrDan & Rosenrhr l ,  2001).

l l i rc ls ofBAS h,re al !o t ,eeD lound on brair)
a.tility durjng nuc doti\irbrilll relcrdni
iisks. lleard ct al. (2006) n! itorcd brain
a.tivity *hi1c p!nicit3nts looktd !r piclures o!'
appetiziDg food (.onrri\ied \1th bland loodt.
Th€) iburd BAS ron€lared \ ' j rh r . t i r i l l  in I
n. t \Lork of  t .$ i rd scni t ivp regio.s,  ,n( lod,ng
vtDtrai strjaru.l, JD(gd,rla, aDd orb,tol;ontal
cone\. Spc.j6..lly, dctn itl in th€sc Jreas $,?s
.orrc l . red $nb lbc BAS drNe (ale,  Nhi .h . )ca.
surej  the mol iht io)al ,  as, ,ptoscd to seeking or
hcdonj. nsp!.rs oi rd'ard. lhe B,\S Jrne s.i!e
iD.h,Jes s lat(meDrs l ike,  \hcn {  wanr sorc.
rhi ig t  usualh go r l l  otrr  t .  qrr  i r  ' ' lhc !ur lnrs
?rgur thal  d! is subs. i le js es] .ecj . lh 'sefs j | re
b...nscit nat.l(xelr fcl,tred ro Dhrnrtnlr ter
sc- lhe dnve to r.ro rerfrrds iD rhe envirot
nlc. l ,  r r ther Ibr i  to icek out n.n oppor loni t ies
( lD. leckiDe),  o '  lhe {c.de.r)  to .eJ(t  strDqh'
ro re(. ipt  of  rc\ t . !ds ( ,c\{c( i  sennr i r r r ) ) .

Ot i rcr  l t r ronr! ,1)  d,n)cn:,ons D!)  ! lso bc
rrle!anr l() nrot,\'arion !nd r.Llrd prr.e$jtrg

ONAL lNt LU EN CE s

I  J lLng Jnd :egJlowiv e00.r)  cr ] ,n i^. j
LrutL\  1r i !n rnd te, \onJl , ' \  Int tuen(d

ioral  perfornrance i .d the ne\rai tl':pl::;:;l':erG c("nniisshr. l)rcvious rcsearch o!
de(c. t ion and ih€ rDter jor  c ingulare had
tlat J spc.ilic brain waae ibrm, the vror.ftt "  n ie\  ou rnul  dhuvr +

negal i ! i ly  o i  t -RN, cou)dbe obsened

ernxs on a risk. laili^g & Segatosilu fo!
thar !hhough per,brmancc did !o1 sjg

*n.,t;[::ll::x]:,1:: : t:,it ' l,i.::i:: i:l l;"1 "; 'r-
:tr;T;i;:ili*:.ririli xrl;r i;:rlrr':r"::r
, , i , , , rhN"o.r . , .hr ' ,ds,<' . . . ( , , -dr , r  $Ji i ' " . ,  
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at ' t  ' ' " ' l ' ] l : . ' .

. , , ,  J i ' fcr f  - .  , r  n.r ,  i \ ( . r 'p.r  ' \ \  .J .h '  f "  ] ' : ' ' ]
In. , ,h,gr,N{:a, , , . , tu. , t ! . ' ) , \ r r . , . , ' t . .  f \ .  r . ,  r r  " l ' " \ ' rnrcd.r

r ' , ,cr" . , ,np' \ . ' r -cF, 'e1, ,  e," , .d! , , , ' .e n, .  "  .  
" '  

t l ' . ! , : : , :

r , , r ( . . , r \  r t , . r  , , f t  NA .rdtr . .J, . . t  . . . " .  ,  \ l r ) re ' r '1 . / r"  r rar(nts '

sho\rcd gre.rer .r nrdn lde ! llN re4!'r* jn rrr( I ll99l),slr'e rcll('ird a 
'NtxocJ

6r* Lask block, bur in lrter lask blo.ks nro\fed , Fe?sRs irt be 
'rqxged,!n-tc

, , " i1 ; . . ;  ,  : " . , i , ; , " i : ' , ' , ' l i , l ,  "  1 ,  l :  " ' " ,  . : ' l l :
v,. ' !  ls  od( r . . " 'h.r ,  1! ,1 ' !  r ' .  i  r ,  '  

t  ;  ' l  '  . ,  ' l l . ] . ' ,
r ( r | ,^ ' , l "  r ro1, l  t f  r , \ fpr- .  '  ' " ' '1- '  

r ' l (aerr '

l ) i l tcren.cs in tnrn. t ioD aDd trer. f rot  
la le( l l iv  i ' \ 'atd ( i ' '1P!nrsbnrt

regrlato.)' locus M'e.. the s!bre.t of af li'1ltl {aled lLrnhe! b! nible ;1r'li\'i

s ludvlookinBlorn€u,.11(orreiatcsofLhesetd- rni \ i t r ' f r l l )  r ' lc \ ' in '  f t^or

