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O~rpl icn~io~ls  for Developr~zerzt 

Karl 11. Pribram 

The  frollt:11 ";lssoci:~tion nrcns," s c ~ ~ i i e t i ~ i i c s  rclrrrct l  111 as "the org;111 of c iv i l i z ;~ t io~ i , "  ;ire 
i l l t i l i in tc ly cotincc~etl w i t h  the l i t i i l j i c  systctlis t o  fort11 t l lc it itern;tl corc of l l l c  f ~ i r c l l r ; ~ i ~ l .  
Th is  t i los t  for\v;~rtl p11t.ti1111 of tl ic l ~ r i ~ i i a t e  ~IIIIII;I~ Ioljc ;1ppc;lrs to 11s t o  sttrvc ;is ;i "~vorI<it ig 
~ i i e ~ l i o r y "  wllerc I'l:tns ~;III Ilc rct :~ i l lc i l  tcri11ior;rrily w l ~ c l i  they arc I)eing fornictl, or trans- 
formcil, or cxccutctl. 

M u c h  cv i t l c i i c c  h;ts ; iccruct l  s ince I 9 6 0  t o  hcnr o u t  t h i s  progos;~l  rcgnrd ing l r o ~ i t ; ~ l  
l ohc  f t t l i c t i o ~ i  cnc;~l is i t l :~tct l  in t l i c  t e r m  rvor l t i r lg  rncnlor j l .  T l i c  11nr;igriil1li f r o m  w h i c h  
t l i e  quot ; i t ion  i s  tn l tcn  goes 011 t o  st;ite t l i : ~ t  " t h i s  s l l ccu la t ion  nppcilrs to h c  consis-  
t c l i t  wit11 t l i e  fnct t l l :~t  nn in i :~ l s  w i t h  les ions in the  f ro l i t a l  lobes have t l i l f i c u l t y  w i t l i  
t he  dcl;i)rcd r c ;~c t i o l i  a n d  t l i e  t lc layct l  n l t c r l i ; ~ t i on  tests." I t  i s  a lso consonant  w i t h  t he  
w ; ~ r t i i l i g  issuctl  I l y  J; icol)sc~i ( 1928, 193 1,  1935, 1936) w h e n  l i e  f i rs t  demons t r ;~ t c i l  t he  
r c l ; i t i o~ i  l i c t w c c n  the-pcr.form;incc of these toslts ancl t l i e  i n teg r i t y  o f  t h e  far f ~ o n t ; ~ I  
cortex:  T l i c  n o t i o n  of an imrl ict l i ; l tc o r  shor t - tc t  m m c l i i o t y  interpret ; i t ion i s  t oo  s in i -  
ple, nn t l  some m o r e  soph is t ic ;~ tc t l  concc l l t i on  is  ncedci l .  N i s s c n  (1951) p o i ~ i t c l l  o u t  
t l i n t  t l icsc tasks for111 :I c:itcgory t ha t  l i e  c;~l lc t l  one  tr icr l  le(1rrli l lg ~a.sIt.s, :~ntl M i s l i l t i l i  
(1966)  Ii;is c ; ~ l l c t l  t l i c t i i  tritrl rrr~iclrrc. 1:uttlicr WOI k I i y  J;lcol,scn ;~ntl l i i s  c o l l c ; ~ g ~ t c s  
Wo l f c  (J;~collscn, Wolfc,  A Jackson, 1935); I:in;~n (1939); N i s s c n  ( J i~cc~ l i sc l i  & Nisscn, 
19.37); ~11it1 M ; ~ l m o  (1942) tIen1onstr:ttctl t h e  im l l o r tnnce  o f  ; ~ t t c n t i o l i  to t h e  pcr fo r -  
m n n c c  o f  l l i c sc  tasks h o t l i  t l i t r ing  t l i c  prct lclny per iod  and  in sus ta in ing  p c l f o l ~ i i a n c c  
in t l i c  fncc o f  t l i s t r x t i o n  d i t r i ng  t l i c  i l c l ; ~y  i tsc l f .  

In t h i s  cli;i l ltcr, I rccou l i t  t i l e  p;ltl l o f  f ron t :~ l  l o l ~ c  resc;~rc l i  t h a t  h i is  hccn  taken  
f r o m  t l i c  cnt l y  t l cmo l i s t r ;~ t i ons  ; ~ n d  recent  con l i r l n ;~ t i ons  o f  t h e  iml>ort; lnce of 3t te1i-  
t i o n  t o  t l i c  concc l l t  o f  w o ~  k - t l i i ~ t  is, n l loc:~cion of rcso\~rccs-- in ;I w o r k i n g  n i c t l ~ o r y .  
Even l l i c  c o r ~ c c l ~ t  t r r r c r ~ l i o ~ ~  ]ins proved t o  l ie  insufficiently ~ i r c c i s c .  F ron ta l  l o l ~ e  I c -  
s ions I c ; ~ i l  t o  n s u s c c p t i l ~ i l i t y  t o  I)c distrnctct l ,  ;in i i l1l lct i tc fo r  novelty-in short ,  t h e  



f;iilt~rc ol tllc ;ihility to tlisiittc~id distraction. A similnr rlcficit cnn hc sliown to iiii- 

1i;iir tlic c;irt.yiiig ottt of :I I~cli;ivior sctluctrcc. I t  is as i f  tlic frontally lcsiorlcd prinlnte 
I~cco~i ics  I)orc(l ;il)tl tlltis distriictil~lc in tnsks that corltrol subjects pursuc. Such lack 
ol  ~icrsistvncc c;ili Ilc d11c to ii I:~ck of motivntion or to nn innhility to maintain cnn- 
ccntr;ltic~n, tlisl~:tr;ilc clcscril)ti~tns 1Ii:it may n l i~ ly  t o  the  sallie lmsic phcnoti~cnon. 
Altcr~i;it ivc.ly, tlic tlis;ilii lily 11i:iy l>c (ltic to n tlclicicncy in a prnccss tliat Ilcxihly or- 
y,:inizcs : i ~ i t I  rcot.~:i~iizcs our ; i t t c ~ i t i o ~ ~  (coiitrol of sclisory i~llIut),  intention (control 
of I~cli:ivi~)r:il o ~ ~ t ~ i t i t ) ,  :ii~tI ? V C I I  tlioi~glit ( I I I C I I I O ~ Y  l~roccssi~ig).  T h c  e x ~ ~ e r i ~ i i c ~ i t s  rc- 
viewctl hcrc ilitliciitc tli:tt it is tliis org;inizili): function that is clisturbcd by frontal 
Icsions. A cct~~,lit~t;it i~)n;il  ~iictdel is ~~ rcsc l i t cd  tlint sllows how siich nn orgnnizing 
Iiroccss n i i~ l i t  olwr:itc. Fin;illy, t l i t tn  :ire ~lrcscntcd that sclntc d c v c l o ~ ~ ~ n c n t a l  stngcs 
i t1  1ir:lici clc.ctl.ic:~l :~ctivity to tllc 1i1;itiir:itioii of frontill lobc futictiu1i-mntur3tin11 
tIi:rt rc~li;iilis i~icctiiiplc(c ;is I:itc ;is tlic q c s  of 17-21 ycnrs. 

I'ARCEL,I,A'I'ION 
WI);it, tlicri, is wc~l.ki~i): ~i icniory? I-low ilocs i t  I>ccon~c  i ~ n p l c ~ n c n t c ~ l !  A sI1ol.t ; i l l -  

swcr j:i vcn by I.)c.cltc, I(or~~ilirll~cr, Long, nlitl Sclircillcr ( 1985) was tliilt 11trtn:in suh- 
jccts ~ v i t l i  front:il ct~~.te.u tl;iiii;igc wcrc rlcficicnt i l l  their ahility to know whilt to  rlo, 
wlic~i  to (lo, :i1i~1 how t r t  do. ' f l ~ c s c  three fnctors conlposing working Iiicliiory nre 
linltc*tl r c t  scl1;11.;1tc s ~ ~ l ~ s y s t c ~ i i s  of tlic f:ir frolitnl lohe. 

AS W : ~ S  (::I~s:II.'s C;:it~l, tliv 1:ir frtrlitnl cortcx c;in bc rlividctl nnntomically into 
tlircc 1,:1tts, : i ~ i t l  c;icli p:il.t h:is I ~ c c ~ i  shown to Ii;lve s o m c w l ~ ~ t  tliflescnt rcl;ttions to 
Itcli;ivior co~iso~i : l~ i t  witli thc cctii~icctivity of t l ~ c  parts. An nrbitofrontal scctor can 
Ilc itlcntilictl wit11 Iic:ivy co~incctictns t o  thc aliiygdaln, anterior insuln, nntl tclnl>o- 
r:~l pole tl)rrtt~gli the uiici~intc ~;isciculus. Tliis scctor hos bccti s l ~ u w n  to  bc es]>c- 
ci;illy i~ivolvc~l  i t 1  ~~roccssilig novclty :]nil in cstnblishing n fa~nil iar  cnntcxt within 
wliicli s t~ l~sc . ( l l~c~i t  llrctccssin): occurs. It is this scctor tliat is relntcil to  tlic functions 
of tlic viscc~.ct:ititononiic systcnl t l i r o i ~ ~ l i  connections wit11 tlic nniygdnla alitl hypo- 
tl~;~l:iriit~s. Viscc1.0;1ittnno11iic rcsllonses t o  novel cucs (;IS part of the orienting rcnc- 
tion) were sh11w11 to 11c ncccssiiry t t r  t l ~ c  t l e ~ c l o ~ ~ m c n t  of faiiiiliarity. On the basis of 
cli11ic;il t l : i ~ n  (K(111ctw 81 I1riI~r;i~ii, 1970; Luria, l'ribrnrii, W I-iolnsknyn, 1964; l'oppcn, 
I'riltr:~~ii, A I\ol~insoii, 19651, tlic or l~i tnfrontal  scctor has bccn slinwn to utilizc 
f;imiIi;irity i i i  tlic scrvicc of 1i1.oliricty-tlint is, to  dctcrminc what is alid what is not 
;~pl~r~t l~r i ; i t c  I>cli:ivior i l l  ;illy li;irtict~l;ir s i t i~nt io~i .  

A sccolitl sccror cnconilinssi~ij: tlic tlorsnl part of thc fnr frontill cortcx is rcl:~tcd 
to  tlic I~ili~ictc:~rill~;il system t l i r o i ~ ~ h  conlicctions wi th  tlic cingulntc cortcx. Tlie 
I1ilil11tc;i1iili:il systclii wns sI111tv1i ( I )  IIC i~ivolvctl i t 1  tlic ~ ~ r ~ c e s s i ~ i ~  of sj>nti:iI nntl tcni- 
1ior:iI c t ~ c s  i t ~ r e r  ;i cct~itcxt tli:it org:inizcs rnnxim;illy cfficictit netion (scc rcvicws hy 
1'1 iI>r.:i~ii, lysf,, lyyl J .  I t  is this scctor, tlicrcforc, that dcnls wit11 asscssilig priorities. 
'I'lic tlors:iI fro ti^;^ 1 c(rr(cx ~iiotlilics this nrgnliizatio~i w l l c~ i  the  si tuntiori tlc~nanils 
Ilcxil~ility to ;ict cllcrrivcly. 

'I'lic t l i i r t l  sector t;lkcs ttp t l ~ c  mitltllc of 1l1c far frontnl cortcx. Tliis scctor con- 
I I ~ C I S  IO tltc rc~~i:iiliOcr of I I I C  cortcx ntid cnli bc furtlicr sul~rlivitlcd nccording to thc 
I O ~ I I S  of cctliticctio~is te t  t l ~ c  varioils sensory nioil;ilities (t'rihr;l~n, IY87J. It is this 
~iiitltllc scctc~r (11 Oic fnr fro~it;il rctrtcx tli ;~t intcgrntcs the ftinctions of thc othcr two 
sectors \ \ ~ i t l i  tlirisc of tlic rest of ( I I C  I~rnili, thus cnsurillg prncticality in tlic cxccu- 
t i o~ i  of ;ictio~is. 
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7'lic processing of  ~vnpricty, l~riority, nnd pr;ictic;~lity cnt;lils tlic 1,roccssirlg of 

"what, wlicn, nntl Iiow" whcn tlicsc ;ire not coml,lctcly spccificil Ily tlic sitrlntion in 
wliicli nn ;letion is to he unilert;ikcn (l3cclte ct al., 1985). 7-hc "wlint" milst 1wini;ir- 
ily I)c I>;lscd on f;~liiilisrity, o ~~;irticul;ir  kind of nicmory. The  "wlicn" is p r i~~ i ;~ r i l y  
b;~sctl o ~ i  s~rst;iining ;ittention ;11id ~ioticiiig ~ I I C I I  cf(iciclit, nutomntic proccssi~ig he- 
co~i ics  ineffective. Tlic "liow" is prim;lrily hnsctl on ;isscssing wli;it works (wli;it is 
;i~llrol~l.i;lte) ;~nt l  wlicn it is working ;ind wlicti it is not. Tlicrcforc, wlicli we st;lte 
that Icsitins of tllc f;lr frontnl cortex rcsl~lt  in tlcfccts in \vorltir~g Iiicmory, we mc;~n 
that untlcr cert:lin conrlitions ;~t tcnt ion:~l  ;lntl il1tcntion;il processes ncccss;iry to the 
processing of "one t r i ; i l  Ic;irnitigU tasks arc clisrul~tcil. 

Wlint makes a t:isk "tri:il ~~i i i t l t tc ,"  ar~tl w1i;lt nrc tlic contiitions tl i ; i t  milst hc 
prcsciit to ni;ikc one-tri;il Icariiinl: ~icccss:lry? Tlic sliort ;inswcr to these tl~:cstions 
is llcxilliliry i t 1  the f;icc of slxiti;il or tc~iiljor;~l ; ~ ~ i i l ) i g ~ ~ i t y ,  or 110111. 

