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&þs_Qre-c!.

A recer¡t lneerpnetæL{.orr @g a rnoeor âgftosla ee aeeoung fon frradlaeed

anfraa].s Éø{i.unc ro adjusE sequeneíng tf mÕeÕr ehalns during per{.eds oÉ

x,¡enrelnfoËceflìent was t.eseed ln two experfments each deslgned te examåme

the effece e¡f, ehangÍ.ng red.nforceme¡'¡t sehedu!.e on the sequencfng of bar

presses "

The ftrsa seudy was empXoyed eo trook at tåming of ehe fnlc{aX bar

press e@ êrx {neenm{Èeenc eS vchen Èhe refnforce&ent av&{Iah{liey rraiLed

the tS Ln tlmeu (De!.aycd CondÍ.tfoned Appnoaeh)" R.esuLrs shor,eeci rhaÈ

afÈer an lmf.eiat erans{eme oseÍ13.atåon (lta!.ass, L967} ín cdhleh boeh

lrradåaÈes ænd eones"ots behaved s$.mr{larl-y, che irradfared anfmatrs ¡sere

slgn{f{eanely ¡.@rder Ín response laceney ln che sceady sÈå8e" Tn addÍ8ion

å& rsas fos¡nd ehaÈ frradf.aeed rats responded at sign*flcantXy l"rfgÞ*er raSes

beeweem crlats durlng which no rel"nforeement oee¡.¡nred and that thfs

ü,endeney deereased anthough d{d noe reach eor¡Êrotr vaLt¡es afeen ttre tn-

sertåon of a hetween er*at second onder ÐR.1, (etfal aborc ïlalasø, 1968)"

The seeond stud5' was emptroyed co ånvesÊlgaee ehe ef'feecs of ehangirag

e!¡e nagÍo demand Ín dfserfm{naeed }'R heharofor, The resr¡Les shorøed Lhat

lrradfaEes and eonr,rotrs beÞ¡aved sÍ.mlÌ.erLy E@ ehanges fn FR reinforeement

seÈre,ju}e* lnnadtaees showed signf fleanttry îalgher respomses rages betsrçeem

erlal-s Èhan dfd eont,roïs, wh{eh r,¡as deereased but noÈ redq.lced ro co¡trroX

vaT,ues by fnsereing a seeond order betsãeetì rråel DR&'

Eoetr experlmenÈs showed thaË, neonêtê1T-y lrradlaecd rars s@sffi eo re-

spond durång pentods of nonrefnForeememe as eonxpared eo eenenotr anårnens.

Ihe resules nere lnce preÈed as & pcrse\¡creetÕn of response uugs (wlfshklnu

19ó¿+) aLehough le is noted thaÈ refnËerprctaeûon of a moe@Ë agnosåa

hypoeleesi.s ls a pl.atesåhI.e a1Èer¡rae'å've"
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le has been polmced oue by Hfencs (nç53), Rugh (fçSg)u amd relrenared

eounÊ,ness È{.mes Rugh & Grupp (X959}u Funeheg@ee (X956, 1963}u Rugh (996?),

chae pr@f.f feraelng Èlsst¡es are parËfe uT.ar3.y rad$.osensle$.ve. le foT.i.or.¡s

ehat developlmg ongaretsms wln l be affeered co a mueþ¡ greêÈer exteme by

{onåzlmg ead$.aËfons Bhan wtnl ehe adq,slÈ" wieks (}gs3) has pnesemÈ,ed a

tåmeeahLe of deveLopmenÈaL malf,onmraÈfons produeed hy d.onf.øång radåaÈÍon.

Ey ÍrradåaÈlmg mf.ee and reËs eE kr¡own pofnes durÍng gesÊeEf@n end exam{nång

suhsequent hi.sÈo!.ogåean ehanges {n the emhryos and fetuses lÈ, has beer¡

sboqgæ ehat dffferenÈ areês of ehe netrlrÕrÍs s)¡srem are pneferenEf.as.i.y ma!.-

formed as a fumctÍon of, ehe Bart$.eu!.an t$.me of ehe radfat.lom lnstrne (t{{eksu

Erown & ÐBAmaeo, 1.957; E{feks, DsAmaÊo & Iæweu x'gsg}. Rugh (lg6a} tras eom*

paned Ëhe report,esS anomal.l.es reponeed foLlow{ng humæn fetat X-frnadfaÊåon

*rleh prenaca!. {nradfatfon of ehe m@use and naË" As ç¡or¡Ld be expeeeed the

observed !.esfons q€ene shoTùn Ëo be a funcEfon of varyfng dosage Level.s as

wel!. as ehe e{me durlng¡ eieseatf@n at whÍeh LrradÍacfon oeen¡rned. Entzsee

ee an" (1962) Ëound var*aËions ûn ehe ehlekness of eerebraI. eore$'ea!.

