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4851RÀCT

îJsieg the ccncêpÈ j-n ccBtrol thèory, conditioned

behaviour j.r gèn€ra1 and th€ d€layeä ccnalitiored approach

beàaviour in Fa.rticülar are vie$eð as opt.imlly con-

troll-ed Frccesses. As such -l-ea¡ eil habits are sub-iêrt to
quantitative analysj-s as ccr¡tf-nùoüs processes in thê tÍn€
domaj-¡. Tl€ charact€rÍstics cf a belìayioural- system are

descriled by its rêLative err{r to a baseline le vel, its
phase velocity and tbe phas€ pla¡€ diagrajûs, It enabl-es

the ana.lysis of bêhayiour as on-go5.ng active proçêss€s,

¡ath€r lhan as discrete ccrr€lat:ûnal entiti.¿s.
the dÊlayed condition€d approach paradige is ess€¡-

tially a sêEvcm€chanism-Ii.kê paradiqm. ft can readily be

studied in tbê ccìtext cf, ccntrol theory analysis. It
r{âs us€al to study thê ro.l_e rf thë fnontal striatal system

anä the cerçbellar contro]. sTst€m in t€mpÕral and delay

co¡dj.tioning.

ó4ma1e adult å1bino rats ¡¡ere traine¡l in the alelayeat

cûaditioned approach behaei-cur and then divided i¡to 9

gro¡rFs. 9our exp€rimental groups received bilateral
electrc]Ttic lesions €ither to ttrc frontal pole, the heaå

of the caudate nucl¿us, the Fosteriot caudate nucleus cr
and ti¡e dentato-intêrFoseal nuctêi rêspectivel_). Th€re

cere a coxr€sponililg 4 s.hau lesicned groups antl 1 nornal

co¡tio-1, grôup.

E€sults shoi{ed that bi.lateral electrol_ytic Lesions

i¡ t¡ê heaal and th€ Fost€rior aspect of tlie caad.at€

rìr¡c.j-eus producÊd tenporary in¡airmeat in the initiatjon



of ccnditirrìed approach paradj,gn. Subsequentl_y, tthe b€ad

of caudatê lucleus Lesicned group eïûLv€d int_o a hard
1j-nii cyc-:"e, üc long€r sÊnstti1'e to changes ín relnforce-
mert cc lingencies. trn coÌìtrast the posterio¡ caudate

nt¡c-l-Èus 1êsioceil grcup sholed fu¡c"-ionary recovery froü
aD j.nitial impairnent on tl€ ÐcÀ. lhe group lrith frortal
po"L€ Lesioîs shôn€d t€mFcxary shj.ft to$ard shôctêI
.response latencies, sl¡ggesting the posibiLity Ðf hyper-
reactivity to CS pxes€ntations. Lêsions in th€ dèrtato-
i¡terpos€d nucleus produced perüanently ataxic ss, but
t.heir perfÕrmaflc€ on the ccnditic¡eil approach paradj-gn

t¿as essê!ìtíallÏ thê saúe a t.hcse of the ¡rormal control-
5s.

The rÈÊul-ts ue¡e discussêd r¡ith ¡efêre¡ces ta thË

concept of act inhibition, th€ initj-åtion and control cf
conditiÕneal behaviou¡ ard rf pcssible notivatiÕr¡al,
YaxiailLes.



ChaFter 1

nêvies of l,i t€ ra tuae

?raditj.o¡al1y, th€ r€laticnship between ilrain struc-
tures aDd behaviour reli€s naj_n.ly on technigues ¡{hich

assunê that behavioural slst.ems a¡Ð discrète, static
entiLies. Inter actions bet.!¡e€rì th€ central- nervous

systea { CNS } ând þ€haviour at€ dÉscribed i¡r côrrela-
tional terns.

åltêlnatilrel y, tbe apFlicatior of control theory anil

techni{ues a11css bÈhavioural sysl€ms to ¡e studiëd ås

servomechanism-li.kê systens rhich are i¡ ths continnual
proc€ss Õf €stablisbing active stabj"lit.y aad eguilibriun.

¡lhi.l.e corr€1atiana]. data yiêLd ab!:ndant infornation
on the nodes of c$S functio¡ and bÊhavior.r , thêy ala nct
providê aal€qüate itrfornatiaã yhere l¡ehaviou!s are essen-

ti-a3-1y viewed as on-goiog, actile fxocessês. the study

of tin.inq fûncticn,ie. tÊnËaral. discriminatioÌ¡ and delay

co¡ditic$ing {eg. Sk'inner, 1938, 1946; tiilso¡! and fiel_1-

êf,, 1953; tatie , lieiss, clark a!d R€ynoLds, .1965;

Rey¿olals . 1966) is one of tà€ topÍcs in point.

EêvieÍ af r€cent lit€ratur€ suggests thê existence
of tuo major hyFot.h€ses cc .êrning the nê uropli ysiologi cal
substrates u¡de¡:lying delay rêsFonse a¡d tenpora]- aliscri-
n:.natian. CEe hypothesis states that rtiningr is â

fünction of the cortical :-nhibitory processes { hypothe-

sis I ), nhile thê other pastulates that rt.j-níngr is a

fllnction of +-]e cerebël1ar pcst{rrat necha¡isns { hyFot}re-

sis rI ).



The pr€s€¡t stüdy ãtteÍìfts to st{dy the reLatj.ve
role cf the tlec proposed n€ural mechlrìislis. fJsing the
co¡tro1 tiìeorT aplrrÕach a¡ìaylsis, it attenpi_s to evaluat€
the f,håract€ristics of the ccrtical and cerebÊl1ar
ñ.edro¡al systens as activ€, ar-going procèssès in their
að-iustre.nts to varíous leï€}s of ¿enå¡al in . tining r of
behaviour.

¡listorical B a€kg roun d

Litê rature suffortinq hvÞothesis I
and tenpolal discriminaticn as

j.¡ hibit ory pracêsses.

: ilelayËñ xesp oû

a function of, cortica L

The '1 936 Faper publish€d ty Jacobsen prêcipitated
the sea¡ch for the neurological nechanis¡ts for pEefrontal
lo be-les ion -i rtduc€ al iûpai_rsent cn ale].ay€d respo'tse taslçs.

åfter bilatÊral pr€fro tal .lcbecto$iês, his nonkeys

shol{ed a sêvere ard pernan€nt inpâirnent oû fluntêrr s

delayed r€sp6ns€ test in the Eisconsirl Genera1 Test
Afrparatus {!iCtA) , deLay€d al_telrration, go-no-go tests,
sênsory dlscr:û j.oaticn, discr5-mination revèrsal" a¡d to a

1êssêr ext-ent¡ aì'cidânce training. the najûrity of
resul-ts favors th€ ccncêpt cf tàe flfrortaI 1obe sysi_enii

proposed by RosycLd and Sz¡rarcbart {1964){hich íncluded
the do¡scl-atèral pretrontal cortex, the ðtìteriodorsal
asp€ct of the h€ad of the caudat€ nucleus, tlìe subthalê-
üus (aììil possibly the hiFFrcampus) as cÕ[ì¡]o¡erìts of, the

cortical inhibitory syst€m respoasj,bte for d.elayed



respons€ perfcrmaîce {Battig ,toseÐl{ and }!ishkin,
1952iDivac,1tð8 {a} , {b} ; Ðivac ,Êcsvo1d. and Szïarcbart,
196?; Fox,Kimbl-e å Li.key,1964; cross,1963 {a) , hompson, I

d); G.ross et a1,1962,19ó¡¡; ¡la¡sing Schflartzìlaum and

thoæpsc.n,l9ó8¡ KonorskÍ,1959,1961.1964,196?; {ish*i-n

,Prockop and Aos?c1d ,1962i p¡ibrin,1955; Rosvolt E

5znarclart,1962,196tti StaID,1968,1969"19?0; SÈamn and

nosen, 1969; elc). It shou1d b€ ãotëd., hÐ¡,ever, that
Hunterrs rrd€layçd xêsponsèü illvôlyes restraint of S by

the ê.rperinentex ãs llÈlj- as sêlf-resÈrai¡t, It thus is
soo€*¡hat ditfereBt fron pavlovian ÐH.

Anatonical gv i dence:

à r:atonical studies havç sho#D the existence cf
leufonal FôrthrdåIs ainong thès€ ccrtical_ and s$bcortical
stluctures. I¡ the ycueg a¡d adult albino rats, 'debstÐr

{'1961) perforn€d local-izêd ccrticå,1 ablations via sûct j.ca

or thernoccagulation and suÌ:seguently traced thê pattëEn

of retrograrìe degeneration traced, usirg t.he çolgi rapid
eeÈhod, garc¡irs m€thod and the l{auta nethod. H€¡ster

shoïed tla+- all rats lith ccrtical ablat.ioas exhibited
striatal d€gêneraticn, tthaûges iE thê position of the

lesion çroduce changes in thê locat.ioris of th¿ regj.oc of
the striâtüE found to contain d€g€n€ratiÕn. Th€ striatal
degereratj-on is soxe *id€sFr€ad dorsally ihan neaxêr thè
pal1iûum,r. Therê ¡ere no axo¡al teEmitration in the

pa1li<lun. In aädition,th€ striata]" dêgeûe.ratiorÌ 1¡ôs

cÐllsid€r€d termiEal becausc thc àuta Ð Gygax {195q}



¡¡êi-bsd shoHÈd cctapl,êx n€sts of dcgerìerating arons around

striatal ce1ls. Scne of th€ ccrtico-stEiate fi"bers ïrerÊ

collateîals cf axcus i¡ tle intêrna-l_ capsulê. t{cst

inportantly, 1{€bst€E describ€d that the cûrtico-striate
prcj€ctian is topographically vell organj_zed i.n both

anteric¡ pcsterio¡ and !ì€diÕläteral planes, aûd is
derived frcfi yidesprêad areas of thÊ cortex, p¡obably

J-ncluding tbe audj-tory a¡d visua3' areas. ¡tith cats
F€bstÈr (X965 ) ial€rtiti€¡l a sifij_ìâr array¡gement ¡rith the

€rceptio thåt thç rat. thê strj"atün is not dividecl into
cauðate rucleus and putan€n, shjlê thè cat striatun is.
ïn both stuôies the author taile¿ to observe striate-
cortical prajêctions. sinilar rêsu1ts dere found i¡
¡nonkeys by ¡¡auta ('1964) , and Euranatt { X961} . Kanp and

Po rrel"l- {19?0) studi€d th€ ccrticc-striat€ consections in
aãü].t nãcaque ncnkeys. Lsing uauta techÈique, they found

that: {1, all parts of the {ortêx send fibers to thê

strj-ô.tup i! toFagraphically nêl1 organized fashion. .In

the frontal- lcbê the cort€x of th€ nedj-al su fac€

proj€cts dorsa.Lly in the striatuB, that of the lateral
surfacê latËra11T aÐd the orbitaL su¡face oeilial-ly. {2)

PosÈe¡iorly tle arra¡qenênt is rcdified in ¡elatioB to

t}¡e deveLcfûÈnt of the t€nporal 1obe. {3} projectioos

from the scnatosensory and notor år€a j-s larEe lrhile that
fcon the visuaL arça is tåe sca.llest. {4} Thê sensorimo-

tor and frontal asscci.ati.o¡ cort€r are xêlated to the

caüdaÈ€ nucleus { aT:d, in particular, to the large part

of thê head and the Fa.EietotemFora 1 "¡.obe to the body and



tail cf thê nuclèus. Kenp specitically poiltêd out that
rtbere i.s topcazaphic pËaj€ctiÕ.B.s but nultiple in¡ersa-
tion froü dLff€reÐt corticaf ar€as uçon one strÍatat
regj.orì!r. Kemfr et alrs { 19 '? C ; 1 9 6I ) stu díes are in agree-

n€nt Trith thcs€ by carnae Ët al {1965), Nauta {1961¿} and

Ðivic et al {1967}.

Indirectly , ¡lettler , ncvds an¡1 crundfest {l 952} ,
anil Harnan (1954) fûrrûd ¿ decreasê iÐ Èhe ¡rolune of thê

caì¡alatÈ üucleus in qoã,<èTs afte¡ êxtirpation of thë

premotor and orhital cortex. But nrmolenko( f969) '.{as the
fj.rst to rêtort ililect st riato -co¡È ica 1 prcjections.
i¡silg cats as subjects, Ereolelko pêrforsed electro-
soagùlaticn of the rostraL part of th€ heaal of the rj-ght
caüdate ûuc.Lêrìs. the brains r€r€ fixed in 10% forsatinê
anil sêctioned tÉn days lilt€r ¡¡ith Nissl_rs mçthod. He

fouod that- there is direct Froj€ction fro$ t.he rostral
part, of the h€êil of thê caudate ¡ucleus to the prefro¡ltal
orbitê1, ante:ior 1i-sìbic 32 and secondary sonatosensory

cortical- ar€as. Prêt€rninaL ciegêneration of axons from

the h=acl of the cauilat€ nuclêus !,as found in the

ipsil-ate ai. cortical area 6. Destructíon of the rost¡o-
central part of th€ head produced degenarat.io! ia the

a¡terio! part af signoid gyrus. DesÈructioll of tÀe

rostro-nedic-vent,ra1 part af tb€ heail prodüc€.l aiegenera-

tj-on in the ant,e¡i.cr part cl area 4. proj€ctio! of th€

dorso-ü€diaL and cêntra1 aE€as cf the rostral part of, the

head cf tåe caudatÊ on the frontal cortsr partially



oyÊrlap. Thê câudai:€ Fart cf the !ìead had nore exÈe¡síve

cortical cc¡recti-orÌs as destructio¡ of the arèa causeal

degeneratÍcn ot larg€ ¡unber of filers of neðium and thin
caliber ard of the thånnest prÈteruiaals in the prenotor,

üotÕr Ðrtital, s€ccndary scnatosensory a¡al limbic ccrtic-
a1 arêas. Eut. the aìtÈhor felt t.hat a ncre e¡.tënsive

study of the saudal- part is needeå. Thsse findings
sugq€sted that. inpulses from the caualate nucleus may

reach tbe cortex dir€ctLy by-passing the internediate
subcorticel structurÊs ,ie., putaüen, glo¡lr¡s palu_dÐs anal

no¡specific thalaric nucfei. r|It defir¡itely exte¡ds the

concÈpt of integraton bet¡c€en caìldate nucleus and cortexrl

lEr[o1enkc,1969] .

å!atonical êvidence for the existencs of frontstha-
.1anic a¡d ot frontosubthalamic pËojêctio¡s sÈxe al_so

pr e sê.n +". Itlauta ( 19ú¿t) obse¡veð p¡efror¡tothala m ic
degênêEatic:ì in the nonspecifíc lhala¡ric nuclei, the

reticuLar ¡ucleus and thê nidl.ine region of the intrala-
ninar thalaE j.c c. pl€L, Jchessn (19611 : Joh&son t CLè-

üeüte {19591 , aåð Szabo {1962} all shose¡l that. the

pallidum prajects tÕ thê r€ntra1 1atêEa1 thalanic nuc-

leus. Ilol¿€i,er the existencê Õf a d.irect caüdato-t halamic

co¡nectio¡ is not $€11 aloc¡tr,êated at present {Buchrald
and ñu11, 1Só?l. l'rcs the sutthaLanus thêre is a fibêr
passage rÊaching thè rostral nrilbraia tegmentun especi.al-

ly th€se anatanical coBs j.deE atio ns, T sha11 tuln to
behayicural stud.j-es coacerning thê €ffects on ¿çlalred



respons€ lia various experimentê1 nanipulåtiorìs of thesê

cortical ar]d sutcortical stru¡tures. itore specif ical ly,
Êmphasis shall be oû th€ ri¡hibitory processes and

delayeil resÍcnses.

SehavÍourã1 Tâsk

fionorski and his colleagues hav€ devoted over terì

yêars in stualying the r€Iatj.onship betn€en frontal IahÊ
.daüag€s and perfcrmance in thê d€layed r+sponse paradigr

{Lai{ika, 195'! r1959; KoÐor"Ski aa<l Laruika, 1959; ¿aeika anrl

i{onorsJ<i, 1959; Ëonorski 19ó1a"19ó1tr; Konorski a¡d La¡rika,

1964i Ko!¡orski,1967) . Thê ger'¡êra1 proceal ir¡ €s of the

delayeil rèsFonse paradign Õf this rethod arè ês fo11oü:

ia th€ first phas€ the aniual is taught to ¡eceive focd
in tro cr ncre plac€s; and in the sècond phase, the

lo{atio¡ of food is sj-gJ¡aLl€d to the subject prior to the

starÈ of thê trial. Both the accuracy arid thè speed of
responding are controlLed by th€ tenporal inte¡val { iê.
the delay ) bâtreen tbê offset of th€ signal a.nd th€

onset of the trial. Ia ßôst âe.Layed response proc€düres

the aninal is canfineå in tft€ staf,ting platform, .A

stimulus is given i-ndicating the location of xeüard. In
som€ expexim€rìts such a stiûulus is provided by baitiag
one ol the focd bo$ls in frcnt óf the anj.Eal" ÀlÈerna-

tively v.isüa1 , aüditÕ::y or lçi,nest het:c cuès are utilized
in th€ dè].ayed altexnatj-c¡ frac€durê Ín rhich t'he preced-

ing respons€ is a cüe for th€ !]€xt responsê, Konorskirs
anaLysis ol the delayed r€sFcnse paradigrl asserts that

10



th4 instru[êntal r€spùnse of apFroaching Èhe apprcpriate
.f,ood scurc€ is cc¡trcl.leil by ccüpoì¡nd CSs. Onê êl-€n €nt

of the coDpcund CS is â trac€ of thè prèperatory stinulus
vhi]e the ct.her €Lêsìetts aîe the releasiog st.iIûu1us

conmùn for al"1 iÐsÈrueental r€sponses. The most import-
üent facts cbtaired can be sunsari"èd into fi.ve pcints:
{1} in nornå} doqs and cats t}e coxrecÈ r€sponse occurs

Íegardless of assu €d bodily ¿rie¡tation ituring the delay
interval; {2} the cörrect delayed rêsponses ia nornal
animals generally can occür after a dê1ayêö period of as

long as three ri¡utès fcr cats aîil of ten ninutes or ¡nor€

fÕr dogs. {3) distractions j¡ttr.duced durì-ng the delay

]]eriod do not generally icpair the dÐlayed .rêsponse

perfor ance: {4) thè deLay€d rêsponse re$aiÐ cÕrrect ¡rheû

thêre is a screer a¡ou¡d th€ startiãg platfore to black
the subj€ct(s) rs liêu of tle re*a¡d cups; and {4t in the
double signal test in Ðhj.ch tl¡o f€eô€rs are sigqall-ed i¡
innèdiate sùccession in the same t¡íal, ss usaally
approacå tbe $orê rece.útLy sigaaÌled feed.er first.
Srontal l-cbe Lêsiors i¡ th€ ârêa cf prefroÐtaI pol€s

rostral to tle presylvian sulcus produced sêvere impair-
nent of the dÊ1aïed r€spoßs€. Corrgrt Fêrfo¡nance -¡|êca.m€

sêccnd.ary to a co¡xsct boðy orientation ilnring the de.lay

period, and Tith j.ntroductiÐn of distraction, correct
rêsponce is reducêd to chanc€ t€Tel. BIltíl 1961, Konots-

k.i con-sidereil th€ d€layeil resfolsÈs a form of pavl-Õvian

tcac€ coÞd.itic¡ing, arð he attributed the inpairnênt to
thè dêstructíc.B of b¡ail ar€a concerred. ¡qith ¡ecent

11



iûemory of t Le di¡ecticnal cr€s. In addition tc d.j-scüs-

sing the rc1€ of pref r cntat -les iÕn - in ducêd daaage tÕ

Pavlovj-an itìhíbitory CÊts {195?,1959), Konorski ass¡lned

that lrofrcntel l€sions also 1Ëad to a inpairnênt of tl¡ê

neuronal nechar¡ism cf reve¡bçratiüg ciïcuits in genetal

and th€retore of al1 cc¡tical inhibitory procêsses

{KoBorski, 19ú'l b} . Thus, b€Jrre the end of 1961,

l(onoxsi{irs htpothesis conc€ntrat€ii o! the cortical iûhi-
bi-tôry p.rocessçs, frontaJ- lcbê Lesioa anil delay response.

sinc€ the!, Kcncrski and cc11êagùes havê develop€d anoth-

er hypotbËsís to account fcr th€ effect. of frc.ntal lobe

lesicn o¡ì deLal respo¡ìs€, nanely that of kinesthetic
gnosis of spacial r€latiÕns {1ç6?} . This hypothesis

sh¿1l be ali.scussêd j-n a latêr scclion"
Lesion Exp€rimênts

In Ncrth Anèxica, th€ coÞcêpt of act inhj.bition ças

first put forth by StanLey anal Jay¡les {1949} and thel
attribut€d thê frantal-Lch€ 1esi.on í¡duceâ behavi_oq¡al

inpaitnent to thê danage irt tir€ neural- nèchani-sn co¡]cêtn-

i¡g act inÀibitioa, Às guotêd bI Erutkoflski {1963, 1964,

19651 , B- Shustin shoced tl¡at .ia dogs sith frcBtal lcbê

danagê the Í)r€yioBsly trained CEs are oftën replaced by a

varieiy of spcntaneous &oto! r¡conilitionëal Eêf,1€xes. Tn

Brutko?rslíts €xp€rinent, h€ tr.a i!ìêd dogs to ptace th€

rig.ht fcrelinbs o¿ the food tlay cfl presentation of a Cs

in a condj"tiol€d reflex rôcÍt. Aftex large frontaL les j.on

involving the presrucj-at€ ar€a, the S executêd the Cf
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continuously eve¡ i¡ tbe abs€¡c€ cf the CS. "Fresunab.]-y
a cèl€asê nÈchânism accounts for +.hesa notÕr ûanifesta-
tj-o¡s, si¡tc€ th€ï al-1 rêrê c1êarly c¡servabl€ in th€

p¡elimi¡ary F€rio¿l of testingn (Brutkorski, 1955).

Konorski {1951) suümariz.d tàe sofk on act iühi¡i-
tion frcm t}êir Labcratory. Dcgs Here train€d to perfora

ìfarious tyF€s of €xcitatcry and inhibitory cRs. Thê

prefronta]. lesion incl"üding tite fronta I poles rostral tô
th€ presylvia¡ sulcus {Í.e", gyrus prorêus, gyËus subpro-

teus a¡d the a]]terior pârt of g}¡us or.l]itâlis and the

subjacênt l{hj.t€ $atter) uer€ th€Þ renor€ti. postopêrâtire

testing showed ",hat positivc ûRs uere èithêr Eorual or

enha¡c€d. ehile ixhibitory CAs fl€re ilisinhibited. ?his
sas the case Écr both alinêrìtary and d€fensive CRs. this
effêct ås attributed to inpairßent of, internâ1 inhibi-
tÍon, rchich, acrorðing to ¡{c¡orski, ¡{as båsed on the

fornaticn of inhíbj.tory ccn¡êctio¡s bêtueen t.he centra.l-

reprêsentaticns of the CS aîd I'CS, alongc1th the ercita-
tory ccnn*ctiôns f orm{åd €arfier . Also prefron tal
.lesions ßay eiiher prod.uc€ r€latively pure drive dísinl¡i-
bition, $h€n t.¡€ lesicn j-s l¿ûi-t€d to the ff,ontal pÕIes,

o! to ûotox r€spo¡ts€ atisi¡hi_bition nhen the lesion
encrðaches upon the precruciate area.

Ðrnsh €t al, (19f 'l] traineð rhesus aorlkeys Õn a

seEies af 11-t¡j-al object ðj-scrini.ni¡tÍon Èask presentèd

at the rate of three proble¡lts p€r day unõel t!.o åiffêrent
condi.tiaÐs cf Èest.i.ng j-n a mcdifietl gi,sconsin çeneral



Test Açparatus. ]n the :rbait€dtr condition, t.he chaice of
oûê o¡j€ct- of tls paj"r ô¡ the first trial was ðlHays

associat€d vj-th â revard, a¡d c¡ the remainj-ãg 10 trials
th€ S ãas requ1r€d tc choos€ the saae ob j€ct, In tþe

'ru¡¡aited.'f con¿iticn the choic€ of an objecÈ of the pair
in the first trial bas nes€r associateal i¡j"th a r€saxd,

and on th€ su.lls€guent 10 trìals the S râs ¡êguis€d tc
choose Èhê cthÈË o¡ ject.. ¡ihi1ê nr inpairment occurretl in
the !rbaitêdü conilit.icn, t¡e fra¡tal Ss perforned poorly

on th€ rrunbait€dtr probtem. On the assunption that the

object chci,ces on t¡e fisst trials ïère dête¡mined ¡y
åversicns and preferêtces fcr Õne object over the cther,
the Foor performance in the r¡unbaitedte condition sas

ascribêd ta the frcniaL arinâ]st grâat persistelce or

in€rtia of their i.nitial sêtstt. Brush êt a1 ., thus

suggesteil tlat. aninals ¡{j-tl¡ frcntal ablations had Ìlif f j--

culty in wj-thbc1äi¡q any strong approach t€nd€ncy result-
ing frcm trai¡Íng or prefereace, thereby perseverating cn

one respons€ to thê excLusicn of othexs. Impairne¡t on

¿iffêrêÐtiation a¡d dêlay€d rësIcnsè tasks 1jer€ also
attributed to the san€ ètfêcts (Battig et al, 19ó0, '1962;

Brush et â1, 196'li Brstkolrski êt al, 19ó3 ; H ishkin,
1964) .

Battig, Eosvolal and t{ishkj-n {1960) tested nonkeys

with caudãt€ and frcntal lesions i¡ì dê}ayêd a"ì.t.êrnat j-an

and delayeil respcns€ t€sts, Th€ delayeil respoÈsè train-
ing cclsi.st.€d Õf tìro phas€s. In phase f therê ¡{as
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neither a d€lay nÐr a screê¡¡ A Feanut uas pl-aced in thÊ

left oE rj"ght. tcodr,rel-l" Thèn tloth {el1s sê.e cove rêd

lrith nêutrô.1-gray cårdboard plaques ânC the aninal ras

aIlo!¡Èd to nakê ê rloice. lr] Fhas€ If, thêre ïas nc

def,ay but a scr€ê¡ì rras inttoduc€d an4 1rì phase IIT, both

screen and d€lay $.:e int.rcduc€d. Delay eas graduall.y

increased f,rcm t!¡o to ten sêconds j-n steps ôf 1 second.s.

Bilateral lesi-on of, do1:so:_ateral t.ont.a1 cortex a¡d of

the h€ad of tle caudate nrclêus bcth protluced impairn€nt

on th€ tso tesÈs erFloyed, ¡ut the nag¡itudê ûf öeficit
¡,as gr€at€r rith t.hè f ¡ontal grct¡F " Tn addj-tion têsts oTl

the àl"tertation in thê autonatic appaEatËs ¡rerê nost

severel-y inFair€d, an etfêct lrlj.ch th€ authÐrs attrit¡uted
to th€ rèlativê}y sfiall€r .cùnìber cf stimulus cues iñ t.he

test situatioü. Àhsioi:'aE tr€¡d of results as observÈd

in a go-no-go dåscriûination task {Battig et al-, .l962 ),
In the 1962 stlrdy th.e aut.bors studieä the ccrûparat ivê
€ffects of bilateral frontaL ând of the head of caudate

ûucleüs l€sicf¡ on I{CTA gð-no-go aEdi.torT discrininatio¡
j.rì adult ràesus ûo¡keys, ï,ith a vi_e}I to find oirt if
di.scxj-Einatioa alrl d.+l-ayçd response wer€ ãìediated via the

sane ¡êurâ1 m€chanisn. I¡ th€ testing sitllaticã 5s fi€r€

present€d ìJith a Fa*€j-tivç 1000 I{z tone or a negatj. v€

uhite ncise. The subj€ct üas traj.neC to rêach for ¡e*ard

coverêal undêr a 3 1n. square gray cardbÐard *rithin 5

sec. or: to rèfrai! fron reachiftg lrith prêseÞtation of
the negat.ive CS. O:r colour dÍscriminatioû, reil sígnalëd

revaEd r¡hj.1€ green signa].€d $ot-rèwärd, Thê res¡rlts
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sho!¡eC that (1) botà bilat.€raL abl-ation Õf the dorsotät-
er äl- prefrontal cort€x and cf, thê head of the câüdat€

nucleus imFaj-rcd D8 and discri-mj.¡ation tasks; and {21 the

fûrm€Ë type of lesicn prcdur€d greater inpairnent,

ßisiÌkin 11962, l9ó4) studlêd effects cf orbital
frol}tal a!C .Lateral lesicns on visual and aüd:_tory

iliscrirj.natioa, l€ar!ìi.ng s€t, discrinj_naÈion reversaln
one-trial leaE¡inq and spatial r€v€!sal, Theif results
shoved that th. perf,crnance €f th€ lateraL f ro¡ta.l grrup

vas b€tt.€r than that c.f th€ o¡bital group on all tasks

excep! cn .ÐR, althougþ perfcr ance deficÍts Here detectrd.

for both gEoups. Thè aBthcr postulated that fro¿tal"
1êsi.on prcduced Loss Õf act inbil¡it.ion. Th€ great€r

iepairüent produceC by th€ late¡al lesion *¡as an €ffect
of bot.h Í,ea¡<ened act inhibition and spatial elenents.

Brutkor.ski (13ó3, 1964, 19651 stìtdied the s€quela€

Õf paxtia I .lesions j.n dogs. The persevêration of
respo¡¡se ras prcdùced by lesio¡s of the dorsolatèral
portion of the pretrontêl ccrtex on1y. His dogs ir€re

tr ainêd ån a condít.ioning €xp€rimeJìt ån w.hich both

posj-tive and j-lthibi tory trials !.ëre presented. oD a

scl¡eilule ct either 15 s€c. or I min. intertriai
j-ntervals. Àfter the lesicn, iüpair €nt cccurreil only in
th€ shcrt int€r?al schedr¡le" üe sìtggested that deficiès
refl€ct€d pËrseveEation since perseveration should be

greater at shorter inte¡vals. Às support. for the hypo-

thçsis that the frontal cort€r is aE essêntial siructuxê



in act iahibiticn, Burtkci*ski quoted Lukaszeyska {1963,

1965) . His studies sholred that ¡or$a1 rat *hicÌ¡ had

.el-atively little frontal ccrtex also had a rena¡kable

pe!:serêrat j.c¡ tçBd€¡cy. Such a tend.€ûcy, hovevêr, could

be overcome uith lonq ter6 trai¡ing, sl¡ggest.ing thaÈ thê

frcntal arÊa in¡at ditfers tron cthe. species by êxerting
a suppressi g êctio¡ on the nechanism ëxpressing perse-

veratic¡. I'drthermore, this {as conf irtnêô by t.he bilat-
eral r€moval cf tbe aotericr tip of forel¡¡ai,n whicb

pr o duc€ al per anÊnt pers€geraticx.

Ìn aöditicn Divac 11968 ) in a comparison of the

rëlative imFoEtar¡ce of pr€frcntal cortêÌ a¡d of the head

of cauðatê ¡{¡cleus cn d€l-ay€d Tesponse, stDdied the

effects of lesian i-n 15 adult cats. The Ss rere trained
to apliroach either th€ left or rigàt feeder acc.ording lc
Gêllernan se¡ies fo! r€j.rfcrceFent. Tn thê delay protrlen

the pr€paratoEy aüdit-ory CS 1âsted for 3 s€c., after
trhich the delay b€gan. Th€ 5 !¡as released upoû teEuina-

tiÕn of the delay, and ras re:¡arileð rith a corr€ct
rêsFonse. îhe Celay qas introduced i.R steps of 0, 5, 15,

anal 3C sêc. ûpon achie?ing a crÍÈerion of 90S corlert
xesponses ttêy $ere têst€d lith äistractions of {1}

lowered hood shich pxerênÈêd visual contact nith the

s1trroùnd.iìg, aiurilg the úid¿1e 20 sÈc. of the 30 sec.

delay, and (2J dêliverisg rincêd. neat for 10 sec. dÐriÐg

thê ûidd.lê cf the 30 s€c. delay. Ss then underT.ent

surgery Ín px€f¡o$ta1; ant.Êriar caüdate; ô.tlter j,or caud.at€
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aJìd prefrontal; Éost.erior caudâtë ox no cpêration.
Eêtênticn s€ssicns cû¡dr¡ctêd 20 days afte¡ th€ operai_icns

sho{real t.hat 11) both f,ronta_L and caudate lesions sig¡ìj"f i-
cantl-y incr€as€d tbe runbêr cf êrxors in the DR tèst; {2}

effects of the caudate lesi¡n xere greater in oagnj.tudê

thân thcse cf the Ëro¡ta]- lesion. f hj,s resuit cha-]-tr-engecl

ãÐsvolcits {'l 958,, Eattigrs {1960, 1962t and Ðivacrs

{l96?, 1968) s+-ateaeat that th€ caudate nücleus subserses

thê .Saüe fì¡nctiÕn as th€ fro¡ta.L input area bì:t to a

less€r deqr€ê. this apparênt discrepascy flas attributed
by Divac to speöies difËe!€ãc€s -- the pEefro¡tal cort€x
p1ðys a lêss inpo¡tanÈ rol€ in the cat, *j-th rêgard tc
the rlelaye d rêsFcns€ pêrfcrra¡ce. {3} Both control and

experinênta1 Ss shc €d significant. inprovement in the

coü.rsÐ of Fcst-cFerative t€stißç sessions" BÐdy orienta-
ticn düriìlg the d€l-ey ras sho$n to be related. to èrro¡ ir
pêrfornãnc€ âs alnost a.lL incorrect orientatj.on endeä jn

erroaêcus resço¡ìsê. ¡lolf€lrêr, pcsi-tiot habit might be a

consegueÊce ¡ather than th€ causê of an Srs inabij.j_ty tÐ

sÐ.lve the task {Ðivac, 1968¡ Cross end Ðeiskrantz. 1964!.

Ðivac f urth€r sho €d that êvên a correct t¡odÏ orie tation
ðíd not n€ce-csari]-y f,€ad tÕ a ccrrect cho!.ce, contradict-
ing Laeiska aod .Konorskirs .bs€xeat.ion í¡ Aogs {1959}.

Tn their âtteapt to clarify the rolê of cardale
nqcle{¡s i¡ respons€ i.näihiticîr, ¡ox, Kisble and Lickey

{1964} perfarmed. tnc stage ¡ilateral electrolytic l-esion

in tàe cats to ilêt€Î&Ín€ i.f, lesions cf caud.ate llnclêrìs
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ìÈou1d proalqce pe¡formance impairrìÊnt. Th€ experieental
anj-ûals veÌe substantially inferior to the nornals ilt
thêir abilit.y to iîhj-bit th€ instruûêntaI feeding

cespcrlse in thè passive avoidanc€ sltuation as j_ndicated

by failure of 5s tc rj_thhal-d enteriag the feeðing box.