$D.1i t i '  drara.k, isr ics.  In rhc stur l l .  !d,r t , -
panrs nridc goodll,rd l!dsnroLs dbo!t \rfils CoNVTRcEN(E r\_Volry{

^ ' i . .  I , r rp. . . . . ,  u.  , .  . . . . . r  . .  I
l ic ipanLs showed grcircr  i .1r , i t \  i !  inr lg. l i l r  l lk  prcrurs {r lons i i rc 

'

i l ter ior  . r . !n l . tc,  and ext ]asr, , i te corrrr  1,)  oI  d i l jddrr  grcrPr ol  r 'sr i r

st inrul i  rhr l r  loe.o.gnk' . r  t r1rh thc r  ie.sula t ' t t r  t r i 'n Ehld quastni '

k , ,y focus, posjLi le st i ! ru l r  l ( !  rhe pfo. lo l i .n te*te ' t r t5 so' id l - i td. i r i

lo.u5ed, n.gJr i rc st iDr l i  nn rhe t , r . r 'er l i (D 
l is io ' !s&lnnhlr ! lhciraI

r . .used 11.€sc rcsotrs arc.(n,s^ref l  I ' i r r  Lr .  r i , rn r iqor l .  a|rrg ' r i rh lcrr
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NiOTJVATIONAL INFLUENCES ON COCNITIVE CONTROL tl l

i i r ,  rh.n f rgut iLor r  t i r . !s ur l luen..s horr  rncn

r orr  r  i , l l , ) . ! t td Lo inro,r i is  !1 i . ,o l i  nr . l r  thr t

, fc nrol i rdt ,on. ! l !  
' r t . \ ' .nr  

sr iN!L '  g i rnd

r . r r .ntent idt  (C! i , . , .qhrb,  R.rve.  & I ! rhn\on,

10!r l
th.  \ todlrs otrr l ,dcd rbore s l r . (  t l \ iL $nr

0irh( r ,n i t  d i r ; r t . . .s in t t rson,r iL l r  h, t r t  tn i

Li,leLl exlr niln r Powcf rn !

nrdirs usl ig. .u.oi ' I iq i t rq and I  EC nrel l rods.

t1r!.f $,gge!t thil it trra) bc posrible is $tll

tN Jci i r rb l0 to i , r . lL c mersur.s (hdt rs(s

morLrar iod rel . lcd.on..Pts aDd t . i i ts  i |  feu

ros. icn.e. \p(r 'dr€. ts,  P&t(uhrh tho\ '  th.rr

po\ id! , r .c!r i ! .s t , r ,  tdf t  i tnEn.t

lo n, t rmrr l ,  iogoir i lc  neu"&i . r t .c ct ter i

nrrits Lrirc to'ilieJ cv co.e ol ho\! tl,e

Fei .n. .  o i  r r$ordi  i rd tu i i rbrn! . ts u,  the

rdr ionnr. f t  drr ,v i r l lLr .n ie iocr i t i r r  .ohlrol

rnJ r !sk.rc l . ! i i I  re{ ions oi  rh(  bn n to t ic i l i

rJ l t ! . . i i t rn oie l l t  nu6hi) l i rgc.r .  Int .on

rr i lpro.ess. \  t .  \ (srr f r  i t t {Lt ion.  rod oNir) ta in

golk \nr i le ! , fpre$,ng rntcr l t .cncc,  indndLf

!h.an 1b.! \  or l  lh.  t r5k r t  h l lnd Brrnirc.rs inr

. nBted in ch$r. crl)., rreDls tile (l,rbrlta ct al
l l9?l l ,  snrcc €pt icrred I  iu.rbtr  o i r tur .s,  thcs.
sroi$*s n be ensrged ir responsc t,r trsks

'  r  . i tv  in task-rdlated Iegio ' Is,  ind, \ . ( lual \ . . rn

.  {han rd.Le.t i , ) , )  rDd n)r inteniacc i , i re l0! ! r t

$rornutiod, r!l,i.L ..rn ldid to Ii5re, ,rnd mo.c
rruidtc r \ !cur i r  n ! t  rq,p!r \ ! j  A,  dcrn, i r .

in i ] t r .n.c thc tu ' tn, ln! ia l  , l .u i t r rc ot  r : i ro
r tnrLl  Neur.s. i . t r re (s. ,1(h h. \  i . i ( r (d oi
r | ro. i . \  that  desi , i t r .  horv th(  bnin p. .esses
,*! . 'd\  r .J p!d;hnr.nts ( iSotr i ! .  nc! i !
scir . re r .serrch h. \  b(eun n) st , ! t r  hoh borh
. .ward ind f !n i ! ln, ,eDt rDforfdtLon. i rd
u. t iv . t ,on rehrrd indndr lL , l ide,cn!e: ,  . rn
nte.J. t  r ! i fh resr0ns In the l , r r i  r .spo 1\  h le

ror .ogni t i { i .ont .o l  ind t rs l i  f  .o.e\ i ing Ci !aD
t[e di !c.se o,cthodoto! i (s ] r . r1 theor.r i . r l
l radk\ forks ol  thcsf  i r r is  o i  f rsci , rh,  draw
ing conne.r ions t ,e iNen r i reN rao i . -c.r  l ik .  !
daunt ihg ta\k l {d! . !er ,  i !  s t !dvine r  n lv.Lir)n
l tudr nrdl t (n.  angle5, i t  rpp.J.r  thr t  t f . . r  n.r)
be soire cof ldgef.e in tb(  l i ! *  . i ,cscrtuh i .
shat Lhc).  r . !e. l . t ro l t  Dor i l . i t id,