Wliy ;ire sl>;iti;il nntl tcmpor;il ; ~ m l ) i g ~ ~ i t y  so critical t o  bringing out tlic front;ll 
lohc tlclicit? Wlien 1 linve nn ititci<tio~i, I ccrt:ti~ily know Ilow to  go ;ll,o~lt i~iil,lc- 
~iiciitin): it-if 1 m;iltc n mistiikc, I rectify niy I,cIinvior; i f  all goes \veil, I ~ , r ~ ~ c c c i l .  
Thus, i t  is clc;ir th;it 1 cnli cval11;itc ~iiist;lkcs ;inti sttcccsscs. Wlic~i we cx;~niinc 1 ~ 1 -  

t icnts  with fl-ont;il lohe p;itIiology, tlicy ;ire fotlnd to Ilc tlcflcicnt i l l  c;i~.ryirig out  
tlicir intentions; tlicrcforc, we infer t l i n t  tlicy 1i;ive difliculty in cv;ili~:~ting tlicir cr- 
rors ant1 st~cccsscs (Lurin ct :il., 196.1). I 11-~wcvcr, wlic~i  cx; imi~ii~ig such p;iticnts, I 
notctl 11i;lt they wcrc cursing \vlicncver tlicy m;lilc :i inist:ike--it w:is ubviolis th:lt 
tlicy rccogriizctl tlic incorrect ou tco~i ic  of tlicir Iwli;~vior. Nonctliclcss, tlicir next 
i ~ t t c ~ l i l ~ t  cl i r l  not profit fro111 tli;tt recognition. 1 tlicrcforc concl i~Jc t l  that such 
piitic~its corllil ~ i o t  rrtilizc tlicir errors Il(onow & l'rihr;im, 1970). 

In ecotio~iiics, n utility function is cot~iposcd of tlic dcsir;ihility of ;I tr;ins;iction 
ant1 the moliicnt:iry csti~ii;ition of tlic prob;~llility tli;it tlic transaction c;in I,c cxc- 
cutctl. Coultl this forniul;itio~i l ~ c  effectively applictl to ;]I1 intcntio~inl hclinvior! I f  
so, tlic cxl~cl-illlent showi~ig  tli;it f ; ~ r  front;~l rcscctiotis ilisrr~pt the p~.ol,al)ility ilistri- 
hu t io~i  of responses in ;i fixed intcrn;il cxl)crimcnt (see Figurc 16.5 or1 page 368) can 
11c t ;~kcn :is on indication t l i : ~ t  it is tlic cxccution of tlie probnliility il istril~utio~i of ;I 
hcIi;lvior, not its ilesir;ll,ility, tlint suffers in tlie front:ll Icsion p;lticnt. 

This  intcrl~rctntio~i is congrilcnt with Milncr's (1971) finding of intr;~list  orilcr 
tlistt~rl~;inccs in rccnll. I t  is scriiil position, the nl~ility to monitor l~ro l~ ;~hi l i ty  tlistri11- 
utions, 11i;it I>ccolncs m ~ ~ i l d l c ~ l ;  pnticnts f ; i i l  in their ;ihility t o  tcliiporillly t ; l ~  
events. I t  is tlicrcforc the ;illility to  nio~ii tor  scrinlly, whether in rcl;ition to ;lttcti- 
tioli or to intcntlcd I~eli:ivior, t l i n t  constitutes the work in working mcniory. I'hc 
followilig cxl~critricnts mntlc with riionkcys si1pport ;~ncl cxtcntl this conclusion. 

A'T'I'ENTION 
With rcg;irtl to  ;it tent ion, Ilolstcr ;ili(l  l'rihr;i~ii ( I903), i l l  n series of exl?crinients, 
sliowctl tl1:it rccortlings of I l r i l i ~ i  cIcc~ric;il ;ictivity co111iI IIC 11sciI to ~liffcrcrlti;ltc the 
I,r:ii~i systcnis i~ivulvcd in ;trltom;itic, 1~;ir;i-nttcntio11;iI l>;ira11cI j~roccssi~ig of visi1;tI 
stimttli Ir111ii tliosc involvcrl i l l  co~itrc~llctl ,  cotisciously nttc~itlctl procctli~rcs tlc- 
mandirig ;in cffcctivc snnilrling of tlic fcatrlrc 3rr;iy. A mr)rlilicntio~i of Trcislii;l~i's 
( I  969) t;isks was ttscd: ;l tiistinct-fcnt111c ;illay tcstcil for ;iuto~iiatic processing ;llld o 
sh ;~rc t l - fc ;~c~~rc  ;Irrny tcstctl for controllcil scan (Figurc 16.1). Figurc 16.2 shows the 
cffcct the nirnil~er of s11;irctI fc;itl~rcs lins or1 ~ l i c  response l;itcricy (reaction tinic) of 
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I I I .  I < c - a . l ~ o ~ ~ c c .  1.11rtlc y ;IS #I f t r ~ i c  lic111 111 l l ic 1it11111i1.r o f  sI~.II(~(I-~I~~I~IIIv (t i<-  
If.,( II,I~ IIII*\(-I~I i ~ r  1111' SI~I~III~II.; .)FI.I~. ( I  111111 1101511:r. I<., R I'I~~I~,IIII, K.1 1. I I00 11. ( :o~- 
l i t  . \ I  i ~ r \ . i , I v t * ~ t ~ ~ ~ r ~ ~  ill vi\rc.ll <I ,111 in 1111, 111111lht.y. I'r*rf c y , l k ~ r ~  . r r r r /  /'.;),I /IIIII/I),\~I *, 5 1 .  
Vi i :  II~~II~I~II~(I I r y  ~ I I ~ I ) I ~ \ S ~ I I I I . ~  

t h e  m o t ~ l t c y s  tcstct l ,  co t i f i r i i i i n l ;  t l l c  ;1ssr11ii11tio1i th;it s l i ; i rcd f c ; ~ t r ~ r c s  i i i c r c ;~sc  
scnrcl l  c ~ f  t l i c  ;irr;iy. 

I<ccort l i r iKs wci.c t i i ;~ t lc  o f  c v c r i t - r c l ; ~ t c t l  Ioc;i l  l i c l d  potcnt i ; r ls  1,l;iccd c ~ v c r  t I t c  
p r i t i ~ ; ~ r y  v i s t t i ~ l  p r t ~ i c c t i o t i  cor tex  [ V l  ) o f  ~ ~ i o t i l < c y s  ;lilt1 over ~~;r1~ie1;11, fro111;11, i11111 ill- 
f c r i o r  tcml>ol . ;~ l  " ;~ssoc i ;~ t io t i "  ;irc;~s. C : l ~ ; i ~ i ~ c s  in f ic l t l  ~ i o t c t i ~ i ; i l s  r cco t~ l cc l  f r o m  11ic 
p r i n i n r y  v is t~ ; l l  111-ojccticiii coi.tcx c11;111gctl ;is ;I f r ~ n c ~ i o ~ t  trf t l i c  tot; i l  n1111il)cr o f  fc ;~-  
~ t ~ r c s ,  t i cvcr  ;is ;I f r tnc t io t l  of sl i ;~l.ct l  fc;ittircs; I i y  contr;ist, ch;inj;cs in 11ic 11ttrnilc.r o f  
sli;irctl fc; i t~i l .cs pro i l i l cc t l  cl i :~ngcs t.ccortlcd f r c~ i i i  ; t l l  t l i r cc  " ; issc~ci i~t ic~t i "  ;trc;is. W i t h  
rcg;~rt l  t o  t l i c  c l i ; i ~~~ ;cs  ill loc;tl l i c l i l  p o t c ~ l ~ i ; ~ l s  r c c ~ ~ r t l c t l  fro111 t l i c  fr111it;il cor tex,  w e  
c~ )nc l r i i l c t l  t l i ; ~ t  t l i c  t l i f l i c u l t y  i r i  sc;trcIi ovcl. t l i c  cues wit11 t l i c  sli;trctl Ic; i t t~l.cs w ; ~ s  ;I 
f t l n c t i o n  o f  t l l c  [;let t l l ; ~ t  thcsc s l i ;~ rc t l  fc;ttttrcs c ~ ~ t i l p o s c ~ l  :I t/i.sfrrrc:for sct. In c;ir l icr 
cxpcr in icn ts ,  w e  h ; ~ d  founr l  t l i ; ~ t  ~ ~ c t . f ~ ) r t n ; ~ n c c  r ~ f  ~ i l c ~ r i k c y s  w i t h  f;ir I ront ; i l  c c ~ r t c x  rc -  
s c c t i o ~ i s  s ~ i f f c r s  w h e n  t l l c  l o c ; ~ t i o n  of t1isrr;ictor.s i s  ra l l t lomizcd over  n i n e  ~>c is i t io~ ls ,  
;IS in t l i c  I3iscri111in;ltio1i A ~ i ~ ) ; i ~ . ; ~ r i l s  fo r  1)iscrctc 'Tti;il A n ; ~ l y s i s  (I)r;l l<c A I'ti l>s;~rn, 
1076; l 7 r i I ~ r ; i t l ~ ,  1960; I ' t~ i l i r ;~t i i ,  G ; i t . d~ i c r~  l ' r c s s ~ i i : ~ ~ ~ ,  & I~ ; i~s l i ; iw ,  1962) 11scd ill t h o s ~  
;itit1 t h e  c t ~ r r c ~ i t  C X ~ C ~ I I I I ~ I I ~ S .  '1-lie ~ l c l ! c i c ~ i c y  l ~ c c o ~ i i c s  c s p c c i ; ~ l l y  ;l1y>;irciIt wI1c11 



c o i i i p ; ~ ~ c t \  \ v i t l i  pt.1 f o i~ i i i : i ~ i cc  o i l  ~ l i e  \V i sco l i s i~ i  Gciici~;11 ' [ -~s t  Ap1~:1r;itt1s~ ~ v ~ ~ c t ~ c  ~ . : ~ t i -  

t I l~~i i i : ; i l io i i  i s  I i l i i i ~ c t l  t,) t \ vo  l oc ; i t i o~ i s  [ l \~ .o t ly  & l 'r i I>r; i~i i ,  l97X; l<rotly, U i ~ g c l - I C i i l ~ r ,  
& I1i.il~i.:~~~i, 1977; I1i~ihi;~iii, l<oiir;itl, & G:iiiis1>tirgt 1966). T I i c  i i i ~ i c - ! o c : i t i o ~ i  r ;~ l i t l t r ~ i i -  
iz;11 i o i i  \V;IS i l ls1 i t  t11ct1 t o  t lc tcr  1ii011~zcys [ c s l ~ c c i : i ~ ~ y  t l iosc  \v i t I i  f;ir f r o~ i t ; i l  cortex rc-  
~ ~ c ~ i o ~ i s )  f i.~iii f ; i l l i i ~~  i l l t o  ~ ~ o s i t i o i l ' ~ i ; i ~ > i t s .  111 t h i s  [ l i e  t c c l i i ~ i t ~ t ~ c  \v;is s ~ ~ e c e s s f t ~ i ~  
1,111 t l i c  c l i : ~ i i ~ c s  ill Ic~c; i t io i i  o f  ;i cr lc ~ i o s c  n n  cspcc in l l y  po ten t  r l i s t rnc tor  l t r r  i n o n -  
l<cys [I )o i i~; I ;~s & I1i.ihi~;~~ii, I ~ K ) Y ) ,  c s l ~ c c i : ~ ~ ~ y  fo r  t l iosc  wit11 f;ir fro11t;iI cor tex  t~; i~ i i : igc 
[(;r~~eiiiii,i;cr & I1i~i~~i~:iiii, lO(19). ' l ' l ic tcforc,  iii t l i c  c i i r r c l ~ t  cx11cri1iiciits, o i i c  so i i~ .cc  o f  
t l i l l i c r i l ~ v  i s  r l i c  f ; i c ~  r l l ; l r  ~ i i ; ~ ~ i i l ~ r i l : i t i o ~ i s  w c r c  mn t l c  of t l i c  n t i ~ i i h c r  o l  sli:lrctl fcn- 
111i .c~ t l i ; ~ t  c o ~ ~ s ~ i ~ ~ ~ ~ c t l  :i (/I,Y/I.,I~.IOI. set. 

A t I islr; ictc~l. set 1ilovi~Ic:s ~ I i c  cc~ l i tcx t ,  t l i c  cont ingcnc ics ,  w i t l i i l i  w h i c l l  t i l e  1.c- 
w:ir~tlct l  t;ri!:t:t i r i t ls t  I lc  c l i ~ s t * ~ i .  I:ristcr (1988)  cc~ncc~~tt i ; i i i ;c t i  t h i s  contex t - r .cw:~rd  
i . c I ; i ~ i c ~ i i s l i i ~ ~  ill tc i . i i is  ,I[ c rc rss - t c rn l~c~ r :~ l  con t i ngc i i c i cs .  I l o w c v c r ,  c x l ~ c s i n l c ~ l t s  i n  
t ) i i i ,  I;II~OI.;IIO~~ iii ~ v l ~ i c l i  s p ; ~ ~ i ; i l  co111ext i s  ~ i i ; i ~ i i l ~ i ~ l n t c t l ,  ;is ill v;~r i ; i l i ts  o l  t ~ c ~ : i y ~ r ~  
~ ~ c s ~ i o i i s e  t;~slts 111;11 ~ .c l : l l c t l  t ! ~ c i i i  I{) I'i;igctls f jn t l ings  on o[>jcct  consl : i l icy (An r l c r -  
s,rri, 1111111, V:ilitlc*r SIII~JI, & Ill i l ~ r ; i i i i ,  1976), ~ I i o ~ e t I  tIi: it t l i c  ~ . c l ; i t i o l i s l i i l l  c;ii i ~ J C  

sl';i I i c ~ t t : i l i l ~ , ~ . ; ~ I  ;IS \ vc I l  ;is ~ c I ~ ~ ~ ~ o ~ o I L ~ I ~ ~ I ~ o ~ : I I .  111 t l i e s ~  t;isks, t l i c  ~ i i o ~ i l z c y s  Ii;it1 t o  
i ~ c ~ i i c ~ ~ i l ~ c ~ .  \\;11crt* ;ill o l ~ i c c t  11:itI I>cci i  l i i t l t l c i i  ,111 ;I l> rcv io t is  occ ; is io~ i .  111 l;ictt ill o t l i ~ r  
i ! x l ~ c ~ ~ i i i i c i i ~ s  [1\111tly & I1ii~li~;ii~i, 1078; I 1~~ ih r ; i l i i t  i ' l o t k i ~ i ,  A i i t ~ c ~ ~ s o i i ,  & LCOIIK, 1977), 
IVL* p r t ~ s e ~ i l c - t l  t l ; ~ t ; i  t11;1t s l i o ~ v c ~ l  f;lr f ~ ~ o i i t ; i I  cor tex  i i i v o l v c ~ i i c l i ~  ~ v l i c i i c v c r  l>cl i ; ivior i s  
i i i l l i l c i ~ c c t l  11)) t w o  o r  iiio1.t: t l i s t i i i c t  sets of covn ry ing  cc~nt i i igc l i c ics ,  eve11 w l i c i i  h o t l l  
;ire s1i;lt i ; i l .  111 t l icsc c x p c i i ~ i i c i i t s ,  t l i c  i i i o i i l ~ c y s  li;itl t o  ~ . c ~ i i c ~ i i l w r  i t 1  \ v l i i c l i  loc : i t i ( r~ i  
111cy l i ; ~d  i ~ c ~ : c i v c ~ l  ;i ie \ v ;~ l t I  ; ~ i i t I  t o  : ivoitI  t l i ; ~ t  l ( i c ; i t i o ~ i  011 t l i c  s t ~ l ~ s c t ~ i ~ c ~ i t  t r i ;~ l (s j .  