Sincè thè caùda-Lê Ss {ere not riitf€rerìt frÕn the ncrea-ls

in acquisJ-tion af an ir¡strüniental fèêdir¡g resÞcnsê, the

deficit ïas not j-n 1€arning ability.' ¡leither ifi:re there

ilèf j.c j-ts cr actire avoidanc€ behaviour. they coaclüdê¡l

that the aaudã.te plays a rcl_e mèdiating fronÈal and

anÈeri.or Li.Fb,ic inbibitj.oB in passi!e aroidanc€ ta€ks.

Chcrover anil cross {1963) studiecl thê t¡ehavåoural

effect of bilateraL el-eclrctltic ]_esio! of the heâd of
the caudate nr¡cleus in hücd€d rats. Basicatly animals

neEe train€al i¡ a tno-l_ey€E bca for fooå. Each lÈvët
press tïìat. folLoc€d a respons€ to the oppositê lev€r
result€d in delivery cf tccd Fêl-l€t. I¡ the acguisi,tion
group, the ca!.¡dat.€ ss ïerê sarkeil].y i¡ferior to boÈh

posterior cortical lesioned and the nornal ccntrol Ss.

?he san€ tyfe of xes lts liere obtainêå vith thê r€tention
group. Iloû€v€f , th€ caudate animals ?¡ere apparentl]
norma:- il ä flÊbb-l{j.l,lians $aze J.earninq. fhus the hëad

of the aauilate nucl-€us ¡¡as co¡siðeced a n*cessaly struc-
t.ure f cr a¿equa+-e altçreatic¡l perf ornance.

Scà$artzlaun anü Ðoncvj-ck {19681 studted the effect
ûf sêptã]. ald caudãte lesioûs on brightness ênd spatial-

discrinj,nat.ion and rerersal-. Th€y attempted to provide a



oo.re plecise descríptj-cn cf tiì€ perseverative dìsorder
subsequert to disruption ûf ti€ l|r*ospcnse inhibitionrr.
å11 exF€risìeats were conducted Hith rats j.n the shuttle-
tox type ot dËric€. The authcrs fouad t.hêt septal"

lêsions sel€ctiyèIy Ímpair€d Íev€Esal of spâtial but. not

brightness, discrimi.¡atj_on. cau¿latÈ lesions, o:t thê

ot.her han<l , {isr¡pt€al brlghtñêss ilisc'r iûìinâtioa. That

the ca u(laÈê - lesiûn€i! ss shûHed a hiqher incidence of
response iî tlì€ incorrêct cc$pactû€¡t ìrås cônsidèred

evide¡ce of spatial oriëntaticn disr{ptioiß, ì{hi l"e thê

alata agr€êd !r j.th their earLi€Ë .res¡tlts using stimulatíon,
th+ authors oeotioncd that th€ tests could not rulê out

sone ccnncnality of operation of th€ tug st.rilctur€s

{Ðonoyick äßd Schrartzbaum, 196ó, 1959).

Gccdnan , Sosvold and I'itishhin {19?ül siuatied t.h€

êffects cf ¡:lef :ontal lobêctcmy in lnfant anil juvenile
rhesus r¡ctk€ys on the dÈ1alr€d respo¡se t.aslçs. Thes€ ages

eêre sêl€ct€d so i.bat the infant s rêre Õperated yell

befcre ïhi]€ lhe jïvenil-es üere operateil vetl aft€r thê
üaturation cf d € Ia yed -respcxse capacity yhich develops in
th€ nor¡al nork€ys b€t$een 4 - 8 ücnths of agê {HarlÕ{ €t
â1, 1!68; Earlo €t al, 1960). The Ss ¡rere traj,ned in a

!úisconsin c€¡.xal Test Apparåtus, containing a stationarl
tesÈ traÏ uith tuÒ recess€d Tè1,ls, 'lJ in. apart. À1I

suliiects H€rê traj-n€d on de.låy€d responsè, d€Lay€d-

alternation aril visual-patt€rtr discriei¡ation tasks" The

resul-ts shoyeil that p¡efrontal Lobectony caused Learning
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deficits or all tasks far both groups, fn *-he case cf
th€ d€lay€d-alt€rnâticn task, tlê operation producèd a

qreater eff€c¿ in th€ oldêr Ss, trut perfornance lJas

better in th€ .lal€r ¡ol8al Ss. The authors attributed
the pattern of raüage to inpairnent it a function
[ediat€d by th.e arbita] cortêx, which, in contras¿ to
d.orsolat€ra1 tunction {trkèrt, et a1, 1960} j.s not coüp€n-

sat€d by êarl.y renoval. H¿rlor et aì" (1963¡ 19ó4¡ have

showed t.hat dorsolâtefal_ Frefrûntal lobectony Frod. ucê

dê1ay€d-r€stonse alef,iciÈs only ílÌ üonkeys 5 Bonths ol-d or
ovêr .

TÕ study the neural_ nechanisms canceEneal Ðith rëgil-
laÈicn a.f respansÍvity and 1atê¡alizatiort i¡ neural

orgarj.zatia.a, HansiÎ9, Scbrartzbaur a d ?honpson { 1969 )
studied th€ Èftècts of uìi.1at€raI and bilat€ral câudate

nucleus lesiox cn rats in ls-sec. TI anrl 1-niî EI
schedu.les. ss {s Ee train€il tû prèss leve¡ i_n !ryo-lèver
box for 8% sucrcsë so]uticn. Ðaily s€ssioûs $€r€ gireD

alternatj.vell¡ ith each cl the tHo l"ever. The resìjlts
flêr€ as .tcl.lo!ìs: t nilat€xal caudate lesibns causÐd a

comFl-€t€ cessaÈion cf lev€r pr€ssjng ¡¡ith the contralãt-
eral pau. BetrailtÍng sas nct successful" Even yhen

attract€d ta the levêr, the S did not reach pre-operative

level of p€rforüance. l{ith ii seõcnd-stagê caudat€ J.esion

of the opposì-te sidê, scû€ Ss fail-èd to rêspðnd sith
€itlìer f or€ Fa'¡i, ùh.iLe sÕne ss shoyed a recoy+ry f rom an

od¿ patlex¡ of depressed respcûsâ {ith th€ forepau
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contrary to Èhê seco:ìd 1ësicn. The cortical ].esio¡ vhiclr

inclùC€d thê sensorimclor areas although s¡rfficieet tc
induce traBsiÈrìt paralysis of contralateral l-imbs and

ilisturtanc€ in placing rèacticns, aliå not .iopede 1€vêr

pressinE ûj.th t.he contralatêra1 fcrepalc. ûne-stag€

bil"at€ral casdat€ l-esions did ¡ct p¡oal$cè any systenatic
behaviou¡al- chaoges oB tl¡e VT scheCule but shor¡Êd a

significant shift in the t€npor:al distribì¡tion cf
responses dur3.ng th€ first hal.T of eacb FI. t¡r¡ilat€ral
Iesion (f tb€ samê subcortical arça did not producê aãy

delocnstra.bl€ charges in p€rfoxnance. ûn thê othêr ha¡d,

Hhile uDilateral caùdate l€sica proãuced a signifåcant
decrease in r€sFcnse rate rith th* coatra-latêra1 .linb,
hil-ateral cau{lat€ ]esían prcdüc€d no slsteEatic shift in
toFcAraphy cf rê.pÕ¡sè, though it Aid inc¡ease the

tàangês j.Tl respoßse pattera í¡ aË absolute s€nsê. fh€

authors attributÊd t.hê changes to lesioa-induced distr¡r-
bance in tb€ initiaticn o behavicur, flhich is a function
of the striato-pallidal systen {HaBsing, et ê1, l96B;

Ðênny -Br ûÐn . 19621 .

ELêctrical Stiüüfatj-ot Expêfin€nts

Turning to Èir€ exp€riÍ:€nts using €lect¡íca1 stioula-
ticn, c¡* is inpressed by the relativë consiste¡cy in the

Eesults obtai[ed f¡an ditfèr€nt la¡orat.oriês. The $crk

of 8uc.¡1ra1d, myers, ¿aupr€càt and äèuser { 1961 ) sho¡r€d

Èhat lov tr€gu€ncï stiüu"laticn of thè cauilat€ nucl_€us

{?0?, .01 ns€c. at 5 sec" intêrvals } activated
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j.tìhj'bitcry F.rocesses Þanj.fêsted both by itebavioural
chang€s {eg. fron aL€rtlìess t. drosiDess and sleep ) and

by the occu¡reüce cf rtcaud.at€-sFindlâsr iü t.he el-eciro-
g.rån, ¡rhj.ch is a train of high voltage, rhyth,nical
osciLlatirrl, lasting 3 s€c. j-n aturati_on, uith a latency
of 150 - 200 msec. ). Bottr the -behavioural changes and

the êl€ctrical recordi-ngs cou]-d b€ disinhÍbited by ¡ove1

stiúulation. 4Õ cats s€re used i¡ acute and clironic
èxpçri$€Ilts to study the ccrtj_cal Loci ûf the caudle-

spind.le {BuchwaId et al, 19É1a} . !tith a loH intêasity
singlê shcck, 0.01 nsec. duration, at 5 sec interval, of
the caudate nucleus, ,spiûaile bursts ïèxe picked fron
seïeraL cortical aÐd subcortical- sit€s. The nost Frc-
minent- place for sFi¡illÊ actieÍty ís the ipsilateral
precxuciate {antexi-ôr sigmoì-d gyrus} regÍos of the

cortex" It can also he obt.ai.neå fron contralateral
ant€rior signci.d gyrus, bcth pcsterior g1ri, nost of tìÊ
thalanus, g].obus patliilus, contralatèral caudat€ nucleus,

en tope¿uncü laxis, and septun. The cat¡datë spindìê is
elicitêd at a r€gue¡cï of 1C-12 $z and can be obtained

fron resting or sleeping aDinals and in prepâTatio[s

ex hibiti.ng r€ lati.vêly sl"c* rhythmical elect¡ocortíco-
grans. trt is thüs antagûnisti.c to f unctioni-Dg of th€

ceûtra.]- arcusal systen. In retation to rther brain
arÊâs, the authors sho*ed that €Lë {trocoagulat ion of the

tha-¡-anic ¡ucleüs "e¡tra"l-is anterior ipsilateral to th€
sj-t,e of caudate stinllLatåc¡r sutfresses {ca ud.atä -spind]-ê sfl

at thç ipsilateral cortex but contralatêtal spiadling
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renalns. Witä proLcnged stirula¿ion, the Ss exhiilitèd
decreasing sensitieity to peripher¿Ì stimul-a+-i-on and

graduãJ.ly passi-ng i¡to a statË of dro!.si¡ess and sleep.
Sj-m ltanèous1y, the caudat€ spi¡å1e thre,shold ãec¡eased

ì{hi,le that of duratic¡ incrêas€d. flGsè?èr, at any poÍnt
i¡ the sequ€acê, bot l.r th€ electrical and behavioural-

changes can be revers€al by arousa3. si-inuLation of suf fj_-
Ðient &agnitud.e. Furtàer, the eI€ctrophysio logica 1

effects of central_ aro{¡saL ðar bË compensated for by a¡

increase in tbe para¡ì€tèrs rf caudate stinulation.
rrThes€ results sugqêst. that thè rcaÌrd.ate-spindler is
rel.at€d to ne urclogical prccesses nedj.ating qêneraL bèha-

vioural inàibitÍÕn anai actiÎg antegon1stica]Iy ta
ret icu 1c-t h alaüic aro¡sal Frcc€ssesü {,!96t, l) .

l{Êusêr ët a1,{1961) sùiaülãtèd the caudate nu.cleus

Ðf cats befcre and after separation of the thalanus f¡oÍl
Èhe caüdat€" Tle rêsüLts shored that the caqdate-indüced

co¡tical spindlÈs depend prilari]y on anterior vent.ral-

nuclêus of the thaLirmus. The sanê Tias truê si-th caudatê-

induced cortical d€sIüchron izat.ion . They sugg€st€d the
€xist.eîcê of a caudate-Icop {tha1aÌnüs-caudat,€-anterj"c¡

ve¡tral nuc"Lêus). Depe¡ding c¡ its frequency, this
feedback l-oop can functlc¡ in inhiþitory or facilitory
fashion, But undêr the EÐr!ìa-l circumsta:lce the cauti¿te

acts ia a inhibÍtory nannèr to p:oiluce inhibitio¡ bath

êl*ctrcgraphi..all-y ãnd trÊÌ¡aÍiourally eg. loss of al_erÈ-
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Buchnald et a1, 1961 {Euch¡{â1d, Wy€rs, Laup¡*cht and

Herser) 'implaÀt€d ch¡onic e1€ctroales in cortical a¡d

subcorÈ ical loci to study th€ b€hav j- c¡t¡al- ef fect"s of
stimulating the caudat€ nucl€us and ventral aeto¡io¡
aucleus of the thaLanus in cats. Depending o:ì the

stj-at¡lating paranet.ers, thê h€harioitral conseque!ìces

variêd. All- cats ï€r€ t.Eair€d tc ba¡ Fress on fB-1,
fn-4, and f8-12, and stifrulus threshol_d. ras êstaþlish€d

for each 5. SilateEal- sti-sùlatío! cf the ca¡¡date Þucleus

Has then presented ât fr€quêncies ranging fron 1 pulse/5

sec. ta 5 pul_s€ls€c. Àt th€sê freguencies thêr€ is a

st inulu s-in duce d slorr.i.ng and c€ssatic¡ of response.

¡lhiLê the loTrêa frer¡uencies taus€d a more gradual- real ¡Jc-

titB i.n rèsponse rat€ ¡efore cessatj-or¡ of bar pressing

thâ higher trêguency stinul_aÈio¡ could cause aþrüpt

terminatio¡ cf responsing i¡ the operant situation,
¡Iorever, these 5s r€nûainÊal â1êrt and ori_ented, thoügh

they seemed unccDcêrn€d rrith the 1€ver. Upoïl t€rûination
of tbe stinulaticn, Ss r€su¡ì€d lever press sith a

post -st inu lat icÐ parìse ¡rithcut any chaûge in response

ratÈ as comFared to pre-stimulati.oo bas€line rate. High

frequercy stimulation of th€ caudate at 300 pu1se,/sêc.

on thê cther band, caus€d des ynchroa izat ion of th€

caudatê-spindle uithout cha¡g€s in .overt respo¡se pât-

telnn and it fì€ver increased rate of bar pressing in
hungry Ss, StiuüLatioû of aì S prêvj,ously exhibitèd
10í-treq!¡ençy-stinulation induced cessation of respons€

caus€d tle 5 to resutnê cc¡trc1 rate of lever press"
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Effects Õf tbe stiflìulaticn .n the anteriÕr vent al
thala¡.ic nuclej. plcduced essentialÌy the sanê ¡€sü]ts.
The aui.hors thus ccncludêð tþat t¡€ caudate nucleus is
concerned. ¡¡ith tro separate opposiag functional systees;

a 1c* frequenÕy inhj-¡itory systen ar¿l a Ìrigh f,rëquefrcy

facilitatory systenì. lcoroa]ly th€ caudatê fu[ctions as a

part cf tt€ r}egative f€€dlac¡. s€nðiItg modified signals
fron tle diffuse thalanic nucleus to the ante¡ic¡ ventral

nucl-eüs of the thalaaus, and th€n to the corte*.

In tirÐ I9ó4 paper, BuchHald, gorvath, soltysik a¡d

nÕflìero-Sierra f urthe.r shor{êd that lov frê{uëncy stim¡rla-
tio¡ induced c€ssaticrì of lerer prêss Has not notor

dysfunction. 8at.her, it îas t.he consegue¡ce ot beha-

viruËal irlhibi.tioÐ -- j.n contrast to caudate stinulation
of thê intêrnal, capsule ¡¡àith carË€it the S to b€con€ v€rÏ
a¡rkflaxd or Frëss too lightly to âcèuate the rnani.pulandun,

oftea shovi¡g tr€por of the ccnt ra1ðtexal paî and head,

aûd gen€ra1 uÐresFonsive to exterraL stinulatior.

8user, Bougeu-l- aed Perret {1964) traineil cats to
press leve¡ for fscd. çitì cn€ forel€g. A rêpet.itivê 2

pulse/s€c. seqüences of flashes or clicks sêtved as the

C5" The Ss *ëre implanted cortj_cally rit.h !ècordi¡g
e"¡.ectrodes a¡ìd subccrti.calll $ith stiEulating elêctrod€s.

Isse¡t ial-ly the sase b€havioùral obseryatior¡ sas

repcrt.ed, ¡ith bilateral stinulation of the hÊad of the

caaãat€ rucleùs anü of th€ ni¿line thalanic ¡}ucl€i. Tà€

optiûaL flequency .ras 3/s€c. fo¡ thë caudatê anil ?/s€c.

z6



ior t.he t.hal"amus. ri{hi}e stíEu"Lation produced cessat'iÐr¡

of cordii-ic¡ed response, thalanic siinulatioa had nuch

less effect cÐ tlìe rìor€ tnatural, noveneíìts sllch as

food-seizi¡g , h€aal türû1n9, che¡¡i g anit wa.].king. caud-

ate st.iü¡ulatiûn shor€d nc €ffêct Ðn these ,nat'üa1l

soveú€nts. thå authôrs al_sc r€port€ð a close correlation
betseên el€ctroph?sio1Õgical and behavioural effects.
Threshcld fcr s¡tppressj-on of t.be coBiti.tioned novêsl€rt a¡d

fox cortical- rspindlingr afpeaf,ed to bê of thÊ sain€

magrj-tude. Thì¡s, s.iüiJ'â r to the pceviously q{oted

experinenters, the aüthors co¡sidered. tTle caudate Dùcleus

a d the nídli¡e thalanic aucLei thè iBportant c€nters for
respons€ inhitition, of condÍti.n€C bêhavioür. Bùchva1d,

Ron€ro-Siêrra, Hull a.nd çak€fi€tð {19ó?} sho¡{ed furthêr
that stioulati{r¡ cf bsth tbe caudate nucLeus aïtd Õf the
yentroLateral tbalaaic nucl€us could sÊrve as a discri-
minatirê stinuL{s for eåther th€ plesenc€ or abs€ncê of
rêinfcrcene¡t. Such CS çuãlity cf centlal stinulaÈioÐ

couLil opposÊ tb€ innat€ Ínhj-bitaÊT €ffêcts of stinulatioã
Ðpon crert behâviour. Based on th€se obserya tiors, t hey

ârguçd that thêre is a co¡sld€rablê ovèrLap of neûral

e:.enerits stirsuì.atèd by the iflhibitory stinulüs and by tåe

lêarneð stiBulus.

In tb€ '1957 papê¡, túch!¡al<1, H¡¡l-l

correlät€d betr€êü unit activity, IEG

stirulation ûf the h€ad af thê caudate

tàa1a üs. I¿ trcbronicr! cats, paraIle1s

a ncl Tr acht€nb er g

and êffects of

nucleus and thë

¡€ts€ex bêhä-
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vioural a:ìd êlect_rophysiolcgical activity ¡¡ere obs€rïed.

5tìmulaticn of these sit€s i-ncuc€d an inhi_bi_ti.n of the

unft activítÏ yhos€ dìtratío¡ is ciosel-y assoc.iât€al n j.tÌ¡

th€ cns€t Õf EEG spindles, gith a corlconita¡t e¡(tracellu-
lar positiy€ slo*r uave¡ fle inhit¡ition sas abolishetl
chen aifere¡t , j.nputs rer€ paired $ith the inhitlitory
stimulus.

Staüe a¡d Rcs€¡ {1959} studiêil t.hê r€}atiðû betïèen

electrical stinuIâticn and stêaily potê¡tial sh j_fts in
pref[ontal cortex in four sonk€]ls {iurj.ng delay€al resFonse

perforûance. Eipolär st'1ûul-ation consisting of Z s€c.

trains of 1 nsâc. pül-ses at the rate of 50 puls€s,/sec.

ryas deliver€d ta tbe prj-aciça.l- su1c1¡s contralateral to
the rêsponau-lg hand. Ccrr€ct Eesponsê fcr each S Ías
disrupted if the stiorlêtLc¡ t¡aia ¡ras prêse¡teil duri.ag

the fiEst seccnal of d€lay. Thë r€cordiûg shoseà that the

eaqnítl¡d€ of negative steady potêntíal- shift froú pre-
frÕn¿ål cortêx *as r€Lated tr the rates of correct and

irccrrsct respc¡s€, the highêr nag¡itude ïas r€l_atêil to
higher corr€ct r€sFc!ìse rat€.s, suggesting that thê shifts
reflected th€ state of €xcitation of thË ünü€rlying
neutal eLen€ t. Th€y coûcludêd that th€ cortical_ segme¡t

of pricj-pal su.lcus in contralatera]. henisphêre Has cr¡l-
cialty inplicat€d in the DR task c¡l.y during/ the tìrief
period befcre and after th€ begianì-ng of ùhê ¿elêy

interval.

¿ð



D€adryl-€r a d ¡iyexs { 19?0 I st died the effects of

interp.låi-€d septal and casdate stinulation ûn ÐRI, per-

formarce i¡ al-þinô xats ( 197A1 , lrith a vies tÕ tleternine

th€ pcilt xithi¡ tàe ¿lelay íît€rvãl ch€re stiDu.lation of

eithër structu.re naxåna]1y istlilêncês DRf perfordanc€,

The experímênt ccnsisted of six daily sessioãs to ¿ach of

three i terpclat€d sti¡rulatic¡ coniliti-o¡s. thê thxèe

interresponse tj.më cl-asses s€r€ : the earJ-y {0 - 4.3

sec.) thê !Ìiddle {4,4 - 8"7 sec. } and th€ lat€ {11.0 -
15.4 s€c") intêrresporse titse. DaiJ-y sessions consisted

of foûr count€r.bal-ancêd blccks rf 18 reinforcêne¡ts. The

sÈj-û¿latiag parame+,ers lder€ 60 1r/2 ns ,/sêc of 20 - 100

Dj-crcanFs for thè septal 5s aÐd 3"C 1/2 ¡ìs/sec at ?û0

ûicf,oanps fcE the caudate Ss. flhi1€ the substaBt iaL

clifference iI¡ stj.nìl1ation íntÊnsiÈies cloud thè inÈ€rprê-

tation of the Eesults, the r€sults are in part consistart
rith cthêr stüaliês { Bucbsa.ld Ët al ,L964 i Büser et al_ ,

1961¡ ) " Speciïical-1y, f,csuLts shoyed that. sith septal

stinulaticn f aci.Ij,tation of r€spoflse inhibìtion in the
tearl:rt and rlatet tine class€s of thê DHL delay intêrval
did not eühance overall Ð81 p€rfornarìc€. ¡¡either äid it
significantLy disrBpt normal- tinilg behaviouf, inalicating

that such stinüLatic¡ did nct act as a re1'ersible lêsi.o!.
i ith cauilate aninals, cn the oth€r haad, t.hêx€ r¡as a

sig$if j.cant. reducti-o¡ i-n responsiven€ss during all th:ee

interrèsf:onsË t j-ne intervå1s. B€sides, th€ .!ìialdl_et and

rl-atet int€Epclati-oû ccn¿iticrs effectecl a significaat
increase in responses during interrgsp6¡se tines i¡tqedi-



ately iollcw:.ng ti¡û€ cut of th€ ÐÂtr d3]-ay. Àll th¡ee

iût€rpcfat.sd caüilat€ stinulatictr faciLated thê effic -ency

of DRt Ferf,cxnance b1' significânt1y íncEêasing th€ n€al)

number of rËinforcene¡t3 pÊr r€sFonsê. The aùtho¡s tltus

con.clìrd€d. Èåat tbere nas â stiFuLatico-indücê4 dis.ruptj-o¡l

of noru¡a1 tiníêg process. Caudâ+-€ stj.üulation llnot only
i¡hibi.ted resFonses during its occurrence blrt also oay

have dis¡upt€d thê rBrìe orj.cr device ehich the ani.mals

rornally utilj-zed to pEoc€ss inforeation about Èhe pas-

sagë of ¡¡sstt (Ðêadvyler and $yêrs, 19701 .

Chenica] S t i nü ]êt icn IxFërifents

Dir€ct appLicaticn of c.Ì¡olinergic conpounds into the

head of thê ca¡ldate rucl€ûs produc€d êffects sj.¡ai.lar to

thosê €licitêil by eLect.rica.l srimulation" ItuIl €t at,
{196?} ccmparêd the êifects of direct choli-nergic s+_ieu-

letio¡ of th€ heaü of th€ €âu(late nucleus {ith thôse

bas€d cD el€ctrical sti.nulation of !hê sane area. Thsy

found that FaEal"l-€1 tc e"l€ctrical stinu]atio¡ studiès,
behavicural cGnsequenc€s of cartachol rere a f,unction of

the tctê1 dose. Tfio qualitati!€ly dif ferelâÈ bchaviorrral

patterãs €r€ cbser!ëd. ÀFFlj.catiûn of snô1l dosês {1êss

than 4 tûg) of carbachal €licited xesponses ¡rhj.cà iocluded

inhibitj,on ct on-qoj-ng l-€arn€d F€Efornânce al_though the

animal renãin€d alert and respcnsive to sensory stieulj-.
¡{j.ghêr doses {ranging f ro¡n q to less than 10 mg) cn the

oth€r hand, prrdüc€d behavioural effects ¡hi-ch incluiled
j-ntense xag€, sevelg auto¡cEic ðischarge end sharp drcp
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in cerebral cortj"cal" t€np€rature. These êff *ci--s ar€

diffêrert f rcri thoss producËd ¡I b j-gh frequ€acy e.Lectric-

al- st-inulation. T}e experirn€nter att¡ibutèd the effect
to high .resisterce ot carirachcl to hyårolysis by choline-
sterase, Síni-lar effêct Has also obt.ained ïith local"

application of thê ch€eicaL tc latêral vèntrèl thaLamic

¡r¡c:-eus. the san€ ¡euronai pcol as co.Ðsidêred to have

bee¡r excited by bot.h electrical stinulation and by the

chenícal to prciluce the inl¡ibitory bêhavioural patterns.

Neill and Gxcssnan {1!?0) also compared thê elfêcts
Õf lesicn a nd. chená{a1 conpound scopolamine ôa cal:datÊ

funcÈicning. LocaL appJ-icaÈion cf chenical xas clcne by

bilateral isplântatio¡ of alcubl c- i¡, alled cannulas into the

dorsal- anal ye.ntral aspêcÈs cf t-h€ tiead of caudatÈ Ìuc].eus

of 40 rats. 5 - 15 ng of crystallinc scopoLaüine &ethyl

nitratè !ùas tanp€d into th€ tip of cannul-a 5 nirrut€s

before shuttle-box avoidance training. The xesnlts

sloueil that &oth dôrsêl and "€nttal lès.ions i¡ the head

of tåe caualate lucleus sigrlifica¡t1y inrpaired acguisiti.on

of avaida¡ce training. But a blockade of cho1inêrgic

conponent cf ttle dorsal and rentral cauðate nucleus

produced directll oFFasite etfccts on avoirlancê trai$ing.
Àdoinistration ci scopolanine tc the vêntral aspects

reliably faci-litateå, uhj-1è to th€ dorsal aspect reliably
inhibited shüttle-.box learniDg. lhe êxperiflênÈers sug-

gest€d thôt bath a€p€cts ot tl€ head rf tà€ caudat€

nucleus a.r€ inbj.bitcrl in actioa ard cholinergic, but
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they i¡¡bi.b!t dif f erent behavioural f unctj-ons, r'tihil€

d.orsal- choLiÐêrgíc uechanis¡is apFear involved in the

inhibitcry asF€cts of activity in a loya.L enviroflment,
yêntral chclinergic nechanisns are invclved in thê i:nhi-
bitory ccmFcne¡ts of sh¡rttle-l:ox avoid.a*ce 1earningf.
The aþs€nce of facilitatory effects of tl¡ê yentra.t lesion
.sas probab.ly due to a Ecre Fre¿ceine¡t effèct of other
systêfls iT¡ this san€ geûeral âr€a. Ind.e€d, l{eill anrl

GrossEanr s study correspa¡ds rcel]. uith ctenna¡ and

Yorkrs ¡icrk on chalj.nergic m€chanisss in thê ca d.atÐ

aucleus and its r€spo.nse to Êlêct¡icaì stinulation of
vêntral a¡t€ri^or nrcl€us of thalaeu -. ilì cats. In 1966

paper, I{cle¡nan anil lcrk dc:cribed th€ results ûf cêntral
apçl.icâtj.û¡l of the caudat€ r¡ücleus by ioltophonesis from

Ëiye-harrel-1€d eLectroðes, Tir+y loun¡l that. Ðeurûne

respondi.ng by êxcitatiaÐ lcllouiag àCh and VA (v€ntra.l

anterior thalamic nuclÊus) stj-[ulatj_oïl and resÞolìiling bT

depressi-ca fcllofling ACh aud yÀ stieulatj-on have been

ûbsery€d. tle tuo tlrpes of neurolls ar€ locatèit i¡
diffê¡ent regicns of tìe nucleus, rith the Êxcitatory
qêErons forni¡g a lanlna sur¡cuniti*g t.h€ depEessed

nèurons. Ät gxeat€r depths Ð€ar the reBtralatêral- sur-
f¿ce anil ¡ear the m€ðial edge of t.he nucleus othex grouFs

of ÀCh e¡citabLe cells are .located. together .Fith their
earli+r cbsêr"at¿o¡s {t{c1€!naã, 19ú4} that th{e re}êase of
åCh frcn the caìldat€ can b€ enhanced by VA stínulaticn,
iÈ ís sugqcst€al tùat the 1966 rêsul{-_s iqilicate ð final
cholj.nergic .1i-nx in th€ pathray fro$ vA to caudate
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nucleus. Sbute altd ne¡ris {19ó3); Ordy et al, {19é9} and

llacintosh l19rì1) 'L€nd suFpcrr, to the hypothesís that. the

caudat€ BucLeus is ar¡ important structu¡e in th€ cho-

linêrgic slstên.

carLtÐn {1953} statëd that È...there ar€ infe.entÍal
gsÕunds for suçposilìg that a chol-inergic sÌ¡st€n selÈc-

tieely anÈagcìizes the êffêct Òf actiyation on ce.rtain

behayiour ãnd that tle basis af this sÐlectivity is th€

ert€nt to whi.ch that ¡)êhavio$r is r€r.ratdÐalfr. Irav.lov

{192'l } anðlyzed ûs].ayed rêstonsing into t¡lÕ phasâs of
initj.al Ínactivatior and activatio¡. Accordi¡ìg to his
analysisn th€ Fhasê of activation is closely lelatêd
t.e porall-y to th€ cns€t of r€inforcêne t (pavl_ov, 1927,1 .

¡rhile th€ C€lay is €stablj-sb€il via gradual lêngtheling of
tinê interval bet:{een th€ cns€t of CS and of reflaril. fhe

logic consist€ncy bËtr€€Ð b€havioural aDd pharûaco tr ogi_ca I
stuclies ca¡ b€ r€adily s€en. ABd ee caÐ say that,
toq€t$er $'j,tb studi€s using stj.Eulatj-orì aud lesio¡: tech-
nigues, th€ frcntäl 10¡e sTstee is cholj.nergic and

iûåibitorl in fÐnction unðe¡ aor¡oal circumstances, and j_t

is crlrcially i:¡eo1y€d irì d€layêd response and t,enporal

dela y.

Iiteratur€ si¡Fparti¡rg hytothesis II : dêlayed fêspons

and tenporä1 discrinination as a fuactiÐn of

postural nech aaisms

ne iliat ing

{that
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dê1ayêd respÕ]]se ¡aìd t€eporal ðiscri_nitat.io¡. ar€ a func_
tion of the fr{lntal-raudat€ -t.hãlanic suLrsysten ) is
aþundaÐt, thêre are stùdi€s shj,ch support the secon{i

¡Tpothesis that de.tay€d response a*d tenporal- ðiscrinina_
Èioìì are a 

_ 
functro¡ of E€diating postüra1 sechalisns.

these studi€s lritl be revies€d belofl.

$ilson a¡¿ Kellêr {1953) studied the behavioûra1
patt€rn of Íìale alb.ino rats Õn the spacëd. responsès

{i . e. , dif fe ren tj. aL-reinfcrce sênt -of, -lûr-xa te sc hedu le ;
ÐRt). åft€r prelininary tra.i¡iùg i! Skinner box, the ss
!ùere reinforced. sith fooð p€l.l€ts f,or lever prêsses

separat€d frcm the pfevicus pr€sses by pËogressively
lorger deLay interyal-s, eiz., 10, lS, 20" 25 aûd 30 s€cr
They o¡seEved that as th€ d€].ay intêrval.s increas€s tbe
Tate cf bar pressing d€creases in a fastìion linear Èo th€
tlelay i¡t€Tval.s {sâd. The nêdian ti"me bet*een successiye
cÈspo¡tsês incnËases slcw.ly , but the nunber of reinforcç_
nents d€crêasçs quitè rapidly. üore irportant for our
purpcsê, l:€ notic€d that ea{h S dêveloped clêarly d€Ëinêil
co.1lèt€ral behaviour during th€ interyals betreeB succes_

siv€ respo.rls€s. {This c}ônge in th€ rate of thê c.ondi-
tion€d rèspolls€ resuLts Ërcß th€ parlial exti¡ctloB cf
bar prêsËiÌjg ard th€ str€ngth€nilg of beäavj.oür that j-s

inconpatible nith itF. Às th€se r€spoÐses ,¡hich gaineil
pf eõ€def¡ce ov€r 1e"€r pÌess due tc norregaxd are not
speci-fied iî th€ reinforcirç ccntingeacy âach S developerl

its own pattern. tiitä incr€as€ jn dêlaÏ i¡,tervaLs, nor€
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liÍ-ks rderê co¡ditiotìed !o the chain of collateral beha-

viour. Ihê strength ot such collâtèraL châins lras

thoughl to be naj-ntainêd tirough cô!dition€d r€Ínfo¡c€rs
provided by the s!:iûrrlation att.4diûq the response cl¡aift.

tatiÊs, 1¡€iss, clark atjd l€yrlo1ds (1 965) exasi¡êal i¡
ilètaiL the Fh€ncs€non ot m€diating coLlateral t,ehâsioür

i"n th€ DAL sch€ðül€. An aCült albinÐ ¡al, eas traineil on

ÞtI" 2?-sêc EX? z-min Fr 30-ETr-2-ni$. afte! 35 hours of

traini¡g th€ experiÐentêrs cbs€rv€d that the.re $as a very

rr¡gula patt€rl} of behaviou¡ duri.ng thè pauses betreên

tiìe ÐRL comFone¡t ând only at thãÈ t,iRe, ?he rat
appeaced t.o be iìitÍng its taj.l- and noving its nouth over

the sr¡r.facê f rcrR one end t.o the other vhj-lê holding tå€

tail in thè frcnt pae. Eecord:i.tlg on this bêhayi_our

shov.ed. that {1) the rat r¡ibhLêd on its tail loager iluring
pauses Frec€tlilg rej"nforc€C resFor¡sê.S. tr...the amounÈ of

nouth-tail contact cculd ha?e s€r!€al as a åiscrin ifiat i"1'Ê

stiüu.ll]s for Levêr pressingü. ApplicâLion of cyclohexi-

üide tc rat iail supressed ccuth-tai'l contact a3d also

the anount cf, reinfcrcemênt. lntrap€ritoneal injecticn
of anph€tani¡È sullate a¡d rencva.L of lever also inducÈd

yaríaticn i¡ the nediatir¡g b€haïicur chain and sutlsèqu€tt

r€ductiûn i rê'inforce$ênt rât€s. ?hêse tesults süp-

port€d the byFat.b€sis t.hat tbe callat€ral- b€haviour chaån

is i.mportant j.n th€ te$Icrâ1 spacilg of xesponses.

fssentially the sa¡[+ tyF€ of behavioura.]. pattêrns ¡rère

obsexvêd by HodÐs €t ô1, l19l2t , usiBg monkeys as
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subjec t s.