' Ihc h.r l lmirk r f  n! , t i ! . t tun sth.r t i id i ie(rs
a. t ion t . rvr i r i  a 

-{ . i1.  
sbrther urLr insic i l lv  !en

dnted, . , r  exte.nal l )  i l t fosc, t  ln the cor i i t iv .
neu!osciencr l i terr tufe,  rest , r . rh indi . . (es th i r
a,eJs of  la leral  t r l ror ta l  .or t .x . r r .  r .st insi-
ble lor  nt . rn(r in ing goal j ,  ard l r i .Ninq onroin!
proce\sins towrrds t t r .  lurrh. . rdre ot  go, \ ls
De! iat ions l .nr  gor lpLsLr i l  aE in l , ib i tod.  ind
rcgjofs l i l te ! . renn.. , fgul i tc dercct .onl l i . l
to clll 1r,r o.t nntrol it rrdldl lhis pe.e$
rcl i ler  nr  CJ.\e.  er  r l ' j  ( l l )01))  lecdba.k loof
lnod.t  i ) f  t r ! ) t l \J t ,on In that  a goal  1?iLr.  i \  sdr,
and prcg,es\  n) ' r . r ls  rhrr  Soal  r \  cLo\el" '  Nonr
rored. Ho\c!e. .  , r t ( i .der! t r l .  {1000) !dd n)
the l ta.da tul  .og L i re n!  e lnrhrrpn)g!esso.
l ]c l  therool  lends to tosi t ivc or nceatne aFecL.
rcstecul t l l  l t  nr . I  he p,aibl .  t .J rncofporate
alhct  into tugni t ,vr  conL,. t  , .  i  r€gion l ikr
in(er io.  c ingtr l i re,  r 'h,cb hr!  both os. i t i r r
rnd at lcci ivc iur . t ions,  thL,s strv ing $ r  porcn
Lrar.onrergrn.e Tone

Ta)lo '  er  a l  (2006) proposed !  s int i lar  idc. ,

^ancly 
that , .sthl  AC(l  r . ! ,v i ty !s rel le. , r iv€

of the afiictilr iignilican.e ,,i rnoncta.! lo\s
I t  is  posibL to r  aSine that s.r tJd.Lr in pfo8
rels LowaLd\ th lor l  urar l j i le.ognir ive.oh
\eq(en..s (.rll fo. nur. top dos'n conLrcl) rs
well os allictive cons*lucncej (rcgati!e laeli.gs
issocir i rd h, i (h setbrcl t t .  Sinr i ! i r ! r ,  SnalL er al
(2o0jJ ha{{  t , ,o l icd at  po(er ior  c iDgLr l l re co.
rer,  and jn nor i rg rhai  i r  is  acr ive in rop dor.n
.ont.ol  o l  ar tcrr ion but also h . ich.onnec
li()ns n) rii..l,\.. ud ,r!,tivat,onal .egions su.h

lithoirt an\ in.enti|cs Itr^^elr.. th. rcenl
. (*a.dr in Drorivdri,,n .rfd (hL t,.aii rh,tr{s
' lljal incenrives Dr\, .nrtrgc rhe\e \v\redr\ to r
. ..Sr 6 extetrr, a\ iodtr idllls rltcmpt t() maxi

. 'n:r. Nuards (atrd/{tr ninin!1e punjshn,eurs)

l;j:::::llI : ::l ;';'''L' ;::, ;,;";;.;;;
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,aron8\ j rh,rpr. ! . . r t  

)  JLf l  ( re iLe.,
, . ' -  

- ' '  
nt  " t  ' ' t *"-



AL INFLUET

.s orbi lofn)nlal  . (Jr l rx,  hre propos.d rhar
i t  ma) hdve !  r rc )n inrc lnt iDg emorion dDd

l lc conf et t , , f  1he a. l i !c  scl f  ( l l t runreistcr  et
al ,  I918,200!) ,  \Lhj .h is rcspo\sibl€ lor  tnhib
ir ing hiL ' , iunl  restons(s (r  J. t rons lhar ! ra)  be
lcnrpl ing bul  r , .  contc) 'nal \  jn. l | f t ]pr iaLc.