A4oi.c ):c~ici.;~llv, rllcl.cl,~i.c, r l i c  1;ir f ro i i t ; i l  co r tex  I>CC~IIICS i i i i l ~ l i c ; i ( c t I  \ v l i e ~ i e ~ e r  
~ 'c i .cel ) t ic i~ i  cnt ; i i ls  ~ . c l ; ~ t i l i g  cri i .rci i t  co i i t i nxc l l c i cs  t o  :I c o n t e x t  co in l>utc r l  f r o m  l l r i o r  
rc lcv : i i i l  c t~n~i i i ! :c l ic ics.  pI'lic ccri i i l>t i t ; i t ion (I[ t h i s  cov;ir i ; i t ion r lcl l i ; ini ls t l i ; i t  ci.oss- 
tc1i i1~1r; i I ,  S ~ ~ ; I I ~ ~ ~ I ~ I I ~ ~ ~ ~ I ; I I ,  :~iitI cross-s l~; i t i ; i l  coiiti i i j;c11cics 1 1 ~  l>crccivct I .  111 c1:issiC 
; i ~ i t l  111)t~r:iiit c o ~ i t l i t i o ~ i i i i g ,  t l i c  c ~ ~ i i s c t ~ t ~ c i i c c s  of I>cl i ; ivi t ir  ;IN c o ~ i t i g r ~ o t i s  ill 1 i l i i c  ;111tl 

Iil;icc wit11 t l i c  s t i i i i ~ l l r ~ s  cont l i t io r ls  t l i : ~ t  in i t i ; l t c  t l i c  hcl inviol-.  W l i c r i  c t ~ n t i g t i i t y  i s  
I t~c~sc i ic t l ,  st i i i i r ~ l ; l t i o n  tli; it i l i t c rvc l i cs  I ~ c t w c c i i  i i1 i t i ; t t io i i  ;inti ctrrisccltrcricc h:is t h e  
~ i c ~ t c i i t i ; i l  l o  tlistr:lct ;iiid t l i t i s  t o  ~ i r e v c ~ i t  t l i c  ~ ~ r o c c s s i l i ~  o f  cov:i~. i ; i t iot l .  I ' c l - c ~ l ) l i o ~ ~  i s  
~ ) c ~ . t t ~ ~ - l > c t l  ;iii{I ~)roccssiii): i s  tlcst:ll i i l izcti. I1c i . t r~ r l~ ; i t ion  i s  con t ro l l c t l  crnly i f  :I st:il>!c 
sl:ltc, :iii c s t ; ~ l ~ l i s l i c t l  set o f  cc~ i i t i i igcnc ics- tha t  is, ;I st;il>lc c o ~ i t c x t - i n s t r t l c t s  ;ill(! 
t l i i . c i~ ts  111c 171.0ccss (l'l.ill~.;~~ii, 1087). 

I t  i s  li.0111 11ic c l l cc ts  o f  i ~ i t c i ~ f c r ~ ~ i c c  ,111 r l i c  c s t ; i l ~ l i s l i ~ i i c i i t  o f  SIIL.~ :i SI:I~)!C st;itc 
111;il ~ r i i c  i s  ;i l)lc t o  tIiscc~111 11ic l ~ ~ ~ ~ v c r f i i l  r o l e  of c o ~ i t c x t  ill c o ~ i ~ ~ ~ o l l i i i g  t r i ; ~ l - ~ ~ i i i ~ ~ ~ i c  
l i r o c c s s i i i ~ .  L V l i c ~ i  t l i c  i i i t c i . f c ~ i i i ~ ;  effect o f  t I is t i~;~ct(r rs is  l-ci i iovc(l lc.g.t l>y t1;irkciii l ig 
t l i t *  tcs~i i i ! :  ~ ; l i ; i i i i ~ ~ c i ~  t1t11i1ig ~ ~ ~ i ; ~ I ~ ~ ~ l i i t l r ~ c  t;isks site11 :is i ~ c ~ ~ i y c t ~  ~ ~ ~ s ~ ~ o i i s t ~ ,  i i i o ~ i k c y s  
w i l l 1  1;ir IIOI~I;II CIII. I~X I ~ C S C C ~ ~ ~ I I ~ S  1>ci for i i i  t l i c  t:lsI< :IS WCII ns r l i c i r  con t ro l s  ( M i ~ l l i i o ,  
lO.l'?,; I1i. ihr;~l i i ,  1061 1. 7'11,. c f f c ( :~s  o f  i ~ i t c ~ . f c r c ~ i c c  ucc t l r  l ~ r i 1 1 i : i r i ~ y  d t i r i t ~ g  s l i ~ ~ i i ~ l i i s  
p ~ c s t : ~ i ~ : i ~ i t ~ ~ i  111. s1i111.tIv ~ l i c r c ; i f ~ c i . ,  n o t  t l i i r i ~ i f ;  t l i c  r1cl;ty l- tcr ioi l  ( l l r i l ~ r ; i ~ i i l  1961; 
S t ; i i i ~ ~ i i ,  lOf10). I ~ i ~ c ~ ~ f ~ r e ~ i t ~ e  t l ~ e ~ e f o r e  i s  wit11 t l i c  org; i l i iz ; i t io~i  o f  n ~ ~ c r e c l l t t i n l  con -  
1 ~ : ~ ~  \\*ilIiiii \ v \ i i c l ~  s ~ ~ ~ ~ s c t ~ ~ i e ~ ~ i ~  l ~ t * r f o r ~ i i : i ~ i c c  o c c t ~ r s .  

' l ' l ~ t *  i i i i l ~ ; l i ~ l ~ i c ~ ~ l  i s  ;IISO sI io\v i i  l>y l ~ : i t i c ~ i t s  wit11 ~1;11ii:t!;c t o  11ic fr1111t;il cor tex .  
'I'licsc. 1i;i l iciits f ; l i l  t o  ~ ~ c i i i c ~ i i l > c r  t h ~  11l:icc in n scc l t l c~ icc  in w l i i c l i  ;1n i t c n i  occurs. 
'l'11tsy lost, t l i c  ; i l ) i l i ty  I ~ I  " t c ~ i i l ~ o r ; ~ l l y  t ; i ~ "  c v c i ~ t s ,  tii:it is, t o  ~ i ? o ~ ~ j / o r  ;iiiil 1)i;icc tIlc111 
\ v i t l l i i i  t l i c  c l ) isc~i lc .  W i t l i  s t ich l~ ; i t i cn ts ,  M i l n c r  (1974; scc ;ilso I 'ctr i t lcs A Mi lnc l ;  
IOS?,] l i c - r fo r~ i ic t l  :I sc*tics o f  c x l ~ c r i ~ i i c ~ i t s  t lc~i io i is t l - : i t i t ig  IIO\V l l i c  [~ roccss i l i g  i i i i l x i i r -  
i i1t*111 ; i I fccls t l i c  11 i i t I t l1~-  1101 ( i o i i s  01 ;ill c l i i s (~ t lc .  111 t ier  s t t ~ t I i ~ * s ,  i t  i s  IX*~(II ivc ~C~:CIICJ~, 



t h e  . s c r i t ~ l  / l o . ~ ; ~  ;OII  of  ~ l i e  s c q t ~ c ~ i c c ~  tI i ; l t  I ~ c c o t i i c s  ~ i i t ~ d t l l c d .  O t l ~ c r  1~;1tic111s t v i t l l  
f r o n t o l i m h i c  ~1;11ii;ij:c, t lcscr i l ic i l  h y  K i ~ i s l ~ o ~ ~ r i i c  ;ln!l W o o d  (1975), ;11sc1 s h o w  tli; it l l t c  
il i i1>;ii i.1iic1it iii p ~ ~ o c c s s i ~ i g  sc~.i; l I  positi1111 is  ~ I I C  t o  ;i t l c r ; i ~ i g c ~ i i c ~ i t  ill ti11111itorit1~; ;III~ 

t l lc i .c lorc i n  ctrg;li i izitlg c o r l t c x ~ t t ; ~ l  stt.ttctrtrc o f  ;~ii cl>iscltlc. 
T o  s t l ~ i i t ~ i ; i r i z c ,  11ic i ~ i v o l v c ~ i i c i ~ t  o f  t h e  f;lr fro1i1;iI c o i ~ t c x  ill vist i ; i I  sc;11is o f  

s l i ;~rc( l  Ic; l l t i rc ;i~.r;lys c i i t ; ~ i l s  ;I s t ; ~ l ~ l c  s ~ ; l t c  w i t l i i ~ i  \v l i i c l l  sc;~rc l i  for  11ic rcw;lt.rlcil t;il.- 
ge t  c i l n  I i c  I > c ~ . f o r ~ i i c d .  'I'llis s ~ ; ~ t c  i s  c l i ; ~ r ; i c t c r i zc t l  ;IS cs t ; l l t l i s l l ing  ;~ntl 11i;tl)l)iti~: 
(Scht ic idcr  A Sl l i i f r i t i ,  19771, ;I scri;ll sc; l rc I~ w i t l i i t ~  ;i con tex t  o f  c o n t i n ~ c n c i c s  t1i;lt 
s h o w  cov ; l~~ i ; i t i on  over succcssivc t l i ; ~ l s .  111 E f ro~ l ' s  ( I9HY)  t c r ~ l i s ,  t l i i s  c o ~ i t c x l  f o ~ - i i i s  
;I I l c x i l ~ l c  yet s t i ~ l l l c  "sc;~l i l l I ; ln"  w i t l i i ~ i  w l i i c l l  sl i ;~i.ct l  I c ; ~ t t ~ r c s  c;ln I l c  sc;lrcllctI. Iii~.c~il 
s l iowct l  1li;lt s i i c l i  ;I sc ; i i i l> l ;~~ i  t l ~ l c s  1101 t l c j j c ~ i t l  1111 ;1ctit;t1 IC~CI>IIII. sc;11i11i1lg; I.;II~ICI., 
~ l i c  SL.;III i s   ti i t i ~ ~ - t ~ t ~ ; i I  l l t . ~~ccss  ;)!I t . i l j t ~ t ;~ l> l c  IO 11ic i i l i i ~ t l ' s  eye o r  c;ir. 

1N'~I:N'I'lON 
' r l i c  r.c-sttlts of' 11lcsc c x l ~ c r i r n c t i t s  s t ~ ~ g c s t  I h;lt t l l c  ~ . c l ; i t i o~ i s l l i l )  o f  t  l ie  f;ir irot11;1I CI tr- 
(ex  t o  ; t ~ t c ~ i ~ i o t l  i ~ i v o l v c s  s(1111c ~ l c c l ~ c r  f t t t i c t i o ~ i .  ' l3 I l is  ~IIII~I~III~, ;I sc ; i~ i  /J~,III iii t he  
p t c \ ~ i o i i s I y  1101ctl c ~ ~ ~ c r i t i ~ c ~ ~ t ; ~ l  rcs t t l~s ,  i s  t l i c  i ~ i t c ~ i t i o ~ i ; ~ l  ;1s1jcct o l  ; ~ t t c ~ i ~ i o t i .  

It1 ; i t1 c ; ~ i l i c ~ .  sc i ics o f  c x p c r i t ~ i c ~ ~ ~ s ,  1'1 i l t r ; ~ ~ i i  (1900, I 9 6 1  1, l i ; ~ v i ~ i ) ;  c o ~ i l i ~ ~ t i i c ~ l  t11c 
c;~rlic,. c ~ ~ ~ i c l i l s i ~ t ~ i  rc~;;irtliii!; t l ~ c  i l i i po r t ;~ t i cc  of' ;1t t c ~ i t i o ~ i ~  ;~d t l cd  ;IS ;I I-cst111 o i  l i i s  c x -  
~ ) c r i ~ i i c ~ l l s  111;lt "frr,tit;il Ics io l is  ;~p l> ; t~ . c t i ~ l y  i t i ~ c l f c r c  w i l l 1  111c c~rg;~niz; i t io t i ; i~ ~ ~ ~ . o c c s s  
t l i ; ~ ~  IIIIISI 1;tIcc p l ;~cc  ill 1io1~1ii;11 s ~ ~ l ~ i c c t s  w l ~ c i i  cvc i i t s  t I i ; i t  scrvc its g i i i t lcs ~ I I  sitllsc- 
qi1c111 ; le t ions  o c c i ~ i -  ill r c l ; ~ t i v c l y  t ~ n r c l i ; l l ~ l c  s i t ~ l ; i t i o ~ l s "  ( I ' r i l ~ r : ~ m ,  I Y h l ,  11. 162). 
S o ~ i i c  o f  t l i c  c r i t i c ; ~ l  c x l ~ c ~ ~ i i i i c t i t s  t l i i i t  s l io\v t l i ; ~ t  t i l e  f;lr i r o ~ i t ; ~ l  cor tex  is  i t i v ~ ~ l v c t l  ill 
t l l c  11r1;;1niz:11 ictn o f  i t i t c t i t i c ~ t i  (i.c., "g l l i t lcs t o  s i ~ l ~ s c ~ ~ i t c n t  ; l c t i o ~ i s " )  ;ire i l c sc~ - i l l c t l  
I1ci.c. 