üiles { t96q) rê}ûrted }ris study in squ.i¡r€I ìo¡lk€ïs
I¡ità frantal fesions. He eopbasized the inportance of
spacial factors in dê1ayêd resloîse Ferforfla¡ce. Ies j-o¡

induced hyperactivity {ouLd t}:ên re{luce de-l_a ye d-re spoû se

profj.ciëncy (french, 1959, and üile.s, 1964) " He also
nentj.oned ihe inportance of baalily ori€ntation anil a

Leaxred pattern of ilehaviour in bridginq th€ detay
inte.va1. Thcnpscn {.1959) stìtrdi€d the €ffects of frontal
lesion c¡ aloidance l-earning in cats. Ëe postulateil that
frontal anal striatal lesions intêrfereal tùittr Froprj-oc€p-
tive anil tactj.Lê stinul.atioB essent.ial for the intègra-
tj-oÐ cf, Ëesfc¡se chains. n3h€ s€verity of postoperativ€
dêficit ccns€quently sou]d dèpeäd upou. the extent to
shich tl€ bèhayicur is und.ex th€ control- of f,iscrinina_
t¿v€ and rei¡fo.cing st!.úuli produc€d by tàe post{¡re anal

ûoyeeenÈs of tå€ oxganisnn lt:iles, l9{t4}.

Basêd cn €xp€síneBtal reForts by Dâbroeska lrho

studierl the effects of pr€lrofltal LêsioÐs in rats"
fionorski irostulated that pcstural habits arê a majox

factor in dèlay€d xesponse perforlnancê {Konorski, 196?}.

Ða.trrowska {!959, 196Jt studi€d pretrÐntal lesion in
rats li¡der food reinforcê¡tlênt i¡¡ a fou¡-ünít-quadruple_
choice apFaratus. He found that the l€sion disrupted tbe
St.S capaci-ty to iDtegrate p€rforsancê into a unitarJ act
ând th€y had tô learn the proper .$ay in each unit
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separat.ely. l,tcrma1 rats shcîêð Õonsiti€rabl_e saving in
.learning fîcr¡ task to task. But the performance of a

frcnta.l aat ïas much mor€ supelicr if only onè aspect of
the last unit Bas chang€d. ttsing a reverse T nâzê to
study the ¡€turn rêsponse 1¡ rcrmåf-, florsal blinaleð,
f ronta L blin<led !ats, as sell- as rats trainê{1 y j_th one

black and ðnê lhit€ arn in th€ maze , he f ounil that only
pxefrc¡tal Lesic¡s inpa1rn€nt i¡ ¡etr¡rn response. coBs€-

guer¡t1y Konorski argrêd t.hat thë prêfroûtaL rêgion nodu-

1atêd perf crrûaûce èlat nas presumably controlle¿l by

kinesthetic c ues.

fol-}c¡{ing Koncrskir s hypothesis, Staõìn {19?0} ôl_s€

aÈtributed tåe åornaL ¡:erf ornance cn delayed alter¡ation
the functicn cf ki¡l€st.hetir iÐputs. He trained monkêys

on ÐA aûd !isual discriminatian tasks either in tùcTÀ,

rêstrâi¡ång chaår cr loccmctor maee. ftalf of each grolp
rec€iv€il dcrs€latelal p¡efrcntat cortical- lesion. fhe

results lderê (1) froBtal l€sianëal mo¡keys perforneal rauch

poorer in naze learnitlg task than in the ËestEaining

chaiEtãsk : l2) the fxontâ1 aonkeysr Ðrrocs i:r .rêspûnding

cere a co$s€guênce ot strang pcs"i-tioaal habits; {3t thê

froatal- ss {eEe nost band:i-capp€d in acguiring any visual
discrj.trination task and {4) the fïontal Ss fihich reached

criteri.on ãLsc {leveloped postural h¿bits" p€rfûrma c€

dropped to chance }eyels if Fositional halits r€rê
interruptêd. Thus hê conclüd€d that th€ rate of d€layed

alternation is a f ullcti.on of th€ d€gree of $otor involve-
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r¡ent in th task. Th€ se"êrj-t.y cf prê¡ron+-al inpairaelit
is a furction of th€ d€gre€ cf motcr j.nvolrenent in the

response prcc€sses,

If Èhe cci]-ateral $edj.ati¡g tehavicur and Ìlnêsthet-
j.c in?uts play â critical E c.l,e i¡ terpo¡al- discxininatian
and d€l-ay€d E€spc¡ses, th€r disxuptio¡¡ of neüral substr*

atê essenti-âl to patt€rnêil ¡€sFcrìsê events nould also

caì¡se åisr{pticfi, t€ûporary or pê.rüaâent, cf tinif¡g
bêhaviour ard/or d€layed r€spcrs€. fhi-s is one of the

najor ínt€rc€sts .f the pr€s€nt papeË. For thís purpose

the cerebellar pathffays and n cl€i i{h¿ch a¡e ÍrflpLicated

in motcr/posr-urã1 eve{rts rd€re stüdieal .

ånatorûica1 cÕ¡síd€ratiols

Ànatonical1y, tþe cêrëbË1,1T!rì can i.ye divided i¡to
threÈ najor s€clions, Ícllo ing JanÊen a¡d BroüaL rs

conceft of lcngiturlinal crrticrûüclear organizatiot¡ of

cerebel-lum {1940, 191t2} . 1l}¡is ccncept stressêd the iupor-
ta¡ce cf 1Õ.alizatiotl in ti¡€ effsrent corticonuclear
projections rather than rtist¡itrutioû cf affêrent fib€rs
in the c€rebeIIar cortêx ir¡ the intèrprêtations of

r€sults cbtained by stinu.Iatioa anil ablation. Using cats

as subjects, Jônseû and Brooã1 shor¡ed thaÈ thère is a

m€dia1 zoDe {vernal co¡tex and fasij-gial nuclêus) tregu-

latinE th€ Þosture, tor¡e, Locomotion and equilibriue of

the ertire t ûdy. The i¡termediate zon€ {paravermal.

cortex and Í¡te¡positus nüclëus¡ r€guìated lhe spaciaLl_y
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organized mÐv€ment and skill€d move.nênt, tcnes, anil
posture associat€d Hith trcv€!ìents of the ipsiLateral
linbs. ¡ach lat€ral zo¡e {h€nisFh€ric co¡tëx and CênÈate

lucleus) is invoLv€ð in th€ saee skilted and spacial.].y
organiz€d scv€ment of th€ ipsilatereL Linbs ¡{ithout any
appar€nt regulatio! Gt thèjr pcsture ar¡d tone. cooiì.nan,

Hal,lett and Hê1ch {'1963) us€d 3? fenale aduLt albino rats
to stu(lf the o¡gafl.aza+_ion ct cerebellun. ?heir stutly
confirned Jarsêlr and BrodaL rs so.rk, sith thè exception
that thå interm€diate and lateral sones ia the rat are
not as cl€axly d€fin€d as those in the cats" Such

sübdivision o the cerêþèl1üm j.nto longituðina1 zones j.s

alsc associate,l liiÈh a l0calizati-on of the cortico¡riclear
projêctions i¡ a rostro-caudal d'irectioil.

Scberts (1967) traced the cutgoíng pathHal¡s f .ro$ the
¿lê¡tat€ nucl€us" ThÊ gr€at€r part Ðf tàe outfloc uas

reprrted to xun frcå the cere.bellar cortêx to f_he deep

¡uc1ei of the cêretlellum. ?hè dentate aucleus recei_yes

its afferent input trcE th€ lat€ral zone a¡d. fro¡¡ parts
of the extrapyfanidal systeß, arrd from th€ red nucleus,
the pathvay in êach casê rela]¡i¡g i¡ Làe infericr alivê.
fhe outflolr cf the dÈntat€ nucleüs runs in Èhe superior
ce¡ebê11-a¡ peduncle, back tÐ tt¿ë red nucleus of thê
oFposÍte side and tÒ th€ basal gangi-ia. Thus it fcrns a

re.lay sfatj"r¡ for at least tHÕ loops in the êxtrãpyranåd_
a]. systên. flcuèver, j.t dÕes not necessari1y neaD Èlrat
thcse st.ructuxes op€rat€ in f eeilbac.k aad stabilizi.ng



fashioD. Ècberts stat€d tbat tbe €.xtrapyramidal systen,

includirrg t.he .trat€ral h€ßisfhere cf the cerebel_Lum

appeaE€d to b€ ccnc€rn€d Tith t*ê rletailêd coordination
of af1 parts of the bod] tc l:royi¡I€ a steâdy base fö¡
pEêcise voluntary no veneats,

snj.de {195C) stat€d that the nsïêr conrept of the

cer.€be1.lûs .incl-udëd c€rebellar action ir danpening a rial j-Ð

potêûtiating associaterl senscry atil notor centers. It is
thê rrgreatêr üodulator{ ct n€urologi-c functicn. Be

report€d that. thê tactile" auditory and visual areas Õf

thê ceÍebêlluÐ have a ilual prajecÈion, one frcn the enil

organ a$il aBÐtlìer frcm similar areas sithiq t.he cèEebrus.

These cer+bë1lar ar€as proj€ct back to. tàâ projection
arèas on the c€tebrum. Sinilar ar!angement also erj-sis
betuÈen cer€bêllüm and thal-anus aBð th€ basal ganglia.

Thus it is â s€:f -Eegul-ati¡g feeð-Lack circ€it, aildiÐg cx

sütltracting total effect of aff€r€nt voll_èy to functio.nal

areas. Hor€"êr ,tr?arts and Thach {1969} on th€ othe.r

hanal, fayo! Eore th€ hypotb€sis ihat the lateraL zone of
thè cerebellun does &st tcrn reciproca.l connection nith
íts cerebral affereûts. fnstèêd, it sends oütput to the

sensorinctcr corteã and possibly initiate activity thèrê.
$n tL€ lrhof€ the oütFut f;ath¡{ays of th€ l-ateral cerebÈI-

1a¡ zooe ar€ slill rot lr€11 urdêrstooil.

In bis Crconian lectu¡€s, ltol.mÈs {1922} presented

the hyFothesis ihat cerebêllun p!,ays tto disti¡¡ct tbougå

closel-y alliëd roles iÐ ¡ìorr€nêlt. firstll', it is a part,
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and proLably a. ccntrÕlling tart of the cêntral &êchaBis¡t

concer¡ing oaictai$i.ng, rêgulâtirg, altd dist¡:ib¡]tiÈg
postüEa1 tcnes i.n muscles. SeccndLy, dr:ríng mose¡neÌìt it
regulatËs a¡d coordinates t'he scdifj.catiûn of tones thai
accoopany th+ rêlaxaÈion and contraction of alI nuscle

group.s dirêctly or indirectly concer¡è¿t j.â tþe so venent,

In the first caserthê c€rÊb€llu[ has a contj-¡luous and

unvarying f ur¡ctj.on Hhilê i¡¡ th€ seconð case, Íts activity
is disccnti.nuors anil ?ariable {flalnes,19221 .

lunrtioûal CÕ nsj.dêr at ions

Tn 
"he 

1939 Faper, lìol-n€s descritred in ¿etail thê

eftects of destructige lesic¡ o{ th€ cêrebej-Ium, in nan

an il higher Fxisatês. Thê Fcst obvious effect lra Ê a

lesion-induced discrder in voluntary norêìnents, usually
called ataxia. The ft¡daq€?ta1 dÍsturba&ces iri voluntêry
noy€nent ale {'l) a dê1ay in starti¡g a sðvêment, and l2l
irregularity i.n j-ts acceleratj.oD. Thê latter ùisturtance
ras att.ibut€d to irregular in¡erration of the pTiBe

noyêrs. ïn ccnpound nov€nìents therê nay be a lack of
synchrcnicíty j-n the sepa.rãtê conponents of the novemènt,

Õuè ta tle lay in the iûj.tiation af one conponenÈ relative
to tbe otl¡êr, and. e¡cessiTÊ range of onè e}êment of tbe

noyëBert. Defective postural fixaÈior¡ ryas anÕth€r fac-
tor. the predcnì-nalce of synptofls of c4re.bellâr def,êcts

j,ûvolvês the conponeats of vo-l-uttary ¡ìrorê:!ent. fhis
phenoe€ncrì inilicatês t.hat üi.t i¡fluences directly cerebr-

al nêchaRisns ïhich excit€ and iniegrate such nov€nênts
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rather then thÐ reflex apparatus of the brâi.n stên arìd

spinal cord; tbe latter, $hen isolated fron the frrê-
bra5-n, axe in fact unafteci€¡l by at)latira of the

cerêbelLunn {¡to1m€s, f939} . lt is inpcrtaÐt to ûention

that cerebeLLar synptons may gradually decrease j.lt irten-
sily or disåpp€ar over time.

Thachrs{1968: 1969i 1970a; 1970b; !9?5} rêcent vork
rêi-i€al heavily cn the reports Õf, Ëcines as vell as on his
theoretical fraâerork. Thach{19óSl sÈualieil the äischaEg€

of d€ntate a¡d interposed neurcÐs in monkeys during
rapídly alt€rnaÈj.¡g ûcvç&ents cf prinate arns. Ëe toÐnd

that neurans in .both nuclej. changÉd discharge f:equencies

orêr a $1d.e range in relatic¡ to uovê$e¡t. In an at_te¡Êpt

Èo stüdy the t€mporal, relation bêtl{€ea Ss noeenent a¡il
d€ nta tè-i,n ter po sed discharge pattern îhach {19õ9} traineð
norkeïs to ç¡asp a handle and holal it against one of tro
i¡a rrie¡s u¡ti.1 the oãset of tb€ d iscriüinati.ve stinulus.
Reinforce¡neet r¡as delì vere{l if s noved the haadle to thê

oppositÊ barELeE ¡¡ithin 3ûû msec. of the ons€t of the
discrininatiye stimulus. lischârge patterns of th€s€

¡9uronal. cells Eerê studi€d ðràring the ûaÍnt.ain€d postur€

a¡¡d for the first iadex of $orênel1t. Täê resalts shorêd

that uany cells shosed üodifj-ed discharge betreèn CS and

nove,R?nt, a¡d changes ç€rê tiu€-l-ock€d to novenÈnt. For

nost c€lls, d.ischarge chilng€d b€forë the EñG respo¡s€

preceding Gon€$ent. tThus, cêEeb€l_Iãr output f,ay help
initiate as erel.l as iregulat€r noyenenttr. : ,.
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Th e sa ú€ typê cf resu lts rdêrê obtailìerl by Thach {

!9?0ra) ìrhe!' ecnkeys ser€ train€d to perforr¡ tro ptompt

novellents axd to nai$tain t$c dÍffe¡e¡t postur.es. Thè

behavicural s€quence ras (1, to hcld thè levèr agaiûst a

stop, {2) ¡he¡ a 1içht cane on, tc nove quickly Èo the

opposite stoF, {31 to hold theEe l-onE enollgh for a }j_ght

to be cn, an¿ {4} to aov€ quickly t,o thê f j.rst. stop. The

períoal Õf hclding variêd to elininate anticípatory
respoasês. Ninty-oEe nuc]ear c€11s ¡{êre stuilied. Cf

these 5 dentatê cê1.ls and 41 interposed ce11s, agai.n

therê is a change Ín ¡ucl-ear discharge tie€-ltcked to
Ílovenent rather thas cs ons€t" t{hiJ-e patterns of change

in discharge is ¡Iiff êrent for flexion a¡il exteas5.rn rbêy

ar€ alsc ti €-l-ocked to ncv€nent, o¡ precêding it.
goueyer, thê peak of time-of-change distribution is
earli€r fof the dentat€ neuro¡s than for the intërposed

neurotls. t¡ê dlsclargê of lurkinje cells in thê ilte¡ne-
diate zon€ cf tbe antericr 1obê of th€ cerebellun ¡ras

a.l.so record€d {Tbacb,'1970,br" these purkinje c€1ls alsc
exhibit€d t.b€ sase type {f prcperties as the interposed

nucl.ear cel1s to ïhich th€y prcject. Ev¿rts a¡d ?hach {

196!), S€rrirk{1924¡ and llolnes {1922, 1939} all lend

support to th€ assunption t*ât the intêrposed a Tril lateEal

nucleus of th€ cÈr€beLluuì ar€ i¡volved in initiatica as

ve11 as naiate¡aace of Dov€sent.

Garbarian et a1 {19691 studj.ed the €ff€cts
sectionir¡g the $edial- 1eû¡ijscüs in atogs trai¡eat

cf

to
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perforn certaiD tasks. IhÈf shô*êd ihar- a t,ilateral
transaction of this Ëatb¡{aJ dces rìôt eed abiLitf to
perforÐ yoluntary môvenetìt, ¡or does it irìtêrfêre sith
the t.ra¡smj-ssio¡ Õf p€¡ipheral, stioulatioñ to the sen-
sorinctcr corter. Adrain {19r¡3) shoued that the body

surfêcê is Frcjêcted tc the c€rebel"lun i¡ th€ sane l{aT as

the tal.grephical arrangêñì€nt ia the cerebral cort€x.
Russiân studl by B€kaiã arìd $oniava{19ó3) hare deternined

eL êctr Õpåysia l ogica 1l y the Fat.hlra y b--t¡reen t.he ¡rsênso11-

motor ar€arr of the cerebel]"u and of th€ cerebruE. It is
shovn that thesê path*al¡s originâte i_n thê pararedial aad

ante:ior l-obules Õf cexehelius at]d reach thç cerêbra1

cortex via thÊ ipsilatèral de¡tate nuc.leus, the ante¡ior
ped€ncle of the ceEebêLl.ì¡n, the nesencepha1ôn, the thala-
&us aad th€ rÈtt nucleus. Thus,i*stead of consider j.ng the

pyranidal tracts the scL€ sexra¡t of voluntary üovên€nt

{Ganbarian"1966}, t&€ cer€b€llum is also ã* arêa of
terninaticn of th€ a.Ëf€¡€nt FathHay of the not.or anälyz-

€r. €ranit{1955} showed tåat nator functioB is great}y
serv€d. by extraFyranidal- F¿th¡ay via r¡hictr the cer+bral
st¡uctu¡€s exe.rt cont¡ol_ oyer vofu¡tary morenenÈs by

se].€ct j.vel-y cclìtxoLliüg the gamna €fferent sysÈets.

Tàe brain f u!.ctions in an j-ntegrat j-rJê sann€r.

Ðest¡uctic¡ of aãy bxain area $ay i¡f.l-uence other brain
cent€rs anä neural circuits affêrê¡t to,or ëfferent frcn
th€ area. fhe detay€d responsê ånd tenporal di.scrininä-
tiÐn are ïeny coûp].i.catêd t.asks consisiiûg of specific



t-àsks organized in tisÈ. l,¡ct sìl.Eprisingly,the expêrj_-

nentaÌ resü.lts ar€ vaaiabl€,cftên reflêcting the dif-
fèr€nt nêthcdû].ogies üsed i¡ studying response tining.
fxcn th€ Fr€c€di¡g revi€tr, horever." onê nay draï t¡,Õ

coïìclrlsicû.s" First, selectiv€ L€si.Õns of thè frontal-
cauðate-thalaric areas sj"l I prodüce impaj.rnent in delayed

rêspcns+, spatial Õr t€{ìpora]-, uith lit.tl-e danage to the

notor apparatus. On the othe¡ ha¡rl , se]êctive lesions
of rüotcx effereDt systeEÊ ffil-l produce clinic synptr¡os

{êS. ataxia } , but the S ïill st.ill b€ capabfe cT

perforsing the tasks, though rith difficu]-ty,
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?hâ presênt sÈ¡¡dy prcpos€d to âxasi!.ë the rèlativ€
rol€ cf tle frcntal-.Iobê syst€n and the cerebellar
ef f€re:tt syst€m in the t.ê$pcral and delay cûnditio¡ing in
rats . for this purpose tb€ d€layÐd conalitj.o¡eil approach

procedure (ÐCÀ) rill b€ us€d, since ít separates the

effects of tr€atnent l¡hich interfer€s Íith the Sr s

abilj"ty tc p€Ef or¡n a task in general froe thcse on

açcuracy of tj-nir¡g {ltalasz,1968, Italasz t Cheng,1967,

Chêng å Ilalêsz,l 968) , :t prav j_dês us tith ð tool rhic¡
can separate th€ ge¡êral effects due to hypenactisitT cE

disturbaûc€ in xespônse appôratus from the nôre specific
effects such as impairllent of response inhÍbiticû cr
timi.ng of tàe rê€ponse {a &orê itetaj-le¿l account of th€

thêÐ¡etical. franevc¡k j_s pr€sè t€ð in Àppeadex I I .
Th€ d€lay€d coniliti.onêd aflxaach Fa ådj.gm {ÐCå, is a

behayiouraJ, paracl.igu ehich incltdës rtisingr of responsê

as an esse¡tia1 ccßFon€ntò Bas€d on fiâlassr ¿lef initio¡
{1 969; 1970; 19721 , t}ìe }CÂ haE bcth r irhibiti.o¡ of CelaÏ
t and the opexaÞt d if fêrent ia 1- rÊi ¡]forc€leê nt- Õf -1os-raie
coÌnponeats. Essertiô11"y, it j_s a discr€te-tria1, ilisc¡i-
nj-nated iniêrvôl- €spcnse rith uithj"n ånd betflêe.n triaL
ÐRL, a s€rvoü€chanisn- fi&e paradigü aiEed at k€êping

responsê ].atencies tiithin a specified range, ¡rj.a r+ci-
procal pfcc€sses $f €xtinction and rêconditioning

{üafaszr"l96€; $a]-ass S çheng,19ó9) . À sch+rnatic diagEas
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of the ÐCA is pres€ntêd :-n figure 2. The alifferent
coapone¿ts of the ÐcA paradign are descrj-b€d and

explain€d io the section on rü€tàodr ul]der the tìeading cf
texp€rinèntal desigrrr .

the ÐfÀ has selera"l" Bnigu€ teatures ryhich reniler i-t
a useful tccl for behavi.oural_ assay of C!]IS rlrugs {åalasz
E lqarrazzi,'1964; Halasz, 19ó6;Ch€ng t tia1asz,l9ó?); fÐr
stability of an orgar¡is n { Hala su ,
19ó6;196?a; 196?b¡ l:ó8;1969) and Èô¡ effêcrs of raaliaticr]

{Che¡g t ¡lalaszr l9ó8;liisena¡ I ¡ìalasz,l9ú8; Halasz €t
al,197ç). {1) VÍa triãl-a¡ôrt fêaÈi¡re t i}e DCA differen-
tiatês èff€cts duê to hyp€rastiTity from those alue tc
nore systênatic effêcts of various experi$ental
variablss. As sholrù bI Halaszr ïûrk on drugs, pharmaio-

loqical agents rhj_ch produc€d jncreased l-eyel cf g€neräl-

act.ivity tend to produc€ i¡lcreased intertrial leye¡
pr€ssês anal increâs€d yãriatio¡ in respoase 1at€nciês,
yiÈhout significênt clanges in the eean ¡esponse latencl.
Systenatic êffêcts olt tini*g c¡ the other há.nd,t€Ild to
sho¡, a drug-i¡ilr¡c€d tê[poral shift to*ard sholter { tSÐ

study ) cr Longer {adu1t radiaticn ) l-atenciês, uithout
sigÈificant chauges in res¡:onse variation. t{eithêr ve¡€

thêre signifj.cant c}anges i:t iñt€rtrial interïal lever
presses. {2t the trÍal-abort perioil can äiffer€ntj-ate
the èff€cts cf Ìryperreactivity tc CS signal from th*
eff€cts cf hTFeracÈivity. frhi.Ie the foxnêr ïill_ caus€

inc¡eased 1evêr pr€ss€s ïitl shcrt lat.€BcT' of respo¡se,
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Frgura 2. À schenìatic diagram Ðf th€ ð€l.ayed conditioned

approach diagrari (ÐCAl, {td} . Íhê five trainíng stêges ãr€

presented in årbrcrdre coasecutively. 5 is the 1{ât€r

ava1laþil-ity peri"od.

1a. eS -5¡l

1b. eS -SDand trial ab{¡t p€riod

1c" institution cf 5s deLay anti 1i' penalty

td. step iucrenent ol delay to 9r¡ arl¿l of penalty to
5n,the XCÂ Íaxadj.go.

. le. Arctle. steF increne¡t of Èh€ alelay to -tJü and

of p€nalty

to 9tt,actiyatiotr .Í thê iûtegÎal/optí na 1

contrsl -

i¡8
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the latter flill- carse a i¡crease ín t¡i-al-abort counts

:ìot o$1y aluring th€ betseen -trial ÐF¿ alld duriag a cs

t.rial. {,1} Pe¡ìalty count can refl_ect_ the eff€ct of
disruptio¡ ia r-j.nimg. Ss Îho has€ lesior¡s that aff€ct
respoÈse tj_oi¡g oay havê shorterled latencies and there-
fore an iac¡ease in the penalty ccünt. If it bê so,i-t
cao b€ r€tlÈct.Êal i¡ shcrteû€d rèsponse l_at€Ìcies in a

relatively sTst€matic tashicn. {4¡ Inpairm€nt o4 ÐCÀ

performa¡cê due tc notoric d€tects ui11 naüifest itself
through 1€nEtbe¡ed respo¡s€ .Latencj.es ej-th dlecreased

x€iIlforc€nent co{l¡tsrbêcaüs€ j-n juEy ôf tbê motor ¡lefects
}ri.l1 naûifèst througå lengthen€d ¡esponses latency Hith
rlecreased r€1nfo¡cenent ccuntsrbecause iaj1rry of the

noto.r apparatus aff€ct suocth execution of an act. (5)

Changes i.n the stabi-Lity cf ÐcA b€hariour ¡i"l-l result in
changes in tbe numb€r of sriltchir:gs of, the correctiolal
prograsn€. I,ongêr than rê{uir€d respon ë latencies silI
resl:lt in little co¡r€ction ¡thit€ vexy short response

late¡rcies {i11 caüse nuch incrsas€il penalty cou¡¡ts due to
the co¡xectic¡al" inFut. {ól Ihe tCÀ ís a sêrvon€chanism-

li*e paradign. Its i€spons€ latëncy is üd.rivenr to
talues ilenaniled b.y the rej.nforc€úent sch€dllle. Às such

it is a sèlf-regulatiDg bebavi.oural systen,cesponsj.vê to
the f luctuating denånd. .i_üpos€d by t.he sch€ilu l€s af
Ëeinfcrcênent. By probing tàe tlehaviou.ra]' systen via

changes i! ccntrcl poficies, the resultant histoay êf
that behaviou¡ FroviilÈs insignt into t¡e govexni¡g egua-

tio¡s for that þeharj.ou¡ {Falasz & Cherig, lg6gi ñalasz,
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1970, ila.lasz,1972, . (1,) Ðu€ to +-he sêrvo n€chaÀis t ic
rha.racÈêristics cf th€ ÐcÀ leiarj_cur, it lends itself ðs

a usêful paradign via lràich oll€ can aFFly sensitive probe

methcdalogy for explcring behavionra.l- allBorsality in
brai.n-lesicred aniBals" In this co¡tèxt thê intêrre].a-
tj.onshils b€t{€ên tbe brain ce¡tersrr and tt¡e behaviou¡

can bê str¡dièð in an activ€ equifibríun system approach,

rather than as static coEr€LõtianaL entit.iês.

g¡T¡IC}

Sub jects:

Àdu1t nale aÌbiüo rãts of the Hol-tznan straic sÊr€

uscd i¡ thè €xpsrj_nent. Traj_niag sessions begêã $h€È the
aninals f,€achêd 60 ¿ays of age. In t,otal, 64 rats u€r€

us€d i¡ thê experieer]t ot chigh 50 survised throughcüt

thê ryhcle erperinenÈ cn t-h€ ÐCA par adign. Àssi gnn ent at
the subj€cts to Èï¡e yaricus tr€atnent grÕups rdèr€ ran-
donizerl vi-a th€ a:.d of a ¡ar:dcn tablê.

Ðe p[ j.va t ion Sch€d u1e:

ss sÈre $laced on 3 ilals of z3-hour sat*r d€priya-
tiôn sçhÊdule beËoce t¡e cconenc.êBer¡t of the €TperiüentaL

procedu,res. Thereaf,ter, all subjects rere nail¡tained û*

23 hour lcater aleprj-?ation th¡oughout thê e3lerieent. å

20 micutê vatering çeriod xas given f,o! each S,one hcur

after tïê tlaily sess.icl. All, ss rêre put on food ând

ratêE ad li¡ for 3 iays pricr tÐ braia surgery. w€t nesh

food ras Frcridêd fcx the fixst lo.st-rperativ€ reek fôr



a1l Ss {Hhj.ttiert Orx,1962), folloíêd by o¡è se€k of fcûd
and ïate¡ ad li¡, bêf o.r€ r€ínstaLlnent of r-he 23-hcr¡r

eatêr deprivatio¡ schedul e.

À11 subjects ïêre housêal in individual *ire cage

nêasUrirìg 6trx6"x8D in flÍme¡sion . The an.bient i--enp€XatI¡re

yas nâintain€il at ?0 F hI air conðj.tion!_ng. à l2-hour
15-ght and 12 .haùr darkeess €ycle Ðãa us€d. À11 experi-
ments y€re co¡ðuçt€al durrng the light phasê of the cycl€.

],esions ¡{€r€ F€rfor¡}êd ïhên subi€cts ¡rere b€ts€en

120 to 150 days of ag€.

Àp paratus

{i} û¡:€xant chanbÈr: ÂI1 t.raining and testÍnq
sessÍons {¡eEe cooductêð in a sounil- attenuated tïs-levêr
Sk:-nBer Boã 14ith th€ Eight lev€r proqrafrnèd. Èo deliver
Tat,ex reinfoxceeeBt. A levër pr€ss of 2ri gm fotce or
üore pxoduc€d $ater reirfcrc€&€rt. The CS,a 1Kllz, gÐdb.

pure tone 1das generated b1 a f,ico $od€1 3?? sj-n€-squar€

lrave Audio e€rêrâtoE.lTE {L€high ya11ey nlectronics} 1530

pririt-out co{lnt€Ë règist€r€d the resFonsê latency of
first .respctìs€ to €ach CS. SFS prêcision lrobabilit-y
unit {$od€l Io.PP-l}eDsured randcnizatj-cn of ÐRl durâ-

tio¡ì" Erp€rinental conting€ncies rere prcgraüm€d vie Bns

.logic uni"ts. gr€cise adjustn€xts of l_ogic Here noBitorÐd.

by a l¡eathlit gl€ctronics cscitLoscrpe. The i]ltegral/
optinal pr€qfamm€ ras progra¡ln€al by a H€ath Àeplifier
Systên üod€]. E{t1 - 19-'14. T}r€ acti vity of the S in the

e¡ap€rifiental sj.tuatio¡ ¡¡as mcnitoreô by a moilel I{T 10û



.Ðlectrocraf t llovs{ìe¡t Transdücer, Hhosê fj-eld s€nsitiyity
ranges frcm 1/4r, to 8rt above and around thê s€nsð¡.

CourìÈer spÊ€å is 2,/sec. Activity level of Ss cas alsc
mêasur€d by a rüÊûi.ûg wheel for rats.

{ffl ¡C"43 As shoun in tiguce la thË requir€d
eieinuü delay ot respcnse is re¡resea ted by the å.djustêd

duratior¡ cf a 1-shat puLse, c]¡ich yas trÍggered by the

ons€t af cs. Tbe pulse ras 1€¿l to ûtre iaput of a si¡nüing

anpì-ifier. ?he Auration of tle i¡verteil outpüt of a

flip-flcp; vhich ¡ùas set by CS orìset and reset by bar

press, cod€d the actua] r€sFûfts€ late]tcy ol¡ every CS

tria1. The output of this flip-flcp coï}stituted th€
otheE i¡put of ;-hè sutsnato¡" fhe output of the s{ûnj_Ilg

operational arìFlitier {p} eas tå€n fed to the input ûf
the int€gratÐr opèraticnal anç1ifier. ?he outpït of the

iÊtegrator 1{as th€ cunülatÊd €rror {p) and $as p]-uggêd

into a¡ adjustable-l€ve1 SchBitt-triggèr. If the p

€xceed€d. the s€t va.lue, th€ schfãitt- tri-gger sêt a

'f].ip-f 1cp tc close the corrtâct point of the scheil¡¡1e

corrêction tèl¿y rhich aalil€d tlìe correctiona]. capacitol
Cc to the CB contro]-ling thê base1i-ne ÐCÀ schedule.

After j.ûtegxation ove¡ I sons€cutíve CS trials, a short-
ing relay then discharged the feedback caFaciÈor ci. ThÊ

integrated p lias r€set tr zero.

ï¡ the êvent that the corr€ction flip-flop ¡{as sê+-

by a prior j.ûtêgxation aad had not Êxce€al€d tolexance

level, an atl¡i-ga!ê assur€d th€ reset of flip-flop to
s€stor€ La baseline schedu.le. To quaril agaj.r}sÈ êxti*c-
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tion , a iailu¡e to rêspond during !hê cS-sD perioo leû

to i a€di-atê r€set cf scl¡€dul€.Io reseÈ took Fl,acê if p

sas unaccèptabl€ cnce l.-he c€rrectional flip-f.lop was set.