beais )no,e t ) r rn | i$ iDg r* f lnbl i .c€ to.og
ni t iv€ psl .hologins ! je\r  f i  i rh ihtdr cor
l ro l  lnr fo i t int l . !  howefo.  i f  rhe actnc sel l
I l ter i lLr . ,  { ]ngrging thi \  i rh ib i ror)  n icd,anlsnr
la.  e len ler \  shor i  rnr \ rxs or ' l in] t  .u h3re
devisrr t i r !g er lcrrr  o!  L\rhJr idr  br  reduL: ing 1Ic
resoorccs a\r j [b l . l . r . l ] ) . r  p l , I ! . i lh or ro8
r j l i !e l )  c, lorr iLLi  lJsL\ . ' lb j \  sJDtc dInrDi.  dnts
nor rppcir  to be f , . tcnt  ntrr l rs .ogDir ' ! r  s i tu l
t ( , rs involv,ng iDhjhi tnD ferf . , rn i ' tce .xn l )c
DFl i t . i .c l  iD 1rt , . r l . , ,gr i r ivr  i i i , ib i t iur  r i :ks
l jkc rhc srroof oL a gol f f ,  So r in,ss h!nJre, ls

The di \ . rcprr . ) ,  b.r \  a r  a. t ive sel idnd.og
Dit j \c iDl i ib,rnD t . iadr! . rs r id l )e rhni  in the
ro,D)cr.  but  Dor rh.  l . r1r . .  t r r r i .4rnrs f<ru] !
re! . .  ! r  a r isk rs rhe r( l . . , i t  d l torJ€n1 \a, ,
rb l !  ln r l is  Lr te ofs.roi , i , , ,  rhe.hoirc n,r I
,c i lh b€ hehr.€n sL.\ in3 r !  ih.  lab. , r iorr  \ . ,
sus lealnr!  to do.!r \  nor)b.r  o l  l lhrr  r i ) rnss.
In iL!  ta!n s i ruar, . r ) \  iJnre. , r .  nr , l l r r rs b.L{e. !
s.rh.  ln a hb.r , r r (x,  :crr i rg.  a t r f l r . i tanr
Jnl8hr )r ! ! i  rh€ jn lorr i ,xr  r .  d.  \ 'c l l  o.  a Lar l i ,
buL Le o,  s l i .  r ls l i  . r lShl  \ r r r l  ro 1. . r .  car lv rnd
gct, .uP ol  . . lTec. lhfre ! ro 'he \onr lh ing \ l . r
. j . l  .hout .ondi . t r  th i l  t i l  1so n! , t i \  r t i , ! ! r11\
,e l .utr l  .hoi .es .q. i rsr  .n.  t r r ,nhc,  ! l )1s r) t r
of .or i l i . r  

'n, , \  
i . rnrrr  , \LC in rhi  nn)e r ' . \ '

'h i r  
r .sforse.rDr l i . r  on !  go, in,  !o rrs l  doe\

bur n, . \  hA..  i  ! ) , i r .  oror oni l  .onryor. . l  is
Lhc dir icreDl oprn r  i , .  r t rg i , .d i ! t ,n isr  t Ic
!osts,  r r lb.r  LhrD .oml-r i ins I ro ru, t r f : t rLrr
r l l t , r , r lefr . r  ( t rofre.hores \ r \ . t rhr l , -s,
I t  n ' i l l  a lso bc in|orr i r r  tc I ig! , .  orr  \ l r i r  rh.
s. , , r .e oi  re\oorcc Jef ler io i i  ,s i  iDi l  , f  i r  ,s t ru l r
i  D)cirbol i !  t lEro, fe inn i ( ; . i l l i l ) t  e i  a l ,  101): l
l r  rh is,  * fe.r ,  , r  is  , f re i .srrrs r l r . l  rh.  i f rer ior
. r .Eul i tc I i is  br .n rnrt ln.L.d r .  Dr i ihol i r  r .g
ulal  lof  r  l t f€s e( i l  .  200.1

l :o,  l . rg. 'Sor l !  ro hae in lh,er r .  on br i . . , .
:or ,  i (  n ol ier  br , r l t . i r l  to I ' r .aL r | . ! r  .1,r . r
,nt( i  nhorce.,bl .  !n i l lLr  g.r l \  lnr1,)Pl , ! i ,

,,'; :';;, 1'.,'iiti:'fr t nft,l:t*li I
,i i' "r';li,jj1uill pooi:;i
i;::.: :,t.:::i."1; '; ';',1i$, $:;;1 ' :::i"

; , .,,'1,;1,:f ,3i $*'i,*.,-
' i  or  . ,  . ,  . ,  ,  .  ;  ( , r  ; , , , . '  " , '  ' l  : l '  .

r . \  r . . i . r .  r ' ' ,  . .d, , r  | . . ' is  { . r  ' IerL 
rr ! r ' '

' '  1. .  , ! l  l \ . . , r  . ,  .d"  v l  , .  roc.-  , r ro, /  (  q ' r r r  5

,  1 n f , - .  ' .  , r ' , . l l  " .  "  l  ̂ . . '
. .  , ,  . iv  Lr .  ,e i  .n.  .  Lr . . r  FsN,.h.rL 

.  L! .  \ l

, . . , . r - , . . , , ( \ ,  " , , . , " . ,uron ;*  . " , -  "u l i  I  I
' 'h i \  '  ' i 'h . rnr ' r ' i  , ' , r  '1 1 t  r '  