I 'crrc>r~~i;incc 011 Nonsl>;i t i ;~l O l j j cc t  A l t e r ~ i a t i o r ~  .E~sks 
* l - \ t ~ l v c  ; l t i i ~ i i ; ~ I s  tvc~.c  g i vc l i  SO t ~ i ; ~ l s  ;I tl;iy fo r  ;i tot; l I  o f  1,200 tri;i ls 011 ;i ~ i o i i s l ) ; ~ ~ i ; t l  
ol>jcct ; ~ I t c t . ~ i ; ~ t i o i i .  [:or t l ~ c  f i rs t  SO0 tri;iIs, t w o  ol) iccts, ;I t o l ~ ; ~ c e o  ti11 ;III~ ill) ;islitr;iyl 
w e r e  ~ ~ r c s ~ t i t c t l  1111 ;i I>o;trtl t11;it c o ~ i t i l i l i c ~ l  t w o  l i o l c s  I .5 i ~ i c l i c s  iii (1i; i i i ictcr :111tl 

3 l cc t  :~ l>; l r t .  I:or t11c rc i i i ; l i l i i ng  700  tri;l ls, t l lcsc ol>iccts wc1.c ~> rcscn tc t l  o n  ;I ho;11.i1 
11i;lt c o t i t ; ~ i t i c ~ l  s i x  l io lcs,  c;icli wit11 ;I t l i ; ~ t i i c t c r  o f  1 .S i ~ i c l i c s ,  i ~ r r : i ~ i g c i l  iii ;I c i r c l e  
wit11 ;I ( l i ; ~ ~ ) l c t c l .  o f  2 feet. 13;lclt c ~ l j i c c ~  co t t l t l  c o v e r  o t i c  I i o l c  c o m l ~ l c t c l y ,  ant1 ;I 
~ > c ; ~ t i i t ~  c o ~ i l t l  t l i c l .c f (~rc  I)c coticc;ilctl I i y  t l i c  o l ~ i c c t .  '1-lie l i o l cs  were g i ven  ~ i i ~ ~ i i l ~ c r s ,  
;11111 o t i  C;ICII t t . i : l I  11ic oI) iccts \\'ere ~ i I ; i c c d  o v e r  ( I i c  I i o I cs  ; ~ c c o r d i l i g  t o  ;I r;11it1o111 
~ i i ~ t i i l i c r  1;11)lc. 0 1 1  st icccssivc ~ ~ . i ; l I s ,  ;i p c ; ~ ~ i ~ t t  W;IS l) l ;~cctl  ; ~ l t c r ~ i ; i t c l y  III~~IL-I. o ~ i c  ;1t i t1 

t11e11 111c o t l i c r  o l> jcct  i r r c s l > c c t i ~ ~ c  of t11e p l ; ~ c c ~ i i c ~ i ~  o f  t l i c  o ~ ~ j e c t  011 t l i c  I)II;II.~~. I-rii11s 
tvcrc s c l ~ ; ~ t ~ ; ~ t c t l  I>y t l i c  i ~ i ~ c r l > o s i t i c ~ ~ i  01 ;II~ ~ I ~ > ; I C ~ I I ~  screen hc twec t i  t l i c  ~ i i o t i l t c y  ;111tl 

t i l e  test o l i icct .  '1.11~ ; i ~ i i i ~ i ; ~ l s  \ v c ~ c  l i o t  i ~ I l o \ v c i ~  10 co~ . r cc t  i f  t l i&y  III;I~C ;ill error; 111i1t 
is, 1111 ; i l ly o i i c  II.~;II, ;i t ~ i ~ ~ ~ i l c c y  1v;is ; i l l ~ ~ i v c t l  10 ~ i ~ ; ~ ~ i i ~ ~ t ~ l : t t c  o t i l y  o t ~ c  o l l j cc t  ;lilt1 10 1111- 

cove t  o t ic  I i o l c  III scc i l ;i I>~;II~II~ w;ls tl lci.c. O n  t l l c  l l c x t  t r i ;~ l ,  ~ l i c  ;~ l tc~-11; i t i vc  o l i icct  
\v;is I l ; l i ~ c t l  ; i11~1 so OII 111rottgI1ottt t l l c  SO ; ~ I t c r l i ; ~ t i ~ ~ ~ i s .  Ti.i;l ls \vcrc s~~: icc t I  i1jq1roxi- 
111;11cly 5  sccontls ;I~>;I~I. AS c;tti I1c see11 f r t t l i i  I ' igilrc I (,.,?, ~ i i o ~ i k c y s  wit11 ~CSCCI~IIIIS 

o f  t l t c  fio111;1I cortex ; I ~ C  i t i i1~;1i rc( I  t o  ;I c o ~ i s i ~ l c r : i I ~ I c  C X I C * ~ ~ ~  (;11111ot1~11 1101 co t i i -  
l > l c ~ c l y ]  ill 111cir ;111iIi1y 10 ~l i; i i l i~;~i~i t l i c i i .  "set" t o  r c s p o ~ i t l  011 c ;~c l i  l~-i;iI, ;I d c l i c i t  
11i;1t c;111 i ~ i t c r l ~ ~ . c ~ c t I  t o  I lc  d t ~ c  t o  ;I cli;ttigc ill ~ i i o t i v ; i t i o ~ i  o r  ill ~ i i c ~ i i o r y .  
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NUMBER OF TRIALS 
ril:~t~t3 1 0 .  I. ~<IT~III< ,*f , CI~II~I;II;II,: ~ r ~ ~ t t l . ~ I l y  l ~ ~ . s i ~ > t ) r ~ t l  r)to,rkpy< r j l l  a tit,~~~p;lli;~l o l~ j cc l  a ~ l r r ~ ~ a l i ~ r t ~  lwk \villi 
~ I ~ I ~ I ~ ~ ~ + I ; I I ~ ~ ~ I  m t t l  lt~11111a1tal <,IIIIC*X t1*<1~( 1 1 ~ 1  c ~)IIIIO~S, h,!o~rk~-ys \viIlr ftt)trIal r ~ s v ( ~ l i ~ r ~ i s  1 ~ ~ ~ ~ 1  o l l ~ y  a ()?'%~-7()'!<1 
II~,I~OIIII~II, P l~wt* l ,  i t r t l i ~  .>lilr,: 111.11 11113 %11;1tial ~ t a r , l n ~ ~ l p r  i s  I?(II 1111: c)rlIy OI~P r c s l ) ~ ~ ~ ~ . ~ i l ~ l c -  f t ~ r  1 1 1 ~  f r o ~ l l a i  ~)IIc 
1 l t 4 i c  il i t r  ; ~ l l r - r r r a l i c ~ t ~  ~)~,I~IIIII~;III( v.  ID-D, 1ror11r.11~: 0-0, ~ ~ ~ I I I ~ ~ I ~ I ; ~ ~ ~ ;  0-0 ,  (rotilal~; [ I  , rall}:~.) 

in r l ic 171-cvious c x l ~ c r i ~ i i c ~ i t ,  I1i1t n o w  ;I s c r l ~ ~ c n c c  o l  12! [ twc lvc  f :~ctor inl)  tasks w:is 
give11 ill tv l~ ic l i ,  ;~ftct. c:icli set of  rcvcrsnls among n given numhcr  of  CLICS W;IS ~0111- 

ITI~ICJ, :I 1111vcl cue w:is ;itltlctl (Inti1 :I to t :~ I  of  12 cucs were ~ ~ r c s c n t c d  t o  t l ic  ~ i i o n k c y  
011 c : ~c l i  t r ia l .  . l ~ l i c  l o c ; ~ t i o ~ i s  or t l jc  ~ ~ I V S  wc1.c r ~ ~ i t l o ~ i i i z c t l  l r ( > ~ i i  t r i ; ~ i  to t r ia l  a11101ig 
12 ~ v ~ s s i l l l c  pclsitiolis. 'T.hc ~.csu i ts  SIIOWCII t I i :~ t  ( l ie ~ i i o ~ l k c y s  wi l l1  l;lr fro11t;ll ~ o r t c x  
rcscct iol is ~ .cspon~Ic t l  i ~ i i t i i c ~ l i : ~ t c l y  t o  t l l c  novel cuc  w l i c n  i t  was i ~ i t r o d \ ~ c c d ,  
~ v l i c r e ; ~ ~  t l ic  c1)11trc1l st1l1jcets ICII~C~I t o  rcsllond ~ i i o r c  t o  t l ic  l>rcviously rew: i r~ lc i l  
[ f ; ~ ~ i ~ i l i ; i ~ . )  c t ~ e s  [see l;it;\irc 16.41. F i ~ r t l i c r ~ i i o r c ,  t l i c  ~ i i o ~ i k c y s  w i t h  fro11ta1 l c s i c ~ ~ i s  
f;iilctl 10 s \~s{ : i in  r l ic i r  i l i t c ~ i t i o n  t o  rcsponrl t o  t l ic  rcwnrdcrl crlc for t l lc  f ive consccu- 
l i v e  11i;ils ~icccss; i~.y t o  rc;~cl i  c r i l c r i o ~ i  I?cforc rcwnr t l  rcvcrs;il was i n s t i t u l c d  (see 
Fi ! : r~l .~ I (1.51, clcsl>i~c' t l i c  I ;~ct  11i:it t l i cy  l iavc slicrwn (st:itistic:illy) that  they "know"  
w l i i c l ~  o l ic  s l ic l rcrs t l ic  rcw:irrI. T l i csc  ~ . csu l t s  s l i ow t ha t  t l i c  r c i l i f o rc ing  col lsc- 
c l ~ ~ c ~ i c c s  t r l  t l ~ c  mol i l tcys'  I~c l i ; iv ior  h:lJ less im1i:ict on t l i c i r  f u t r ~ r c  I~c l inv ic l r  t l i nn  
tllcsc colisctlrlcliccs 11;1t1 011 t1i:lt of  t l i c  cont ro l  st1l1jccts. A l ~ c r n r i o ~ i  in in ten t ion  [or-  
j : : i~ i iz i l~ j :  l ~ c l ~ : ~ v i o r  (111 l l i c  l x ~ s i s  of c ~ ~ ~ ~ s c t ~ i ~ c i ~ c c s ,  i.c,, r c i ~ i f o r c c ~ i ~ c ~ l t ]  was t l i l ~ s  
s l i o ~ v ~ i  11) ; i l lcct " ~ i i c ~ n o r y . "  

'T.lic ~ c s t ~ l r s  o f  r l ~csc  cx l i c r i n i r ~ i t s  nlso te l l  oncc n iorc  t l ~ c  tw icc - to ld  t;ilc. A i t c r  
( l ie  c c r ~ ~ i l ~ l c t i o i i  of sc ; i~c l l  [scc F i ~ u r c  16.7 on pngc ,'470), I r o ~ i t : ~ l  Icsiorls protlucctl pcr- 
scvrr ;~t  i o l i  o f  r l lc sct of  rcslwnscs t11;11 l1;1r1 provctl t r s e l ~ ~ l  t o  t l ~ c  sul)jcct ill rhc i l i imc -  



SEARCH DURING NOVEL CUE PRESENTAVIOW 
tn I ' 1 r 1 

a: I . 1 
3 4 5 6 . 7  0 9 10 1 1  12 

No. CUES In SITUATION 

tlintcly ~~rcccilin): c i r c i ~ ~ i ~ s t ; ~ n c c .  D u r i n ~  sc:irch, i l l  contl-;,st, tlic frtrrit;~lly Icsioncd 
mc~iiltcys tc~iilctl to shift their respolises. 

Wliiit Ccnturcs distinguisli scilrcli ;111il ~ ~ ~ ~ s t s e ; i r c I i  siti~;itio~is! After sc;rrcli, the 
rc\v;iriI co~i t i~ igc~ic ics  ;ire liclcl coristant for the ili~r;~tion of ;I ~ , r o l ~ l c ~ n ,  t l~ci i  cll;~iigcil. 
Lluring sc;~rch, the rcwnrtl situ;ition vnrics. Sl,ccilic;~lly, the ctlc-rci~iforcc~iic~lr cc111- 
tingcncics 11;ltl rc~iioilicd consistent i l~~r i i l g  ;I pcrioil s i~f f ic icn t  for tlic suliicct to 
tlcvclop an  iilcntili;ll>lc ( ; ~ i l ; ~ ~ ~ t i v c )  response 1l:ittcrli; 1wrsevcr;ition (rcspo~isc to tlic 
novcl cuc) ~ ~ c c t ~ r s  in Irontc~lly Icsioncd ~u-im;itcs wlicli tlic cue - r c i~~fo rce~ i i c~~ t  contin- 
gcncics ;ire then c l ~ i i n ~ c d  to another hut ec111;illy col~sistcnt cue-rcinforcc~ncnt config- 
tir;ltion. l')ririii,q tlic postsenrcli lwriotl, ch;ir;ictcrizcd liy viirying cue-rcinforccmcnt 
contiligcncics tri;il Iiy tri;il, Iront;~lly Icsionc(l rno11ltc)ls rc;ict with :in ilicrci~scil (colii- 
p;lrcd with controls) v;iri;iliility in rcsj~olisc Ixittcrn. In genc~.;il, tlicrcfr~rc, t l ~ c s c  
rcsults c;ln Iic st~ni~ii:irizcil hy st;iti~ig t l i ; l t  ~ i c r scvc r~ t io~ i  o ~ c t ~ r r c i l  wit11 i11l~~rl7rol)Ic111 
clii~ii):~ :i~id i ~ i i  i ~ ~ c r c ; ~ s c d  tciitlc~icy to slii(t occi~rrc(l with i ~ ~ l r ~ ~ ~ ~ r o l ~ l c ~ ~ i  c11;111gc of tlic 
cilc-rcinforccnic~it co~iligi~r;l(io~i.  