{iiit the I¡têgral/op tin a.l control
The in t€ g¡al/rptiûal coûtrol {ïhich wi1l" }e s:lbs€-

quently refexred ta as a so¡¡ectional input) ïas pro-
granmeal via a ¡lêathkit Operatictal Amplifier SystêB and

jras pragra¡Imêil anal coûtrc]lêd by s¡S units, flh€rè

cÕnputation and nat-hematical catculaticns wère required
for t.ïe opt imal/int€gral- ccütrcl-, tde coûstructêd an

aaalog côspnting systen. ¡teathkit chopger stabi.lized
operatiorìa1 aüp1ifi€rs s€!€ used fo¡ integratíon anil

subtraction of the €rror têrn {F) . Uotorola 4-qì¡arlra¡¡t

$ultipli€rs r¡€rê essentiaL in cûùt olling the variaücê of
respÕnse m€asur€ distritlutisn. By al' of SchRitt tri-
ggers and Ëcyetti riinðoïs, tà€ aIlalog coepütor interfaceal

uith the regu.la¡ Ê8S prograoning eguipneÞÈ {fixed linb of
feedback di-aqranl Thë schenatic flon chärt for the û/I
progrã¡n is pEesë&ted in figure 3 {fial_asz å Cheng,1959).

{ivl Surg€ry Egui pn€ n t
Ä c.H. Stoel-ing cc. st€r€ôtaxic, firieg- i{odel No

51220 for the rat ¡das used. å C.il , StoèIÍng Co. LesioIr

Pro¿lucing D€vice (Cat. tto. 5804C) fÕr the rat ras used

for th€ passag€ of lesiooing ctrr¡ê¡ì!, Th€ 1êsiÕ¡ ei€c-
trode ¡¡as madê fx$B tr¡igst€n sire Bhich eas iûsûIated at
alL pcj"¡ts except for .the tip"
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fi.gure 3. À schênâtic representatisù of th€ i.ûtegr a1,/

optinal coBtrol- ($alasz Ë Cb€ng, 'l 9ó91 .
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¡xp€riaental aesign: the ¡€layed Conditioned Àpproach

{ÐcÀ}

¡rStructü¡a11yrr thê DCJI cãa be ðë€cri_b€d as fcllo{s:
It is a conditic¡êd açFroacb r€sponse in vhich a subject

is reguired to pEêss a L€ver fcr satêr rerãrd, but the

reward i.s nÕt available u¡tiL a c€rtain tine interval- has

lapsed sinc€ tl€ cS onset. This t:aa 1nterval b€tH€en

thð onseÈ of CS a¡d of Beinfcrceoent is the delay" g

p€rialty perjotl lÐSL conponçÐt!, tbe punishing cônpon€nt

of th€ paxadt gm starts {¡ith thê onset of CS büt Ís
ssüaLly shorter irt duraticn than thê delay sompÐnênt.

åny l€ver pr€ss€s during th€ p€nalty period tùi11 cause

i$n€iliat€ t€rEiÐâti.cî cf Èh€ CS anã thê schedul¿d rein-
force*ent F€rÍod ior tàat trial, fnm€iliately precediag

the CS caset, th€re is a ttiaf-abcrt period. fDd€scri-
nin¿te lever Frêsses during the intertrial j_nt€rval and

*ithj.n the trial-abcrt period eil"1 result ån postpûneeent

of the n€¡t sch€dul€å tria1. This is the cther DRI

comFonent cf the parafliqn, Typically, at the base line
schealule the CS is 16 se{.; penalty 5 sec; delay 9

sec. ;reinforcênent 'l 6 se.; and trial- ãbort 1á sèc-

Figure 2 is a schÊnat1c diagran of the ÐCå.

IB ärlditj.Ðn, a correctioÐal sch€ðulè sas us€ð. for
DCA rrs.hapi¡g'r and as a $prûhêrto explore thê behavioural-

abnorüality Ín lesionêd rats. ghis ¡{as d.one by neans of
corr€ctional changes cf reinforcËnelìt sch€dulê {Halasz a
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Cheß9, 1Só9) . Bas€d on b?r.g laag co¡i'rol theorl' the

int€gra1 cptimal prog aû strategicall]' incrêaseil or

decr€âs€il thë denafld€d vâ1uË cÌ the delay. In detail"
tåe cpti allint€gra1 ccntrcl ças progra8ued in the fot-
lolti¡g steps {1} The error tçrn { p=regui¡ed l_atênc1-

actual lat€ncl' ) Ías formulat€d {2) Intëg¡atío¡ of p over

I cansecutive trials tÕ obtain a (pì This p constj_tuùeal a

sasplê of thê level ot ÐCÀ pêrfcEeance {3) The final
e¡ro. intêgra]. p !¡as ass€ss€d alal its acceptability lras

evaluat€d. {4) if p Iras b€.LoH the locer tolerance
level-ra correctional sch€d¡¡1€, ¡¿hich ¡¡as a Dl_umpedH unÍt
i.acrem{:r¡t of 4ù in ilelay and p€nalty ¡ùas in eËf ect. ilhen

the p êxce€ded the upper t.oleËance the correctional
j-ncrêBent {as renov€d.. {5) resêt ot p fo! ¡€xt
integra tíon.

The stasilÍty of the fCå systenì ¡¡as evaLuat€d j-n

terBs of the f{11o¡ring behaviou¡a1 i¡díces:

{a} th€ nean respoãsê latencl of response to th€ ÐCA

trial aas us€d a"s an inû1catar of th€ absolut€ level of
5rs peifcrmatce oÊ th€ DCÀ.

{b¡ fh€ relative €rror

å ratio, F= {rêquired latencT - actual latency

change cf rêguired latency { ie. a unit inc¡€eêftt of
seconds ), ¡ias used as an indicator of th€ stat€ oÍ th€

ÐCA systen. .Ås a dieensiorless gualit.y,thë p proviil€d

the ratrio Õf b€åavic{ral adjustqìent to the changes i¡
demanil lerels of the reinf src e¡!.ent. schedûl€. lach

,/
q
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Èxpêrieê¡tal sessicn conpris€d of 40 actua.l daily tlials.
Sinc+ there çe¡e ::.sua-tly &uch stcchasÈic f luctljatioüs of
a subj€ct for êvêry dai.ly session"it vas Õur practice to

usê the P of each 40 daily trials as ooe data poj-nt

agaínst a time point.

{c)the Þ pìct--the tin€ r€spo¡rse

T*€ r€lat1ve error cf tle lCA ¡¡ as p].ott€il agâinst
t.iBe {days). p=1.0ü0 cor¡espaîds to behaviour pêrfectl}
adjust€d to -ba.s€1ine cc$ting€ncy {delay=9" p€¡a1ty=5 l
p=0.0t0 cor.resfonds ro b€havi-our perfêctly aCjustêd to
tle corr€cticnal iÐput {delay=13,peaalty=! }.Basirally
thç P plot transfcrns th€ p ealuès into the staÐda!d forn
for the t.i-û€-daeai¡ analyeis cf, the s€r vonec haåi sn*I i_ke

contxol syst€ûs. It rend€rs the beharj_ou¡a1 data a va j__l--

a.i)1€ tcr quaûtitati.re analysis.

{d) Þta)-E¡r¡ erot
üsirìg the last day Sefcr€ th€ iistaLlãtion of the

aptj-na1/integral ccÐt o]- as lhe baseline,this rli.f ference
pLct gi?es the day-to-day changes in the E of the ÐcA

perfornaace.

{€) Èhe pias€-Ii1an€

3he oFti.naL ccntrol cf opelant behavioüË is best
underetcoÕ b? xepresent,iag it in a phase plane {t{atasz,
1972J , Tb€ stagê-space of tb€ ÐCÀ beharriour systen has

as its cccrdinates thê errcr index p a¡il :ts time

alerivativ€ ÐP/ÐT. Tile traj€ctory so deråveal represents
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botb the Ievel cf cont.ro11€d ¡€havíour and its t€¡de¡cy
lo i-nc¡:eas+ or dectease that Level.



PSOCTDIJS!

A. Delayed Conditj_on€d ÄFFxcach (DCå) procêdure:

il) ¡Clt training sêssicns:

Trarinj.ng cn tlìe Dc,t l,as dn¡e in the f 01lÐïi-ãg sr-ag€s

for a total cf 6 to I r€€ks {f i.güre Z ):
{a) Sats uith 23-hour uat€r dËprivation rre,ê txaj.ned

to pross a l-ere¡ for sater r€i¡fÐEcenênt. Each di ppÐr of
nater carìtain€ð approxi$at€l¡ 2 to 3 alrops" À.ll Ss fle¡ê
put on C¡iF fox 3 daJs, Soüe Ss s€re Lrained by t_he

nìetàod cf srccessi ve approxination.
(b) sÐ-sa traíning: À Cs of 15 sec. duratiôn, 8q

db.r10 KÍlz turè to¡ìe $as introducerl .Ðater reinforcenent
ryas cÐrtingent cn f,ever presses duri¡tg CS alurâtion, Ss

vere put oã this schedulê fcr 5 days. Each ilaj. !.y sessic¡
ha al ¿tC trials. À B sec trj"al abort periôd flas irtstitutèal
orì the 3rd day to reduce iDtêrtrj-a1 lever presses. Any

iûdesc¡ieinêtê 1€v€r pressês during this period postponed

the aeat secåeiluled trial.

{€} A 5 sec d€lay a¡d 1 sÊc pena.lty period *êre
institrt€d. 5 daily s€ssicns sere xun uãder this
procedure.

{d) A lunpêd ir¡crÈs€¡t oi dêIay a!a1 penalty period
at a 4 sec st€p fashio¡ sas iúIlênÈnteal . ss lrere trainÊd
on this sch€ðü]e f cr apprcxinate.ly q t.o b seeks.

(e) Superinposition of th€ integral/optira]. .!nput

cas i¡ êff€ct. Ss T{erê put o! t}ê Faraalig$ for l0 days.
nach daill sêssion consj_st€d of t¡0 daily trial-s. üpon

59



terfiinatj-on of the traj.cj-ng sèssioùsrss e¡erer randoÌ¡1y

âssiq¡ed to the tr€atüent groups.

{2} ss n€r€ put oÐ tccd alld såter ad l-ib for 3 days.

ihen bEain sürg€ry ras p€rlrrmêd. åIl- sub jects 'r.-ôrè

give! t!dð sêeks fêst pêriod post-operativê.Iy.

{31 Eost-cperative T€sÈinç Sessio¡s; À total of, 1ó

daily sessions ere ::un;

1" BetenÈion sessicns:À11 Ss rere pst back orì 23 hou!

irater deprivation schedul€ aRd lheår pa¡foruancè on the

ÐCA ¡rere studicd tar t€n ccns€cùtive testing days. Th€

integraL/optinal prcgramm€ ras superinpos€rl Ð.n thê base-

line DCA ccntingeÈci+s during Èhi'S phase of t.esti_ng.

Iilotoric activiÈy j.n thê op€f,ant chanber, aDd the activity
level in the rotatioûal .ruÐ!i g ¡{}eèl !,êre mÕnitoreil.

2. Retentlon sessj-ons !¡ith on intërga1,/cptinal contro-l_:

gpor termj-nation of the 10 t€sting days on the ÐCÀ Trith

the i¡tegral/ . cptinal control,the Ss ser€ thên returned.

to ttre basèline solìtj-ng€nci€s ot the DcÀ fo¡ 5 têstinû
sêssiolls.

3. Extinction sessions: ¡11 5s yer€ p{it Ðn 2 days of

€xtinction an i-hê ÐCA paxadig&.

PEoceCure for Lesicni¡g:

All ]€sions and .shan l-e sicns ,uere electrÐlytic aEd

bil-atera] in nature. of€raticns eere perfoxûeal ïirh
subj€çts {n dêr êthËr anËsth€sia.
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Du.ring surgêrl, a scalp vas used to r[ake a mídlj-n€

incisi.c¡. À high sp€€d dê&tal dlill was used to nìak€ a

sna1l cpering through thê skulL at points as güided by

th€ stereotaxic cooraiinates. The lesioning electTods $as

louereal in the :brain sítês. .ån anodal current of 3,5na.

sas pass€il bÈt¡reê¡ th€ lesicn electroile and tàe rectal
grcunal for 30 or 115 seconds to producê tbe desired

lesion " ?he nusc.Le tlaps $€re th€n closeal nith
autcclips,.zcc terrâüycin 1.P. ras injected in edi-at€l-t

folloiring the srlrgery to cc¡ìtrol tor iniection,

{i} i¡ lesic €ð gf,oups:

(1) Head ol Caudate !lucl€us tesioned ûroup {iT CÐ)

six Eats rere assigned tc this group. The coor-

dinates for this glcup ¡Eas las€d on de Grootts Atalas for
the rat {1959t. th€ ]-€sion electroC€ 'ras l-o$sf ed into
the brain at 1.? nn anterio¡ to thê bregna,2,7 rn lateral
to tàe tsidlj.nè a¡d 5.5 nm froÐ the surfaca of tåe skul].

{2} the Dentato-inte r pos€ al nuclei of the çerebêl-1uE

sevën ss uerê used j.n this group. l-êsj-ons werê na¿e

at 'l 1 mn Í;astê!iox to th{ bregma,2.2 ¡ûn ]"ateral tû ttre

midlÌnÊ anil 7 sn frcm the suxface of the skull. Th€se

cooldirates riere bas€d on B{r€s, petra¡1. L Zacharr s at.läs

for the ra t..

{3} the FrÐntal l€sj"on€il group (Ft}

Seven !ats rere used. Thê 1êsion coordínates s€re

5.2 nfl anlerior to thê bÍegna,'|,s ì to thê midline and 2

en fron the surface of ti¡e sktll.

{4} th€ trioste¡tor cauðat€ nucleus Lesionei group { p
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cÐ c)

S j-¡< 5s rde!e assj.gn€d to this grÐup. The lêsion
cocrdinates !¡e¡e.2 mu poste ior to the ïrregna, 3.5 mEt

Lateral to the $idli!ìê and -?.5 nn fron the surface of the
skull.

{ij.l the No.ual Controf croup {N} ; Ten subjects rere
i¡sed., cf shich s€vên coBpletÊd the shÕ1ê êrpelimeBt.

{iii} for]r ûFerated ccntrcL groupsi

{1) th€ Ílead of the caudate Nuctreus lesioned conÈrol
g¡oüp {Tl cÐ c}

Six Ss e¡€re assiqned tc the group" Same coordinates
as those of the g CÐ ù€rê usëdrexcept no ê]-ectrolytic
lesion curr€nt uas passed thro{gh the brain toci,

{2} Th€ Frc¡tal- Operat€d Cc¡ìtrol- Group{Ft C)

¡ivê Ss re¡e assigneð to tbis group¡

{3} thÈ Ð€ntata-interpcs€d nuclê of the cêrebê1 lum

Op€rateil Ccrtrc] Group {Ð-I C}

Five ss sere assignea! to thi_s gÎoup.
' {4, the posterior cauöat€ neclêus ope¡ated contf,ol

group. Three srlbjëcts $ere assigeecl to this grcup.

Íli stolog y Proc€dùr€:

Tie brain spcimen ldere cut í¡to bl-ocks , embeddêd in
palaffin ånð s€cticnêd cn ¿ nicrotolle. secÈio¡s ¡.êrê of
11 or 6 in thicknêss. Th€ s€ctic¡s shcwing the locatian
of Èhe lesicn sites and thÊ passagê cf the electrÕale
tracts $ere sÈai¡êå eitå cr€syl viaLct. {À11 hi.stologic-
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a1 prûcedures lierê doûe j.r¡ the depaltment of pbysiology,

¿he Hedical facu1ty, the University of ¡{anitoba.}



CHÀFTNR TTT

RESTLls: BTHÀVTCUBAI, ÐÀTA

The b€haviourä.I daÈa are CescribeJ i¡ terns ûf
graFhic reFreseûtations ¡to*€v€8, it shoulil be stated that
statistical aaalyses rerê dcne cn ali the groups and on

a].l- tlata ¡dhich a.e pr€sent€d in thê t--ext" All data v€rê
€yalrJat€d at .05 level- of signif i-ca¡cê.

âñ0üP f tìÈ gro{p sith bilqt€ral êl€ctrlytic lesio¡
iÐ the head of th€ caudate rucleus {g CD):

À, generaL cbs€ r vaticn:
trFcn âïakeninE frcn €ther after the surgèry, ss

bearing bilatÊral el€ctralltic 1êsion i! thè fl CÐ shosed

hyperr€activitT to t¡€ €xterraL stinulation" À11 ss

sh o¡¡eil strcng startie reaction to a light puff Ðf ait.On
the rhcf€ t.hey ¡€rê Rore activç in the hose cage. ss

shoÊed nc j.$pairm€nt in th€ir notoríc functions, The

hyper¡eactirity subsid€d by thË end of tåe firsÈ pÕst-

operatíve ree k.

3. rotatíoal- activity running Hh€el,:

Figure 4 shocs the activity level of thê Ss {n=6}

before and aft€r thè surgêry. Each pcitt oe the g¡aph

r€pr€sents th€ nêan of th€ tötê1 nufrber of rotatiors
têst€fl c¡ì that tiay. Data frcn 3 pre-cperatiïê days and s

post-opêrativ€ alays 1rêrÊ ircluded. As shÐwn o]} th€
graph,thÊre ïas Ðð chang€ j.¡ the nean cf the total nìrnb€r

of rotaticn ôv€x t.Ìrê 30 ainut€ testiüg sessio¡s ¡€ts€en
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thê last pre-operativ€ day aåd th€ first post-op€ratiï€

ôay {p ).C5}.O?er tinìerhord€verrthère 1ras a t€nalency

tot{a¡ds decrêasing of activity in thê runni¡g I'heel.

Sinilar tr€nd cas foüBd .for the It CD anrt thê ä CÈ C

groups ( figürê 4 ).fhe no¡nal" Ss maiûÈained a stabl€
leyeL of activity thrcugh cüt tbe I testing sessions.

C. perfcrmânce on the DCA

{11 Fj-gure 5 shocs t.h€ the nça¡s of tàe total ¡umber

of a) total lever presses, ¡¡rêinfircëd levêr pressês,

c)penalt]¡ ccu¡t anà d) triã1 abcrt couût of al-1 29 daily
sessiÐns.For clariiy the 29 daily sessionss s@rê Eroupëd
j.nto si{ time blocks. Of ¡¡hich,the first and the last
b.l ocks $er€ o¡ th€ ¡ase1i.ne ECA conti¡g€ncies,and the 4

ûiddlê bloc{s Ðere cn DCÀ ïith the it¡tegral/optidal
coDtrol {1,/O). ?his gxafh sho¡{ed that: {a} th€rê r¡as

r€dì¡ctio j.n the tctaL nurb€r of l-êver presses in Lhe fl

CÐ Eroüp [. st-oPerat ively. {b} There {as also post-

operativ€ r€dr¡ction in the tota-l number of 1€v€r presses

tlurlng the firsË !ost-oFerative xeek of testing (ie.3
seeks after tle surger]). lc) Ìh€ ¡unb€! of penalty and

t¡iê1 abart ccuats rêfiained stable.

{2} T}€ ß€an rêspcas€ latËncies of the H cÐ grcup on

the ÐCA ancl ÐCA flj.th It/O is prësented in fj-güre 6. Cf

Èbe The pr€-opêrative The firs¡. bsst fit of the data

points oa the fie.ightêd l€ast sguare polyaonial is also

FresêltËil in the saate figure. ft reprês€nts the dâta
yhèn the rarianc€ ot each data point is taken inta
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leble 2. Pa¡aueters of reighted laast square flt approrination

group RìISD group RMSN

Ìt C¡ pre-op
post-op

o.ot6
o .1r,

E CD C pre-op
post-op

o.o25
0.0)4

C-I lre-op
!ost-op

o.o14
0. o28

C-I C pre-op
post-op

o.oh
0. 024

Ft pre-op
pos t-op

0.009
o. or9

C p¡e-op
post-op

o.05)
0, 094

? CD ple-oI)
pos t- o!

0. or6
o.227

P C! C pre-op
Post-oP

o.017
o.o29

¡l pre-rest
po, t- lest

o.o25
o.Q?2

*RüSD - root-nsan-squère-devlatlon

Steps pelfor¡ned ln the yeighted leaet equare polynoni¿] approximation¡
(rr) weight - *r+6;;
(e) nnean perfornance data ove¡ e sesgion are weightad
(r) polynomiala of o¡d.ers 1 to 10 are calculated via nelghted leest

equare nethod, end the fiüSD is exarnined for each order.
(4) the poJ.ynonial. whlcÌr gives the first nininun RMSD is taken ae the

one beat describing the functlon f (*) repreeenting the behaviour.
(5) the polynonfal Íg of the forn:

J(x;l: fo r C'.x. i + C'ti'| ^*:r,3 t ]o'x,at * C,"-di''



considë¡aticì. .fôr a rdor€ detail descEiption of the

tranõf,crnatioÐ vìa the rej.ght€d Lêêst square pc].ynonial,

rêfeE to table 2. Cf the pr€-opèrative sessions, thè DCå

latencíes staþiliz€d around 5 s€cons. Ðuring thê second

phas€, r,rh€n th€ ss H€r€ put cn a $Ðre stringett deRaüil via
the î/C cc¡trcl-rth€ Bean cf th€ lat€nci€s sèr€ rdrivËnrt

to a l€vêI clos€r tÐ th€ nê¡r de[a¡d. Thêre Has ä period

of distrupted pèEforsaoc€ c¡ the ÐCA on thê first
post-op€Eative t€sting ååy. Subseguently, the behasiour-

al syst.ens sitb the fi çD lesions ,5ettlêd arouÐd a ne¡¡

Level of p€rfcEûanc€ tô th€ ÐCÀ co¡ti¡g€ncies. Subs€-

Euent. alt€ratiors in the crntr¿-l de¡nand vas insuffj_cient
to produce adaptative clanges in the outpr¡t levè1 of
t.hes€ d€f €cti !ê systeûs. Tàis r¡as shÕu! in tllê f ai-l ure

of th€ mean r€spÐlìse lat€ûcies on the OCà she8 the I/C
contrcl block sas r€novêd. fcE tbê fårral S testing åays.

As shc{¡ cll the graph, there r¡as no overlap in the nean

response latêrlcÍes bêteeen th€ pre- an¿ post-operatíve

nea¡ lesporse LateÐci€s. The responsê :.atêtcies renained

at the saüe Le ee]- i{hen the IIO ïas in eff ect.

{3} relativc er¡ôr: }as€ð on figure ó,tbe perfcr-
ßa iìce cf the l¡ CÐ xats sho$ed a transient oyer-sboct of
ths reguireil ¿èlay on the f j_rst post-opêrativê t.estiag

dayA negative P ya-j.ue sugg€sàs the €xistence of ã systen

$hi-ch lras se¡sitive ans underdanped.

{4) Þ-{o? - ãttl
This çLot graphical]y displâyed Èhê alay-to- day

changes iIl tl€ nagnitude of th€ p. Thê ]'ast ¿ata poj.nt



prÍor ta the i.nstal-lation of thê r/o Í.rãs used as th€

P{0). Fi-gurê ? j-s the plot for t.h€ tt CD ss. Th€ first
post-opèrativè tësting dal sholred a respÕnÊe patter!
1rhich sas typical of a und€rdanped systen"

{5} P platr the tiûe resFc¡sse of ¡T CD Õn thè ÐCA

is presênt€d ia figure L fh€ graph shoHs the systen

governing equaticn r€s€&b_l€d a forn of a danFed

oscil lat i.cn.

{6}thê Phasê-plâûe repres€4lq!in {ûFl.ÐT vs Þ1 rLgure

f .is È he phase¡:Lane r€pres€rtatíorì of the DCA of the Ii CÐ

grÕup Both perfor!ìa¡ce b€for€ anil after the surgery aE€

evaluated tog€ther as a cofrti¡ucus Eêsponse set i-n the

tine dcmai-an assuming tlie no¡i¡va¡iance Ðf the governing

eguaticns. ídhi1e thi.s trånsfc!.Dation of the behavj-ou¡al

data does not giv€ âdequate r€Frësentatio$ of the tran-
siènt resFo¡se oû the fj.rst Fost-operative testing da]¡,ít
provídes a meaningful Frotraj-t cf tlìe overall characteri-
stics of the functioning slsten throughout the various
phases of the €xFeEj.¡!€ût.Às shoïn in the graph¡, thê

perfcrma¡ce or¡ the Ðcå nas successfully constricteal in a

r+ìl-defined range çhen the I/C rontEol vas in effêct.
Cor0par€d to the first 4 days vhen the system ïas on th€

bas€1i¡e ccnti-lgeacies,the :yst€e showed r€duction in its
relative error {Ð In additión,the systen ¿rlso shohed

reducticr in its rate ot change {¡eãuction j_n thê phas€

yelÐcityras shcsn by the narrorer distaace betyêen ðata

po j-nts a¡ the graph). The last 5 ilata poin*-s on tbe

graFh rerrêssnt€d tlbe rilçcayr at the Ðcå systes over tine
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HhÊn thê sìlFerimposed .I/0 coDr-rol ûas re$oveã, Basèd. on

this graph, j"t can be cônc1ud€d thai +,he systen did not

exhibit any têBdenct totiards returnilg to th€ original
bas€line {lhis ph€ncnenon is unj.gu€ to thê group uhich

borè bilal.êra1 êIèctro.lltic lesion to the E CÐ. À11

other grouFs shcred tendencl to r€turn to the originâI
baseli&€ perfornancê upon th€ renoval of the T/O coþ-

trol) . Inst€ad, it €volved ínto a liBit cycfe cf
naíntaifrêd oscillatic¡ $hicb slìcsed Little È€nd€.ncy to
furtler chat]g€s. figures 10 anal 1l a¡e the fùrther
breakdo û of the functional analysis of the systêo"trigu.rê

10 is thê phase p1âne diagran of èhe syst.em bef c.îè th€

s{rgêry. Not€ that th€ fccus sas bel-o}r the p axis
si.gnifying a steâdy t€n¿lency tonards progressJ_vel,y L¡tnger

latencies cith the foÍce of €xtiÐctíôn prêalamiÌìat!¡ìg.

flhen tbe xespcnse cf thís syst€¡n tas plott€d as time

rêsFonse {tiqure 12t ,íl shcued a stea¿y tefldency torards
progressive r€tluction of valu€ cf the error tern orex

tiße. figure 11 is the phãse plaDe di-agrae of ti:e systëü

after the sr¡xgeEy. Às shc{cn ir !hê diagrarn,the systen

€xl¡ibit.€d a sharp trafisient ro ?êlshoôt t ,qhich subsegrent-

1y precj.Fitated intc a linit cycle. As tíme r€spollsê

(figure 13)rit is represented as a ¡ehavj.oural_ systen

characteri"€d by å danpêd oscil-laÈj-on. Based on th€

pre?ious d.iscussion, the systeE ìrndêr study caD be su$-

nÞriz€ð as çossessing a s€ãk stability which, as a x€sÐ1t

of thè l"esicn to the $ CÐ ,has so altered its systeft

charâcterj.stic thåt it r+sponed to thê ÐC,A ldith a
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traas¿€nt r ov+rshoct.,Thich iras fcl-losed by a sübsêqu€nt

e!/olìiticn of the fu ctioral system iBto a hard limit
cycL€, rlor-r€sFonsive to furth€r cbaDges in thê vâriables
of th€ ccnmand geÌìerator. ?h€ sïst€n histÕry {trajec-
tory) fortEaits a b€havioüra1 syst€n which becaue auf-odê-

terminãted as a ¡esult ûf thê exçe:inental procëalurërand

it Has nc lcnger sensitive to the altêration j_n thë

reinfcrcene nt ccrti¡gêücy o¡¡ DC¡.

Fígure 14 is the lehati.cural data on the exti¡ction
phase of th€ €ap€Eiüent. The response of ùhè Ss sith î{

CÐ L€sions sho¡*d the sane mcde of rêduction in i_he total
level presses ovêr thê t}¡r ÊxtiDction days ås those in
thê H CD C and n ccntrol grcups.

d.coll-ât€ra1 bêhavj_our and përfor&ance êfficiency:

Obseryaticls of thê 5s in thê op€raBt. cbaüber shoHed

that of i-te 5 Ss i¡ this gxouf r 5 itevelopetl an alternat€

Fattern of r€speûsê altêr the surg€ry. Correspondillg to
the develoFoen¡- of the {cLlât€ral behaviour ras the

inprov€n€nt over tb€ €ftic1€:ìcy ratio on the BCà {table
1, . The €tf icj.ency ratio = x€inforced 1êver press/total
lever press in a session oi 40 tri.a].s. ft was calculated
according to laties êt alrs definitiÐn {3969}.

Typicâl-Ly,the Ss gradually at€veloped a well organized

sêquence ot nctoric chain during the SD-SÞ peiiod. r{hile

5s iD cther groups *oulõ gna* at saídusts,bite the floor
gri.ds,choÏ paPer in the Þaste pan,hiÈ€ $ire of t.he
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actiyity colr:tter êtc, Ss j-! the fl CÐ sould engaqe the sD

-saperÍcd in behaviour rihich v€r€ the ëssential- ccßpon€nt

of th€ consìtratorj¡ behaviÐnr 1¡ the DCil paradign. I$
cthêr ïcrds,the 5s tl¡pically pEessed the inðifferent
l-eft-hand le"er a¡d. tdra¡kr at the !rê11" during the s -s
period. CocneDceme¡t of thê CAts Ðn the ÐCA paradign

foLloueð the têrfiination of this behaviol¡ral chain.
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Figure 4, t{ean of the totaL nueber of rotation iD th€

actÍvity rl].nning rdh€et {30 rinut€s per session} of tåe ll

COrHCÐCandNgroups.
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Sigurs 5. l{€an of a) total l€vex Fress pef, session,

b) total reioforced l€ver c) tctal pena]-ty count, $

Al total trial aþort co{rnt. Eêans of ùhe 2g daì.1y

sessic¡s ¡rete grouF€d into six tiüe blocks. Blocks 1 ¿ 6

ry€re on tasÊl-in€ contilgenci€s. Blocks 2, 30 \rE 5 '¿ere

on DCA Ì¡ith f/O control.åll Data collecteai fron the E CÐ

gr cu p.
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Íigure 6. ïhe n€an Ëespc¡s€ Lat€ecies of th€ Ss bef o.re

a¡ð ôfter bil-atÊraI electrol"ytic lesicns in E CÐ. ¡äch

data poiEt is a mean cf 40 daily trÍals,ayeraged. over aI1

5s in the glollp. Tb€ cor.resFcr:di¡g cïtrv€ .is th€ first
best fit of data on th€ ueight€d "!-east squar€ pc]ynonial.
It reprêsents thê data sh€n the ¡rariance of each point is
conside¡ed and data transfo¡&êd into a continuoüs fu¡c-
tion in the time dcmain.
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3ì-gure ?. ThË d.if ferÈ¡ce ptor F(O ) -Ftt¡ of n c8 lesioned
grcup" It sho¡is th€ day-to-day changes j_D p over th€ 2t
daj-l-y sessions. Thê rìlêan lat€ncy of the ilay pxior ta
inpl-em€¡tat j-on of I/O controi sas used as the bas.ij-n€
vaLue for F.
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figurê 8. Þ- plot of the H CD on IiCA. Each point on tle
graph rËprêsents the f- as contínuous f{nctioÐ in tine
ilonain. Íelative aEror I is conputeö rêlatiy€ tÐ th€
ilelay regüj.r€tsent cf the I/C corr€ctionâ.l schedule, Data

point.s giv* the near va]-r¡ês of E over tfo daiJ.y tríals and

averaqed Ðver all Ss ín Èàe graup.
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Figurè 9" the phese p].ane repr€sentâtj.on of th€ H cD.

Â11. 29 daily sessions io th€ b€ha?iôurãl stualy on the ÐCA

dere evaluatêd as a coetinuoüs funct j,on in tiEe. I pl€-
sentaticn an T/Ð pfi_ar to sûrgery d.rovê tiìe sysÈen tc
pe.rf orm at a reduc€il êrrsr. The lioit cycl€ shÒïeqÁ

balaaced force bêt.!ùeeD ë¡tilction and recondjtioning.
Thê abs€!.cê of fu.rtlex behavioural adjustìnçnt upon xenÐv-

al of f/O pcst-cperativæJ.y shors thê fiaturê of systeß tc
furlhen changes in the gove rairg ,eguåticns.
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Yigure 10, The phase diagran Õf

bef,o¡e l-esj'cn. It shoqs a tênd€ncy

tian {1c¡qÊr lèst€lcy} càên sfstem

adjlrstn€nt of th€ q CÐ

to'dard steãdy Êxtinc-

is on I/! co ntr ol .

?8





Sigure 11, ?he phase diagram ct adjustueat of ä CÐ Eroup
post- operatiselï. After iritial ove shoot,syste& preci-
pitated :i¡to a ,limit cycle arc ¡,¡¡ld. thë p axi,s.

79



(t--

-c
I(t
o-o

L
a

DP/DT
i.60

-lP
co
O



Figure 12. P Flot of fl CÐ syst€e ¡efÕre lêsion, shordi.ng

ad just{ìent of thê systes ta f/ç coÐtrol denand,
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fj-gurÐ 13. P flot of H CÐ âft€r lesio¡. BêlativÈ errors
sbolr a Largè i¡itial value followed by periodj.c
oscil-lation.
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figure 14. Th€ extil¡cti.Õ 1 csry€s of thê ti CÐ, H CÐ C and

l¡ groups. lh€ c€a¡ of total fê?er pless per sessicn ras

the d€penil€nt variairlê. the ci¡rves sho¡,ed th€ saE€

tendelcy fcr all Èùrê€ grouts,
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G8ûUP fÌ thê groÐp i{ith bilateral electrolytic sba

lesj-on in Èhe head. cf t.hê caudate nucl-eus lfi CÐ C)

À" g€n€Ea1 cbservaticn:

Thê Ss aiispl-ay€al the sane type of general activity
betore and after th€ sha Lesion, They shoced nc

ilifferences j-n theiE rÊsporìsê tc hunan haadling.

ã" actiTity in tbê rotat1onal runninq shèel:

As shc{n in Íigurê 4rth€ êan activity level of th€

5s in this group did Ût d'iifer in any systenatíc uay

befcre cr after the surgeri.

C. perfo¡nance on th€ ÐCå:

I'j-guxe 15 is the nean cf tbe totaS- nunber of aì tota]
lever prèssÐs, b) reinforc€¿l ]-eÍår pressês, c) penaLtl

co¡r.n t anrl dl tEj-al abort court of 29 daily sessions. Tor

clarity in presentation, the 29 sessions tsere groüpeal intc
six tin€ bl-ocks.ås sho{n orì th€ graph,therê was r€ducticn
of tbe totaL numtrer of 1êver px€sses .åuring the tên post-
operative s€ssicrsr¡¡hen the 5s îë!e on th.a DcÄ uith r/a
contEol. fh€ total lever press€s returnêd to th€ pxe-

opèrative l€v€1 r h€.r¡ tle ccrti¡qe¡cies return€il to thc

baseline " Tle tota.L ruüL€r of rei¡torcêd levêr prêss

Has tb€ grea't.€st durirg th€ last timo block. The peÈa1ty

count and th€ tria: abart ccünts {ere the loìresl in thè

33



last t'¡o ti$ê blocks. These results shoï the .gaj-nr ot
the systên cB the Dcå ?ia practic€.