'  " ' ' '  
* r ' r : : '

l f  o 
- ,  

' , i  ,  io 0l '  r ' f  r ' : r ' ' "

:  ,  ,  * ,  "  ' "  ' l ,
Anorh{ rog. i r , ! .  rhe( i r }  re l i t .d Ll i  r l i rm I  tothe de! iRs oi  r |c 

-r ' ror
on e\r . r . i l .ucs is r l re Lt !a lnre!hini$!  o lcor io{ornrr t ton .onk1 bc t rc r

t l ) l  rhe(rr ' ( l l . . rv.r  ct  t r i  , : (10i .20a91 |()&(nl  .  6dt  t ] t '  i rd iudlxL uc'

. ,  ro l  in\ol f€;  ur j l r inq a. tnr \  nr . i i r i in i ,J '  s t r rh tu l l ! !nB $he R" '

.orr{ ' \ i  inrortr , r t r l r  ro i r io"  r"spms. r . ta I  \ ig l , {  \ . lue rhin rh '  ef f l

t ion lhn\ '  !  f roanive 'oDtrol  
s l r r ten\  r fu ld i  i t l '  i ts  rLt ' lnDdn b( 'o ixr

! .cf  th.  rn l rnt io.  oJ Soing lo the dr!  J. t . :s k i ied Gi len rhi t  ' r  
the

p . , . ,1 . ' , '

'n  ' '  
L ' ' ' ,

, .  o n r ' \ -  . , r , , .  r ,  r .J , , . . .  .  , , r "  .  r  I

l , . rn \L.s \ totkd r ,dr  lhe highNi) ,  rh.  i r rs!  I ic i< ' i$,  c{en Jher r t

lnrr \ . r ldn, , rh.Jrr i r i re( l  f )oa.Ll \e.or\r io i ,3 rora,ds, lh!h ' l " i rqL

ue,n r l l r  re,  t  srrrcessiul ,  lDr rea.1^. . .Dr i , r i r i  E$ dr i rg '  hr  b '  s\ate

le$.ns( l r  5€! i rs.  the in lor  arron olr l ,  rcaJ,  t r rRrf . rLr i t t rcLrden

h bc rr ,  i ( re ' i  r ' fen t ,  iqg.rrd br an lnr fd i l i (  t i ( r  Lhrr  ( r f tuL's urc

ele, j r  1 rur,  Lhr eiJ i . r  or  r  rh i r i  i r  ,non$tn,  l  f r r l r r  t l i in i  nror '  g ' '

t i r . ,Lr ]  r , ,g l , t  Is!  rhe.d. .1 or 'shi l i , , rq indi  t : rn oI  turuf '  l ru

\du. l ! l ' ( 'nr i ia ' r r ' . i lgnirnei .nr io l r t : i r '  i i i l r \ ' tur i ' i r t 'ng'

!g1 ,nr .  r ,n. , r  t , r i ( r \  c o rJrs rhtrr  t r ' l i \k \Lral :

orh.  r . . i i r l f \ \ . l ro l . ! r  persr ' . l , , .s . t r fht  t ; iPt  brsd or rh ' i r

: i r f  iot  r ! {  l r , , \  ! !J l :  r r r  t ! r .ued. L,nr hir ' lh '  1fcdl j . . l  l r 'nr  r ' r '

r ) fc5.r  gf i i :  p.ot l (  ren. l  r !  r ( l . f r  ! i t r r r . .  th i !N5er i '1)hi ; r lso



NEURAL

.t .d rn nrbsor l  f ror ' rs

xt I r ,  lL l0 l l  l l is  b i ' f r i

r9! l  .o ' iePrt ' r  ' I  
g i ' : r

ldrtxri!n ini$llLors ri \

, ldq. t 'J  ' l  ' r r  ' i r i r  
r r '

" " i .1 ' , t , .*

NlOTIVATIONAI INFLUENCES ON COCN!TIVE

rL,. i r  l t1 l i \ ' lor '  (  ) ! te t Ico I  or  !oaL 
'h ' i ' !  

is  r t re

j . j . ,  .h on Per1, , . .1rr . r  l . : ! j  nrrrrer)  qoals

tr ' r f r  l9S6l  l t0\ulr \  l ! , f l ]  nr t r ]  s lLLdi .s s[orv

ihat n,rsr . ! . r  3.rh tenJ l .  b.  rs\rr i . t !J x i th

Inor!  f  osi t iR' .ut . (nr . \  I ! l  J \ ter !  sonls LDrPhx'

, r .  t t i r . ' .8 to do r  Lxsl t  { . l l  r i th. .  rh.n.on_

or. i rs \ouL P.r l .nnr|c.  t .  othcfs a.d nray

ir  r r l re ef ictn 'e erect ly l . i i lse rhe) rnvoh' t

D.!)rng r t te i t i { r r  on rsPe. ls oI  lhe |NJl  th i t

. .  l^ .  i r t ) fovcl t  , \ r  indiv iJorLs oqai  l )ehav'

ior , j  utr . l . r  h is o,  h.r .ontrol  ! . t rcreas olher i

s ior  ln &ldi t ion Do betLer th. \n leAotr  X'

is N!a oi  i  gor l  ,dt .ntbn l fhcreis l .arning n '

do rh. trsl tr,i! bc nbre oi rrn in\tlcmcntario

j f t ie.s l  lhu5,orh. .  fo.us.( ]goi l \  rnrrbe tre

.oEi i t ,v!1) ei lbr t iu l .  and .cquirc t l r .  r1\ !o lvc

rdn oib,ghe, o,der codtrot  i le.hrni \ns such

$ thc ftotrkrPolif .orlc\.