111 Illis c*sllcri liicnt, ~>;~r;~tloxic;illy, 1~crscvcr;11 ion colisistctl of rcsl~ontling to  
;I I I I I \ ~ , * I  C I I , ~ .  'l'liis SII!:!;L-SIS I I I ; I I  f i o t i t ; ~ l l y  lt-sio~ictl l v i ~ i i ; l ~ ~ . s  ; I I Y  c s~~ i~c i ; i l l )~  s ~ ~ s c c l ~ t i -  
l i l t *  I I I  tIi:41 I ; I ~ . \ I ~ I I I  (st-,. ; I I S , I  I ~ * S I I I I S  I I I I I ~ I ~ I I ~ I I  11y t : I  I I ~ * I I ~ I I ! : ( * I  ,q \ ; I . I I~ . I I~ I I ! :~ -~ . ,  1117.\; 
( : I I I ~ : I ~ ~ I ~ ~ : ~ * I .  Si 1'1il)1;11ii, 1')(1')1, \ V I I ~ C I I  ; I~ .C.OII I I IS  1111 I I I I I I I  11ii. i l ~ t .~ t ' ; ~ s~*r l  \ ~ . ~ l . i ; ~ l ~ i l i t ) '  ;111i1 

tlic I I C ~ S C V C ~ ; I ~ ~ I I I I  o l ~ t i ~ i ~ ~ c d  i l l  I I I C S C  ; I I I ( I  o111cr c*xl)c+ri~iic~i~s. I ~ i s ~ ~ ~ ; ~ c t i I ~ i l i t y  i ~ ~ t c ~ r -  
fcrc.s will1 w,illtili,; ~ilc~llc~ry--l)t~t 111c cl1lcsli1111 r.crl~;~ins ;is to wlicthc~. this is ~ I I C  to 
I(lwcrctl ~ilo(iv;lcic~~i (11. 10 ; I  I I I O I ~  ~ . ; i l > i t l  tlcc.i~y iri ;i I I I ~ I I I I I I . ~  II.;ICC. 01. IiotI~! Or ~ ~ c i t l ~ e r !  



tlicsc issucs, ;i sct of cxpcr.i~i~cnts w:ls i~rltlcrt;~kcn in wliicli thc cffccts of st:irvatioli 
wcrc cctriil~;ir.c~l witli t l ~ c  cffccts of Ir17ritaI cortex rcscctio~i. TWC~VC rlicsus ~ n o ~ i k c y s  
wcrc rr;iinctl ( ( I  press ;i Icvcr. i l l  nn cxl>criIncnt wlicrc n rcwnrd wns dclivcrcti on a 
"lixcd-i~itcrv:iI" sclictlr~lc. 'l'llc 1i101iltrys ivcrc lcrl n sufficient nmotlnt of Inhoratory 
cIio\v i~i l l i ic~l i ;~(cly ;~f te r  c; i~Ii  tr:iiliili): scssioli to ~ i i n i l i t n i t i  t l ic~ii :it :1lq>rnxiln4tcly 
8of%, I>(  the wciglit (licy I i ; ~ t l  ;~~t;ii l ictl  :iltcr n 3-wcck pcriotl of r ~ t l  I i l ~ i l ~ r ~ l ~  fccding. 

I11 :itltlition to rlic usri:~l cr1nir11:itivc rccortl ohr;~ilictl, corlntcrs wc1.c so nrrnri~crl 
:is 111 sr1111 (lie 1i1111iI~cr of rrsl~onsvs ;in :ini~iinl mntlc tltrring six cqunl pcrirtrls i n t o  
wliicli 111c t o t ; r l  2-rniriulc inlcrv;~l was rlivitlctl. Fro111 llic n t~ rn l~c r s  rccortlctl on thc 
corllilttl.s, ~~crIot~~ii ; rr icc ~ r ; ~ p l i s  wcrc cctnstrt~ctcrl. Tlicsc xr:~l,lis sllow tlic tlistribu- 
I iori c j f  rcsp)rlstSs :icr.c~ss ;is 111:1ri y of 11ic 2 - ~ i ~ i n t ~ t c  intrrv;~ls ns dcsirctl. Tlicrcforc, the 
to1;11 13t*l.l01.1ii;uicc of ;illy ~ ~ i o ~ i k c y  cot~I(I Iw I I I C ~ S I I ~ C I ~ - - ; I I ~  nrlvgntngc nut given by 
i ~ i s l ~ c c ~ i c ~ l i  of tlic ortlin;l~y rr.1lrcscnr;itivc cllnll~lativc curvc. Also, in tliis wily, avcr- 
;I~:c!: ~ I C  tlic ~.cspt)lisc.s of j:r.oi~l>s oI nnimals coulil hc tnkcn ant1 tlic vnrintions 
l ~ c ~ ~ v t * c ~ i  i ~ i t l i v i ( I t l : ~ l  ;i~iilii;~Is s ln~is t  ic:~lly :i~i;ilyzcd. 

'l'lic :ictrlnl cx l lc l . i~~ic~i l  c o ~ ~ s i s ~ c t l  of the followirig l~rc~cctltlrc. Ten 2-hour scs- 
siolis wcrc ~ivc.11. 'l'l~cli c;icli :~nirilnl w:is srll~jcctcrl 10 4 72-Iiotlr Inst and rctcstcd for 
011c scssic~~i, ;lftcr wliicli ~ l i c  r ~ s t ~ ; ~ l  fccilin): sclicdulc wns i11~111cOintcly rcsunlctl allcl 
1ss1il1): r o ~ i ~ i r i ~ i c t l  ;IS i l l  111c 13rcl:ist pcriot! lor 10 scssions. Tlic cntirc p~~occilurc w:ls 
r.clrc;l~ctl ;inti~llcr t iliic w i ~ h  111c ir~rcl.lx~sit ion of 1 18 hours of  f;lsting hcforc the crit- 
jc;i1 test scssiriri. 

'Tllc rcsrll(s ;rrc slio\vn i l l  Figlrre 16.6. As can hc clcnrly sccn, tlic effect o l  fvvd 
d~. l~l . iv:~t ion (i.c., of st:~l.v;itior~) is trljon lllc r3tc nntl not ul,or~ thc  J i s t r i l ~ ~ ~ t i o n  of 



mo~iltcys' responses during ;In intcrvnl. Tlic pcrccntngc of tot31 rcslJoliscs 111;1iIe i h ~ r -  
itig any ~jarticul;ir llortioli of tlic it~tcrvnl :il>l?cnrs to rctii;~in rc~iit~~.l(;~lily C O I ~ S I : I I I ~  11e- 
spite ~ii;irkcil cli;~ngcs in t l ~ c  tot;iI 11~lrnl)cr of rcsljotiscs n l i  ;111itii;tl rii;~kcs. Also, 
tlicrc is rc~ii;~rk;~l,lc co~isistcticy of rcslllts ;,nil l i t t le v;~ri;it io~i hc twcc~ i  nnimi~ls .  
W l i c ~ ~  ~norikcys nrc stnrveil for 3-5 cl;iys, t l~c i r  tot;tl r;ltc of  rcsllonsc incrc;1scs-h11t 
tlic w;~y in which tlicy i l is t r ih~ltc  t l ~ c s c  responses tluring ;t11 intcrvi~l  tlocs not 
clii~ngc. (Siliiilnr cli;~ngcs ;ire ol,scrvctl wlicn nionltcys ; I I . ~  s;~tctl. Fixctl-intcrv;~l ~ w r -  
form;~ncc wlicn tlic ;~tiimnls ;Ire kept in ; I I ~  trrl 1il,ilr1111 IccJing situiition s l ~ o w s  ;I 

lowcr ovcr;ill r ;~tc .)  
'The s:i~iic group of  ;~nimiils wcrc 11scd t t t  ; ~ s s ; ~ y  t l ~ c  cffcct of sc lcc~ivc  I>r;~in rc- 

scct ions on pcrforrii;~licc in t l ~ c  fixed-ititcr~v;~l ol,cr;lnt t ; ~ s k .  Tlircc of t l ic~i i  were 
give11 ;~l)l;~tions of tlic frt)nt:~l c t ~ g r : ~ ~ i i ~ l ; ~ r  isocortcx, ;~nt l  tlircc otlicrs \vcrc ~ i v c ~ i  co11- 
trol lcsions thiit consistcil of rcscctio~i OI tlic ilifcrior portion of the t c ~ i i l ~ c ~ ~ . ; ~ l  isocor- 
tcx. Four of tlie rctiinining anini;~ls scrvctl :IS r~nol?cr;~tcd co~itrols.  

Figure 16.7 gmglis the rcst~lrs c~l~t;ii~ictl  follt,witig thcsc l~ rocc t l~~rcs .  \Vhcli r;ltc 
of rcsponsc of t l ~ c  opcr;~tctl n l i t l  co~itrol  groitlw is c~tiil>;wctl, n o  tliffcrcnccs itre 
pnrclit. l~lowcvcrl for 111c fr1111t;11ly opcr;1tc11 ~ ~ I I I I I ) ,  tlic (/i.s~r11)111io11 01 rc.s~io~t.sc.~ 
 cross tlie in!crv;~l is ti1;irltctlly tlilfcrc~it, w l i c r c ; ~ ~  t I i ; ~ t  of rlic control ~ i io~i l tcys  1.c- 
n i ; ~ i ~ i s  uncli:lngcil. 1-his cffcct of tlic Iront;ll Icsic)~i is i l l  tlircct contr;lst to [lie effect 
of stnrvatinti. I-lerc, instc;~il of ;I ilcficit in ~ i i o ~ i i t o ~ - i n ~ ,  in co~ i s t~ -uc t i~ i t :  ;I sc;11lpl;111 
tli i~t rcl;~tes to sc;ircIiing tlic cnvironmcnt, the tlcticicncy in pl;tnning e~itilils i r i s t t ~ ~ -  
tiicnt;il bcli:~vior. Ncitlier motiv;ition per se nor tlic ;il,ility to rcmcm1)cr per sc is af -  
fcctctl hy tlic front;~l rcscction. 7 ' 1 1 ~  front;rlly Icsionctl monltcys rcsl,c~~iil ~~rcc:i.scly to 
tlic ti11ii11g of tlic rcw:~rtl. Tl1crcfol.c, ncirlicr tillling nor gcncr;~l rnclliory is ;~ffcctcil 
(scc ; ~ l s o  S t n ~ n m ,  1963). I\;~tlicr, it is nionitori~ig tllc il isrril~utio~i ant1 thcrcforc 111~  
r~ l lnor l ior~  o / e / / v r f  tli;~t constitutes tlic worlc i l l  working mcniory. 
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COhlI'U'rER SlhlU1,AI'ION 
In t ~ r d c r  I O  tlctcrliiinc how s l ~ c h  :I process migh t  opcratc,  I t u rncd  tn  computer s im-  
r l l :~~ ic~r i s ,  nl l i icl~,  liitlcli ;IS i l l  vitrtr cxyicr i~i lents  in I~iocl icmis t ry ,  c:ln of ten  hc lp  to 
c l ;~r i ly  ~)roccsscs  11i;i1 :IIY tlilficult ( ( I  c x : l ~ ~ i i n c  in vivo. Thc lol lowing is :III cxccrpt  
f r t ~ ~ i i  :I 1~1pcr l~ rcsc~ i t c t l  t l t l r i ~ i ~  :I c o ~ ~ f c r c ~ i c c  o ~ i  f r o ~ i t i ~ l  l(111c fi111ctio11 in  1964: 

I\cc:t~lsc si tntt l ; t~ic~l~ c:111 he 111;tt1c precise with the 11sc of coniputcrs, crroncotts or vague 
~tlcltlvls C;I I I  IN- rc:ltlily ~cicc~ct l .  'l'llc cxllcrilncl~t;~list is thcrcf~lrc pivcri n litl~itctl tiitrnl~cr of 
~ t ~ ~ ~ t l c l s ,  i.c., I l y ~ ~ c ~ ~ l ~ c s c s  :1l,c111r nicclt:~r~istii, tll:~t nrc lour~tl to l i t  tlic O:II:I. Thcsc hc c:tn 
I I I ~ I I  (cst ;tj:;ti~tst 111c t.c:11 rlcrvc~lrs syslcni. Ily thc rlsc (11 this intervetling step of niotlcl 
I ~ c l i l c l i ~ ~ ~ ,  111c ~tc~rr~~lo,i:ic:tl scict~tist cnll test t~otiolls al,c~ut ncurnl ~ncch;tliisl~i ilistc:~iI vf 
n c ~ t i ~ ~ ~ l s  t l i~c 'c~ly tlclivcrl frc1111 hcl~:tvic~r:~l o l ~ s c r v a t i o ~ ~  such as "l>crscvcr;~tion of sct," "ten- 
r l c~~cy  I O  s l~ i l t , "  or C \ + ~ I I  " i l ~ ~ ~ i ~ c t l i ; ~ ~ ~ '  ~ ~ ~ c l ~ i o r y . "  