{2}Thê n€an r€spouse lat€¡c:-es of thê H cD c group

c.!ì the ÈCÀ acd the ÐcA r{ith l/Ð is presêntèd. in figure
15. Pre-operatiyely the r€sponse latelcies of thê Ss

sho$ed prÕgressilre inprov€nent tosards the vatrue of
denand, Th€ åctual ?a1ue af the response latencT rês
sho{Ð as rrdriv€¡trr closer tô thë value of d.enanð rhen the
systera $as put on th€ f/A cðatrol . post-operatÍve1y,

there ¡ras a first dal duritg shich Èhe r€sponse latency

of the systa$ eas slighÈly shortet than the pre-operative
leve.l" I{owever, the ovêra]1 perÍorm¿r¡ce l€vèl overlapp€d

¡rith tÌ¡ose cf thè pre-operati,ve level. ti j-t.h t hê renora1

of the f/O co¡ttol aturj-ng the last tine b1ock, thê

rêsponse l-ate¡ci3s shc êd ccrr€sFonaling decreasês, the

respons€ Lat€ncy of th€ syst€B an the ÐC j! is a functian
of thê 1€ve] of demand and cf the superinposêd Îlo
control. the systee shor€d scße rga:nr ¿s a function of
Èhê I/o input ãnd cf practic€. ffo¡{ey€r thè leve1 of
perfoÍðance ¡¡s ¡Ì€asurêd by thê latency to the ÐCÂ is
largê]-T a tu¡ctíorì af the d€Band of thê ÐCA paradign.

{3) P {o} -P {T} .1he dj" f ere¡ce

p.r esenteil in f ig ure 17 . Tle

baseli¡c erroi afld th€ errcr of

dornain is sho¡,n as th€ function

on the ÐCÀ,

Flot of the fl cÐ c j.s

differeace b€tïeen the

a point in the tim€

of the level of de¡rand



{4} F çlot: Figïr€ II is the p valÐê of the ss over

the 29 days. The rê1atj-v€ €rror terû of the syst€m is
shcvn to be relatÍve tc th€ lêve] of denand of the

reinforcenêrt ccnting€ncy. Except for a slight ¡eðuction

in the p of thê slstem on th€ .last day o! the ÐcÀ,th€

relativê error of the systen befo¡e and after tbe surgerl,

is a pi¡rcr íEage ot €ach othe¡. f igu.res 19 anö 20

sh.o{eal sißi]a r re sults.

{5¡ th€ phas€-p-lane r€pr€s€ntat.ion {DÞlÐT vs Þl

:Figu¡e 21 j-s th€ lrajectcry ûf the systê$ as it traeels
Èhrtugh tbe pha.se pla¡e. ¡igur€ 22 is thë phase plane

r€pÍes€ntation cf the reslons€ cf the systen to the DCA

prior tc tb€ surgery. Figü¡e 23 is the same systeo af t,eï

tåe shan lesicn. BasËd ctì thè thrêe graphic

replesentatio¡s,it ca¡r be statêil that thè behaviou¡a!,

sïstem is B€ahly stabl€ ald it sas d.riven to a perfor-
nÊ Bce Level rj. t}¡ r€õuced r€låtj.ve erro¡ when the /O $as

irì êffect. Ðf the 20 consec]]tile days ¡rh€a the f/O sas

in acticn,the fu¡ctioning behavioural systen noved fron a

veakly stable orte to tbat of a a limit cycle,showing a

dynanic equilibrium betì{een a1t€rtatiltg e¡tj-ncti.o¡ and

reco¡ditiotring. lhe Fêrf orma.n{e of th€ systêû on thè ÐCå

cas ccnstricteil to nairoÐ range Bith a corx€spor¡¿ling

reductioÊ in the phase velocitÏ {râte of change}. üFo¡

the renoval of Èhe T/0 control tl¡e behalfioural systen

bègan to iliverge frcn the equilibriqn statershorj-ng t.he

prealoniûatiÐg fo.rcè of r€candj.tio¡inE{têndency toerar(ls

B5



shorte¡ 1at€nciês ,the trajêctcrt in ì.- he uppè.r right
-hand segnen¿ in tt€ Fhas€ pl,ane) .

t. Ccllat€raI behavicuf ând bêhavioral eftíciency-
:observaticrì of the S5 i tb€ operant chanber f ail-eit t¡
shor any systeuratic behaviouraL chain ûor glere thêfe
syst€natic iepro?er¡€nt in t.he F€rformance etfÍciency o!ì

the ÐCA {tab1e 1}.
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.figurê 15. The q€ac of a) totaL lever press, b) rêinforc€d

lever press cJ pêna:tT count a¡d di trial abori coi¡nt of

the tl CÐ c grosp. 29 daily sessions groupeC into six
tiüe blccks, Btrocks 1 aail 6 on base- line ÐCÀ. Blocks

2,3,4,aad 5 on CCà Hi.th T,/C co$tro1.
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Fj-gure 'ló. T¡6 DeaÐ r€sFc¡se Latencies of the li cB c
group. Ðata pËior t.Õ aûd subs€çu€nt to shae l-esion in
thê H CÐ pr€sêît€d as continua$s function 1n ti_ne ðomain

via prcgtan on t.he reighted least sguare polynonial {the
curv€s in the graph! .
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figlre 17. tåe differe¡ce F1ôt Ðf tbe I¡ cD c ôn thê ÐCÃ.

The nagnat.udÐ af thê diff,er€ncê vas a fu¡ction of ihê I/a
control.
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figure 18. P plat ci th€ H CÐ C

tbê graFh rêpEesents F j.n time.

calcuLat€{ì ¡è1ativ€ to tb€ d€lay

contrcl reirfcrceûe¡', sch€dul€.

curve prior tc aûil subs€güe¡t to

to þe rj.rror inages ot each other.

ûn DCå. Each poj.nt on

fièlativê errcr ? Has

re gu j.¡e men t of the T/C

fhè sêgments of the

sham lesign sere sh o Brì

90



ac
Lt

i+
l',

àn
 a

f 
t/o

sv
rg

er
¡ 

&
 r

es
t

t5
 .

 0
0

T
 .

 I]
A

Y
)

00



fi ure 19. P SLot of H CÐ C prior to sham l-esion.

Felative êrrox uâs r€ilüced cver tiee vith practice on the

ÐcÀ trith I/t cantrcl.
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T'igure 20. P Fl,ot of ¡l CD C aft€r sham

error in ¡:erf ornance i¡Ìcr€as€d íheïl

renor€d. fron ECÀ paratligro. .P€rforeance

a f¡nction cf tbê f/O co*trcl.

Les:"ûn, R e]-at i v€

Í/O cantrol- eas

leveL shosn r-o be
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figure 21. Phase pla*e represeniation of fhê ñ CD c
sl'sten. AII 29 dai.ly sessicn,s sere evaluated as con-

tiEuoìls timê fu¡ction. I/C coDtrol superinposed on th€

baseli¡e Ð{A drov€ the slstem to perfcrnanc€ level sith
rêallrcêd errûr arcurd the P ari,s,sìtgg€sti.ng balãnce i¡
forcÊs of €rtinctioü anal r€ccnditj.rning.

93



DPlDT
0. ûrl

A---+ o-ul:
-Jo)

ô
F
Ë

.9.

a



¡'igure 22. ?hase diagråe {dEldr vs T} of a iustreat' af

sche¡lule bT H cû c prior to shaa lesioa. Perforna.¡cê

approached unstabl€ foctrs pri"o€ to inplement of l/o
contrtl-. Subseguent to act j.vatj.on of 7/Ð cÕ¡trc1,

perforûìancê sas ôri-ve¡ tc r€dùr€d relative erxor in the

forn of a }inj.t cyclê trHard p axis,

9q
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Figure 23" Phase ðlagram cf
lesion. The saÐê t€ndên cy

forcê bêtseen exti¡ction and

ïas presênt , Ferformance of

ter j.sti.c 11Bcn and subseqüe8t

H (D C systern aft.er shåß

to lirûÍt cyc.le vith ba]ãn{€d

rêcondiÈioning around P alis
systen changêd i.ts charac-

to ¡enovaL ot ï/Ð contro.l .
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ËROtP ITI the group Ëith bilate¡al elêctrol-ytic Iesioli
the ale¡ltata- interpcF€d rûc]êí oi the cerèbelLuß {Ð-I)

À. qeDerä1 cbs€rva t io Ð:

Al-i- Ss {hich suffer€d bilateral e}ectrolytic lesion
Èo th€ d€îtato-intexpos€d nuc]-ei Heîê at_axic. ttpon

arakening f¡eo the surg€r]rss flere rith no obs€rrrable

Ðotoric sigrs" ¡{ovesênt of th€ eye nuscles lrêrê tbe olly
êlicit€d sign cf Dcvesent. By th€ seccnd. post-suîgical
dêy,ani$a1s shon-od severe signs of ataxia. The deg:ee of
nobility gradually re+-ür¡€d a¡d ioproved over tine,but
a]l" 5s re;nai¡¡ed pernanentl I ataxic.

Subjects avÐid€d human ha¡dling and had to be ied
{èt ees} food during the first past-operative week, They

began to €at regular labcratory rat cholr during the
seccItd Iost-op€¡atlve seek,¡ut tbey vêre unable to retri-
re foûd fron the ccnrentiora_L fcûd bins, ss shoïêd signs
of intenticnal trenor rhen approaching the yater sprôut.
Inèent icna I tremor cas âlso evident Fhên t hê Ss

approachêd the lever in th€ operant chanbèr. Thes€ sig¡rs

of ataria corrèsFonded tc th€ reports by carrea and

llêtt1er {194?l , an(l by Zêrvas {196?) $hich shor¡ed that
i¡texFôsed nucleuê lesio¡ res{¡1ted i! devastating ataxia.

Ðne of tåe sutljects,no. 52 suffered asymm€tricål

l-esiol due to sce€ technical diff.iculÈy. ?his S ¡ras also
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perrfìanent-l'y êtaxicrthough t¡€ ¡e tìâvioüral si-gns H€re nore

pÏonoìrnc€d tÐ th€ right sid€ cf t.h€ body l-ímbs.

B. actÍvity neãsured by the ro+-aciona] runn Íng

lch€el: Figurê 24 shous th€ m€ân of thè tota.l number oi
Eotations in i-be rüûniûq sh€e1 over sèssions of 30

ninutes, Th€ xesults trcfi the Ð-I group, Ð-I C group ãnd

the nornal ccrtrcl grcup ar€ pr€senf-eil. Base¡l or this
graphriÈ is obvious that th€ D-I l"êsion rsuccessfully !

aBil pereanêntly .suppr€ssêd th€ runaing activj_ty to a very

1oï¡ level. fn addj-tio¡,i.h€ b€haviour sho!¡ed. no t€ndency

to r€cover ove.r i-i{ìe. Fh€¡ the sêas{¡rênent of rat. nÐ.

52 was delet€d,tbe activity ot the ath€r 5 rats ïêre
sho¡rn to be niL,

rf ornarìce on the tC¡:

{1) l'igure 25 i-s th€ nean Õf, ti¡e tota} numt}er of a)

totâ1 lever p!e-<ses, b) reinfcrced l€ver presses, c,

pena].ty courlt, and d) trial aègrÈ coì1nt of the Ss over 29

daj.ly sessians. for clârity thê sêssiÕns irerê ilivj.ded

into six tiúe blocks. às sloHrl o! the graph, there was

general- Ëedüction in the tûta1 1€v€r pr€ssês L'hen Èhe I/O

contro.l !äas in eff€ct. Ther-o çôs also a slight reduction

i¡t the ûean of thê tstal r€i.nforceil I€v€¡ prêsses. The

nean of the tctal rêinfôrc€d l-eve! press ¡.as th€ irigl:est

during the 6th block,¡heD the f/O ccntro1 was r€novêd

post-operat:vÈ1y.
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{2} Th€ r€an resfonse latçrcies of the Ð-l group ÐIl

the ÐCÀ a¡d cE thê SCA eiih T/o cont ol is pcegented iÐ

figure 26. As eas the cas€ Ëith the previous groups, the

¡Èean respons€ latenci€s of the systeB sas a functio¡ of
the Leyel of denand of th€ reinforcenent contingency.

Post-operatively, ry.b€¡ ths behavi-ou¡al systen vas seveiely
ataLj-c, the n€al} response latencies of the systeÞ îas
ag¿in sho$'l to bè a inncticn of tb€ striDgefrcy j.Þ coctral
ileflanð" Ðj-th sùbsequent renoval of the f/O csrìtrol, th€

neaa respo¡se l-atencies of the systên showeil a corres-
porlding alecr€ase. Thê Ð-I nuclei dial not produce any

appar€nt ilisxuptio¡ in the p pê.rf ormance of the beha-

vÍoural- systes on the ÐCÀ €ither Eit.h or !r j.thout th€

sup€rinpôsåd I/Ð cc ntrcl.

{3) Þ-{û) -F{r) :The differ€nc€ plot of t.he s-r is
prêsÊnt€d j.¡ figura 27. Àgaj.n the nain têctor in this
analysis is th€ coÍit rÕldenatd

':(4):P plot:

¡ig$rê 28 is thè P yalue ct tlìe group over the 29

expêrimertal sessio¡s. Each data poj.nt j_s th€ mêan of
the 6 Sstr perfornanc€ in tle saûê time poiDt. Àqain th€

¡ehavioural system is sho¡*n to b€ servonêchanismÍc-Li¡re

i.n its E€€pcÐse to thê f€v€f cf cc*trol denataA as d€noteti

by the rêiaforcement ccnteng€ncies. Bsing the day of th€

surgery as th€ midlci¡t the lesfo¡se of the systen b€for€

a¡ld aft€r tle surg€ry are s&oun tc be a nirror iruage of
each otbex" lhèÐ the l/g control ¡¡as ia Ëffect, thê

9B



rêspo¡sÈ of the slstem flas Colìf,jnêd to a narro¡r range,

sholring littlÊ day-ta-day variatio$s {rêducèd phase veLo-

city) . frhen th€ tr/O con¿rol ¡{ôs reûoved, the b€haviou¡at

system sào$€al a co¡rêspoxaling iac¡ease in it s rêlat.iv€
error as ice11 ã.s in Íts ratê of change in it.s error.

{5) tire phas€-p1ân€ representation (Ðp,/ÐI vs Þ):

Figurè 32 is the phas€-diagran of, the ad-iustnent of
the ÐCÂ to the superinpÕs€d IIO caatrot before the system

undersent lesj.rning to the [-I rìuclei. îhe systêù sho¡rêd

t€ndêI}cy to¡rards a lirnit clicl"€ rdhich €xlìibj_ted a €gdili-
briun force .bet. €en tàê process€s of êxtinctioî and of
reconili-tionj.ng. This process of ô balanced èquilibriun
bet"€en forces of extinct1on and of reconôit.ion5.ng con-

t.:nued post - opêrati vel- y. Âs . slìown in figure 33,thê

sysie$ spiral-èal aroünC t..he f axis. Iloîe.qer the systeü

diverged f¡cn th€ li$it cTrl€ toTards a larger rêlatj.ve
er ror in j.ts performance !¡b€ã the Z/o control ïas

subs€guently renroverl. fihen the performance of the system

on thê DCA j-s €valuated as a contit¡trcus prôcess in the

Èine rlornaia, tle aaljüsteert coùld be seen as èFpraachÍng

asympoticaj-ly tovards a liBit cycle vhich spiralerl around

th¿h P axis. Th€ b€havi.oural systen th€ rêturneã to the
previous leveL of perforuance, *ith FredoninateLy t.hê

fo.c€ of reco¡dÍti-a¡j.ng at rcrk, then thè I/O ccntrol !,as

reftoved. Th€ l"esicn to tle crntrol.led systeo again ilid
not causê ãnI' aFparent ilisrupticn to tÐê systerì under

strìdy.



(6)ligu.e 3¿l is th€ graphic reprêsentation of th*
D-I du¡ing €rtinctj-o¡ phasê of the exp€rinent. The ss

shored a cêsponse ÐatÈ€r! chjch ûas sitdilår to tlìe D-I

contraL anal noraal control ss.
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¡igure 24. l{ealì of tatal nünb€r of rotations in runni¡g
sheêI activity. üEaFh sho¡¡s tbe activity level of the
D-I,Ð-.f C aîd l,¡ gloups. Each data pÕint is an average cf
aLl ss in the group. Bilat€ral e]€ctrlytic lesion i.n ¡_ï
nucl,€Í r€duceal activity to alnost nil. Ð-I nuclei sha!ì
lesion sho¡¡e il opposite eff€€t.
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figure 25. The mêan of a) totâl levêr bl rej-tforced lever
pre.ss c) peEalty court and ä, triål abori corl,nt for êv€ry

daily sessÍcn" gach data pcint is a n€an of all Ss in
Ð-I Eroup. 29 daily s€ssj-o¡s grolped irto si.¡( Èiû€

blocks.
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Figure 26. The ean respors€ latencies of ¡-I .l-esiÐnëd

system beiore and after surgery. Ðata prêsentêd as

resFonse latêncies over 29 daily sessions and as con-

tinuous tine function both suggested that Lesicll did nct

proôuc€ c.bservable cha¡ges in the perf or:nance oÈ ÐcÀ.
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Figure 2?. Th€. differ€ncê Fl-ct Fto)-p{tl of the Ð-I

].esior¡€d grcup. Eagritud€s of diffa¡ence $as a f ì¡nct-i"Õ¡

of th€ ¡einforc*neni conting€ncies.
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figurë 28. P Flot Õf Ð-1 syst€¡n on ÐcA. 29 daily
sessions ïËre trealeð as conti¡uous tine function. 1,/A

control tSduc€ð relatl-ye error term of th€ syst€n.

ï,esicìì produc€d no obse¡va&l€ €tf€ct on the !€rforûìance
o.f thè syst.èro cn tåe DcA"
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Figure 29. Þ plot af th€ Ð-tr f€sioneil

sr¡Ëgê¡y¡ PerfoxnaÐce ôf slst€ü shoved

of govêxnÍng €quations 'dh€n the syste[

different 1€v€ls af cont¡o1 deoand.

syst€nì pr].or to

rhê nosinva ria nce

ìi¡a s f ürc tiôning aÈ

'tû7
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figurs 30. Þ- Fl-Õt cf D-I slst€m after lesion. tërfor-
ûance oü thê ÐcA and Ðcå rrith I/Ð conÈrol sho¡*ed

chaËacteristics ess€nt.íaily id€ntical to that of the

nornal.
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Pigure 31" Pbas€ planÊ t€pr€sentation
systên. À11 data Fci¡ts rere evaluated.

tim€ functiÐ!, l/O contrc.l drcv€ systêe

reduced P and r€dücêd dp,/df .

of Ð-I lesioned

as co¡r ti-nuo u s

to pe rform Hith
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figurê 32. Ðhas€ dÍagrae cf Ð-I syst.em prior to sdrgery.

System shôr€d s€r?oin 
=c 

han is m- li.ke adjustnent. to changès

in sch€.dule cf denâ¡d. fdhilc où I/o coûtrol ,systeR
te¡ded to approach liÐit cyc.l€ arcund p axis.
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Figurê 33" Phase di¿gra& cf Ð-f systêu post-operatively.
Systen continu€ð behabioral funct.ioning as a linit cycle
íhile crl llû ccntrol. gebaeiaral traj€ctory chaageå its
Þ' and dÞ/tl T eÌ,€n ret]rrred tc base 1j.ne ÐcA.
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Figure 3¿1. tr¡ tinction
grcups. $Ð ar¡ of total
as b€ha¡ric ural i_ n alê x.

curv'ê.

curt€s ot Ð-I ,g-I c, ênd ì{

lever presses per session ras used

ÀJl gro ups sho rieil sa ne tTpê of



LAST DAY
ON DCA

€-o CEREBELLAR SS N=5

o----€ CEREBELLAR CONTROL N=4
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GãOüP fV the group witb_, sham lesion j-a the da r¡.¿a;i¿)

iTr"iêrlicsed !luc1€i cf tb€ c€r€b€L1uÍ {D-I C}

A. g€n9¡g1 o¡ser vati c n:

Ss in this group shocêd essertiâ.lly the sane o€neral

pâttern of behaviou¡ before ard after the sham lesion.
Therê ¡{as slight r€ducti-on it actiyity during tïe first
post-operative neek.trikê all aûinalsrthey sored signs of
irritatio¡l to th* autcciips on th€ h€ari. Ovexallrt,hê

behaviou¡ai l€v€1 of thê Ss leturneC Èo nornal by th€

s€cÕ$ð post-opêËatiye ¡¡eelç.

B.actieity Ie?âl- as peãsuled by the rotational
running aheel: sas €ss€ntialli th€ saB€ before and after
the shan l-êsiot¡. ûther than for the 4th post. -op €¡at j. v€

testing sêssicn çhea the B€aû r€spoase leve1 shosed a

suilalen inc¡ease {caused ¡y the oscillatory behaviou¡

patt€rn of cne S), thexê sas corsj.dèrabte overl-ap i! th€

activiiy Iêv€L of tbe Ss bëfcre and after the sham

1es ion .

rf,o¡ßancê on the 8CA!

{1} Fi.gure 35 is the ¡nêan of the totaL nunbêr of a,

lotal lever pressès, b) rej-nfÕrceal lerer pÍêsses, cl

penaltï cûultt, and d) triaL alort count of the 29 daily
sessions. There tas a r€duction in the total- number of
the leyèr Fresses during thê tÌ¡o post"-operatiîe time

bl-oc*s ï¡ithout aûy corresponding chang€s in the total

't 13



rìu$ber of rei¡forc€d 1€ver FÍ€sses. Th1s j.nprovêd êtfi-
ciency in th€ b€haviour on thÈ ÐCÀ correspÒDdêd t.o aü

inc¡eased r€sponsÊ latêacj.es during the same tj-ú€ period

in flgure 36. Tlis ieprcv€n€¡t was nÐt accoEpanieil by

the d€velopr€ t of a notoEic chaín post-opÈrati"ely.

{2} fj.gure 36 is the &êa! x€s}onse latencies of tb€

D-I C group before a&d ðftË¡ the sham l€sion" The

perforsancê of th€ systen shosed steaaly ieprcyêÄent,as

drivel. ib tb€ I/O contrc.l. Th€ process continueil post-

surgically, €xhibiting a b€havicural systeû vhose rel-a-

tivê e.rror aûd phas4 r€tccity t¡r€re kept $it.àin a ¡arrôu
rangë. sith th€ xemovat of the flo control,the rêspoñse

latenci.es rêt{rr€d to a fevel c*nparable tÕ that of the
pre-opêrati ïe, Fre-l/o contrcl bas€1ine.

{3} P{0) -P{T} : the alitf€r€Êce plot of the D-I c

group is p¡êsent€d in figure 3?, Th€ graph shorêd that
the !ga'inr cf the f unctiÕt¡irg systen $as the greatèst

during the tèn ccnsecutive tiBe pcints uhich corresFondèð

to th€ ten fost-surgical da¡s rhen Èhe Ss sere on tile T/O

co ntro 1 .

{4) P !l ot:

Ðlen th€ resporls€ cf the slster j-s cast j.nto tiee
domain {figùrss 38,39 E 40), the pts gave the ratio of
behavioüral adjrrstn+rt tÕ that ¿enanded by the cbange in
the ¡einf orce.nent contingenci€s. In i.his casê,the prs

'þ'e re ccnstricted tc a narron rangè by the snperinposed

1'ltr



l/o contrc1. Bèhavioral aüjustmêñt s¡as älso prêsent rih€n

th€ dêmarld Has return€d to th€ baseline level,

(5) ÐÞlDt !s Þ:

Pre-Ðp€raÈiyely the Fhas€ Flane dÍagran of the

p€rforúance on the ÐCå sho$€d that thê systen noved

to¡.ard a sêni-stabl€ focus arcìlnd thê p axis ¡rh€n the f/0
vas i¡ iffect {fiqqre ¡t2). th€ satse treûal vas in eff€ct
post-oleratively (figBr€s 41 sr¡31 ìrben the I/o ras app-

1ied. Idhen the .i/o sas r€ûcvÈd Èhe bêhayj_ourã.l syÈtenr

deviat€d frc$ the previ.ousl,y €stab]ís.heå active êquÍti-
briun state,suggësting thÐ noninvarialce of Èhe goverling
êquation in ccrtrcl policf 

"
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figure 35. Beans o'f altst-al
lever press, cì Fenalty count,

5s in the Ð-I shan lesio¡red

seê.r¡ as ¿r function of val"uês

cies o¡ DCA.

l€ver prêss, b) reinforce d

ând d) trial abort cou¡t of

group. valües of al and bì

in reinforcement contingen-

't 16
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fj-guEê 36. Thê ¡Þêa¡¡ respo¡se latenci€s of D-f sham

Lesion€d group. Sehavj"Õra1 sl¡st€s reseüb1es that of
optisalll contr{lly procêss, adjust.ing performance l€vê1

relative ta l-eve.ls cf denand. Bêhavj_oral efiiciency
improvad oyeE practicç anil past-oFerativety.
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Figurê 37. P{0}-P{T) plct cf !-r c group. Ðiff€rence

b€t{eeû daj-l-y sessions and the pr€-T/o cont.rÕl bas€l_in€

i-s a functÍcn cf level_ Õf denand of DCÀ.
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Figur-- 38. P plct of ¡-I C an DCÂ, Relative error
conputrd r€lative tc 13rr Ðf delay o! -î- /o ccnt..ol.

Pêrformancê shoî€d contiûua.l iEprcvenÈnt posÈ- o p€rati vel y

*hile system an ÐCA rj-th Iy'C ccntrol. SystÈo xetìlrned to

baselire pertcrmanc€ lihen I/O ccntrol resovâd.
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Fígure 39 P flot of t-.tr c group .before shan lesicn-
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Figure 40 P plot of D-I c grcup aiter sbafi l"esicn.
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Pigure 41. Phase repres€ìtation of D-T c group. 29

da j-ly sessicns tr-'eat€d as coãtiBuoil,s f[nction in tine
donain, system response sugqested servonechanisn-like

behaviour cn .DtÀ a¡d !cÀ Tith I/o coçtro1.
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figure 42. Phase diagraB Ð{ t-f c :syst€n pr j-ôr to shan

lesion. Sy.sten lras t alriven I to f unction toïards a

se$i-stable fccus by the srperiuposed. f/o control,¡rith
reducticû in Þ1 s a¡al j-n dP/ðf.
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figure .43. Phasè diagram of Ð-I C sl¡st€n after shaü

lesion. Systen shofled same node of behaviour on ÐcÀ uitlr
T/O conl-tol- :.linj-t cycle. Syst€m ¡êa¿ljusted to baseli¡e
ÐCA sh€n T/C ccntro]. ças renovçd
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GÊOüP V the group sÍtå bilateraJ. electrolytj.c lesioÐ

j-n the f rigla l_-gelg__.llFlL)

A,Genera I obs€rv ati-Õ¡:

ss it this group exhil¡ited sinilar general pattêrü

of t,ehaviour prior to and sutrsêquent io the lesioning"

Àüj-mals shorreå ro spêcific signs of hyperre- act.ivity t.a

human trandling" Ull1ike the 5-ç i:l the fi çÐ group, they

öiå nct slcr strcng startlê reaction rhÈn a puff of aj.r

nas blolr¡ into the cagÈ.

Ð. acttsj.ty 'in the rotationãl ruaniÊg sheêI:

Figure 411 sboss that, as compareå to thê pre-

operativ.e 1eve1 and the activiiy 1êvel cf the shan

I€sionËd grcl¡F,the fiontal ss sho¡{ed an increase ir¡ the

f.irst thre€ Fast- lêsioned testing sessio¡s. The activi-
ty levêl rêtursed to the sane general l_èvêl by the 4th

post-l-€sioü€d t€sting sessicn.The €ffect of 2.5 ng/kg of
d-anphetaniae cn the fraÐtal aai$als wer€ stüdåed as a

pharmacological t verificat¡.Il. cf the lesion síte. Íh€

êflêct oÈ th€ ilrug rras nèasür€d it t.l¡e activity running

.tr êe1 at 10 mi¡ute intêrvaf fcr 10û nj-nutes after ip
injecticn af the d!ug. Às sholrn iIl figure 45, the

frontal ss disFlay€d the drüb1ê peak eff,sct ol the

drug,flhåch is r:nigue to th€ lrontal lesioned a¡isìals

{.I versèn,l-9?1,t ynch,1969} ,
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C. perfcrmance on the ÐCÀ:

{1) figure 46 is the neaìl cf â} total lêv€r pr€ss

blre.inforcêd leeer press, c] pênalty coûnt- and d] trial

abort ccunt of tlie 29 sessions çhich yerê groupeal into
six tine blccks. Seirifofc€d leïer press Íês relatèrl to

thÊ sch€dulè cì tbe ÐCÀ. trial. abort couât rêmained at

t.h+ sam€ lev€Ì throughout the siT tine blocks. ?esaLty

cÕunt ïas the blghest durirg th€ secÕnd tiüe black vlìên

thê T/O Ías first i¡troducêd. It. renaineð at the san€

level in th€ three su-bsequ€rt tine blocks,

{2) f:iqurê 47 is thê ¡n€äû respoÊsê latêricles of the

Ft Ss betcre and after the lesio¡ì. ?re-opeËatively the

Ferf ormar¡cè of thê systËn shoï€d stêady inprovenent as a

resull-- of prâctice and ïas furth€x il¡ive¡ to approxi$ate

th€ d€maad i ¡posed on j-t rria the f/ô control-. Post-

operativeLT, th€ perforüance of th€ syst€m shoned a

systenatic shift taHards that ûf a shortèr Lat€ncies cn

the ÐCA. th€ a€a¡ resFcns€ l-âtënciês returned to thê

baseline lêvei- as sho¡En in lloc* cne, when the I/Ð Eas

renoved.

{3) The graphs repres€nting the P(0) -P{T) and the P

vs T (fiEurês ir8 Ëlr9) verifi€d th€ saae trend in the

responsê cf the t Lesioì€ d t systen to chang€s in the

çontral pc.l icy.

{4) P F I ot-:
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Pr€-operat j,qely the r€sFo¡se cf t..he syslea in the

tj-ne ðcnaj.n is si$i.Lar to the systêns descri¡ed i$
pEevj-ous sections. The rê1atìvç error of the system 1aas

reducëd oì'er tj-me as a functj.o¡ af thê I//O control aed of

practice {figur€ 50). Post-cpeEatj-yely, there Eas alì

ircreas€ in the relâtiv€ €Êror shen conpated Èo the

pre-operative leveL. Ho{¡€ver, t.he generaì forms of thÐ

trajectcries ¡erê sti1l nÍr.or inages of each othêr

Figure 51 is the P pl-ot of the ft systeE bef,oEe the

lesio¡. the f/t co¡trû1 etfectively co¡strictêd r€lativê
error of, t.hÈ systeüi to a lla!ro:{ r:angê. Posl-op€ratively

the .rêsFonsê of thè syst€ìn shoued a te&d€r¡c1 to oscillat€
tordards shorter ].at€nci€s {figure 52). flo{rever Èhi.s

tendêncy rias hÐld u¡de¡ ch€ck hy the flo control. gi+-}¡

the renoval of t.he I/O contËol the behavioutral syst€n
.È:xhilrited a shift toeald. thê pr€-operative pre-tr/O tlas€-

liÐe l€v e l.

{5) DFlÐ r !s s:

PrÊ-operåtivèly the slst€n noved. toÐa¡d an unstable

focus anå tbe¡ì diverged toeard progressive legthenilg of

the respcnse latencies,shoring the prèdoninatinq force of

extinction üuring ttris phas€ of t,h€ exp€rioent {fi-gur€

53) , Post-operativeJ-y, th€ system sbou€d a slighÈ tên-

denry to cvershoct,a sharâõtert-- stj.c of a s1j.ghtly

ll]ßdêrda p€d system {figure 54). 8ut thê flo coãtrol
quickly restrict€d t¡e e¡¿o¡ and the phase velocity of

thè traj€ctory of the systeßì rias precipitatèd into a
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lìnit cycl€ around the P axis.

I/O contrcl the systeql r€adjust€d

teristic to th€ baseline lev¿l of

UpoÞ the renoYal of th€

its respons€ char ac-

de nan d.

{6) rj"gur€ 55 is
a¡d rcrtra1 ss. Às rith
ft system sho$€d t.b €

oveË thê t i¡c sessicns.

th€ €xtlxction data olì the gt,FT C

th€ pr€viously ci-ted groups, the

saE€ patte.rI] of rësponse red.uctio!ì
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FiguEê 49. Aciívity levêl of frontal Lesi.oned, f ron tal
sham lesioâed and Bornal grcups neasu¡ed by rotational
rr¡nni¡g '*heel, Ðata pciTìts represen+,ed êan of all- Ss in
each grcup" 3 pre-op€raivj€ days and 5 pôst-operative

ôals ûere presented. S'rrntal" gror¡p shocèd teeporary

j-ncr€ase i-n activity count pôst- o perativ e 1l' uhile shan

lesicned Ss sholleal t.ânÊporary decrease in salte tine
period.
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figure 45. geans of total- I}r bÊr of al tôÈal level press,

b' reir¡f or¿ed 1âv€r irress, clpenalty count and dl't.rial

abort coìlnt j.Iì €ach daj-ly session. 29 daily sessions

ïere g oupêd íato Ëi.x tirae blocks"
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I'igure 46. Effects of 2.5eg/r'kg d-anphetamine on runúing

rheel actiïj.ty in tro¡tal,fronta1 op€rated {:ortrolrand

no¡mal ¡ats. Exper ioenta]. session started imnediately

aft€r :ntrap€ritonial injectåcn of drüg. llunbêr of

rotatlôrs !rêre coüDt€d at '10miåut€ interval fo¡ 100

nioutes. Notê the second p€ak exhibited by fxoDtal

aninêls alur lng the second half cf the session.
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Figure 4?. Þlean resporse låt€n{ies of frontal- 5s before

and after bilateral €lertralytic lesi-c¡s j,e the frontal

ar€a. ¡ach data Fcint äas a m€an of 40 .1aily t¡j-a.Is

averag€d cver a1f Ss in thât Exoüp. Post-operatisely

systen sh6{êd rëducêd re.sporìs€ lat€ncies oû ÐCÀ sith Í/O

coDtro]..Systên .rêtürn€d to pr€-operative pre-I/O cont.rol

1eve1 in ¡Èìsponsê lat€lc.ies iluring last 5 alays {hên IlD

contral ras ¡enoved.. Ðêta vas transfornêd to continEous

f,uncticn vj.a ?¡eight€ô least squar€ ilt polynoniaì.
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Figure ¡¡8. Ðiffer+nce plot I {0) -P{T} of the frÔûta1

grÐup. s¡stem sho¡ed tendencT to perforn at L€ve1 $hich

reseabl€d thaf. cf pre-operat!-ve pxe-I/O co¡trcl input"

resultÍng i¡ reducÈå differ*ûc€ Th€ peåk of th€ curve

suggêstËd atteßpt of the sTsten to regain perfornance

1ev€l as demanil€d ty ÐC.â eitå I/O co¡trol.
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Figüre 49. F pl-ot of th€ frcrtal systen over 29 ¿aily

sessio¡rs. craph shoïe<I Þ as contr-xuous tine flrction.