Althorgh g,inl ctr.i.e L! I fPLrrttrdt, rtr hbo

.:ror! s.lt,ne\ rhc Sorl is ottcD proviied b.v

thc . ip!r inrenler ei f  L i . i tLv \ \ jh.  1 r .sc.rrchers

povide iDr.nl i l rs.  thc exfe.Lrt io r  is  th i t  Les!

rMrds o!  pur i (hn,cois (1!hi fs i r : takc) (und

br id i rd) nranrtJ in. . |  l ' !  prr  rL. ,Prn| ! is  the) do

de t k livL.le..e rN.ie$ed rbo!d stro'rcd thLlt

OfC,and IPF( ui inrr in lh,s k ind oi  in lornr!
r ioLr rbout nrtrv i r i ,n l  n int . rL wirh i i terencr
r  lhe d.srnr oi  ihe rDdi \ ( tual  lh6 k ind ol
Lf tnoi t io!  cou ld Lre thr  wmattr  a l forgoals,
: 'o ie rhc i r .h\ idu, l  dccrJrr  rh l t  a r . r ,ard I r

CONTROL 1]]

f r . t i . r  . r l t  SlnJ i t  t redi . t , fg hon'  hr l l ,Y,  . f

t rps. l ,  Ihe) $i l l  l ) t  in I r ture l rhen r l 'q .e. . 'vc

i  re{rrd,n Funi i l inr€f t . lhus.  thc biastd Pre
Ji . rn,r \ :  n i  l \ r . t t rLprnr!  nrar kdd to cnl l rn. .
th.  ! lhcr o in. ! r \ t i r .s,  js  i Id i { idrr ls uNul ly

erJgg.rat hnw hrppl thel will be on ft'..i{-
ing d r$ ' r , r l .  rnf  . raggur i t .  how urhapp.v thcy
\r1ll tiil l,b(tr p.n.1l,r&l

' lhr  {ar ' lhat  teot le adoPt,  pursue, inoDf

Lo.,  rnd rei lL ro r .h ic\  Lng o.  l i , l i .g to x(hie 'c

soals nrzt  ' r .o. ! lv  rdatc to i rd i ! idtral  d i l1ctr

!n.es Peot lc di* i i  ur  how rc ic i i ! ( ' rhc.v i ic  to

req,1 5 rnd punishn,rnts, and rvhlt hnds of
goal \  drc!  l .e lafc imporunt to tursoe. Ti t 's t
difi.,(n.cr ma) 

'clar. 
lo ph)f,i.rl dinc..n..s

i f  thr  b.aLtrs oi  rnr{ iv idrr ls.  On. dre.ry that
.onne.ts indlv iJual  d i f lcreo(es in pehoDal i t , !
to t l \e pl1)si . i l  sLru.rLrrc oi the bta,n has becn
.on.cptu. l i /cd bf  I ) .puc rnd Col1, .s (1999)
'nre,r  thcoJl  quates the fu.Lionr l i ty  of  thc
dopJorLne . , r .uLrr , r  In VTA ard NArc wnh
behrvidJl  i tpror.h,  $r .h that  h,gh lerch ofDA
r 'a. i l  t i t .  at ipf t rd.h behar iors r ined at  b. inginS
lhe orgrnL\m i .  contact  { i th .e{ard s l ldnr l i
rn th s th.oi l  Senet i .  d i f tere! .cs in rhr nunr-
be, of  Joparni . . .g i .  s\r l fscs i t  b i r th f redis
posls lnd,vdurh N,rh higher numbe*. f  rhes€
s1.na1,ses r, erpl,re uxe for .eNards. Codticl
witlr ho.e rerLrfds tbch nukcs fteltLLcnt us. t)f
the d, 'panrDe.qic .ewi.d sr ;st .nr , , fh, .h le i l ls
to less f r !  l ing ot  these slnapses, r .d i  r t rs k)
nablc udir idui l  d i l lerenc.s nr thc tun.rnnr
. l  th.  r lopa. i id sysrem. Pq)ple l r r rh 8re. t$
trDounrs oI  dop.ror in.rs ic a. tn i r l  ma] then be
nore iea. t i r .  t ( )  cues ol  potent ia l  rcn'af i ls ,  a l in
tu thc fernin.rlirv dirfrrenc. .efle.t.Ll in lelfr.,r
( j rar \  DAS I- inkinc Lhis idca n) lef . idgc's
work, t).pk€ {r (iJllins srarc rhrr grcarer dop-
rnnrcr8i .  i . l l ! '  r_t  mal lead b grcnrer incentrvc
sal ico.e bf ,ng drr iched ro objects in the en! i
rcnn'ent.  lhat  i , r tornut ior i  could bc skrr€d in
mcino.vr i .d rrLr ie l rd b),  rhe prefronral  .o.rer i
to nrotnr lc b.hrrr) .eeed in ab!e! .e of .ucs i l