A n i~~ t l e l  wo1.111 scrio~ls cctnsitlcr:~tioli tlrrives frtr~ii tlic w o r k  of Ncwcll ct :~ l .  (1958). 
'l'llt.sc i~~vcs t i~ : t t c~ r s  It;~vc sit~icll:ttctl thc I I I I I I I : I I I  cr>~:l~itivc, i.c., l ~ r ~ l > I ~ ~ i ~ - ~ o I ~ i l ~ g ,  process by 
clcvisil~j: ;I l)icr;lrcl)ic~:~lly 11rg:1liizctl colllj~utcr pro):r:lnl colnllose~l of lists of itellis, c;~cll 
itel11 c;tli;~l~lr of rcfclri~~j: to : t t~otl~cr list. Tlic s t l ~ t ~ c t t ~ r c  uf st~cli  progr;1tlis call IJC variotlsly 
tclircsclltrd :IS : I I I  I l n ~ l i s l ~  tc:rtl~cr's outlillc, ;I ~~~: l thc lnnt ic ian ' s  I~rnricl~ing set thcorcticnl 
tree, o r  :I sys(e111s c ~ ~ ~ i ~ ~ e e r ' s  I I I I I V  tli:~j:r:~l~~. OIICC S ~ I C I I  n colnputcr Iirclgrnnl It:~s I~ccri cn- 
g:~j:ctI i t  I I I I IS  its ~ l ~ o l ~ l c l ~ i - s c ~ l v i t ~ ~ :  co~trsr  rclctt~lcssly. Erroneous clr 1)cIilsctIsc sc~lutiol~s i t~di -  
C:IIC C I I O I S  i ~ t  OIOJ:I:IIIIS, e~.tors 01:1t ~ I I I I S L  Iw ~i:iil~st:~kit)gly soitgl~t 0111 al~tl  cor~.cctctl. 
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\Y'orkit~g hlernory and Developlnent 371 

I ~ i s l r u c t i o n  P r o g r a r ~ ~ s  
O n e  of the 111ost recent o f  tl iesc concinu:ll ly evolv ing ~ ro Idc rn .so lv ing  programs is EI 'AM I1 
( F e i g c n i ~ : ~ i ~ t i i ,  195'9, 1961; Fcip.enh:itrm ei Sinion, 196 In, 1961 11, 1961 c; Newel!, 1961). In 
th is  ~ ~ r o g r ; ~ t i i ,  : i s i n  ~ i i o s t  o t l~c rs ,  :I rcct lrrcnt t l i f f i c ~ r l t y  11:liI t o  Ilc n ic t .  011cc t l ic  storcil l is ts  
t l i :~ t  CIII~IOIISC ;I c o ~ i i ~ ~ l e x  111.11j:ri1rii rc;~cIi ;I ccrt;l it l  I~IIII~II~~, access t o  the l is t  structure ncctls 
i tsc l f  t o  Ilc ~uogr ; ln i t l~e t l  t o  "get t l l c  s l low o n  11ic roitcl," ;IS i t  were. I'hrcc types of such ill- 
st ruct io l i  progt.;lrns hilvc t o  tl;ltc l lcct i  foirritl uscfttl. 

.l'llc l i rs t  type ( type I ]  o f  i l is t r t lc t ion is c o n t i i i ~ i c t l  i n  t l i c  11rtrl)lcnt itself; for i l is~;rncc, ill i t s  
sirill1lcst for111 i t  w i l l  hc :In i t~s t r l l c t i c ln  tI1i11 rc:itls "l int1 i t c t l i  X."  ' r l ~ i s  i l~s t~ . t l c t i c t r~  I r c t t l ~  sets 
the ~ ~ o l j l e ~ ~ i  ; t r i t I  itltlic;t(cs t l i i l t  t11c c o t i i ~ ~ ~ ~ t e r ' s  stored l i s t  s t r t ~ c t i ~ r e  is t o  I lc sys tc~~ i : l t i c :~ I I y  
searchctl u l i t i l  ;In i te l i i  th:lt t i i ; t tc l~cs X is Iourit l. 

T l l c  scconil type ( ty l lc  Ill o f  ins t ruc t ion  progr;llii is closcly rc l ;~ tc t l  t o  111c lirst, I lu t  is Inoro 
cotnplic:rtctl. 'This i n s t r ~ i c t i o n  rc;lils th ;~ t  the f i rst  step ill p r o l ~ l c t i ~  so lv ing  is t o  rt111 l l i c  
prcll l lcti i ~ ~ r o g r : ~ t n  t l i r c ru~ l r  111c coni lwtcr 's  ~ ~ c r r ~ ~ r r r ~ c r t l l y  s lo rc t l  l is t  structure ;lrirl t o  report 
t i le  i tc i i is  o n  ( l i e  ~ l r c ~ l r l c r n  l is t  t11;it r n i ~ t c l i  111c i t c m s  i t i  ( l ie  storctl progr;llii. T'lic rcsitltic, t l ic  
i t c i i i s  tli;it f ; ~ i l  t o  m;ltc11, ntc alsct r.cportcil ;is srrclt ;~ntl storecl in new locat ions i n  the per- 
m n l ~ c t i t  Iv  storctl l i s t  s lr l lct i t rc.  

T l i c  t l i i r t l ,  ; l t i ( I  for ottr  1 1 1 1 1 - J ~ ~ S C S  ~IIC riiost interesting, type o f  i n s t r t ~ c t i o t i  I>rogr:lni ( type 
111) h:ls ;II~ " i f fy"  n;Iturc. 'J'llis type is ;I s o m e w l l i ~ t  complex ; ~ n d  I~ icr ; i rc I i ic ;~ l ly  rrrg;rtiizctl l i s t  
str l lct t t rc i ~ i t l c ~ l ~ c ~ i t l c l i t  o f  1 ~ r t 1 1  t l i e  l ~ r o l ~ l c r i i  progrnms ilnd t l i c  c o r i i ~ ~ t l t c r ' s  s to lc i l  l is t  str t tc- 
lure.  'l'lic l is ts  th;rt c o m l ~ r i s c  th is  pt.ogrntii c o t ~ t : l i i ~  i t c m s  s ~ t c h  :IS "1 I )  t;i\tc the ~ > l . o l i l c ~ l i  pro- 
Krotii i11it1 sc;~tch p;trt A of t l ic  stored l is t  structclre for i t s  1ri:ttc11; 12) i f  ~ i o  ~ i i ; l t c l ~  is fottlltl, 
sc;rrc:Ii Iwr t  11; (3) :111tl scr 011 r r l i t i l  :I 1n;ttc11 is oll1:litietl." I.Iowcver, th is  rott t i t ic is not  fixed. 
Ancrtl icr sct of i tcr l is st;rtcs: "Sl iuf l le the c!rtlcr i t1  w h i c h  t l icsc i te l l is  o f  i r ~ s t r - t t c t i o ~ ~  ;Ire t o  
I lc t r ic t l  ill s t l c l ~  n wi ly  tIi;lt t hc  i ~ i s t r u c t i o t i  t11:1t h :~s  provc i l  rcpc:itctl ly srlccesslul is t r ic t l  
first! i,c,, is p l ;~cc i l  f irst CIII t l i c  list.'' l ' l ~ i s  i s  ; r c c o ~ i i ~ ~ l i s l i c ~ l  11y tc~ i i l>or ; t r i ly  sior ir ig t l ~ c  i l l for -  
~ i i : ~ t i o t ~  ; ~ l > o t ~ t  t l ic  o ~ r t c o ~ i i e  o f  p r io r  s c : ~ r c ~ ~ c s  ( t~~r( t t rg1 i  A o r  I! o r .  . .). -1'Iiis t c ~ i i p o ~ ; t r y  stor:lp,o 
~ i i ~ t s t  t;ike pl;ice n o t  i n  t l lc  co l~ i l l u tc r ' s  I icrm:l l icnt n i cn lo ry  wlrcrc i t  \voultl i l o  l i t t l e  gootl, 
l i t t t  i t 1  111c i ~ i s ~ r t ~ c t i o r i  ~ I~ I I~ ;~ ; I I~~  itself .  N c e d ~ c s s  t o  s:~y, t l ic rc  is ;I I i r l i i t  tcr 111c ~ ( ~ t ~ i p l t - ~ i l y  
w l ~ i c l ~  srlcli ;I I l c x i l ~ l c  set of tetnl>orary i r~s t r i r c t io t i s  c;l l i  a t t ;~ in  i f  t l lcy  ; ~ r c  t o  rcln;rin a l l  c i f i -  
c icnt  too l  for ~ l r o l j l c n l  s o l v i t i ~ .  

'Tlicsc tc1npcrr;iry i l i s t r t t c t io l i  progr;lnis nrc c;rllctl n o t i c i l i g  ortlcrs; t l lose tha t  sh i f t  t l l c  
ort ler o f  1l1e i tc r l is  011 the i r  l i s t s  011 the  hasis o f  t i l e  ou tcon ics  o f  s c i ~ r c l ~ c s  t l ~ r o u g l i  t l i c i r  
rncrnorics :Ire k l i t tw t i  ;IS l l c x i l ~ l c  no t i c ing  ortlcrs. N o t i c i l i g  ortlcrs ii~iil tile currcnt  ~ ~ r c r l ? l c l n  
Ijro):r;tlii :ire I tcpt scl>;ir:~tc frorn t!ic c r ~ m l ~ i r t e r ' s  m;iiri stcrr;l):c f : ~ c i l i t y  i n  ;I "wor l t i l ig"  o r  
tclnl1or:ll.y Inc i i i o ry  t11:1t i s  ;rt a l l  t i l ~ l e s  i n i r t ~ c t l i a t c l y  scccssil>lc t o  t l ~ c  progr: lnimcr at l t l  
cot i ip\ i tcr.  

'1-0 ~ I I I -S I I~  t11c ; ~ t i : l l o ~ y :  the pri11i:itc I>r:~ir i  1ii11st solve t l l e  si111ie t;tsks t11:1t t l ~ e  cot l ipt t tcr 
h:is Ilcc*n ~ l r o g r ; ~ t i i n ~ c t l  t o  solve. Since the co l i iputcr  processes were ccct~~litrsctl i r ~  ortlcr to 
siri i i t l :ttc "11ri1i1:rte" ~ ~ t ~ o l ~ l c t i ~ ~ s o l v i r ~ g  processes, t l l c  processes :Ire l i ke ly  t o  Ilc s i~ i i i l : i r  i f  ~ ( I I  

y c t  it1cntic:il. I l ~ ~ w c v c r ,  111is tlocs n o t  mc:ln tIi;tt t l l c  1lr;liti 111cch;lnism r icct l  t i i i r ror  t l ~ c  
c o ~ n l i i l t c r  i i~cc l i ; i t i isn i  thi i t  is sct u p  t o  ;lcconil>lisli :I jl: irt icular ~iroccss. 

N o ~ i c i t ~ g  Ort lcr it1 a \Vorkitlg h ie l l lory  
N t ~ t i c i l r g  ortlcr is :I 11r11ccss tlscd b y  EPAM I1 and other  prohlcrn-solvi t ig proRr;lliis I?;~sccl or1 
l is t  structures. I f  l l t r t ic ing or i lcr i s  n process usctl I ly  t l i c  pr i l l in tc  I,r:tili whcr i  t l lc  s11l)icct is 
s o l v i r ~ g  prcr l~lci i is,  scvc r :~ l  st;rtcrnctits c;rti I>c rn;~t lc ; i l )o~rt ~ ~ o t i c i l i g  ort lcr anit t i l e  per for -  
~ i i ; i i ~ c c  (11 f r c ~ l ~ t : ~ I l y  Icsiot ict l  n ionkcys.  

First, o n  ~ ~ r o \ ) l c r n s  wl icrc  t io t ic ing orticr is r tn i t i i l ~o r t ; t~ i t ,  trr wl lcrc  i t  is c lc tcrn i i r~ct l  h y  t l l c  
si t t l ; l t io l~, frtrtit;tlly Icsionctl m o t ~ k c y s  h ;~ve  n o  t l i f l icu l ty .  T'l i is is csllcci;l l ly ; t [ l l ~ ; ~ r c ~ ~ t  w l i c n  
t l lc  si( tr :~t i c r t i  is novc.1. 

Scctrtitl, or1 ~ l r o l ~ l c t r i s  w l le rc  r i o t i c i n g  orr lcr i s  t l c t c r t ~ i i ~ i c t l  I>y r t ~ ~ i n i l l g  the  ~ i r o l l l c l i ~  
tIiro11g11 t l i c  s t r l~ icct 's  l l x c i l  store ( ~ f  r c ~ ~ r e s c t i t ; ~ t i ~ ~ ~ s  o f  p;ist c x ~ ~ c r i c ~ i c c s ,  t11o i r o t i t : ~ I l y  
l c s i ~ ~ ~ i c t l  11101ikcys :11so 11i1vc 1111 t l i f f i c t ~ l t y .  I ~ i s c r i t ~ i i t ~ ~ t i o t ~  ~ i c r f o t ~ t i i ; ~ ~ ~ c c s  ;IIIII t l i s c r i ~ i i i ~ i : ~ -  
t i o n  Ir#;trnir,g 1i:ivc rcpc;~tct l ly I ~ c c r i  shown I t o  11cl t ~ ~ ~ : ~ f f c c t c t l  11y f rc~nt i i l  Icsic~rls. h l ; l t c l ~ i ~ i g  
f101i1 S;IIIIIIIC r c r i i ; ~ i ~ i s  t t l ~ i t i i l ~ ; i i ~ c t I .  Atitl, it1 t l i c  ~ i i r ~ l t i l l l e - c l i o i w  j1roI)I~111 : i~i ;~Iysis, s ; l t i ip l i~ lg  
:ilitl sc;irch, t l ~ o u g l i  tli(fcrcr1t fro111 cot i trols hcc;lusc ol i r r c l c v i i ~ ~ t  i t i t c r l~ roh lc l i i  ch;~ligcs, i lrc 
also csscnt i ;~l ly ~ tn i i i i l l ;~ i r c i l .  