ûo ''i ¿
u



'rigure 50" Phasè pla¡ìe reFresetltation of th€ f.rontal

sysien. All 29 data poi-nts ïer€ Õonsidered in descrip-

tio¡ of the behaviouraf, historl. Prior to lesion' the

superinposed, I/8 ccntrÕ'l dxÕv€ tlìe system to p€rfcrn at

r€duc€d vlaues for ã and ¿Val, Post- opêrat ivê Iy th€

syst€n shored teråency to d€víate f rorû the pr€vitus.ly

achieved stat€ (increasetl Þ raluês ).
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figure 51. P plot cf frÕntâl €yste¡û Fr j-or to lesio¡.

Systen shor.€ii r€duction j.n Pt s l{ith practice on ÐcA ¡{iÈh

:,/O c.ntro1.

t3?
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figure 52. P plot of Érontal syst€n sü.bs€quer¡t to

l-esioning. Eehaviôr on tcÄ sith 7/o control a¡.d on

baseline DcA sho{Êd dafiped cscil-l-ation.
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figure 53. Phas€ dLagrâm .f lrontal systêÍì prior to

Iesion. sysè€n approached unstable focus t{h€n systen put

on ÐcA *j-th a/a controL.It th€n noved touarä stiI1

seall€r p vâl-ues ¡.ith accel€lat€d speetl sith furthèr

practicê on the sch€ilu.le.
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figure 54,

lesioning.

focüs around

I/o c ontrol

Phase diagram cf frontal

Systen e xecuted a liait

? axis, It nov€d r-oHarC

ras reeored.

syst êm su.bseque¡t t.o

cycle with ce¡ter cl

increas€d Pis th€n
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gigure 55. EltinctiÕn curv€s of the frontal' frontal

cÐrìtEo1 ¿ad nornal groop= ôrì ïtÀ. slmiLar trend obsèïve(l

fûr a]1 froups.
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GRoUP v.r the group *ith bil-at€ral shan lesio:ì ia

frortaL pol-e iFt c)

À. çeneraf observation: th€ behaviour Pattêrfl of the

9t c ss Here lìot diff€rent beio:e and after the shard

1ësion.

B.activity iû th€ rotatioral run¡ìiog vheel: 0nlike

the Ft s.s h:ch shoï€d a perio¿ of heightened actj-vity j-n

the runnj.ng eheêl,the ft C Ss shûl¡€d a post. -opêratj. ve

xeduction i¡ this bêhatj.our" Thj"s group alif fet¿ fro$ the

cont¡Ðf in its pxe-op€rative .leveJ'ie. it. had a higher

level- of activity as ¡!€asured lry th€ Hheel prior to the

shã$ tesi¿n. Post-operati vê1I the activity levêl nas not

differ€nt f¡om tbat oJ the cû¡trol {fj.gure 44i .

C. perfûr Eânc€ on thê ÐCå:

{1) Figure 5ð is the n€an cf a} tctal 1€Yêx presses

per sessicn, b, reiaforced feve¡ press cl penalty count aûd

d) tri-al abort co¡Jnt ot the 29 daily s€ssions r¡hich têre

grouped j.nto six tinê blocks. The o?êr411 picture j-s

si.milar to tàê othêr contrcl grcüls. on the vhole' the

$ean of the total l€v€r Fr€ss ras leduced :¡hen the systên

sas o!¡ tbe f/o contEo.l-.the riußber of totaå Ë€inf j-rcsd

lever çress cas th€ grêatest,rhil"e the tôtal- runber of

the peûa1ty and trial abort coünt Eere Èhë loÎtest i.r¡ the

last b 1c€k.

f2) figure 5? is the $€ae r€sFcnse latencies of the

1112



Ft g.cup cler the 29 êxp€rineBtal sessions. Post-

operatively, thêrê ]¡as slight red'Jct,ion j-E t&€ m=an

respo!6ê latency in the I/c phase sf th€ teãting. Sti11,

thËre $as cc siderabl€ overlap in the response sanples.

P (0) -P {T} :The diff€r€r¡ce

line a¡tl th€ subsêguent sessio¡s

schedulê of il.eBand {f igr¡re 58},

contrcl, the P{0t-P{T} retürned

pre-I/O sêssicns.

h€tweeD thê pre-I/o baale-

sês a functiÐr¡ of thè

Upon renoval of the I/O

to th€ sase Level as

{4) P p}ot:Figur€s 59,60 Ð 61 are the p plot of the

systefi! s adjustmê¡t i.n th€ time damain. Às vith othêr

rpêrated ccntrcls, Èhese ss t behavioural adjust-ner¡t

pricr a r:il sub€equent to thë shaû lesion ryere nirror

inages cl each cther.

{5} DPIDT !¡s P: IB gifur€ the systen sas Çharac-

teriz€¿ by an unstabl€ focus ehich subsêguentl-y ðivergecl

toïaEds a l€ngth€ning ot r€sflonsê latenciesrï{ith thê

forcè af extinctcn pre-tlominatiag, jusÈ as {as ttte case

rith the Fre-operative sIsÈ€s in thê FT group"Post-

operativ€ly, the sÏstcm nov€d to a linit cycle around. thê

P aais" But the limit cyc"Le uas a soft on€ . ?he

behavioural systen dèviat€d frcn the teBdercy to a linit

cycl€ shen the I,/c controf ¡as r€nov€d{fiqure 62}.
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Sj.gure 56" The neans of a) tctaL lever ptess' b)

rêinforceai lever press' c) !€nalty count and ä) triel abort

counts of thÊ frantal shan lesicred 9ro1¡p" Ðata froû 29

daily sessicns *et€ avecag€d ov€¡ a11 5s in rêspectiv€

groups. Fcr êxFlaBatj-on rs€€ text.

144



(n
Ft
m

J

t
t---

J
F
F

t50

(n
tr-l
(/)zo
o-
U)
Ld
t
J
t--

F

FROÑTAL CONTOL I"I' 3

[-rotot Levor Pross

[$ -Rcinlorcud Levcr Press

ffi-Penolty couot

llTlïTilll - r,' ¡o I Abort counT

DCA V/ITH CORRECTIONAL INPUÏ :'

l5 - r9 20-24 23-29
OPËRATION REST PERIOO

SESSIONS



Figure 5?. ¡leân r€sponse lat€nci.es of frontal shaü

lesiored grcuÍ. Each data p€int ïas a mean of 40 daily

trial-s aleraged over all ss. corre sPonding curve was

the first best f,it ôn thê veighted .least squar€

polyno m iaL "
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Figurê 58. titferÈnce plct of the fÏontal shan lesionêd

gro{¡p. ü!}l-ik€ the f,¡ontal- systera,.It airtaitted pe¡for-

nancë 1€Tel aftêr the surgeEY"
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FiguEe 59. P çlot of the frontal shôn lesionêil prior tc

surg€ry.
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¡'igu¡e 60. F plot cf the troãtal shan lesioned qrcup

su bselluert to s¡lrgery.
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Figlrre 61. ? plct of the systeû sith frolta.l shaÍì

lesio¡. Perf o rnärce beforê and af ter thê ,si¡rgery s€.re

ni¡ror inages of each othèr.





Figure 62. Ptras€ diagrat cf the group {i!h shaa lesian

in the frontaL tol€.
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Figuiê 62 a. phas€ diagraE of tle trt c systeE prior to

surgery. Systen approached unsta¡Ìê focus and then ooved

t,o perfornance at still redüc€d P valuês.
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figure 62 b. Phas€ öiagf,aß of ft c systeÐ after shan

lesion. System f ìrnction€d in ìimit cfcle before ajdust-

û€nt to cha¡gê in DCÀ,





cRoup vIT t*e qxoup ¡{ith bilãt€ra1 electrol-ytic lesion .ir}

:.19 P?i.þrigr qlp

À"gen€ra.l observatj-on¡?ost-operativèly' the Ss flêre

geneEalty slugg.j.sh in appearanc€.TheT spe¡t nlrch of thê

tis€ in tie hcme cage away froìD the front of the cage.

They shored sj.gns of irritation vhèn ha¡¡dleal. Th€s€

signs cf irritatioa to h{man hafldling gra{uaIly subsided

tly th€ 2nd fcs+--opèrat:ve tê€k.

B. activity level eêasur€d by the totåtional r¡rn-

ning i{he€l: Íigu¡e ó3 pres€nt,€d the nean Ðf th€ total

number cf rotatiors ovêr 30 nj.nute pè]:iod. Data of t.¡lrê€

pre-operative and. 5 post-operative sessions are pre-

sented. ås shcrn cn the gra¡]h, Thêrê is no differênce in

th€ pre- a¡d post-cpexativ€ level of runaing lsheel

act iv ity .

c, performance on the DC A:

figure ó4 is the graFhìc presentation of:h€ sean of

al total leyer prèss,b)reir¡forced lever press'c) penalty

coúnt off and d) trial alort cou¡t of thê 29 daj.1y

sessions. lhe mea! nuûbêr cf total Ìêver ptess anð of

reinforceä 1ever press ¡iër€ the high€st in the last ti¡le

block . Post- -operati vetry th€Ee was slight reduction in

t.he near total cf reinfcrc€d leve¡ press' uhich corr,es-

poniled ¡rith a r€ductio8 in the çeralty couût anil ol t-otal

l€yer p ess. fn cthêr vords th€ eIfèct of thÊ lesion ¡as

a qeneral r€duction i]l the r€sÍ.nsse of the systee io the
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ÐCÀ, The dêp¡ess€ü rêspÕnsÊ of th€ system to the DcA as

aot pres€¡t j-n the second post-operative time block.

{2} fj.gùre 65 is th€ ¡n€an .rêsFonse Latencies of the P

cD cn th€ ÐcÀ. ?he rèíght€d l€ast square fit of t¡ì€

pre-operati!è nÊan laterciessuggested thè ad.justnent of

thÈ system to the cha.ngeð lËyêl of deiûalal to bê h-near.

Post- oFe rati vely therê !{as an ini.tial- period of 'j.ncreasêd

response tatenciês during Bhich t,bê behaviourwas charac-

terizèC by mÈch ûo$¡esponses lritl¡in a ôaiLy sêssio!. thê

resporce of the systea therì returned to a l-evel. conllcr-

able to that the th€ pre-oF€rative þaseline. ùFo:ì

subsêquect renoval of the I/o ccntrol ,the responsè of the

systen aal j { ste¿l accordilgly.

P(0)-P {î):The differe¡ce plot *hich useð the daÏ

prioË to the f/O controL input as Èh€ P{0) shos€d Èhat

there l¡as a large di-screpancy betv€en thê baseline

pèrfornance and that of the first ðrtd second post-

operative test:ng sessions {figure 66}.

P Flot: shen th€ rèspons€s of the P cÐ syst€n {ast

ransforoed j.¡to ti-ae respc¡sethe respo¡sç patt€rn of tåe

systen b€fore and after th€ op€ration is a mirro¡ inage

of each cthe¡. {.f igure 67). ühen t.he prê-ûperative and

post-aperativê sessiolrs ¡È€rê ãnaly"ed separatalyn the

pre-operaÈive behavioural resS:case üas shÕflJr to be liaear

iû its adjust$€nt to the cha¡g€d f evel-s in ðeEand. {f,igure

581 . post-op€raÈively, {figure 69} the syst€n sholfêd large
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initial ¡egât:i-ve relative èrror follo'¡ed by a tedüctic¡

in the ya.Lüe cf both thè rëlative êrror and the Éate of

cbange in tbe valae ct the etror.

ÐPlÐ9 rs ?: fihên ihê sTSt€$ is seêa as a contanuous

fu:lctÍc¡ in th€ tine donai¡ cv€r thê 29 daily sessio¡s,

the phasè -¡liagram of the P cÐ group j-s sholtn as a

behaviaural syste$ rhich evolv€¡l froo the process of

predo$ixately xeconditioning into that of extj.nctioû.

Thro¡rgh practice Èäe syst€n th€¡ evolveil i¡to a linit

cycle, nai nta.r ning a activ€ eguilibrium betlrêen the forces

of êxtilcticn and recond itioning arornd. the P axis

{f i.gure ?0}. {hilê the phas€ aliagran of th€ systeü

prÊ-operativÞ1y di-ð âoÈ difter frcn any othêr groups {

figule ?1,the phasê diagraû ot ¡-he post-opêrative beha-

vioi¡Ëal system ïas that of aÊ underdanpêd systeü ¡rhich

respon¿ea to tàê control denald sith a t¡ans.iÊn: ovêr-

sboot . Subsequêntly, it €volveil iato a ðD unsta¡le

linit cycl< rhicb eÐvêd. aray fxÕû the focus *hes. thê

dena¡d of t,be ccntrcl signal $as changed by th€ renotal

of the I//o coBtËo.l {iigur€ ?2} " The response of thê P cÐ

posÈ-rp êrat. iv e¿y dilfÈr€ô fr.m that of the H cD in t.haÈ

the latt.er did ¡ot r€sponö ta the rênoval of I/a control.

figure 73 is the Ëesults on the eÌtinction phase

the experinert. The extinctio¡ curves of t.he P CÐ rP

C .$ rorma'l c groups shoceð tàe saûê tendencies.

et

cÐ
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figure 63. sean rueb€r

running ¡rheel ín the I CÐ,

loi¡L cr the qraph ías

Ã11 grcups üaintaiDed san€

aft€r th€ surgêry or rest.

cf r€rc.luticn ia the rotati-oBal

P c! c and ìI groups. Each

a mean of all ss iû that group"

levç1s of actírity before and
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Figure 64. Heans Õf

lever press c, penalt y

th€ P cD group. each

the tine bIcck.

tr errex press, b) r€iDforcèd

d) tr ia1 abort côunt of

an av€rage of all ss in

a ) tot al-

count and

value cas

15"?
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Figure 65. The nean r€spo¡rsÐ lat€ncies of the P CÐ on

ÐcA. Systen sboced increased response latenries during

initial segneat cf pos+-- operative sessions. !esponsê

].ate¡rcj-es shclced cÐrresponC1ûg adjustnert 1fhen systen

retrrned Èo baseliÐ4 )CA.
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figure 66. Ðifterence plot of P cD systês" ?hê p€ak ôf

the cürve vas during th€ i:ìitial segnent of the post-

operati ve t€st s€ssio ns,
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gigurê 67. P tlot of P cÞ syst€n in tine doriain, Alt 29

ilaily s€ssicns i¡e¡e consider€d continiìous time function"

c$rve shorr€il systeÐt s adjustm€nt to 1evê1s of d+nand as

da&ped oscj. l1a t.i ar:.
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Tigure 68, P f lo+- of P CD systen prior to lesioning.
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liEurë 59. P pl-ct oÍ P CD systën subseEuerìt to

lesi.oning.
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figutre 70. thas€ plar¡e rep.res€ntation of thè P cÐ syste$

. ÀlL pe¡f orsance on Ðc.A îèr€ evalilatêd as contiûìro r¡s,

Sylsten füncticreal tcr!ùâÍal a r€duc€d P $hen put on Ir'O

control but eyolsed a¡¡ay fxcn tlìe control 3as subsequ€rìt-

ry remcned¡ A{tjÈstnent cf sysÈen to changès in alèmand

ob serve d .

?63
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figurê ?1. thase d.iagraûr

e1èctrûlytic l"esion" Sgst€n

Tle f oxe precipitateal inot

adjustnent to renoval- of. f./e

the linit cycle.

of, P cD åfter ¡ilat€ral

shcl,€il a traÀsiênt overshsat

a linit cycle. system sioreð

control- in noviag avay fron

161¡
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gigurê ?2. phase d j.agxam of P CÐ Frior to lesioaing.
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Figure 73. trxtj.!ìction cqrÌes of the P cD,PcÐ C and t{ to
DCÀ-
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GROI¡P VIII the group ljith shan l-esion in the postêriof
aspect cf the caudate nuc].€üs

A" gene ral- cbser?ation:?he prê-operative anå post-

op€rative behavicu¡ of the ss vitf¡ shan Lesions did :ìot

aliff er in any observable manner. OÈher than signs of

slj-ght .ir¡itation duê to the autoclips on the for€hêaal ,

th€ ss appeareã $o!&al.

B. activjty l-eyel in 'th€ rctational runnilg ehëe1-

:Às sho¡{n in figure 63, the past-cperatj-ve acti-víty in
the rilnninE she€l ¡,¡as êss€ntialLy the sanìê as Èhat, of the

pre-operatie€ d ata.

@A:

(1) Figr¡E€ "lU presênt€d tbe nean ofal total- lerer
pcess b) r€intorceð lever pr€ss,c) penalty cou +-, and d)

trial abort couat of the B CD C arcltp, Ðatà fxon the 29

daily sessions were grouped i¡ttc six tine bl-ochs. The

bêharioüraI åata dispiayêd in tbis graph res{n.b1eal cl-ose-

1y thos€ of thê other operat€d cantrol groups.

Tb€ n€an respcnse 1at€rìciês cf t-.he p CD C on the ÐCÀ

¡¡.ith a¡il ritåoÐt tbe I/O control- is preseùted in figure
?5. Cf thê Ê.ê-I/D bas€li¡€ performance, the systêst

stat¡ j"lized aroúûd 5rt of d€lay. wit.h the tr/o control
input, the syste$ $as ¿rínen ov€r tim€ tÕ perforts at a

l"onger tesponse lat€aciês. PÐst-opèra tively t¡e saoê

typ€ of b€hayj.oural Fatt€rt is displayed. fhe ilata
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poínts on the graph shc{rËd the Õsci1.latcry type of

perfornance on Èba tr/O ccDtrol. Uea! latencl¡ of resporse

r€turneal to that of t.he pre-cferative pre-I/r'O control
baseli¡e upon tbê xemoval- of thc I/O contEol-, 3be gaj-n

of the syst€n :s s€eã in the increase in the $ean of the

total nunbef of reinfoEc€d Lev€r Fresses and reduction in
thê total F€lal-ty and trÍal- abûrt co¡¡nts {figure ?4).

{31 P(0)-P(?) vs T: Tàe difference plot of this
grôup is siri1ar to th€ cth€r opexâted control{figurê
?6ì,

{l¡} P plot:T}€ response of the P çD c on the ÐcÀ í¡}

the tine dcEain is prese¡tËd j.n figur€ ??. ühen thâ 29

dai.1y sessicns Here fitt€d vja üeighteil lêast sqüare

poly¡oeial,the Fost-operativ€ s€ction of the aiata is a

ni¡rÐr inâg€ cf its pre-operatirre section. ïlhen the pre-

and post-op€xativ€ sêctj.ons ldere presented as sepa.rate

data sets {figures ?8 t, 79,, sinilar results ¡{ère

obtained.

{5) t-hc phas€-p.laDe r€FE€s€ntatia¡ {ÐPlÐf / P):

Figure B2 is the phas€ diagran of the systeB befose

it *as subj€ct€d to th€ shaû lêsion. Before the 1/Ð

contrcl {as superimposed th€ syst€n st.abil1zed around the

? aaris äj.tlì a r€Lâtive errox clcsê to 2, !. ils the I/o

control ¡{as applied the syst€n l'as driven to fuÐction

*ith a much reduced error t€rr!. the t¡ajectory to].d cf a

systen chich tral'€l].ed across the phase plane uit¡ a
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predomi.natj-ng forc: Õf erti.nction durinq the niddle

secticn of the syslenrs latt€ ptr to stabilízê on a neç

demand. Th€ 1at€r phase of the trajêctory shofled that
the force ct x€cond iticBi.ng had €nteEed at thj_s st.age of

Èhe slstërûr s activ€ adjustnent. Figurê 80 l_s the phase

díagran of tàe systen post-operatively.Initj_a.ll_y ¡¡hi1e on

the I/O contrcl, tàe systen exhj.bitëd a relatíÍê1y stable
perfcrnancê '¡iith a þalanc€d. processes of êxti¡ction an¿l

reconditionj-¡g at sork. Th€ p.hase diagran is a linit
cycle €ith thè focus around the p âxis. i¡pon the rêûoval

of th€ f/O contxcl , tLe systen began lo sholr åecay of th€

ÐCA on f/A coatrol. Ðuring this phas€ the force cf
reconditioni¡g {shorter r{:sponse Lat- encyl became prê-

ilominating, and. tåe systen shoreð a rapid s$i¡g tc
increas€d rêlative êrror over time, ¡{hÊ¡ the p cÐ c is
considçr€d as â irhcle t.he Fhasê alíagram is that of a

activ€ sêrvou€cha¡i-Ê- .lÍk€ systen lÙhich traversêd

across€d the behayicura-L phas€ plaDe in the fono of a

linit cycle { figure 8l},

?he €rti¡cÈio{¡ data present€d in figure '13 sho{erl

that thè ? CÐ C sho!¡d th€ same trenil oü the cxti.action
phase of the €rperinen t.
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Figure ?4" Ilean of al total lever press' b) reirl.f orced

1evêr press , cl peâalty count a¡ð dl trial abort coullt ûf

Ss i¡ the P CÐ c aroup. Ta-Lu€s fls!€ means of each ¿aily

sessic¡s , averaged over all ss in €ach Èiûe block.
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fiqure 75. ?be eea¡ esponse .lat€ cies of the P cÐ C

group. Corr€sponding clrrre lras thê first best fit via

the reighted l€ast square pcl"ynonial.
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Figure f5, the ditfere ce plot of the ? cD C group¡
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Figure ?7. P ¡:lot of p CÐ C before aûd after the sha¡a

lesian, Perfornances befcr€ and after shan 1esion l¡e¡e

nir¡o¡ Íuages of each oth€r.





Fågure ?8. P llût of P cX C pcior to shafi lesicn.

Systen shon€d adjustnent tô changês in demand.
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fÍgure 79. P plot cf P cD c subsêguent to shaû Lesion,
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Íigure 80" Phase dj-agra! cf P CÐ C systen prj.or to sham

lesion. Syste$ ¡ras ilriv€n to ¡;erformance aroüld linit
cycle by I,i O ccntrcl.
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yígure 81. ?hâs€ diagran of p CÐ C systên aft€r sha

lesion. siBilaË bêhaviour observed ôs before shar

lesioa.





. Sig,82 thase plarì r€pres€Dtaticn of P c¡ c systen Hhe¡

alf t¡ehaviour¿l data on Ðc.å *€re evaluatetl as continuous

iÃ tin€. Trajecr-ûry tol.<l cf å. systen whi.ch sho¡ced

balanceal forces b€tneeÌr extinction aIId ¡econditioniûg on

thê tC å.
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GAOü.P VIITI the norcal control groüp {N}

å. qêûeral ob se rvatj.on:

Ihe gen+rð1 beåavíour of the nornal control Ss

sarieil little throughout the dlffereDt phases cf the

exper- iment. Ðurj.rg the 19 days uhil€ the experimestal

g¡oups usdelrrent su.rgeryrthe 5s in N lrere put on r€st

vitä f ood and lrater ad. ]ib. ¡,rhilê all 5s sholred Beight

gair¡ duriag this Ferj-od,the bodl' sèights returned to thê

pre-resÈ leveI via 3 days ¿f 2J-hour satêr dêpriva tio¡
prior to the onsÈt ot the Fcst-rest testing phase.

8. activj-ty llqsure d by the xotatiÕnal runnirìq

vheel: Bas€d on f igurê 6.3,the 5s in the nornal- qrsuF

naintaineal a u¡ifor&ed I€v€1 of acÈivj-ty through thê I

daily sessicas"

C. c€rformance on the DCA:

{1}figüre 84 presen¿s th€ sean of, a) total nunbêr of

lever Fress, b) total reihfoxc€d 1êver press, c) penalt]l

count , S d) trj-41 aboEt couÐt of +-]r-e 29 ataily sessioos,

for clarity data lre¡e gro ped j-¡to sira tinê blocks. Thê

$ean of total l-evêr press and of rsir¡forcê¿ l€ver press

¡rere thè hightet duri$g the final ti e bl,ock, ?hj-1e the

penalty couît ïas the loflest ðuri-ng the sane block, This

shoïs tìè r gainr of the behaviou¡ã1 systen via its

experielce or the DcÄ rith the suFêr- inpos€il f/o

contcol. The f,/O caitrol r€aluc€d th€ nean of the total
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l*vê¡ Fress per sessíon. {?h4 saee general phânollena vere

rêported by resul-ts fron the othêr I grouls) .

{,2) Tàe nêan respons€ latçncies of the N on thê DcA

ej"th axd $ithcut the I/o ccntrcl is p¡esented in figare

ð5" Bas€al cn this fígure tte respo¡sè laiency of the

systeo prioE to thê inpLen€nù of the I/o coatrol stabi-

lized arû{uil 5¡t of dela}. the systeo sas dliven to

râspo¡d aè a lèvel- around the 1tt range nhÐn the T/Ð

control $as in etfect. ?hê syst€ß respoorietl at thè sane

gênêral I€v€} after t.he rest period, suggesting that Scå

shoqed 1ittlè detërioration oveE ti-nê. Perfornance then

letüEn€d to a level- close to the origínal bas€linÊ

Iat€nÇy {hen the superimposed Irlo coatrol ¡ras renoved..

{3} F{0} -P{?} vs T: }igure 86 shoved that th€ gai¡

oË Èhe functicning systèm ras tle grêatest ¡rhêtl the I/a

controf *as in êff €c+-.

(4i P pl-ot:Sigure 8? is th€ ti¡ne response af the ÐcÀ

sysÈèn. lt shorêd that the perfornance of thê systen ùas

linear ovex the 20 alaily s€ssio¡s l¡hen thË superinposed

A/O ¡.as in eftèct. The behavicur of the system al€part€d

froe the rriginal leve]- of tas€1j.$e p€rforflanc€ 
"shoriag

Eeduction ia thè P valùes. Tle systen then returneð to

th€ perfcrnance l€lel con parable to tàat of th€ original

bas€li.n€ uFcn subs€gu€rt reficval- of the I/o costrol.

This charact€ristic ranifest€d tbe servonechaDisn- like
behaviour !f tb€ DcÀ systee, Fig{rles 88 å 89 ere the p
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p].ots of the N group bêfcr€ and aft€r the rêst peri,rd.

Thèse graphs exhi.bit€d siÞi--Lar behavioural patt€rns and

are a nirror í{tagês of êâcb other. Its hasic for¡û of

behavio¡¡r on ei-t.her level ot d€saDal over tine is that of

a da!¡påd oscillatj-on.

i-EJ Ðp/ÐT ¡ls P:figures 9C E 91 are tbe pl¡ase itiagraß of

the N b€fore and after the rest, As sb.ovû i¡ figure

9ü,thê trajectory of thê systêu move¿l to¡rard a reduced

re.lati-ye e¡ror uith th€ i-¡pl€n€útåtion of the I/O cor'ì-

tr€l. ldhile on the ÐcÂ cith I/o ccntrol, the systen

shoryeil rêductiÐn both in th€ relative €rro. aûd thê rat€

of cha¡ìge of thè ¡el-ative erEor ?hë control connand

effectiveLy ccnstricted the b€håvj-oura1 systen tô a üore

,stabl-e i perforßance 1ev€l over time aîd {ith a realu€€d

relative error tèrn. Th€ sïstem adjusted to th€ changed

de¡rand i¡ a linit cycle aÍcund the P axis. The sa{ê

]-inj-t cycLê lras ûaintained aft€x the period of resÈ

{figür€ 911. ?he syst€m then mcv€6 asay fron the linit
cycle uhen the supêrinpos€d 1,/Ð control ras renoved.

lhen the behavíoural syst€n cû thê ÐCÀ before and after
the rèst cas coDsid€r€d as a cc¡tinuun in the tíne donai-n

{f easÍa.b1ê as thê systeú shcced vi-rtualLy no chãnges in
its Fe¡forûa cê ovêr thê peliod ol rêst) the ÐCÀ aðj{sted

to the cirang€s in the l"ê!el cf tlemand íB the form of a

"ery tightly kn.it :j-mit cycl€,shoÌ¡ing virtually üo

cha¡}qês in the lra1 ues cf Ð?,,/Ð1 aver tine. The values

spirallsd closely around. thc focus {hich ras ori tbe ?
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axis {figure 921 " The syst€m thèn flìoved a¡ay fÌon the

l.C. sheã the I/O cortro]. ras remôved. That lhe systêm

sh¡rv€d tb€ tendeûcy to stabÍlize al two ditfêrent ].oci in
the státe- space of Lehavi-oural phase plane suggests the

noeinväriance of the governiîg êguations at t he t!¡c

diff€rent leee1s af t.he rej.ntûrcênent contingêncíes af

th€ DcA parad i g{r.

{6}ås shosn in figù¡e ?3, thÊ er.tinction curve of

th€ N group was sinilar to thosë of the other groups.
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figure 84. th€ seans af al

cèal 1€ver press ,c) p€¡alty

in each s€ssion. of all- 5s

Ðata ïerê th€n groupêd into

tatal l Yer press, b) reinfor-
ccunt and dltr j,a1 abÕ.rt count

frcn a particulan sessio!.

síx ti-ne blocks,
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Figure 85. T!€ úean resçcnsê latencias of the normal

group on Dc¿ ôÐd Dcâ ¡{ith I,/o ccDtrol/ Each data pôint

sas a nean of 40 ilailÏ trials,averaged over al- ss" the

corresponding curve ¡Ìas tb€ first best fit vj-a thê

ïe ighteil least sguar€ pol,y¡cnial.
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figure 86, The diff€Ë€nc€ plot P(0) -?{T} ûf the rornâl
group. Th€ ûag¡itude of t¡€ ditference is a fü¡ction cf

the reiaforcenìènt continEeñcies.
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giEure 87. P p1Ðt af the ncrnaì syste&.
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FigurÐ 88. I plot of the Bor¡ìal system prior to rest
pêr i od "
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Figure 89. .P Flot of the rìornal systee aftêr th€ rest

Per iod .
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Figure 90. Phase diagran of the nornal prior to E€st

period. Systefl driven to r€duc€d Pts ,functioniag arornd

ã ,axis in ê limit cycle.
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figurê 9'l . Phesê ðiagraB ci th€ norital syste¡Ì subsequent

to rest period. f ig{rres 9C a¡d 91 arê nirror ieages of

€ach othê r .



¡Þz¡r 0. 0û 0. 05

-¡l:
çJ1
o)



Figüre 92. Phase plaae represenr-ation of the nocmâ1

sysèen, SysteD ¡¡as driven to p€rform at reduced I and

alP,/ÐY i{hen I/C carìtrotr ras superimposed oã t he ÐcÀ.

Systeü continued to spiral arcurìd specj-aL value on the F

axis afÈêr the rest period. Behaíioï st,alrilizeal Íith t.s
and dP/Ð? apptroacbj-ng a constant,¡ihiLe oû thè DCA rith
1/O co¡trcl, Systen eeolv€d a$ay froü the focus shen the

I/0 control sas rê&ov€d.
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N TS ü1,Ì S: THB IiISTOI.OGÏCÀL ÐJITÀ

I. blain spÐcimen of subj€cts bearirq tril-at-eral

elêctrc.lytj.c lesions iÐ the head of the caudat,e rüc1êus:

at GxNEãAl stssrrrtÀïrot¡s :

TLe da¡ûaged brain tissues corrèsponiled vell sith.the

area as dêfined by the stêreotaxic ät1as of decroêt {

'¡954), ie. anterior -1"?mn fron Bregea t + 2.7 nn lateral
to,th€ e j.dlinê, and. 5 nm frcn the surfacè of the skull.
Th€ bra5-n s.¡:ec5.Ðen !ìithi! this boun¿lary sho¡{ed danag€ to

the cortical tissues around the â.r€a vh€re the lesionir:g

€lectrod€s €r¡teË€al tb€ braiì. ilorùêverrduË to th€ €xtren€

thinÐess of t!€ sections {óu) alrd of the long pèriÐd. of

tiûe b€tu€en tbe surgeEy and the sacrific€ of thê

anlqaLs, ih€rê íêre ro alistirct tracts observable.

the lesicning curn€nt Frodüced a constricÈed areê of

damage to thê hêad cf th€ caudate nucleus. The arèa of

maxinal ðanag€ rdas soûfiriÊil tc th€ sectj.on medial to the

lateral aspect of the corpus callosusr, dorsa1 to the

anteriûr coÍnj-ssur€ aû{l ¡rentral to the nedial aspect of

the corpus callosuE" Scar tissues and deslroyed areas

{spac€) we.re readilJ obse¡va&Lê to the norßel eyË and

unaler the Eicnoscope { 4x ð 10x). Ðisarrangem€nt Õf the

corpüs callcsus düe to th€ FenetraÈion of tite electraå€

ltas also obseËYed..

B' IBEA Cf fl AXl ¡!Àt ÐÀM AG.f;:

The ar€a cf ma]{i nal damage overlapped to sone ext€nt

with tàe spac€ occupr.eal by the lateral î€ntricl€s,
creati¡q a Firtu¡e of nuch €rÌlaxged ventricular space.
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As sho{¡l ¡y the fcllc1.¡ing dj-agran, the vent.ricular spac€

ras approxrlnatêl-y 4 to 5 tis€s that of a nornal brain

sp€cinì€û. !tith the e¡r.1arg€merìt of the veBtricular space,

the¡e rias a correspondi-ng dedïction in the total area

nornally occupi-ed by the caudat€ nucleus, In addition,
there Has nuch oanage tc thë ¡eurcns of the caudatê

Ilücleus in the lesio¡ed area, leav!-¡g only a yeEy ssa11

portioD of the caudate trissu€s free of any scar tissues.

Danage to täe seÕtion of the corpus callosum by

penetratioü of th€ êlectrode ïas comparabl-e f¡om brain

s€ction to bra!n sêction across al-l subjects.

The ante¡ior connissure anð other nearby structux€s

escaped i-njury. The follor¡iag is a serial- rêconstructiÐn

of brai¡ sêctions j-n the ar€a ôf naxiiaal danage via

bj.lateral electrûLytic lesicn of tlcÐ. Al-1 lrrain sectio*s
eer€ 6u or 1lu ill thickness and every 5th serial section

as p¡ €sê¡rt €d .