AL(h. ! !h n hls been lc\ \  st t rd ied. i i  i rav be
that pn).essing i ) f  aversive sr imal i  and tenl !
l 'es rrr i r  l )< subr{rr  to indi ! ,dudl  d i f t . ren.cs
i .  the j t rL.rue ot  the setutodergic syjrcnr.
Re.r!( *o.k In beh.vrual qenetics hrs looked

'l ;ili:l ;l;l lii:illi"
'j[ill1J11'''ll,;ilii
l:::l i: liil: l1l.I:i:J
'",t 

,f t.'.g u' *" 
"t1

rr i l ro! . r r i ! 'dt l1.rc 
t r i

,'"".r".' *'u"'s'"'"i'1
,h.n nted'd"lb!s 

unlx '

..i''"," ,1" r''tl'" : 'llll
I  I ' t  r t r \at 'J  Inr t rL i r ! " '

. l:::';l:*i::i:;"1 ;';
i::;::';:*lil;:lt
" t ' f . t '  

t r t  ' t t " . l " i  
n-

;),i llll'"" l,:'*'";

sorr [prhu]ng (rhc |ec. i t r r  of  rhc .ewrk1 is ol
hiShervalue rh.r t r  th. . f i  t r r . .9u,red n). i .h i r te
n), i \a i la inmcnr hc() t r res i  g.rL rhat is mai l
u 'n.d.  c i rcn l l  t  ar  rh.  our\cr  o l  .xp.r im.nrs,.:lrrrl.iprnts 

do nor hire d rc.r exp!.ied.c of
.  iornudr jorr lcrNi Iq*.  j , . , r  rpr . rnt  f , rp<"rymu. l r rnf  r rL( \  s.  Igern ,  I  J re\ . r ,J Ltrer.

r .p lesrnldr ion\  r r r  t r r t r  r iors L \n f .  r r  tenrvor.o*,, *-,n.,.r",,.; 
".".,;.,,... ;;, i ,, . ldrd5, rhe hed,,nr.  t ! i l j r ,  .  
^ ,  

,n. . , "" . ,A,
' " r t 'DnK (oi  b(  I  

'k  
L l .DcrJe,Lr)  Jnd rhu\ , tqiPfilinr 

ro h r. r mr rr, re.t .prcse,rrr
'!.alti'res thc !ur fe..nr experieic.
nrn a |nqc !s,*i. tar! terd DenDr!.
l  L' tu,. r, .d,c.o. , i .  ; ; ,"; ; ; ;
! roR.astin8 inteEecr, herc bcciuse ir

r  hdLvi l tuJG ,1tu le \ t  r r  { .Jt \  ro
Rd_h th. i ,  e.p. ,  r . , t  n, ,ou nt  of  I  ^ ,oh rn, i \  fg f lL.n.  l r teresrm!tv

nas al ' " ,n*.  rn"r  p. ,9re 
"re 

, rotli$::;i:1.;: ""*'



,o*ot  t* t lu ' '

al vnr jar ls oI  a genc lb i r  . r fects i  s.roto. i r i
t ranDorler,  s l l lT f i is  Lrarspor lcr  j \  s  !ar€d
on thc pres_oapt i .  rerr)n, .nd n r(spi l is ib l i
for the r.!p1rke of5flotonin 1l onr the shipsc
(Harir i  &t jo jmei,2006).  lndnidu. ls\rhoh !
one of trr. (npies of th. slroit" forh of rhe
allele rcuprdke s€rorrrir lcsi eill.ieDrlr Re.cnl
stLLdics halc exinrin€d th. edecr oi this gen.ti.
v! ! i ! t ior  on behdyid lndi ! iduals \ . i lb s l ) ( ' !
forB 5 l l l  T are rnore l ik€lr  lo have highcr lcr .
etsof t r i i t  arx jc l ) .nd lanrr  lvoidance (Les.h el
al ,  199d, ha\ ' . lcss capi . , rJ ro.opc l i i th sLre$
(cJspi  er  a l  ,2001),  r .J sbo{ B,edier aDlgdala

^c(!$jry 
i !  

'es), .nse 
r . ,  l iar lDl  aDd !ngr) ' la.e5

(Hrr i ' i  c i  a l . -  2002) Togerhf l .  thesc .csl i rs n,S
gest lh i r  hdi , idrals { i ro Id,r  t l ic  sho,r  a l le le
rersion ( , f  r l re 5l l lT p, , jynlo,p} isn ha) t rc
Do'e sensi l ive to .ucs i rd i .drr !g t lc  p.ssibi l i t .y
of  tunishDreDrs or orho a\ 'e i  s jvc outcorrcs.