Wlit.11, I i ~ t w c \ ~ c r ,  ~ , r o l ~ l c t ~ i  s o l ~ t t  i ~ ) n  c l c i~ in~ i t l s  a no tic in^ ordcr ( l int  is n o t  con ts incd  in the 
~ i r o l t l c ~ i i  i t sc l f  no r  i n  t l i c  ~ ~ c r ~ ~ i f i i i c ~ i t l y  (ixcd s torc  o f  r c l~ rcscn tn t iona  o f  past cxpcr icncc 
~f t l lc s\~l,icct, f t ~ l ~ ~ t : ~ l l y  I c s i o ~ i t * ~ l  1~ti1il:itcs l invc c l i fCc l~ l ty .  Such prol1lc111s I lavc i n  con i i i i on  
t l i c  f ; ~ t : t ~ i r  of c l ~ : i ~ i ~ e ,  1101 in t l i c  s t i ~ ~ i t ~ l i  per  sc, I i i t t  in the  w n y  in w l i i c h  t l i e  alrcady- 
c x j ~ e ~ ~ i c ~ i c e t I  sti111t11i (c.g., CIICS n ~ i t l  rc i~ i forcctncnts)  covary t o  l o r m  t l i c  con tex t  for t h c  n e w  
prc11,lvni. pl'lic o r x : i ~ i i s ~ l i  11111st rcnct t o  t l icsc c l in~ igcs n111cIi as docs the compi i t c r  Iirograni: 
i t  111r1st r c s l ~ t ~ l l l ~  t l l c  clttlcr i t t  w l i i c l i  t l ic  s t i ~ n ~ ~ l i  arc ~lroccssed. W l i c n  clinrige is occnsional, 
i.c., ~ v l i c ~ i  t l lc  cli:111jy occurs I > c t w c c ~ i  ~ ~ r o l i l c ~ ~ i s ,  t l i c  f ront :~I  i lc lcc t  i s  m i ~ i i n i n l  and shows 
t11i ns j l c ~ s c v c ~ ~ : i t i o ~ i  o f  set si t icc t i o t i c i n ~  ort lcr w i t l l i ~ i  cncl i  p rob lem proccctls, once t l i c  
l r o ~ i t : ~ l l y  I c s i ~ ~ ~ i c t l  s r~ l i jcc t  cntclics o11 tli:it c h n n ~ e  112s tnkcn plncc, according t o  t h c  type 1 
or  type II process (11 t io t ic i~ i l :  ottlcr. Wllcn, I ~ o w c v c r ,  t l ie c l~a i ige  occurs w i t h i n  a proldcrn; 
i.c., rv11c11 tile :rlipropri;itc I ich;~v ior  s c c l t ~ c ~ ~ c c  tlcpcritls solcly on t l l c  o u t c o m c  of t l i c  i ~ i i m e -  
t l i ;~tcly ~ v c c c t l i r ~ g  :illl1lic;ttio1i of the t io t ic ing itrtlcr, t l i c  frot i tnl  clcfcct s l iows ill> ful l - Idown.  

As n r i ~ l c ,  t l lc  n i o ~ l k c y  rc t i l r l ls  t o  r : ~ ~ ~ t l o t i i  I ~ c l i n v i o r  since l i i s  npp;qratus l o r  s l i i f t i ng  no t i c -  
i n g  crrtlcr is I ~ r c ~ k c ~ i  c l o ~ v ~ i  wit11 t l i c  r c s i ~ l t  t l i ; ~ t  t l ie various I ~ e l ~ n v i o r s  t r i cd  a l l  rcsu l t  ill tl ie 
S:IIII~ 1111111llrr of r c i n f ~ t r c c ~ ~ ~ c ~ i t s .  I ltrt ~ ~ c r s c v c r n t i o n  t i ~ y  nlstt l ie sl iown; w l i c n  f r o ~ l t n l l y  Ic- 
s i o ~ i c t l  tllctnkcys ntc  t c s ~ c t l  ill t l i c  t lc l :~yc<l-rcspo~isc rtr i lc layct l -n l tcrnnt io t i  s i tunt ion,  thcy  
f r c r l ~ ~ c ~ i t l y - - n i w  f r c t l ~ ~ c n t l y  than  t l i c i r  controls-qlcvelitp n j ic ls i t io~ i  hal1it, sirice th i s  l ic -  
I~ :~v ic t r  1110tlc ~ITI:I~IIS :is ~ i i : i ~ i y  r c i ~ i l ~ ~ r c e ~ i i ~ ~ i t ~  :IS r : i ~ i t I o ~ i i  I1cl1nvior tlocs, T h c  results of thc  
c x l i c r i ~ ~ i c ~ i t  s l~crw t l i :~ t  f r .c~~~c: l l ly  Icsicr~ict l  i i ~ o ~ i k c y s  nrc no m o r c  l i rr t l ic t o  1jcisitiori l i :~l)its 
tl1;111 11ri01irr;1tctl ~ i i o ~ i k c y s  :II~, M y  v iew i s  t l ~ n t  l i o ~ i t : i I l y  l c s i o ~ i e d  t i l n ~ ~ k c y s ,  j i ~ s t  ns il1iopcr- 
;iteJ t ~ i ( ~ ~ i k c y s ,  t:tkc l i c t s i t i c ~ ~ ~  I r : ~ I ~ i t s  w h c i i r v c r  thcy  i iccd 1101 o r  cn l inot  co l ic  w i t h  n tnsk, 
i.c., \ v l ~ r ~ ~ c \ l c r  tlrc r i r ~ ~ i i l i c r  o f  r c i ~ i l t r r r c r ~ i c t i t s  t h y  ~ n i ~ i  r c ~ i i a i ~ i s  c o ~ i s t ; ~ ~ i t  i r l .csl icct ivc o f  
t l ic i r  rcslioliscs. Since f rc~ l i t :~ I  I c s i c ~ ~ i s  i ~ i i j > ; ~ i r  t lc lnyci l  rcsl~tt t isc n l id  : i I t c r~ i : i t i r~n  I e n r ~ ~ i r i g ,  thc 
o11rr;1tetl s1111iccts t c ~ i t l  t o  tnkc 1~ositie111 ~ i : ~ l ~ i t s - / > ~ ~ f  11o l l iorc  s o  I/I,III t l tc i r  (;or~fruI.< \votf I i /  
if 111t.y c . c ~ t r l r l  r t r r i  r:rIprr lv i t  11 f /I(! prol~l( !r t l .  S t~ppor t  for th is  v iew ccmcs  frcttii t l i e  o l ~ s c r v a t i o ~ i  
t11:lt i~tfrtott:~iil>c~t.:~lly I cs i c t~~c t l  mrlnkcys, w l ~ c ~ i  t l i cy  l invc t l i f f ic r l l ty  w i t h  v isual  t l iscr i ln i -  
11:1tic1r1 1 i r o l ~ I c ~ ~ i s ,  nlso s l i l l  easily i n t o  ~>osit ic i t i  stcrcotyl1cs. A t  present, howcvcr, thcrc  i s  as 
yct 110 t l ~ ~ : ~ ~ i t i t : ~ t i v c  cc t~ i~ l in r i son  of t11c rc la t ivc  ~ ~ r o i i c ~ i c s s  t o  stcrevtypy I l y  f ronta l ly  a ~ l d  ill- 
I c r o t c ~ ~ ~ l ~ o r : ~ I l y  Icsiol ict l  monl tcys i n  : i t1  i t ~ s o l i t l ~ l c  prol,lcrii. 

111 :i scnsc., t h i s  c x l l l : t ~ ~ : ~ t i o r ~  o f  t l i c  front:11 tlefcct in t c r m s  o f  i t i i j l n i r m c ~ i t  u f  n f l cx ib l c  
~ ic t t i c i t i g  ol-dcr i s  ill ~ i : i ~ t i : ~ l  ;i~:rccnicIIt w i t h  t l i c  c x l i l n n n t i o ~ i  l i int lc by  I l rus l i  c t  nl .  (1961). 
'I'hcy I iy l ic~t  I ~ c s i z r  I 11:1t r c ~ r c s s i o ~ ~  t o  a Ii irtrc l l r i m i t i v c  i t inntc  pcrforninr icc sct occurs when-  
cvcr the f r c i~ i t :~ l l y  I cs ic r~~c t l  l ~ ~ i ~ i i n t c  enlit lot clintigc th is  innntc  rcslioiisc tcn i lcncy t l ~ r o i ~ g h  
Ic: i rni~ig. W l i c ~ i ,  Itctwc\~cr, n t;isk l ins alrently hceri Icarnctl, r l l i s  pcr formnncc i s  I lcrscvcr- 
:itctl. As  : ~ l ~ v : l i l y  n ~ i t c t l ,  we co11ltl say the  snnic, c v c ~ i  for o u r  rcsul ts  w i t h  rcspect t o  t cn -  
tlcticy t o  s l ~ i l t ,  rvctc tvc t o  in tcr l l rc t  t l ic  d n t ~  i t1  the ~ n u \ t i l ~ l e  choicc expcri ! i icnts as pcrsc- 
vr rnt i t tn  o f  s o ~ i i c  i11iti;ll "sct t o  cxlilctrc" o r  sct to I>clinve rnntlomly, w h i c l i  is ovcrco l i ic  I7y 
t11c cc l~ i t ro ls  ;is n r r s ~ t l t  of r c i i i l o r c i ~ i p  c o n t i ~ i ~ c n c i c s  w l i i c h  do r iot n f fcct  t l i c  f ron ta l l y  Ic-  
sic~l icd j:roilll. A S  W i l s o ~ i  l i o i ~ ~ t s  o ~ t t ,  I io\vcvcr (1962), t l i c  n o t i o ~ i  of pcrsevcrat ion o f  sct so 
ccir~r:rivctl c:111 he strctcl ict l  t lvcr :111y t1:it:i sct sit ice ; t l I  t h :~ t  ncct l  I)c t l o ~ i c  i s  t o  spccify aftcr 
t l ic  I;ICI \ o l ~ i c l i  rcsllolisc tc~ i r lcnc ics arc rcsistnnt t o  change. Docs n o t  t l ie  s t rc tc l i ing go too 
f:~r wlit.11 i t  is 111:itlc t o  cctvcr rn t i r l c~~n  rcsponscs sr i i l  rcsponsc t o  nnvc l t y !  T l i e  cx l i lnnat ion 
ill 11.1 111s 111 i ~ i i p : ~ i t  ~ i i c ~ i t  (11 :I l l c x i l ~ l c  IIII~ ic i t i g  ort lcr i s  consit lcrnhly l n o r c  prc t l ic t ivc ,  y c t  
c:rlrttrlcs 111c s l i i ~ i t  of thr. i r i l c ~ i t  of the ~ ~ c r s c v c r n t i o t i  (tf set I ~ y l ~ o t l i c s i s .  

'I'lic s~~):)*.t#stict~i is, t l i c ~ e f ( ~ r c ,  tii;it t l lc  frotit: l l ly Icsioncd p r i ~ i i n t c  i s  tlr.fcctivc i n  ~ ~ r t ~ l i l c n i  
sc l lv i~~, :  w l ~ c ~ ~ c v c r  :I I i loccss III;II c e ~ r r c s ~ i o n ~ l s  t o  n Ilcxil, lc t i o t i c i r i g  o rdc r  i s  d c ~ i i a n d c d .  
FI.IIII~ t l ic  :111:iIysis III:I~IC : I~~OVC,  i t  ~ o I I o \ v s  thnt n i l i s r ~ ~ p t i o n  o f  t l ic  n icc l i :~n isrn t l tnt  n l l o w s  
~ ~ i o t i i t e ~ r i ~ ~ j :  III s t i ~ i i i t l i  thnt t c ~ l i l i o r n r i l y  covnry w o i ~ l d  i r i i lw i r  th i s  process. I t  fo l l ows  also 
thnt I l i i s  I c l i i l i ~ ~ r : ~ r y  I l c x i l l l c  ~ n r t t i i t c ~ r i r i g  o f  st i i i i t ~ l u s - c o v n r i ; ~ ~  i w i  i s  scpnrnhlc f r o m  t l ~ c  
[ i r~ tccss t 11111 n l l ows  t l iorc pcrl l i ; \ncl l t  storngc of i r ivnr int i t  rc~ i rcscntat i r tns of cxpcricnccs, 
(c,g,, ill :I cl iscr i t~i in: i t ic i~i  tree). 