II. brain spÊcinen cf s¡lbjects served as operêtÐd

co¡trcl group for Èhe gCÐ l€si€led ss:

Àl GgN ERÀr. SBSÍA VÀT ïû N S:

Às ltith f-he bcd lesion€ð ss' the brain spëcim€n

vlthir thê confine of the lesicning coordinates slìofled.

ilamage to the ccrtical" tissües. Such Caoag€ r{as biLater-
al and synßetrj.cal. As uel]-,th€ ânount of daÐage to th€

surface of thê cerebral cortex rôs conparabl.e to those ir
thê lesioned group" T¡ gen€ral thê danage Ðas a result
of th€ penÊtratioñ of the êleatrod€ through the brain

tiss ue -
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Th€ s€ct j-cns of the corpus câ]lðsum pher€ th€

electrode !rass€d sho!¡ed disarrangÊaent of the fiber
tracts. Tbe auount artal typ€ of danaEes Eèr€ also

comFarahle to tl¡os€ in thë lesioned group" Thêre Has ¡o

i-dent.if i.alrl€ electrode tra€i.s fcund i¡ the sections.

ågåin a¡ obse¡vatj.cn coepärable to thosè in thê .lèsj-oned

g¡ oup.

There {as no o}sêrl'É.bI€ daßagê to thè HcÐ €ither
ryith 4x or 1Ox of üagnificatíon u¡deE the microscope.

The latêta]. septal nüclej- and the caualatè nuclej. eerê of

:¡o¡na1 sizes. Therê rras no €nlargeflent to thê l-âtêral
yeãtr j-cular spaces. postop €ratí v€ly, i.here ver€ no t€m-

porary hyp €r re act ivj-t.y cr ov€rt sêrsitivitÏ to blovj.rg

air, nor increasetl resistance to handling in thê fotn of

urinatioa and d€lêcation, rhich 'rexe qüite pronounceal j-¡r

the ncÐ lesioned ss bêhasi o r.rralf y, the data vêrj.fled the

intactn€ss of th€ s€pta1 ar€a.

CcnFarj.soû of the tjcÐ ard HCÐ oBêrated coltnol- Ss

Tould give the s€l€ctiv€ eftects of danagês to the head

section of the caudate ¡uclêus,and to the late¡a1 ye¡-

tricl€ The üaxinal damagès üerÊ sustai.neå by the hêad ûf

the caudat€ nuc]-eus l{hi.ch sho!,t€d reilüctioo both in the

total ar€a and i.n the nl¡mb€r cf IìeurÕns.

fI]. train sp€cj.nen cf Ss bearing bilatexa]' elec-

trolTtic f€sicns i,tr the d€ntatÐ- intê rposèd nuc].êi of the

cerebellun:

l) Grìr ER Ar, oBsE vÀTrûN5:

The a.rea .be aÍi ng Èissue danage sia passa g{: of
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ê1ectrica] cur.ents cent€red around the sectio!ì as

defined by the l"êsio¡j.¡g coordinates by Eures et al

{1967}, j-e" ap-'llnm frcm Br€güa. late¡a1- 2.2 nn fron
the üidlinê and ïertical -7en fraû the surface of thê

skuL1. ilÐreyer, the najority cf the 1esioned areas *¡er€

slightly rrentral to dendat€ nucleus area 'nith most De

neuro¡s. ConseguentLy, only the vêntra1 portion of the

dentate nucleus {Ðf} ras aff€cted, resulting in th€

sparilg of nuch ÐE neurons.

In g€nêxa1, th€re rer€ bÍ1at€ra1 synmêT.rical- iû41ënt

on the surface of the cerebellar cortices rhêre th€

êlêctroiles rêre ]-cnered into the brain. The amcu¡ìt cf
tissue danaçe sas consistaût Troe spec j-ì!èn to sFecinên.

Againn thêre Has no distinctly j.âêntifiabl€ eÌectrcde

trâcts l-€it by perietratían cf the -olecÈroales iato th€

brain t issu e.

BITSE ÂRIÀ OF flåIfüÀt f,ÀHÄGES:

naxj.nal daoagês çe¡e sr¡stained in the vêDtral Í)or-
ti-rn ôf t.be ileotat€ ¡ucleus i¡ tlìe section lateral to the

foürth rêtntricle. There l¡€re also rlamages to the

acoustic tùbercle, restifcr¡! bodyn and trj.ge¡tina1 nerre,

in the viciaity of the Ð8. Tbe orìly exceptj-on ías rat 52

shich bcre l€sj-cßs in t.he v€ntra1 Fortian €f the Dg íhile
escaping danage to both th€ CÊ and CSV.

Tnvolv€neat of Dêitexs nucleus and SechtereÐ ¡ruclêus

uere possihle but r€ry s.light. üorê anteriorly, danêge

to the brachj-un corjunctivia {Bc) }¡as also presênt.
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Du€ tc the closeness of thê l*sioned sites to thë

lateral aspect cf ItfV, the speci$€ì sith lesions crêat€ð

an illusion of larg€r than ßôrma1 I'entricùIar sFaces.

Th€ fclloviag diagrafls are sanpl€s of a typical ¡E

1êsion. Serial reconstructio.n of thê sêctions sì¡gqestêd

thÊ ext€rt cf alanage to be Trok Àp11 to ÀP9.0 of Bures €t

al t s atl-as.

:V. lÎain speci[ìep of sübjects bea::ing bilalera].
sharû 1esion !-n lhe cand a tr-¿n têrposed nuclëi of th€

c€r ebe 1lu m

aA) Ë¡NERÀï' oBsEavaTïcNs:

Às r{ith the Ð[ lêsion€d ssr the brain sp€ci¡ìen

shoseð slight hilatèral- dauagès to the cereþel1a:

cort j-c€s i¡ the tissue .block as Cefineal by the l-esion

coorilirates of Ð tes et a1 {19{i?). Às presenèerl in th€

folloring diagraß, thê danag€s to both cortices yerê

syametrical , causing ðestrüctic¡ ef coGparable nagnitud€

oÊ both sides. Such datsag€s ïec€ quj-te conparaille to

t¡¡ose sustaiÈ€d by the lês.icneal group.

Ãgain, as rj.th the lÊsionêd 5s there ïere nc

distinct-l-y id€ntifiable narks left by the passage of thê

electrodes, though soEe s€ctj-ons gave the appea ê¡ce of

iùcÍeas€d gl i al- cells.

ûn tbe !rhol-e, r- h€ DS ar€a renaiûêd intact and cere

clearly idêÎtrfiable under tbe nicEoscopê {4x) .
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v.The brain sF€cinen of ss b€aring bilatêral elec-
trolytic lesj-ons to th€ pr€-frcntal pole cf the cerebrum:

A! GEt{E FAI CBS€RVÀ?IO1ü :

The areâ of &axina]. ðanaq€ rherei!ì l"esion sit€s v€a€

idsntified correspond€d to thè arêa dÐsignat.ed by the

lesj,on coordi"ates of detroot {1954) ie. AP 5.2mn latêral

to the nidline and 2nm fron tlìe surfac€ of thê skr¡11.

Às shoi¡n iü the follcring diagran, the 1êsion€d

sit€s lrÈre triangular in shäpe anil the area of destruc-

tion flas situated j.a the upper ¡Reilial guadrun of the

pr€-frontaL ccf,ter. The dÈstroyed area vas approxioately

1,/B Õf the tataf pre-fro¡ta1 cÐri-€x.

E) A&EA CF HAXItrAI DÀM ÀGE:

Thê aËea bêarj.ng d€structivê el-ectrol-Ttj-c lesions

uêre eff,ectively cônfine¿l tc thê p.re-fronlal cort€x. l{o

visibl€ aN.amaqes ldere obs€rr€d €ithêr in the lateral
v€ntri.cLes cx in the head cf t-he cauriai-e nucleus. the

subcortical structures in the Frè-frontal areas çe¡e alsc

sp arerl froft d aftage.

c) ASYeETRTCÀl BILA'IESAL IES r CN:

in rat {5, the

¡€ asymnêtr ical. The

10*€r right quadrant

size of lesioned site

bra:-* specin€n shoced the lesions tc

lesi.on sit€ Ì{as situated in th€

of thê l€f,+- henisphere" conpara.b:€

lras situatad i¡ the upper 1€ft
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quadrant j.n th. right heaisçh€x€. As Fith atl Ss sanp1es

describcd Frsv¡ously, thêre $erè Do iclentifiable Ðarks

1êft by the passage of the €lêctroiles, other thaa rr€ry

sligh+- reductir¡ of .coxtlcal- neurous alcng the tissu€s
aligBçd *ith the danìaged corticaL suiface a¡d the

Ie si.oîed site s.

fn genÊral, È¡€ ìesicnirg culrent {3.5ma. for
30sec, ) prcduc€d an €longated triaaqular shape or a tèar
shapêd danage to the tj-ssuÈ. the sFacè prûduced by

äestructive el€ctrolytiic curr€rìt sho',red prê,sence of
gl.j.al c€lls" Scar tissues r€r€ preseût in the vicinj_ty
of the lesicn€d area. Th€ ventriculaE spacès posterior
to the lesicn sites Í€r€ of lcrmal sizes.t¡àê caudatÊ

Jrucleus ¡¡ as also spar€d.

VT. traiIl specinen of Ss $êaring bi-ì.atera 1 shan

1êsicn in the prê- o¡tal ccrtex.

üÐNCRÀI C ¡S3R TÀTTON¡

Eoth thê left and right pre- frontal cortices shoded

slight i¡dênt on the surfac€ ot r_he cortex" Bãsed on the

1ocation of thÊ indettatj.ct, !n€ could. reasonabl_y coû-

cluile that these danag€s ïerÊ l€ft by the peletËation of
Èhe electrodÊs into täe brain tissue. th€ estent and

loci of tbese itìdeÌìtation fiere consistant i.n all- sêctiôns
cf thè brain specj-men of Ss in ti¿s group.

Yf.f f . ¡:rairi sp€cißen cf Ss beariftq electro.]-ytic
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lesioss in the post€rior asp€ct of thê caudale nuclèus

À} CENEËÀ¡ ÛBsER 1'ÀT1O N:

T¡ê ar€ã *b€rein lesicned danages tÕ the tissue îas

located correspoaed c.Lose 1y rjith thê intended lesion

sitês. The site of rìaxieal- danagê was within the

confines of thê lèsr-oriirg coordinates of decroot {1954},

ie.AP .2mû frcn Bregna, 3.5nn latËral to the nidl-ine a¡d

3.5n[ frcm the surfac€ of thê sku.ll"

scaf tissue was present frcm À? ?.8 to ÀP5.8mm.

ln g€n€ral, ther€ Here bi.Latera ls Ïri ne tric al ilanages

to the sütfac€ {rf the cerebral ccrtêx shere the elec-
trcdës e¡tËr€f, thç b¡ai¡. As ras consistant with all
ot.her groups, thËre lrere no d].stinctly ittentifiable narks

Lêft kry the passage of th€ el€ctrod€s, on the ¡¡ho1e

the.re sas nuch tearing irl the þ¡a:i¡ tissues" making the

v€rificat.iûr cl lesionèd siiçs sèr€ dif ficìrlt at tioes.
brain sectic¡: cf xat 80) "

Ð) lriE AAEÀ Of $.ATltrAl EÀsAGE

The ar€a sùstaining naxinal danage ïas lÕcated in
the niddle section of !hê CPll {nrcleus caudate,/putamen} ,
n€dia1 to tbe coEpl¡s calLosuü, aail lateral to thê

interû41 caFsule. Tso ss {rats 86t75) seened to have

sustai-¡ed sone da!ìage r-o thê 1ôteral ventricles, causing

a genèrã.1 en"Largenent of the vetrt.ricular spacê¡ À11

other 5s êscâpe¿l danage tÐ tå€ v€ntricl-es. ûn the n.hole,
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the lesianing cuErent prcdüceü a ccnsiricted arèa of,

ôestruction $ir-hr-]l th€ ccnfiDes of cPU, Tota] arêa

ðestruction 'r¡as approxinat€l'y 1/8 cf tlìe CpÛ territo¡y.

The length Õi tå€ d€stroyed ar€a eas approxixûat€Ly 1/4 ot

the length af the subcortical area.

Danages to the ccrpt¡s callcsun t¡erê li&itsil to the

nìediaI secticns $her€ th€ êlectrodês passeð thtough èc

reach t}e proFosed lesiorr sites. Disarrange!ìènt of the

ii¡"r tracts s€re clearly cLser?altl-e unde¡ ihe ni-cros-

cop€. The sectiÐn of thê ccrpus callosuÍl whlch shoeëd

ncst disturba¡c€ !,as sliqht-ly anterj-or to th€ section

vith naxinal danag€ to t¡e C?I].

ItIIf . trair¡ sp€ci{ìen ot 5s beeri-îg shae lêsions ín

Èhe pasE€riÕr asp€ct cf thê caudate n¡¡cleus

Gf Ì¡ERAt CBSSTVÀTlCNS :

Às ïas the casê cith trco othê¡ shan op€lated

gxoupsrthe brain speci-men Õf 5s in this groap sho{€at th€

sy[n.etrical iBdentatíon on th€ surface of thê cereltral

cortices. Thes€ indents fl€rê caus€ti by the passagè of

the electrade through thê braj-n tissue. Àgain t,h€re w€re

no identifiaþle aarks 1eft. Theìê {das nl¡ch +-eariûg and

breakag€ in tie brai! secticn"prcbably âssociatêd u:iÈh

thê hisiolaglcal- prcc€curês.
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Dia¡3r:n::tic rep:.csenlaLion of the lesion sii-,es iir rat
br¡.ins"



figure 93. Ðiagrannìatj.c rÊpr+s€n¿atiorl of the l-esicn

sites in rat brains"



of r)axin¿l

Rat JJ, s}íde I lI.

tip of lesion elec t¡ode



Ðj-agra$ Ð. À diagran ct a braiq speci!ìen t¡ea¡ing

bilateral electro- ]-ytic 1esÍon tc the fro¡ta1 pole cf
i.he cerêbEal c ort€ x,

-t.t5 ,r ¡. i
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Ðiagram c.À diagran Ðf a brain speciflen bearing shan

l-esion in tbe d*ntato-inte!pased ruclêi of thê

cerebell un,
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Diagran 8. Ðiagraus cf brai¡ speciefiìn þÊarj-ng bilate.Eal

el€ctril- lytic 1êsicns to th€ d€ntato-i.¡rterpÕsed. nucLei

in Èhê cer€bel-luû, Ðral¡ing alc¡ê unðer 10X of a

nicrcsccpê.
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Ðiagran À. A diagEar!ì af a

bilaùeral elêctxolytic Lesion to

rìuc1ess. obs€r va t.i- on do¡e uader

brain specinen bear ing

t.hê head. of the caudatê

10X iû a microscope.



Ðiagîan Ii. j.agrans of brai.E specimen beari!1g bii-ateral
electroLftic l€síon in thê Ê CÐ,not€ the êllêrged vêDtri-
cülar sçace "
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rat # 85, sJ-ide -/ Z,area of aaxinal
AP 6.2 to Ap 5.'B of decroot's e ,es

point ol entry of elecr¡ocle

danage coÛespond.e<ì

fo¡ the ?et.

:'ee on L ef t
of sl i.de

a on :i. ght
of s lide
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sid,
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Ðiagran G. Ðiagran of l.rain speci ìen sj"th bilatèral-
êlecircl^ytÍc lesj-rn ir: ttìe postsrj_or âspÐct of the

ca.udête nucleus"

zoa j -+



point of entry of elecfrod.e

rat # 46rat ,# 51 ,
slide 1J

rat*59b

Ti:e ex¡ent of tissue dsnaJe due to peÌle-,Tation cf the elec::ode.



Ðj.agrafi F, Ðiêgrans rf trraic specineIl ]¡ith shân lesio¡
in thê frontal Fo"l-e of th€ ceret¡al corter.
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s lid.e ;f 14

Lesioned area

sca¡ ti s sue

slide # 15 d

Rat + 45 with bilate¡al el-ectrolytic
lesion in the f¡ontal a¡ea of the
ce¡ebral cortex.
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ÐiaEran E, Xj.agra s of brâi¡ s}€cine¡ b€aring asyB etr-
ícê1 bilat€ra1 *lèctrclytic lÊsioll to the frontal polÊ of

t.he ce¡ehra1 cort€x.
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orn¿ cf er-try lf. eLectroi.e

Ea-.

¡at # 81, slide t' 4

rat ,.f 87, s lide

Tço slides frol rat -.f

AP 6.6 ¡r

+3 AP 6.2 xlÐ

E/ whi.ch rec eived

I/' \-/-----='-

I fæ-5¡-dis.r¡an6e. 
cr cc-cì,,3 carÌos.rr

\ N \ Yl) 
årea or re-xirar iarasew

biLate¡aÌ el ec t¡olJ¡iic Iesions.

I] ir. ?hree sliies f¡cn
f ;:sions. In this S

ret + 86 ;rhicÌ: receivei.
ihe v¿ntricular a:.ea. was

ciLateraL elec trolytic
ail ec ied.



CHÀP 181ì I V

Ði sc ü5 sTc ¡¡

Initiation and ContrcL of flovêÍìe¡t añ¿ Besponse

fn hibit iad

{å} the frontal-striatal s y steE:

t*-*a*" "t "*t-4".t r.lem€nt: The p!ês€Dt study

suggest€d that both lI CÐ axd P CÐ lêsicns leal to a

temçûrary ].úpairûent cf responsê on the ÐcA t c. f. ,

figure.s 7, 19, 13, 66, 69 6 71 ). Thj-s phêûonênoß lends

suFport tÕ [Jãnsing {19ó8) and D€ilny-Brosã {1962} hypothè-

sis Èhat the striatr-pallídal systêo j.s involveil in the

initi.åtion cf behaviour. Electrolytic dèstrustion of tbe

a €as led to a tênporaEï disruption i-n rhe initiation of

thê Cnrs j.n th€ opèrant chaûb€r. Besponses in the same

sessiûn sharê¿ i-ncreased resFÕl¡sê lat.encies (nêgat,iv€

relô.tivê errors) ri-nt€rspersed 9íth ¡naîy non-rêsponses to

tb€ 40 CS presentations. That the disrìrption rdas têß-
poraÊy attêsts to thê phencs€ncn of behavioural recolrêry

aft€r êl€ctrclytic lesions in the brain. ås shoyn by th*
¡¡oxk of ringer et al {19?3), iaisüan & Field {1973} ,

schulr-z€ t st€in {1975} antt t¡a.11- t Eggel {'t9?1), the¡e is
collat.êral- rêinnervaticn and lunctiûnal recovery in Èhê

Cl{s ar€as. In adilition this phencnenon is quantitativêly
pr€dictall-e and follo¡rs a rigid ti$e-course a¡d r€sults
in a characteristic pattêrn of synaptic forüatioÐ. The

l-esj-on€d areas in thê pEes€ùt study sere confinêd in r€l-1

localized är€as to avoid nassiv€ danagê to neaxt¡y strüc-
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tu¡€s. Co¡ìsequently àher€ Hêre son€ sparing of. the

caudat-€ rì€uro¡s. Tbêrefore it is ccnceivable tbat ta

sone êxtent thère iras functl.onal r€covery in tb€ caudate

¡èurons. That th€ r€covery cas not coûpletè is shot{n by

the failure of the Ii CÐ to returÐ to Ì:asel:íne perfo'rnance

on tiê DCA after rêmoval of th€ 1/O coDtrol{c. f., }.igure

lJì.

Cauilat€ nìlclêus a¡d act inhibition {Stanley &

Jaynesr concêpt ot ôct inhiþitioÐ): Tf one accepts

tlalaszts {1969} arguenent that palrloyian inhibiti-on of

delay devêl,cps in th€ ÐCA,thç! th€ origi¡a1 tone CS,

together üJith tb€ 5tr or 9{, of dè1ay acquired an inhibi-
tof,y gual.it]. thus thê first 5s or 9r' cf th€ Cs duration

act€d. as a physj.cl-cgjcaL stiuulus for the subsêq eÌìt

peEiod af actj.vi-ty. Lev€r Fr€ss€s sl¡ou]-il increase as the

reínforcene.nt availabj.lity perioil approachÐð. The datâ

fron the H CÐ Ss shoqed that subsËqnent to the inÍtial
sessicn of naûy nonlesp{rns€s Èo the CS afte,r the lesion"
Ss developed a paÈterned ûctoric chain to nêtliatè the

C5-SÐ interval. Such noto¡ic chains !r€rê coûcollnitènt to

improrred perfornance on thê ÐcÀ, As presênted in thè

rêsïlts secticn, the conpoÐents of the noÈoríc chain sere
tanticiFatory gûa1 bêhayiouE r nhich Íere prêsent iluring

the prelininary trainisg but rdere l-ater . inhibitedr in
tàat Ss refrain€al fro& responding during the delay period

.in the ÐCÀ. tesi-ons in th€ do¡sa1 and dorsomeilia]

â.spects of the U CÐ p{:êsunìabl-y ploduced the disinhibition
of the Eûtcric eveùts,as shoÍrnbby theppost -operat íve
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devel,opüe3t of the ccllat€ral b€havioüral chains {tab}e
't) . Presuüa¡-l-y c{mp€nsatcry nctoric chairìs He rÈ Èhen

dêveloped, util.izing the cisinhibl_t€d notof,Íc sequetrcas to
flediat€ th€ d€lat. Ãl-1, th€s€ €vents took place r{he4 the

I/O cc¡txcL sas in €f,fect. persêyeration of thê condi-
ti-oned behavicu¡ idas nan1f€stêd ¡ihen the Ss fail_ed Èo

readjüst tl€ir rêsponse l-at€nci€s upor thê reBoval of the

superiu¡:osed I/O co¡tro]' . The aFparent i-nproved pèrfox-

ance cf the ¡l CD 5s ôe th€ DCA, and in particüla¡, of
maiBtained in¡roved perfornanc€ vben thê I/o co¡trol sas

lemovedcoul¿t bê attrj-buted to the failure of th€ dêfêc-

tive sysiee to oeef,cÕ&e the initiaL behavioural set. The

appar€nt facilif-atcrf efË€ct of the H cÐ Lesion cor¡1d

thus tle a masked fore of b€havi.f,a¡al perseveration. The

post-operativ+ performance of the ¡t cD group co!¡ld bê

eotoric disinhibitio¡ r¡hi-ch facilit.at.ed tÌìe forû¡atiorì of
qì€dj"ati.ng behayi.ouraL cbaiã du¡i4E the delay period i¡
the DCÀ.The absence of reducticn iÉ responsë latencies
shen I/{} co trcL eas nf lcnger in êffect could be a

result cf, impaif,nent to tiê c€¡:t¡al neuro¡al feêdbâck

loops essenti¡l tc prop€r adjustment of the systen to
chaages in rt,inj.ngr " Th.is d€fectiv€ systeü respoRd€d to
tàe controL deúand rith an initi_a1 ove¡shcot of an

u¡derdanp€ð systee and th€D precipitated into a hard

limÍt cycle, nhich j.s an lnvari-ant state of t.he conåi-
ticned beha¡iou¡,

p c st-û Íerativel-y the p c, lesio¡¡eil systen also
shoeed an initial und€xda¡içed adjust. ent. ûn the ÐcÀ ¡rith
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Ï/Ð ccntf,c1. Iio*eveE,i-h€ behavioüral system quickly

îeturnêd io +-he pre-r¡peratj,vc L€v€1 of perfornance on th€

Èäird. testr-ing sêssion, ¡iitho ut the d¿velopment of I l€sio¡-
rêlâted. nctcric chains. Thereforê it cou.1d be assumêd

that behavi.oral data dið nct suggesÈ disinhiliticn of
previously j. hibited $ctor béhal,icux,

nnlike thê studi€s {eg. fiosvold,1958i ÐiÌac, 1967,

19óB ) irhic.h en}loy€d thë s{re ccnventional tasks such as

delayed ¡êsFons€ and dêlay€d âLt+ration frontal lesions

did r¡ot proûuc€ behaviou¡a.l eff€cts rrhich are sleilar to

that of th€ caudat€ nucleus lesicn. Rather, th€ frontal
systë sàor{€il ¿ shift ct the respo¡se latel¡ci€s tc a

shortÐr yalue, resul-tisg i¡ an inc¡ease in thê relà.tivè
err,cr cf the behaÍiou.ral ststen. I+- suggests the possj.-

bility cf hyp€xxea.tivity to th€ pres€ntatioà ûf CS, The

absence of. lesrc¡-irducèd incrêase i-n trial. abort coe¡nt

{Fig¡rx€ 45 } nould lend support tÕ this ârguêñent .That

the shcrte:ned Eêsporse latênciês to ÐcÄ. coul-d not be

at tri.trì¡ t€d to aI} eoi¡aßcëd responsivity to rel{ard i-lg

stinuli sutported the conclusions of, Nej.ll et al {1974).

{B) t¡e cer€bg1i-ar control systêü:

Tle conv€ntio¡al concept cl,asssif ieå the cerebell-u!0

ês the a sçqe€nt of th€ €itËrent notor systêrq which is
regulat€d by the I hig.her t cêr¡t€rs in the cërêtrEun

{Brooks, 19?5} . The most rêc€¡t xesâarches lìoseseE teÊd.

to xecc¡rf irE Hclnesr {-1907) proFosal that the c€f êbel.lnrì

is inec]-eed j.n tbe initiaticÈ ol !ôluntaxy ¡ûovÊnent- ¡o¡
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i¡stanc€, lhachrs 'yrork {1969,19?3r 19?5) Hi+-h primat€s

suggest€d that tire c€rêbellurn autput may help initlate as

{ê11 as rêgulate behavioür. tàachrs experinents studi€d

thê tenpora-l- ¡elôtj-onship b€tfi€e¡r charìges i¡ cerêbalLar

activiiy and a siu¡:1e lêarn€d ficv€nent, flexion and €xtên-

sion of, ipsilateral llrist. ¡ieasurerneet of the tlischarge

of single n€urcns i¡ the ilentate aaC iaterposeå nuclei
shoü€d that ma.ny sel1s shsrd€d rtoodj-fied discharge b€t.rr€en

sigrral and rìovem€nt,ând changes *ere tine- loc.ke¿l to
moven€nt ratler than signal.....for nost celIs dj-scharqe

changed eve¡ befr:re tle nllc rêsFo¡s€ preceding Eovenentr'.

Using the fqnctionä.l 'relaticnship in t.he vêstibular-
ocular ref l-€x arc a¡d th€ sup€rposed cerebellun as an

e*âmple, ILc (19?0 ) coÐsid€red the cerebèllun to þe a

serlroae¡ca¡isr of the f€€dfc¡sard control systèn ïhi-ch
rrhavj"Dg thê aj.d of a coftpÌtcr iraviag a learliag capacity,
ean perform nuch mo¡e fLêri¡l.e anC subtl-e cont rolling" . . 'l
(p. ) " 8as€il orì his th€ory , thè cerebellar cortex
normally ex€rts a nodülating functio¡ oyer the sulcortic-
al ¡eurcrs çhich t€ceiï€ excitatory signals frcn the

cêrebe.llar affereBt' collateraL fibers. The ãeocere

bel,l-ar cortex is link€d to the cêretrral motor ärea by thð

cortico-spinaL and cortico-bulbar inpulses via the pon-

tine nuclej. and tbè inferior olive. the henispheric

outpuÈ f¡cm th+ ð€¡ta'Le nüc-Leus r€tutns to the noto! area

via the VÌ, nucleus of the thalarnrrs" lto call€d È!i.s

arrangement a nodel refeierìc€ adaptativ€ control systen.

ÐüriBg thê lçarr¡ing p.hase af a complex noto.ric sxill, th€
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voluntary u¡skil-I€d movenênts .der€ ini-tiateú by thê

associatíoa cort€x vhÍclì ¡'Je.rë first tra¡sfêrêd tÕ the

motor cort€x a¡d tber throìlgà tle pyrani4al tract do1rn tÐ

the spinal notoE cent€rs. f¡e finã1 cutcoûe '{as chsc.ked

by ttìe assÕciaticå corter ria the seEsory paf-h¡rays, ?his

systen of ccntrol is ã 'larg€ negativ€ feedback loop
ttforned Èhraugh the eaternal. sorld'r {fto,1970). During

the learning phase, tb€ c€rebral cortex is continuously

araf,e cf Èhe systenrs performance aÃd adjustment are Baðe

as required. r,iith suf ficÍ€nt traini.ng, the perf,ormance

cf the CArs b€come refiÈ€d vÕl-untary skill-ed rnovements.

The large negatis€ fê€dback J,oop via lhe extêrnaL íor1ä

is reFlace¡l by an intêrnal oÌìe trpassing tbrough the

cerebellun lih:ch ¡rcald s€ q€ as a ûoàel of thê conbina-

tion cf tbe spinal motor systên,th€ êxternal r¡orld and

th+ ,sensory pêth*ays[, Yhus the oxj.gj"na]- legative feed-

back system j.s corì v€rted by learai*g into a feedford

systå¡D flhlch no longer dep€nd on a stEaig¡tford negatj-ve

feedback lcop frou the output to the i¡put. Àilditional
j.!ìput path{ays to th€ ce¡ebell-ì¡û s€ry€s to adjlrst t}re

internal norl€Ì as requ.ir€d in a ser eonech ani sn- li ke

syst êm "

fn tbe contêxt ot ItÐrs a nal ysis, cerebel lar ilysn€-

tria a¡d int€ntionai- tr€aor rere vi-e¡,e d. as a result of

loss or :uFairnert of th€ irternal qodel. The iepair ê¡t
Hould na!:it€st itselt in the oterall perf ori¡ance of a

system {hj.cb ¡ltilized a .largê ¡egative feerlþack loop vith
a ccn.p1€x t¡ansfer functicr. As is shoun in the metho(l
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sectr-on, the tCÀ j-s a conpl€x ¡êlìavíour requiring 3 to 4

$onths cf training to achi-€ve relative consistency in
perforaanc€. Th€ results shofr€d that iatentionãl trenor
cas prêsênt Í:ì the conditioned behaviour of the Ð-I

lesiofiêai Ss Ín the opêra¡t chamber. Hosever t!ì€ perfor-
oauc€ on th€ ÐCA Has not impair€d by the tinpairment i¡ì
the iùtêraal- nìod€l in the cer€b€.lluÍ¡r. Ðatê presetlted in
the resuLt sË{tion shoh'ed that th€ Eêspo¡se curves of the

D-I lesion€,1 systên ras id€f¡tical ìdith thosê of the

ro-r$af systê8. Several fãctcrs nig.ht hayê co¡tribut€al

bütcd to th€ ap!:axent noûêxist€nce of impairn+nt of ÐCA

by the af-ar(ic syst€n. One such factor coul-d ile the

servoinechasism-]ike charact€¡istic of the Dtå paradign, a

siEulat€d nodcl. of optimally ccntrclleÕ proresses. lthil,e

t¡i].ateËa1 eI€cÈrclyÈic lesic¡ i¡ the Ð-: nucLei effec-
tiv€ly prÕducÈd clinicat sysfÈc$s of, dysnêtria aÐd intÈ¡-
ticnal treûor, the optj- al plocêss control paradiqn pro-

vided sufficl-€Ðt paral--1-êl- ta ânð a¡ substitutê for thê

neuronal fÊedbacfi for th€ ad€quatÈ perfo¡mance of the

conclitioned behavicr¡x o! th€ ÐcA, Fu.ûctional recoyêrI
coul'l tle aaothêr coìltributiûg factor f o.r abs€nce of

inpairmelt it thê ir¡ítiation of CBts in the D-f systen,

The histclcgical dèta shÕs€d that therè *are sparing of

¿le.¡tat€ n€uro¡s in thê tlorsal asp€ct of thÉ nucleus, It
is cûncej-vablê t.hat the renainiãg dêntatê neuro¡s c€re

able to calûpensate for the functiûn cf r-he dest.royed

$+ürcns.

ft is possible that th€ naturê of the task dênanC,
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nê¡nely tàê ahility -tro dêIay tbe conditioned behaviour

rçlativê i.o the onsêt of a CS presentationrê*aà1ed thê

syste¡n to r€adjust j.f- s resfc¡se during the d.ê1ay period

so it could stítl a¿têquat€ly naintaiû its pê¡fornance

efficiency. ?}¡e exact natüre of the relatj-onship bet¡rêen

intenticîa1 trêÐûr and p€rforñlaxce efficiency a¡¡aits

futur€ experimelìtal researeh. Thê results fron the

preseÐt st,ûdy are at va¡iance çith persi$gêrr s (1971)

stüily. fle êxanin€ä th€ re.lationshiÍl betHee¡ pxê- and

tec-nata1 exposure to X-rãdiation or e1êctronagnetic

fields and. the ûCÀ. fris study shôï€d that in the ÐCå

situatiÕù grêatest behaviouraL Èff,ects were obtained

during t.ransient states associat€d l{ith thc schedule

cha¡g¿s , nhj.le FÊ¡fÐrBanc€ in thë steady statês $as

Little af f ect€d. .¡tscribing to ¡tarrrs { T969} thecry cf
ceEebellar cortex Sersinger conc€ptsalized tenpora1 or
tiuing function ès n€diat€d via the r$ossy fib€r-granule-
cell- paxallel f j.bex circuit. Bas€d on thís hypothesis,
ilisruptive ef,fects an the tcA riould ¡fianif est itself r¿hen

Èhe cont€xt frcn thê ncss? fiber input varies fron
cerebral inp{t. têt iB 1,i€s of tbe tso nain behavioural

data f:{nì th€ pres€rìt study, ¡}ame}y, {1} thè H CÐ

].esior-indùc€d perseveraticn oD tbe ÐCA, Hhich coincided.

!rit-l.r the post-operatj.y€ d€v€ìc¡:nert of notor nêdiating
x€spc¡s€ and {2) thÊ fai-lü!ê of cêrebellar ¿ysretria and

intentio¡raL tr€$or ta irnpair ÐCA., thê complex eotGx

learning dces ßot seen tc take f].acë in the ce:ebell_uu {

Ha.lasz, 19?ti persoaal comnlrnicaticn). Rather than sTlp-
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porting the theo¡y by ¡{arr {1969) . Ecclês {1969,1973} aad

Ito(197C), the plesent study te¡ds to give nore suppÕrt

to lli¡as'1196?, 197 1, 1972, 1974t, and SotelÐr,s{19?51

position that ccúpLex notor learning doês nct takê p1âce

in thê cere bellu¡n.