In s!rrDar\ ' , lh€ pr.ress b!  whi .h feot le sel
dnl t  f rAue Soals .dn be srr( l led both bf  ask
i .gabr j ln l rhal  thosc ! , i i ]s  dre,  ho$ pcople leel
0bout t l rcDr,  ard \v l rat  bebir id 's thev ex| ib i r
f ,ox,  d r , . . ro level  jn t l€ so. ja l  pesor! l i t \
realm, or .L lhe mi. io ler . l  i  .o.cdi t i ! .  ard
! f i . .nve ncrLroscicn. .  rcsodr S( im. oi  lhe
concepts geDr, l t .d i r .  r ln i l i r ,  nrJ nu) r(h
on t l ,e s.me nnder l r iDs brrn,  nrurru,es \4or.

Power 1o rnlerrct  rhe L ' r r r  a.Lirr l_r  ar ls i rg
l rom thosc sLru. turr \  nr l r  b.  l . r t l rnnr i rg i i
eforts ar€ rrrde to unduAtdnd rhtrv i r roJi  on

FrrruRE DrREcT|oNs roR j,traryL_ _
tht te i (  \eve,r l  kt1 quinr.Ds deserviDs of
lirlurc rcseir.h clkrrs rhrr DrBhr br .0rsidcr
ablr nrore tra.t.ble usiDB i nullil.vcl dtproad)
' l l rc l iFt  gresrn[  is  ho$ ]nor i \ 'ar id|s c,edted
i ! r  n)dn,ntudls.  in ordd t{ ,  i rstr ic gredter el lbr t
to a(bi .vc a ptr f l i . !h)  goal  Orc.oirr i ibrr in{
sel  . l  l r . ro.s is the ) . .ent i re s i . ! . (urcs ( lut  ! re
useJ Reselr .h on afnnal \  ( i f teD rsrs t r i f rdr !
,eNa)ds, I i ioa or d,rnl i .  uhocis rcsear.h olr
huDans l ias !scd a runr l , . f  o l  a, l ie,cnr s( .o.d.
af !o '  absrr i . t r .warrssr!has. i j r  . r  to in is A\
des.r ibcd i i rov. .  ( l r<,e is r . lat i \c l r  le\ \  r .searLh
oi  t , rn ish')erts,  and l .s\  sLj l l  tbdt  d r . r r l f  (D

ta'es nrLrrdrd ,e\ ' ! r l !  dnd t , (Di \h i i .nts

::; :ji.' r:;i ti: ;,r; ;',: "lllit i **l:l,"*'i*.
:i'": ll ;:,1:,:":'r";'1:; : :ll t;jF | 1"tii1;"1 ;, " ;:,"1

;.::::ll!,:i",:.,1r , ,"tft'$ I ffi..ji*;i ,,;.

.o.s ho\ nrotN.dioD. o.(e i r i tcd,  i f lc(b .  ,J l l \  pr  o i le.  i r  m"l ' lhe 1

.(,gnitn,tr rod a(tnD. Ho\r Lloes ha\',,i8 griiFr : prcsore oi lrrcr.tirs art'

nNt i rat ion h. i l i t t r te rhc tu is! , r  o i  gor\ l  :  ;Lher$l t .a l ld$he\her.rr i
I  ookiDcal  howlhe brdrt  resjur. is ror i .oni$ ,  rncs nrrnrcl  wnb ci tbc

hi:  yreided a!  im| l t rL inr  d)sLiD.t i .n br i r?en :  ma,r ip0l i l iors or usl  goa

ta lcn.e detender l  a.r^ i r ) ,  \ 'h i .h r l l . ( rs thr  ,  nr  nrror qtrest ioDs ( i

rahe or thc iD.cr)rr ! rs,  and , . r^, i r r  qer.nred I  ahmx thc ocal lo!  ' l  
f t r r

.qral l !  hr  holh i reg.rLird aid fosirn 'ern(nt i \ rs i  s$emetiertsol  rnoLiro

1\; lor .e ' iDd.pcnJeira. I r \ ' i ry '11nu". . t  r . t l t .un,  j  . l l  r*c 'm1te.11vei  t l

lo! . r )  O! t l ,e la l .n(€ { letendor s ide,  ,eserrrh in l l i ! idudl  d i fs.n"s ! )

.Drcwardp,oL.ssingIdsshosDrhe..nrf ler i t !  t r i thr  l rc\cn.e 
or res

of r€\ ! rJ.c| , .s.n| l r jor \  Str . i l , . .1 l !  reqlrds i i for t r rxLior f ro! ] lhcrr l

Jre el i lu. lcd ior  rhcir  l ragDirud..  rnd rhcir  Ni l thcdi$ocntn)r i l l
fahre to t l ic  i rd i t id!al  i .  g€reol  { t r3 i t  f , . l i r  f$enr to iD.ent i rcs r i r r

. . .es.  t  I  ,  fo,  .errr i .  l i ,ods) i fd . rL th.  i rD. r i t r t  \ t r lng1'  rd. ' ted l )

rl.v are ollircd Gtate trrfe,e,r.e\. e s.. rLhdhd J,anrclnrs trorsat(\r
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