S t i t ~ ~ ~ ~ l u s  Covnriation and I>ott i i r in~lt  Fuci 
Nrr~~~cr l~r ) : icn l ly ,  t tic scnrch is sl i i f tct l .  E:~r l ic r  no t ions  o f  the sl lort  o r  i ~ i i ~ i i c d i : i t c  n i c l n o r y  
~ i f i ~ c r s s  let1 t o  I ~ y l ~ t t  l icscs :111out t i i c ~ i i o r y  trncc f(trnintio11 n ~ i t l  (lccny, a t id  t o  cx l l c r imcn ts  
; i i ~ ~ i c ~ l  :it I I I I C ~ V ~ I ~ I ~ ~ :  r cv r~ l l c r : i t o ry  c i r c l ~ i t s  i t )  t l i c  I i r n i ~ i .  T l l c  concept o f  n l l cx i l l l c  no t i c ing  
order witl1i11 :I wc,t kill): rnc l i iory  Ic;itls i ~ i s t c a d  t o  t rack i t ig  clown t l i c  ~ i i c c l i n n i s t n  of t c r ~ i j j o -  
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r:iry, llcxilllc stilii~tlus cov:iri;rti~~ri, pcr1inl.r~ tIirc~rtj:Ir the forin;iti~~n of rc;itlily sliiftctl tloliii- 
11nnt 11ct1r;il foci (see review by E.IL Joliii, 1961; I ' r i l ~ r i ~ t i i  I971 1, Si~cll ~ I I I I ~ I ~ I I ~ I I I ~  foci CitI i  he 
m;l~iil~til;itctl in :i cI;rssic;il I1;tvltlvian situation, f o r  instnncc, Iry tr;iinili): ;I tlog lo r;tisc his 
l i R l i i  I i i i i t l  Icg to ;I siKti;il. Wllct~ tlie rcspolisc Ii;10 I>ce~i W C I I  cst;iIrIisIictI, tlte (log's right nlo- 
tor cortcx wiis cx~~osctl 2nd :i p;itty uf strycli~iii~c sullatc-so:ikcil filter piipcr wits pI:icctl 
ovcr tlic irrc:l t l ~ i i t  controls tllc left forclc):. Wliilc tlic strycliliinc W ~ I S  ~ffectivc, 11ic i1o): W;IS 

~>l:tcctI i l l  :t contlitioning sittr;rticln. Now lie r;tisctl Ibis left foreleg instc;~tl ol his right Iii t i i l  

leg whct~cvcr tile sigll;~l rv:ls ~ivctr. 
TIrc ~vocli~ctioli i111tI stlilt c ~ f  tlo~ili~riillt foci II;IVC re~e1111y I>ec~i rcl~e;itc~lly scudictl (Mor- 

rcll, 196l; I~~isinc~v, 1956; Ultl~totiiski, 1927). (711uIil frorlt;rl lesions l ~ c  sllowrl to :tItcr 1l1c 
ti~iic course (11 111e ~ s ~ ~ i l ~ l i s l r ~ i ~ c i i ~  or of tlie sliift of strcli t l t ~ r i i i i ~ n ~ i t  ft~ci? I f  for 1111 otl~cr rc:t- 
sclii tli;tri t l i ; ~ t  tlic tlircction of cxlicririictiti~tic~~ 1);~s I)ccli iil~crctl, tlic cxl>crimetils i11iiI 

a~i:ilyscs rr l>t~~tct l  licic 11i;ly 11111s 11e s l10~1i  11)' futlirc C V C I I I S  t o  1i;ive I I C ~ I I  w o r t l i ~ l ~ i l c .  
(I1ril>r:im, AIiti~ii;id;i, I I ; I I  log, & J ~ ) I I s ,  1964, p11. 47-52) 

Witli ciirrc~itly ;iv;~il;il~lc to(11s, t i ~ t i ~ ~ i ~ l > l y  128-clectrc~Je gcotlcsic sc;~Ip rccortl- 
ing ;irr;iys with wliicll to :issiiy brain electrical ;ictivity, ;i first s t c l ~  tow;~rtl tlcr~ion- 
striitillg ;I fro11t;tl inllc~encc on ;in cvirltctl visuiil I.csponsc i l l  the  occipital cortex 1i;ts 
b c e ~ i  t;iltcn. Tl~cltcr,  Liotti, I'trtts, Ilusscll, ; l l i r l  I'osncr (1994) h:~vc sliown ;i "rcili- 
forccmcnt" of ;ln occil~itnlly cvoltctl response liy ;I "reprise" that issues fro111 t11;it 
response to thc  fro~ltiil co~.tcx :in(! tllen h;iclc ;ig;liti tci  the occipit;~l cnrtcx. 7'11~: rc1i1- 
tionstlip of tlic reprise to working mctnory milst now Ile sliown. 

IMPLICATIONS 170R DEVE1,OPMEN'T 
Tli;~tclicr (1994;i, I 9 9 ~ l l ~ ;  scc ;ilso Cl~:il.rter 5) h:is ;irinlyzctl the 1,rocess of ~ i i ;~ t i l r ;~ t i o~ i  
c r f  hr;lin clcctricnl activity :~ntl correl;itc~l it witli ;I v;~ricty of ; ~ n ; i t o ~ i ~ i c ; ~ l  ;~tid o1l1cr 
physiologic;~l inilicators. In his ;~n i~ lys i s ,  Th ;~ t chc r  1i:is ninppctl col icrc~icc among 
rccorilings froni (liffcrent hriii~l sites. The  m;~ti~r.;itioii process was sliown to j>rocceil 
in cycles, c;icli cyclc consisting of riipiil c\i;~ngc (spurts) followcd Ily ;I pl;1tc;111. Three 
l l~ t : ige~ ' l  were itlcntificil: one occurring i l l  e;tl.ly cl~ililliooil, ;I scconcl tluririg what  is 
soriictinics ciillcd the  Iiitcncy period, ; i~ i i l  31iotIier f ~ l l o w i ~ i g  ~)uI~cr ty .  

Spcciliciilly, tlie ~lliysiologic;~l processes ol~scrvetl  in tlic sttiily ;ire 2-yc;ir 
growtli spurt cyclcs in tlic strength of intriihcmisl~lioric ccttrl~lirigs, wllicll 3rc I I C S I C ~ I  
within 4-yc;~r i~ l t e rhcmis~~hc r i c  rot;~tions. Figure I6.H is ii cli;tgra~lirii;itic re1~rcscnt;l- 
tin11 of tlic struct\trc of cycles ant1 st~hcycles ns ol,servctl in tlic clcctroc~lceph:~lo- 
~;r ;~pIi ic  c o I ~ e r c ~ i c e  (I;I~;I. 111 sliiilnlary, t11~1.c ;Ire tlircc 111;iili cycles s c~~ ;~ r :~ t cc I  hy : ~ t  
1c;ist two  I > i f ~ ~ r c ; l t i ( ~ ~ i s  or ~)Ii;ise traiisiliri11s (see ;11so :i I>ifiircntion Ilctwccn ngcs 
4 ;11ii1 5 in tile riglit frc1nt;il regions; Thiitclicr, 199413). 1'li;isc t rii~isition I occilrs in 
t11c left Iicnlispl~c.rc I,crwccn ;~gcs 5 ant1 7, iind ~rli;lse tr;insition 2 occurs in the right 
Iic~nisplicrc I,ctwcc~i ;igcs 9 nrid I I .  Cycle 1 is from ;ipl~rttxi~ii;itcly age 1.5 years to  
age 5.0, cyclc I 1  is fro111 ;ipl~rc~xitii;~tcly :igcs 5 to  1 0 ,  nnil cyclc I l l  is fro111 ;ip)>roxi- 
matcly iigcs I0 t o  14. For con t i~~ l l i t y ,  the I:isclicr (Fisclicr, 1980; Fiscllcr A Fcrrlir, 
19X7) nntl C;isc ( 1  985, lYH7) clcscri~jtions of cognitive ilcvclopiilcnt nre usetl. 

I-It~ilsl~ctli ant1 I'ril~rnm (1992) ~~crfornlci l  ;I so~i icwl i ;~ t  cliffcrcnt ;~ii;ilysis i ls i~ig 
tlic incrc;~sc i l l  ilcsynclironiziition of l ) r ;~ i~ i  clcctric;il ;~ct ivi ty  as our  iriclicatot.. Wc 
fo~lnif tlircc stngcs spi~nnin): ~ii\ icli  tlie s;i~iic ;lgc r;lngcs ;is those fot~ncl Ily Tlii~tclicr. 
T h e  first st:igc of n~:~t i~r; l l ion,  w l ~ i c h  sp;ins tllc pcriotl 1,ct~vccn 1 ant1 6 years of  ;~gc, 
is cli;ir;~ctcrizctl hy r;lpicl nl;~ti~r;ition in ;ill 1ir;lin rcgions. Tllc fronkil cxccutive (1:7'), 
visuosll;~ti;il (PO], snninric (CC), anti visuonutlitory (TT)  func l ions  re;ich thcir 
rcslwctivc 11c;iks nlniost s i rn l~ l tancor~s ly  (i.c., within 6-motit11 intet~v:~ls  vf each 
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This  stiggcsts tl i ; t t  tlic cxcc\ltive colitrol cxcrcisctl hy tlic fnr Irorit;~l cortcx is 
pritn;~rily tlirectcd towlrcl rcgul;itilig hotly filtictions (c .g. ,  g o i ~ i g  to  t l ~ c  toilct 
,qlqvoliri;itc t imcs ;lnrl pl;iccs). 

In :I sccontl st;ige of ~i i ; i t \~r ; l t io~i  tli:it sp;i~is tlic jlcrioil I I C ~ W C C I I  6 ;ind 10.5 yc;lrs 
of age, r:ltcs nrc sy~icl)ronizcil ;icross the sensory nntl motor systc~i is  (1'0, IT, CC], 
\vitli all rc;~cIii~ig :I I > C ; I ~ <  ;it 7.5-H ycnrs of ;igc. A niiltl ;icccler;~tion in t lcvclol~~iic~i t  
i l l  the front;il cxcctltivc regio~i (FT) st;irts only tllcti (7.5 yc;irs) I)ut tcr11iin;ltcs sy11- 
cl i rono\~sly with rli;lt of tlic rcst of rlic h r ; i i ~ ~  ;it 10.5 yc:\rs. T h e  c;irly part of this 
lwriocl is thcrcftrrc ;I c o t i t i ~ i t ~ ; ~ t i o n  of tlic m;ltur;ition of sensorimotor fu~ ic t i o~ i s ,  
w1iere;is tlic Iilttcr Iwrt, IicKi~iniriK at  age 7.5, Iicr;lltls some cnli;llicc~iic~it of cxccu- 
tivc contrr~l,  ~ ~ c r l i ; i ~ > s  over scliscrry input (;Ittent ic~n). 

l ~ h c  r l ~ i r t l  s t ; i ~ c  of rn;rturiltio~i sp;lns tlic pcriotl Iwtwccn 10.5 nnd 17 yc;i~-s of 
;~gc.  The  third st;~gc ;llrl>c;irs 11) 11c initially tlcvotctl to t l ~ c  cl;ll,or;ltion of visilosl~;iri;ll 
(1'0) functions. At tlic s;imc time, lioivcvcr, ni;~tur;ition of tlie visuo;irltlit~)ry (TT)  
fulictio~i st:~rts iinil slowly ;iccclcr;ites, to hc lollowetl I)y silcccssivc m;ltur;~tiotl of 
nn~.)tlicr pli;isc of visuosl>;iti;ll (1'01 ;inti som;ltic (CCI f t~nct ions,  witli c i~ch  region 
rc;~cliing its ~ i i ; ~ t i ~ r ; ~ ~ i o ~ i ; i l  ~>c;iI< with I -yc ;~r  intcrv;ils (i.c., ;it 111, IS, ;intl I6 yc:lrs, 
respect ivcl y). 'l'lic front;ll cxcci~tivc 1.cgio11 r c~ i i ;~ ins  t~ncli;~ngcil ;it this tiliic. 

1-loivcvcr, otlr tl;it;i pcrmittctl us to extclid our on;ilysis to ;igc 21. Mucli 10 our 
surprise, :I s i z ; ~ l ~ l c  nccc1er;ition o f  ~n;itur;it ion of tlie clcctricnl activity rcct~rtlcd 
fro111 (lie frtrnt:tl corrcx occurl.cil iluri~ig tile i~gcs of 17-21 yc;irs. Thcsc cliangcs c;in 
he attril>titcd to tlic tlevelol~nlcnt of  monitoring tlie controls over hch;ivior, t1i;it is, 
tlic tlcvclop~iicnt of i~itcntions. I'llis is t l ~ c  ;~gc  r;ingc of stiitlcnts i l l  collcgc, ;i l~crioil 
of intense cognitive ; I H ~  soci;ll ;ictivity. I t  is ; ~ t  rlic college lcvcl tli;it many strltlcnts 
hccotiic exl>oscil to tlic vilricty o( vic\vl~oirits, tlic vnricty of s l~l~cir l turcs  with wliicli 
they niust cope tlt~ring lifc. It has h e c l ~  s;iitl tll;lt the f;~r frontal cortex is t l ~ c  org;in of 
civiliz;ltion. Slioultl our  findings Iioltl LID, they c~iil~li;isizc the i ~ n p o r t ; ~ n c c  to our 
civiliz;ition of collcgc :incl university ctlucation-the pcriorl whc11 the ~Il;isticity of 
the fro11t;ll cortcx c;iti Ilc cli;illcngctl to  provitlc n rcsl~onsihlc, ricli, ;Init procl~tctivc 
lifc in ;in cnvironliicnt rcplctc tvitli ntiihi~llitics n~ id  cli;ingc. 

Tlicsc st;igcs :ire i l l  close corrcsl>ontlcncc with tlinsc tlclincntctl hy I'i;rgct ;11id 
J~ilicltlcr ( 1966) lscc also Kr;itiicr, 1983; Ilicgcl 1973, 1975). Otlicr stngc-11;lsc~l tlico- 
rics for t hc mnt l~r; i t io~i  of  criiot ion (Frcutl, 1932; Sulliv;ln, 195.3 1, mor;ll jutlgllicnt 
(I(olilhcrg, l969], and I,sycliosoci;il :id;ipt;~tion (Eril<son, 1963) tlc1inc;itc rotlghly the 
snnic :igc I~outitl;~rics ;IS those tlcscril~ctl in tliis cli;~ptcr Iliowcvcr, see ;~lsci crititl~lc 
hy McGuin~icss, 17rihr;im, k Pirn:iz;ir, I!)HH). The  thcorics arc h;isctl on ;I witlc range 
of ohscrvctl Iichnviors. Tlicrclorc, :I corisitlcr;~l)lc nn )o \~n t  of viiriation is to I,c ex- 
~ ~ c c t c t l  when ;Ittempts :ire mndc to tlclinc;itc ~ i i ; l t i~ra t i~)~l ; l l  stages witli 11cIi;lvior:ll 
critcri;i ; ~ l o ~ i c .  7-lie f;ict f l i n t  stages cor~ltl  Ilc glc;~tictl Iron1 s11c11 cvitlcncc :it :ill 
s t ro l i~ ly  sugl;csts t I i ; ~ t  I,iologic;il factors :Ire cnt:lilctl i l l  tlic 1,roccsscs tlcnotctl Ily 
these Ircli;ivior;ll i~icliccs. 1:11rthcr rcfinc~iicnrs iri tliesc I,iol~cli;lvior;~l rcl;itio~lsliil~s 
\voultl Ilc cxllcctcil \vllcn ~ii;itr~r;rticr~i i l l  sllccific hrairi s i~ l ) sys tc~ns  c;in he linltctl to 
~n ; i t i~ r ;~ t ion  i l l  sl>ccilic hch;ivior;il s l~ l l sysrc~~is .  
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