I{OTIV ÀSfCNAI }tYPOTHTSIS:

Suggestions havç be made {Soretsen ¿ Elliso¡,19?0)
that th€ chanqês in the perforuance ûf thè CD Ss could be

seccndary tc a changeil notj-vational- state. äere this tbê

cås€, tbè disrÐFt*d pêrfornìanc€o¡ the ÐcA by the H cÐ and

P CÐ Ss could .be attribut€d to rëdqced 1evel of thirst"
1n t.he Frêsent .study this hipothesis is nacle pìausJ-b1e ia
Tier cf the fact tl¡at .hisÈslogical datå suEgest€d the

ilvas j"on Ðf l,èsj.oB danage to the 1âteral ventricles. The

btain ventricul-ar systên has -irì tur¡ b€en proposed ãs ttre
acti"v€ site fcr th€ di_psogenic r€spons€ tÕ angiotensin

{.tohnsor,19?2: Jchnsoû ð npst Ín, 19?5} . Thei-r rork
shoï€d that evên í!sensitiv€ tissues in tàe caudat€

rìr¡cleüs cûuld be nad€ eff€ctiv€ for arousal of drinkinq
by angiotênsj.¡ if tåe cannul.a fcr tbe peptidÐ vas anqled

to pass thxoug.b th€ yentficles. I{o}Eev€crseveral factors
voulä suggesÈ that thë pres€nt etfects of thê cðud.at€

lesior on the ÐcA coutd nct t€ explaineri by this
notj-vational hypothêsis. first, Buggsr{'19?4,19?5,19?5)

ro¡k sugçestêd thôt therê ïas conplete råcovery of

drug-j.nduc€al Crinking .Le.häviour f,rcß 4 to 'l{¡ days after
tl¡e l€sic¡ cf th€ proposêd actiye sites for aäg.iÐteãsj.r¡"
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The post-oFerative testíng sèssiors in rhe preseat study

dj.d not cc[ìlence until '19 daTs aft€r tàe I€síoe. By that
tiae the possj-b1e disruptioo in the ventricular f la¡t

rould have recav.red. S€cond., Erggrs { (19?6?} stuìly al-sc

inpl,icât€al the ante¡ior thixd ve¡tricle at thê precpt.ic

anil hypothalalic level as th€ active sLte for angioten-
sía. the forrth vêntricl€ and the postefiot ìhi¡d
vèntricl€ ¡l€r€ withcut any active sit.es. Anil third,
N€ill et al {!974) ccmpar*d the effects of frontal,
strJ-ata1, a¡al septa.l Lesicns in paradigns thought to

neasure incentiv€ rìotivatic¡ cT b€havioural iahibíti|]rr.
Thê r€su]-ts shor€d tììat rats Hith fxontal or striatal
lesions l,h:ich increas€d resfonding far ¡eHards in many

operant- paradigns d1d n¡t süfficiertly increase th€ir
rat€ of vat€¡ cc¡sunption,rate of acguisition o¿ sac-

charine drinkirg, latency to €at in a novel- enrironm€nt

or acquisition of Eunl,ay r€spo sÊs. They concludeal that
nthe tehavioL.¡al chãng€s sê€r:] attêr strietal_ cr frontal
danaqe in thê rat are not d{€ to ênha¡c€(l respoÈsívitlr to
rêsarili¡g stinulitr. Thus, :t is more tikely that CD

performaace eas d.üe to disruption of brairi str$ctures
concerned eith temporal discri{¡isat j"oÐ tharì to any

i¡dir€ct effect cn aotiyationå1 systens"
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CCNClü5ÏCN A¡¡D SUI{}!ÀRT

Eased or the nore recent litêrature { El¡ertsrllì,T5;

Tbach, 19?5; Srooks, 7975t .Liu t Chanbers, 1971 I both thê

caudat€ lucfeus and the d€¡'t ato-int er pos ed nrrcLel aae

proposed tc b€ th€ essential structures in the .initiaticn
and cÕîtrcI of learned beharioux. Eccl_es {1969,19?3} , t
fto {1-c?01 proFûseð. that the chanÈêls for the neural

traffic frcE the t pi"lLr to actual move&€nr- iricapiion rün

from lhe cêrellrãJ. ilssociaticn côrt€x to thê notÐr cort€r
ïj-l.h a iletou.r tor ]êar¡ing through the cereb€llue. l{€oç

and Pc¡ej-l {19?l) stress€d the anatonical convergencê

fron asscciatícn cortêx t.hrcügh the basal_ ganglia ãnd

cerebêllunrvia the thalaFic fu¡nel of TL, to the motô¡l

cortêï. Ther€fore the najor cerçbra1 i¡fLue¡ce of th€

cerebeLlun aÐd the basal ganEl-ia is rpoa the notcr area

of the coftçx. Stfereùtl-T th€ enti e cerebral" cortex

s€¡ds fib€rs to bsth thê L¿sal gangl!_a anð the cerêbèl-

lur, lhus { the inp¡tt goi¡ìg i¡}to the cêxebelium ând into
the basal- gaaglÍa üay tr€ cod€d in a ncre abstract anil

conplex nâ¡rner tban tìlÊ ir:püt ånto the notcr corte atT

{EveEts, 19?5). Sithin this ccntext, ûotor ccatrol is
nov studi€d i"n terms ûf f€lati.cns of differênt divisions
of the central nervous syst€n to cne anctber and to parts

of th€ bady. ¡{atry uotor fu¡ctj-ons are nultiply Eepre-

se¿têal and cclltrcl of, th€s€ functions inyloves sinul-
ta¡eous ð.ction of ê11- levels cf thê nervous systenrs

hierarchical organization .1ìê rork of Thach , Everts,Ito
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a!. d Erocks al-l- i.np1i*d th€ exístênce of tran'Scortical
feedhack lools j-Ð a seryoR€charisü--Lite functional systèm

lEyerts '19? 3, ¡¡alasz r 19-13, . The ÐCA j_s a sèlf -r€guLati¡g
behaviour str'sten rhich is servonecàan.ically ilriyen an{

homeostatically stabilizeri { galasz, 19721 . It can },ê

üs€d as a si-nu].ated uoðe1 Õf CNS ccntEoå over ccnditíoned

bèhaviour. f n the ç.resent str¡dÏ it- !¡as used as a frprot)eù

r¡ethod{logy to stüd.y bêhaviouraL ai}aorna]-ty which might

iav€ resulted frcm l-esioI!Ê in tbe st.r i.åta 1- f rontal and/ox

dê¡tat c-i nter EÕled flotor subsystens. Thê rèpÕrt in tåe

result s€ction suggest.ed that thê ÐcÂ ïith the I/û
control succêssf u1l-I' .rêstrict€d the perfor$anc€ af th€

behavioural systêns in a rel1-defi¡êd rangê in the

sÈate-space of b€haviour. prior to thê sT¡rqerÏ, th€

phase diagrams cf all grctps shosêd tenalency to a soft
linit cycle ¡ith the focus arourd the p axis. post-

opetativeLy, the . trajectory of the n CP systen shoned a

te$porary dj.srBptåoÐ in th€ forn of an ìlntl€rdanped

overshoct,Èher pr€cipitated i¡to a hard linit çyc1e,!o

:"ong€r sensitive to changes ia the qoverni¡g êquatiÕns

{eg. r€i-nforceEent contingenci€s}.The P CÐ anil the

frontå1 sTstems alsc shoced tenForary disruption . The

foraer responded i! th€ f,arm cf an under{lanpêd overshoot

similar to the H cD systen,lihaf€ thê latter respotded j-¡

the forn sf a danped cscillatj.on torïard a Largê¡

relati"e eÊoÊ.8oth sys¿€n r€türn€d to tbe pre-operative

resFons€ fatt€rns charact.€ris€d by a te¡Ae{rc} to a soft
linit cÏc:-€ on the ÐCÀ vità a/0 control paradign. thê
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systens behaviour shoned co¡r€sponding adjìjstßent vh€n

tï¡e noninvarianc€ of qovefning eqüatirDs sê!€ assuìÌeal

{chaages i-n reirrforcenênt contingêîcies). Th€ d.entato-

intèrpcs€d systen Has pernanentlT åtaxi-c. Hosêyer the

systêm nanifesteð th€ sane b€havioural characÈeristics as

before thê ]esj-cî. In addi_tion ,itõ post-lesi.oned lreha-

vioural history ¡cas virtual-ly identicaL *ith thar_ of, thê

no¡mal slsten. Thus,usiDg the ÐCA and the ÐCÀ cith the

I/O ccntrol,th€ pËesent study ditfêrêntåated betre€n {a}

the specific êffects ¡f CI l-esj_cn on initiation antl

control- of co¡lditicn€d ¡eLaBicur rhich idère constructed

oa Pavlovian irhibitior ot dê]ay aÐd {b) thê effècts of
deìtato-intÊ¡pos€d terpos€d lesic¡ on the sanê behayiour.

In aðilition, j-t diflereatiat€d the genera]- €ff€cts of
cê r€ braf/c€re b€l1ar l€sions cr rotor activity such as

run¡ing irhe€1 f[€ù those rhich ar€ concetr¡eð üíth cen.t.ral

nêrvous systemts initl-atic¡ and ccntrol of learned. cos*

plex s:otÐr act {pxanj"s} . Xhe eract naturê of the

tra scortical aÐil trans!èuf,cnaI servc-1oops a*aits futu¡e
f,esêaxch.
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lflEOBNTT{ÀI ¡FÀME¡{CFI¡ ¡IiT çCNCEPTUAT i{OÐTT

The present Hsrk dêv€loped àf!er maÌly years of
experj.mental :esearch j_B thÊ laboratory of n.f. Hô1asz.

Halasz I qork leans heavily tolaards úod.ern control theory

ítr gêDêrai, aüd. more specifically the d]I¡aÌ i-cal sÈability
theory in nìich bebaviou¡aÌ systens are see¡ as së1f-

regalatory in the context of active stâbilization. ttsing

thê ÐCå as a b€havicura.l parâdlgm, he atteßpts to s€ek an

improved ¡a.l"ance b€tyeen fcrqal adeguacy and 1êbaratory

relevasce in exFouûding a tbeorT ûf thê hÕneostatic

staiiil,i.zai-ian of ¡êhaviour. Àcticns {ox CRr s} are s€eI¡

as systsns cf ûov€oents cocrdinat€d i¡ the fusction of a

result." ¡.cquisiticn of a CB co es about as a result of
ê*perier¡.e, å!d thrÐugh the ítt€rnal_ pracess of equiJ-i-

brirm" the expression cf a ¡egulation or ar acquired

stabilization of coordi¡atire processês. As such, he

vie*ed behävioural oscillaticn {and sÈability) via a

qìra.litati-rre dynanical syste$ th€ory. That is, a control
thêory prcvidi-og a lasis fcr an €xperinetrtal- analysis of
the si'ability of cÐnditioning {Ilalasz,196B).

thê Hal,aszia¡ scheme ls baseit on: {'l} a moder¡¡

physi.cal noilel of a contrell€d pxocess, {2} an i¡cl"usive
but €xplicitlÏ defin*d sêt cf i n te gro- differen r-ia1 egra-

ti.ns Fostuìat€ð to gcver¡ statistical neasurès of beha-

viou.raL perforrBanc€, aFp-].ied tc, l3) a paradígnatic kj_nd

of {¡êuranûscularJ conditj.on€dactivity. {p.2, Hal-asz,
.r9?4) .
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tla lasz u se d the e.lastic spring to p€rsonj-fy the
ilisturbance- resiste¡ce prop€rties of l¡èhalriour. I{hi-1e

Ireuil put nore enphasis a¡ the t'spring like r€storaticn
of behavioural patterns, tla]asz mad€ a tiner differentja-
tion b€teeen th€ inertiarth€ pâssivè têndency ot a sysÈen

to üìaj.ntain a given stat€ cf nctio!ì, aad thÐ rrrestoring

force'rrar active vcctcrial trac€ss touards the eguali-
brÍuo r€fe¡enc€ state. IÊ aðd j"ticn, the danpÍnq constant

of a behavioural systeB säich detêrnines the rate of

cha¡gÐ of a p€rturbetl syster uas also given a proninant

pos5.ti.cr i$ describing th€ characterisÈics of a beåa-

vioural systes. ffben an actilr€ behaEio{ra1 syst€n is
thi¡s vi"sualiz€d, it caa bê aRaLyzed and ðêscribed by the

seccnd crtler Linear diifër€ntÍa1 eguation; ie, í p+cp+ kF

=0 { P=ile viâtj-ctr of a behavioural systen lroü thê

Íef.Þrencê eguilibriun i=j.oertia c=ilaoplng constant tr=

elastic cÕn siant )

I¡ the biclogical and/or behavioural transients, the

danped sinusci.ds or exporential a¡e the solutions to tlis
êgüatic¡. ã.s llalasz has shona, 1196ô,196?) thë solütion
to this êguation gives comprehensice accoutrt of traÐ-
sients j.¡ the }atencies of the ilê1ay€d rondj-tionèd

¡esponses du€ to dist{rbanc€ í¡ thê CS-üS intêrvals. As

silchrthe 9€¡eral-ity of th€ dynãnic stabili.ty th€ory

renalêrs possibl€ tiê €xperi¡reltal, anålysis of behaviour.

as cn-goingract].v€ cont fol-l in g/coIttrolle al processes.
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Bebaviôral variat¡j-lity,as irÊ1.1, as unifo¡nity,j-s accêpt€d

as lalrfu.I fünctions of aa act.iv€ biÕlogÌca1 systen.

ilith the rcre conplex behaviou¡a1 syst€rs, Halasz

enployed the cc¡cept of i,hè servoft€chanisn, A servonê-

chanisnì is a ccntrcl detj.ce chj_ch å.itjusts a passive

controll"ed €l-ên€n1: by neans ûf a sensor rhich ccnpar€s

the actual oütputlco¡diticn of the el-erne¡ìt ïith that ot
the dêBanä. Its actj-eity is actuat.ed by an error siqnal
forft€d at the summing fcLnt rhen comna¡d and feedback
j-nformation convêrge. Th€ r€l-€vð¡ce of a servonechanisur

nodel to the lenêrål prcbL€m of the stabilitï cf biolog-
ical forn ând fuÐction is at c¡cë ot¡vious. ft eriaTìle,s

the app.licaticn cf c4nc€Ft cf cclltrol to ¡euEological ,

physiolcgj.cal- and Fsyc hoi-o g ica L studies.

thê optimõl proc€ss control is aB êrtêns j.on of the

servomechasi-s ccnceptrirhich !ûalr he applied to thê .hoüe0-

stat j-c r€gü"Laticn in biclogy and bêhaviour. iû this
contert, th€ sensoartåe fe€èback ccnùro1 and tl¡€ denand

input are all stat:stric i¡ Eature. in the côn¡rentio¡¡al

servonecïarisn t ranercrkrth€ ccntroS-L€d elene¡t is â

passj-ve d€yice,but in the cpti$aL proc€ss cottro1 it cal
be âo {opêrating plartü cot:taining faedback locps ot a

1o¡rer ord.€r. th€ present authtr co¡siders t.hi-s mÐdel nost
attractiyê in th€ allalysis cf function aaå bêhavioür

rhich include i.xth€n thÈ r.neurcnal circi¡itsn as a sl-gni-
f,icant variable. i¡ this fra$ayo¡k, the sensor takês

statistic €anpl€s of th€ Ferfaxûarlce of the plant. an
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index is conput€d âad fêd ¡ack for cÐntrol decisions.
the variables descr.ibing th€ stat¿ cf the control €len€.:ìt

is therefo¡e distingu:-slìed fEoe the inCe]( descr:bing th€
conditj,on cf thê ptant. ghii€ this fine d.isti¡ctio.n is
aot aLsays possibl€ experin€ntally,it is a€verthelëss a.n

i portaût cc¡lsideraticn in r€lation to the âdaptatiïe,
noninvariant and ncJ¡,Linêa¡ €yst€ns of co¡trol,

According to Ëa.lasz,ti:is nodel gives the best poss-

iblÊ phTsical- picture fÕr all essential_]"y úathenãtical
treatnent Õf, ¡€haeioural hcGeostasis,becaüse it is thê
nost concor¿ant rith aeurcphys-i-ologicaL kxoflleilge,vith
the statistj-aal nat{re rf b€harrioural neasurênents and

the plasticity anC adêptivitÏ of ccnðj.tioned res$ôns€s{

Ha.Lasz,1973). It gives ris€ to the concept cf cotltrol
policy,i€,tle inprcveneat of tìe behaviou.r of systens,l

uhich rtbesÈ reo.ders tbeor€tically the charac tê rj_stics of

CRtrs co¡sid€r€d as uotoc skiJ,ls ar {praxis¡r. The CA{s

arê ccBcêptualiz€d as th€ paradigmatic behaviour il the
treatnê¡t Õf hctsêosÈatic stahili.zatio¡. Ehese b€haviûur-

â1 sÏstens can e studied ûatl¡€natically by identifying
then rith troptinal procêss ccrttrol S coorüi¡atecl *ith
contrû1 pcf i,cy''. In thj,s fram€i¡ort,ihs controlleal pro-
cêss black is the €:(êcutiye aFparatus of the skil1. It
incluä*s ¡nuscLe fåbersrspiuaf nèuronsrnotor csrtèx

,anterior ce¡€bê11-trBrêtc. rand j-s in tqrn subserved ¡y
lower crde¡ sêrvo n€c¡auism s. The object oi regulatj.on is
aa activesystên including thê CìiS,thÈ eff€ctors and tb€

enqiro¡nert. E¡vironnent ref€rs to tire fixed liDb of the

245



reinforcênênt progrâEnír:g af:fara tus sithÍ! Eliicà the

noto.r skilL is exe¡ci-sed.perfcrtraDce Eeasuremênt is the

ongoing activity og the braintbrcugh s€r¡sè organsrnÉnory

circuits etc" Tie inteEnalized feedback processes a¡+

nade explici.t via the installatian of e xperinental
apparatrs such as ccuntêts, tinì€rs" etc.{*bi1e the ana-

tony and. Fhlsiology of the brain rs Ðïn pèrfornanc€

neasurenent over j_t executive plant j"s so poor].y undg-

¡stood,,.. it is thê int€rnalizÊð cotìtent. that côrres-
pot¡ds to elements of ,ptraxi5.n {llalasz, l g?3) .the statê
space of a C8 is trth€ canceptual- t h€a11e f or the

operation of habiÈ as contrcl_ pclicyrr {Ealasz,19?3}.It is
the ßèetir¡g graund of t-h€ conditio* Õt perforüaac€, the

dêmaãds cf the extërnal- eavi¡onne¡t and the arraila¡1€
contrql actj.ons. Eccl-€s { 196?) hypothesized th€ possihl€
e¡.ístance of such at area in th€ cerebel_1uu at ,¡hich

e:(teroceptive, prrprioceptiee and êxecut.ive påthvays

int€¡s€ct. T{alasz, o¡ th€ cth€r haÊal, devoteð his energy

to the ccnstructicri of tåë ccncêptì¡a.l t'h€atre ¡,rit¡
€].ectrctic hardca¡e and softra:€. The principl€s thus
ileriv€d ryer€ tak€rì as to prcviil€ the thêÐry to appropri-
at. e in+-êrnal proaess€s.

At thê sinplë J-eve1, a state-spacê can be repre-
se¡ted by a trphasê-Flane¡r *hich specifies th€ noûèntacy

state cf Fexfornancê by the l€vê1 of a response and its
teadency tc shang€ {i8., tn€ first derivativel .

Àt th€ nìore conpl"ex I€rel- a staie-space is statist-
ical becaus{¡ ev€ry Fcint jn th€ space is t.he status a$d
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tendencj.es cf a freqre¡cy distribution, This is so

¡êcausê the actual conditioå ot skilled Þerformance at
anT timerTi ís a frequency distri¡utj-oTì of that perfor-
üìance ¡nÊasurê uhich can be described by a set Õf

statistical Bove.äerts pj, in an enpirj-ca1 perforna¡c€
sanple" Mathe mètically is :

dpi/dr=fi {Pi,Pi)

üpÍ/df=gi {Pi,Pi) ,i=1,n {¿j ?he trajectÕ¡y
{iÉ.j., tbe sclutions to thes€ equationsl descrii}es th€
history of the perfornanc€. Iiben the Ferf or!ûence j-s not
affectëd by the action of t¡e denaod gÈlera.tor, the
eçuaticns reFresent thè auto-dètêr¡ûination of èhe be}la-

viour as infl-uenced tJy j.ts crdn itlte na1 structure.
'ul heB thê perf ornance is drj-vçn by exte::nal dena nds

dj. {T} , the equation b€comès

dFi/di=gi {PiPil +iti {r} ,.3./

B€caEsê of the statistic natu.re of, decj.sion process,

th€ d.i{t} is }íkely a discontinuoüs step-vise increnìent

of the Eeinfo¡ceRent contingency.

Fhea the perf otlrìafrce ¡nea,sur€ is an error funct.ion,
Pí i-s an èrror ind.ex. tàê origin of the {pi,p-i_, phase

plan{t ccrrespo¡ds to performanc€ perfêct1y ãdjusted tc
the den¿nd aRd at e{ùilj.brium there. Th€ curr€¡t co¡cli-
tioa of bêhavioùr {as representçd }y the railius vectcr
fron the crigin to the poilrtl gives a displ_ay of
iliscrepancy bêtween the actual aad desired statË of th€

247



pr axj-s .

At the higher-crd€r ccntrol syst€Bs thê control
signal {ni) rân be experlmentaty aIplj-ed. or reftoved rela-
tive to the state- space re lat€¡ .iiscreFaÐcy display.Thj-s

sj"gnal is applieð o!€r a¡d abcve the ¡estoriag forces
esse¡tial in the a¡rtÕ-detêrûinÉd stal,ilj-zation of perfo¡-
¡na:lcê. Uathematically, it is

ilpi/di=gi lPi, Pii +di (r) +ni í4i

n: is ge¡era.l1y b j.nary {0,cr 1l ,ccaforning "{ith optima.li-
ty priacipl€ €f ccrltlcl cr ,rbang-bangrt co¡trol {Tûfirvic,
1966) . Eriefly, th€ baag-barg crnt.rol- action ipi, pi)

ut j"lizes strategi.caì switcàing in and Õut of mi in such a

raï as to mak€ tbe conditic¡ed action nost rapid a¡d

stab.l-e.Às the trajectory int€rsects ths sHj.tching .1iïie,

cortect.iÐnal üi is activaÈ€d. The positia! and the asqle

of the suitcTì-ng line describes the ccntrol policy in
forc€. {A vertj.cal sr.itching Linê neâns that mi uill be

appli.ed ¡hen er¡or index pj" has €xceeded a tolêrated
l-evel, an cbligue l-ile statês that thê derivative pi, or
a.ûtj-cipêtion is incl-{¡d€d in the p oc€ss of conÈrol

decj-sio¡.Thè optinal- control policy caa be de¡ived nathe-

naticallÏ for a. slstÈn i"f we ¡<noH its governing egua-

tions, 0n the behav.iour 1evel , hoH€ver, cne is ccn-
tronted ï j-th the inverse problçm. Tarious cortroL poti-
ci€s are ènpirically coûstructed to prob€ a behavicìrr

systen. 3he optì-nal policy is e&pirically derive¿ via

experinenatal ûa.Difulatioâs to provide sooe insight j.n
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the un knar¿n €q uaiio¡s.
l{heÐ tbe ãpplication ci ni {corrèctional aclio¡s} is

mad.e f unctioDa:.ly d€penðênt c¡ a segnent of trajectôry {

a finite historl¡ of a bêha't)ioural sys+-ea),t.hê principle
of optime-Lity plays a ¡c1e i¡ t.he ccotrol pûliÕy {that
regulate çerfornance about a reference pt. j.n i.ts
stat€-space) " It dèr thj.s canditiÕn, the quailrat.ic crit-
erio¡ is sëd to introduecê an integral e{uation lrhich is
¡ecessary tc cÐmpute the value cf rang€s of T oÍer vhich

r¡i .is i¡ action. {Note:tàe guaalratic cr:têr'ion statês that
a func tion

F {Pi+Pi)

of the sguared radius v€ctcr dëscribed tly lhe systen

about thê orig:i.n shculd be æj.Ðinizëal or held to a set
v¿Lue ove¡ ð traj€ctory s€gEent).

The ccncept ci opti[ality p::ovides a vital arid

qualitative underst.nnd:ag of systen oscillations.
Ðasêd €n thè Ha]-âszian !ìodç1 of behaviour, a condi-

tionsd hôflit is defin€d by a policy of control over

skill-eal neurcmuscu].ar pexfornanc€. As:suchrthè eguations

{4) and {5} repr€sent one of the statês of the skil1
ldhich Bay fluctuatê over tiì¡€. To d€scribê nore fir11y

tbë ski-1"1, together ¡¡iih its variations, the for¡ls af
eguaticns (4) and {5} must paranet.ricaLly ¡ê dêpeììilent on

state variablà-s

sk=1....n
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dpi/dt=g j- lf i, pi,sk)+di {r.) +ni {f {sk } di:} ír.r

t.he skr s are Iûcat.ed in the cont.rol syst*m blcck and

sperífy the adaptative din€nsia¡s uàich the braiIì pçs-

sessês ovèr bêhêvio r, anü over tl¡e extêrnal siinulatios.
:f the prccess ûntrol of a CA is conpl€te in Èhê S the

sk ts are ¡ìeurophysiologj-cal and are relatêd to th€
plot.Èei (revexsible stati: chalges associat€d rith factars
such as nctivatior¡af or circailian rhyt¡n.s) CNS dinÊn-

sions. ff, cn tà€ ath€r haBd, r.e exter¡al apparatus is
used. to sioulate tbe trighe: c¡1s corltrÐl, s.kr.s can nêãn

the adjustabLe d€cision crit€xia in +_he regulaticn

{lIal-asz å Cberg,'1969) . IÐ â S- lC) -R Faradj_gn, the skrs
belong with tåe O vari,ables ¡ìh.ile the pi{the stat€ of th€

controfl€ð ¡¡êurcmuscular Ëroc€ss) bel-ong to tbe lì

varj-ab1es" Thecry (f noï:.i¡€a¡ oscil-l"ations

As pointed o{rt by lial,asz tbe skrs and thei¡ equation

dpi/dt=gi {f:, fi,sk) +di {t} +mi (f, {sk) di} iþJ

provide the dyûamic basj-s for ccncèptual applj..atioû of
th€ thëcxy cf rcnlinear oscil].atisn èo th€ unde:standing

Ðf behaviol¡ral f lì¡ctuatio¡s and honeostasis. lixed statÊ

of Praxis=fertcrna¡cê oscil]ation about an equalibriuü
poin. $lìen thÊ control policy is fj-xed,srr{being con-

stant the ê{uatian lñ} ûâj..ntâi¡ a speci_fic form. The

condi-tioned Ë€rfornancÊ pi ns say fluctuate arouûd an

eguilibriu$ pcitt {pi=0). S€?eral typ€s of fLuctuations
mal¡ occur: {a) Th€ stockastic jj-tter is an artifact of
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statistical êstimaticr, !chich does tÌÕt bear on the

deter i¡tis¿ic aspect of behavj_oural fluctuãtion, {b)

lalrful oscillation of a behaviour al¡ÕuÈ ihe equalihriutì
nêy take tç. torns rhen tàe syst€n is pe¡turbed try ã

dena¡,j. signal .If thê reÊtoring force j-s such that the
trajectcry returns to thê i¡j.tial- poínÈ, it is stabl.e.
fË the trâjêct.ry d€pa.rts ind€finitêly fron the initj"al
polrìt, it is unsta¡le. Fix€d stat€ of praxis - osci]Ia-
tion dur5-ng tEansition b€tÍ€en equilibriìrm points.

Ðlle t-o a cbang€ iì d€*and a fornerlï stable eguili-
brium point Ct may b€ccse unsta.bl,e. îhe behaviou¡

diverqes f roíì Or aûd heads tcïaral a nes l-êvel at O ãnd

grâdua1ly ccnverEes tc it in a tightening spiral.Tlis
equilÍbrium Fcint j.s call€d a focus. fn the time domain

this phas€ Fl-ct corEesponds to a decaying oscillalion"
If the gits ar€ linea¡ the .pixa.l is a damped sinusciila.l .

fir€d stat€ cf Praxis- J-init cycle:
The oscill-atio! of a ccntrcll,€il process ïhich nsith-

er decay riith t.rh€ passagê Ðf tiee, Ìor result froü arll'

loss cf co¡ltrol are call€d th limiteil cycles. Thê

lj-mited cycles ar€ fully dÊtereinistic, rnaintained

cyclicities.Tn thj.s condition, the statistic paranetens

of th€ response neasure ilc nst ccnvergÈ t,p fixed yalues

but to a¡ osci1latirn uj'th a defi¡ite period.. If thë

cycliÐg systen resj.sts attempts to disrupt it it is
calI€il a stabfe linit cycling. Like other forrìs cf
bêhavioural n€asuxê, it j.s a moùe ot operatioã of thê

be.havioural systen pernitt€d by tbe regulatory pûLicy in
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aci l-on .

fariable Caepíng terns, {pi,Fi} ,girs, retafded
actj"cn bï the Ði, and the j.n€!tia1 nonlinearj.ties {asso-
ciatêd uj.th thê integraÌ t€rms of thê optieizatíôn
cr j.texiar] ßay all contri-but€ tc thè possibilj-ties of tC

oscillâtions. The initiation ci a .li û j_t cycLe can be

soft or hard, and c¡tce a li.nit clcle is attained the
ant€ced€rt history and nannç¡ of excitation ¡o longër has

cogsêquence cvet su sequeat events,

¡valuatioû cf pEaris:

The scluti€?l portrait of a cR re&aj_ns fixed iß so

far as t-he state ot tàe skill renains fired.Tf, on tb€
other ha¡d, the skj-11 i.tsel-f, underqoes eval{rt j"orì, tlìe
prÕcêss cf trarsfcrmations bas sig¿ificant consèquênces

oeer +-hë pôtÈntiality a¡d the âctualitiês of condiÈioneil
performanc€, A.s tl¡e inva¡iance cf CR Fe¡fornance cae ot
be assuned und€r all ccnditions, the variablês relative
t,o th€ evclutiûn cf ã ccsditioneal perfornailce hold

sigeifj€ant iæFlicat.ians fcr the studl of biological
behaviou¡al systens.

ïn t.he cort€xt of tbe syste$s theory, tcpological
dynanics, hifurcation thêorÏ a$al Fara$etric excitatic¡s
ase thrêè of the significant cc¡cepts pertaj_ning to the
cons€quenc€ of t¡e ncniaqaliance of the policy of con-
trcl. Às presented in Halaszr pü:llications (1968,19?0)

all ¿h€ thre€ ccncepts are tignly rèlevant to the sÈüdy

of behaviour j-n a1! op€rant lab.The presênt study is
iadebted tc tà€sê th€oEies fcr th€ coDceptua]- rllderst-anal-
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¿n9 of the bêhavioural systens loth i¡r fi.xed and iri
êvolutj-ng Fhasês of a C¡ {a)Thê tÕpcloqica} dy¡anics
concept shoïs that in th€ do¡naín of the evoluticn cf
behaviou¡al possibiliti€s, th€ solution portraits are
qualitatively pxes€¡ted in the forn of the topological
profife of tL€ r¡:dicat€d st€ady-states. For ínsta.nc€,

th€ prof i-Le of the Farticular slsèërì nay renain unchangêal

for a çide rar¡gÈ of s¡(rs. lìor€!èr, chen cêrtain critical-
vãlue is exce€d€il tbe soìutio¡ ccnfiguaration nêy invo"lve

a di.sccÐtinuous transi.tioB into a differênt o¡ê.

{b} Th€ bifurcation tb€cry entai_ls thê rûl-es accord-
ing to chi.ch a dj.ff€E€ntiaticr equation evo.Ives in a

coütinuoüs lray, It conc€r¡s ¡rith the general guådeliaes

by vhich Èhê n€u tcrs and Ors ärise in pairs frou o1d

onçsas skts i¡ equati"on {6) pass the critical values.
for insta¡rc.e,as inpLiÊd .i¡ Italaszr 1970 paper, a stablê
equilibriun point bifurcat€ intÕ an u¡stable equi libriua
pointaad a ¿C as a paraneter oi the governiag equaÈioB

chalge s.

Paranètric eïci"tation deals }¡ith thê phenoo€¡on of
forcing of cscj.llation by a periodic di{t) i¡püt r¡nd€r

coÍrditicrì of, dè {6} .

¡f ith a change i* th€ statë of th€ control syst€m,

oscillatûry b€haviour nay cccur for no appareût reaso:].

The parameter excitåtio¡ì cr¡c€Ft xel-at€s this phêno.nênor

to the forci¡g of ascil"laticn by a periodic di(t, i¡pr¡t
rnder co¡dition ûf j.nvårianc€ in {6) .One exanple is tå€
periodic paraneter variaticB nay ):e interchanEea l-e ¡rith

t4a



an eJ{ternal f.luctraliÐn of demand coì]'ditions.

Based on these thr€e ccÊcepts, stabilj-ty ís a

continuous cha¡act€ristic of sc1ìtt:ion profiles uher the
¡oninvariancè Òf the gcverning eguations are a possibì.1i-

ty. cre over, it is p=rforce a propeaty of actual
pè¡f ornance .b€ca{¡se Èhe si-aii.lity of an eguilibriun point

or cycle ca!) be specified caly v:ith respect to what

irappens to an acÈual behavicural systên occupying or ôr

tr avers ing it.
¡as€d on thê icr€going p¡€sentat.ion, dynanic slabi-

l1ty theory has sj.qnif j-ca¡t bearing or the design,

analysis" iÐteÏprêtation, and lìardsêre af the -behavioural

€xp€ri[ìerlt. Tor .instance, *ithin th4 fran€ of reference,
the rel€vant tr€¡d i.¡ the ncðe rf ¡¡a¡iation of experi-
t!êntal- variables is tft€ shítt fxon statj.c, factorial
level-s cf, tr€atment to dynanic, tire d€Fe dênt input
torns. lhis shift conês easi.ly in th€ oFêrant 1ab

bèçause íts apprcach is to study behaviou¡al processes on

a caEsal- Frôc€ss in tj-me {a¡d ¡ct on a set of data
crrelations ).An exp€rin€nt coîsists of a p¡obe of th€

ongci¡g controll€d process ty demand inputs, al-teratioD
of stat€-param€ters, chang€s i¡ the oltiealization cri-
têria, êtc. The hard$are, th€ desi_gn and. display of
Ëxpêrinelrt cn neurcmüscular pêrforEanõe is also refi¡ed
from maniFula Èicn of a sragle varia¡Le anit thai-_ of a

feedback ì.cop. In anal,ysis of data, stochastic/ deter-
nj-rlistic partition a¡d ståbL€ oscì11ation are takèn as

Laeful tu¡¡ctiûning of slsterDs xather thaÐ as
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nois€s/cont an anants.

ovÊraIl., using tbe ccntrol- ih€orêticaL nodel, Ëa1asz

re-apprcach€s tloFecstasis ir psychclogy as pèrta:ining to
th€ structurê cf behavicur rath€x thân only to motivâ*
t.j.cnal cycLes that €nêrgize aL, ûtilizing i_hê ma theüat-
ical d€finiticn of .habj_t, the CRrs ar€ seea as a lray of
¡uanageneat oaer performa ce rathêr than of perf orna.r¡ce

itself . .?be prax'ìs consists ol a definitê lray to relate
behaYioùx oütgut tc denarld input.
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figuce 1. condi.tio:¡ed praxj.s as an optiÌnall"y corltrol 1€d

procêss {Ha1asz,19?3} .
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