layers durd.ng prenæ8at exp@sure of rats to eotan hody frradfatÍom. Yew¡-

aøakü ee aL" (!96?) found ehanges lrn aerehe!.Lar såze, eexn deresfey and

arramgemenÈ of the f,o!.$,4 {m neonata!.Xy {rradåated raÈs wh{.ne Erownsor'¡

(n962) {nvese{gaËed ehanges fm ehe eerchel,Lwr purk{nJe eelLs, granual

ee!.Lgu pynaeildal. eoreexo hypoÈhal.amuso brafnsÈemu menånges, hlood vessetrs

and gl.fa ûn raÊs lrnadiaeed as adul,Ss wleh masslve doses of, X-{nredfatfçn"

TE. see@s e'near fnom c,Ï¡ese EepôrÈs Ètrat Èhe deveLopf,mg nervous sysËem ås

sens{tfve eo nadfaefon durlng d{fferemt prerfods of deve!.opmene am,S thaC

speef'f'{'c parts may he pre€enent,faL3.y a€fecÈed over tFÂe Ël,me eoq¡rse of

deveï.opmenb,

l{åeks (f958) has presemted ehe case for usfng radlar$.om 8s ê È@öÍ.
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Ëor seudy$.rag rrrawraÏåan devel.opmeneal. neurol.ogy" ln add{elom to hÍ.s

e{meeahne of S.csfon speelffeå8y and Eestael@n per{od he has l¡eæm ah1e

eo suudy ûhe mlgra'c[on of eet].s from th¿e neuroeerodenm eo e'@ree]< as

weLÏ as Èhc races of developmene of phyÏ.ogen@cfeelLy dlf'ferent pergs @É

che bra$'n" FoLLotvlng¡ Ehe exampT-e of T{leBcso seudles eond¡.¡eted by Corren

& Geul"lcr (X960) s]rowed Long Ëerm changes nesunÈ,Íng fnom prenaeaÏ. X-

lrradfat{on. Subjeees were e:{pôsed {n ¡¡Eero to 250 rads at d{.ffene¡re

sËages o€ gesÈaÈfon' The animals rsere LaÈer saerifleed for examlnarÍor¡

beËweem Èhe ages of 3-t9 m@mÈhs. lt was shown that forebraln defect,s

etere mose sewere1y produeed durång days L5*1.6 pl'tlLe cenebell.ar S.esfons

were promfmenÈ wf.th Later exposure dat,es ø

CÌ.Þmenee eE al. (1960) and Yamaealcl ec al" (,L962) setsdfed ehe effeees

of posÈnaÈaL X-{rradfaråosì amd found a promlnence of eerebeLlar malfor-

rnêËloï¡so thirs eonfÍrmlng t.he earl{en ËlmerabLes of Cowen & GeuÌ.trer and

Hlekso KÕsrRårskaya & Barashnev (1958) {.nradlared rats beËween posËnaËel

days L ænd 33 wlth doses of 250 to 500 nads" They reporÈed a deerease

ån ehe s{ae o€ the bra{n whem fnradlatlsn oecurred w{rh{n rhe flnsÈ flve
days" lrredfatÍon o¡'! day 1.4 poscnaeaï dld noe resulÈ f¡r a deeremenÈ {n

slae bue dd'ff-eremces Ln sFnape s*ere not,ed" These eråÈÏìors aLso r¡o&ed che

senså8lvå8y of Êhe cerebeLlt¡m durfng rhe f.rnmedÍaee post¡laÈatr perfod.

That etie S,ntenesË d.n Ëhe ar¡aÈomlcaL resunts of lonÍzd.mg rad{aÈÍon

shouLd he soon fol.l.owed by lnÊerest ln possåbLe hehavlora!. ef,feees ef

radlaelon ç{ês t@ he expecÈed" By far the greaeesÈ, @moune of rdorl( r€pçard*

frrg ehe effeces of radlatlon on psyehologÍcal processes has been done

qs{.ch adul.e anåsrals trhene the radfatåon t,reaemenc has been admfn{sÈered

af,ter the nervous syseern has fuXty dffferer¡t{ated. ln a¡l lnvesttgaËfon

of posslble CR dfsrurbanees Nesaor¡ow (cår.ed by ScahL, Lgsg) fa{Led ro flnd
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ðny el"ü@nges grì a saL$\tæry CR f@nl@Eù{ng a }.5-f(fLorad eranåaL e:{posure

ç¡lÈh X*rays, Am addfelonal doee of' 2,2 kfSorads pnodueed a reduaelon

{'m OR. magmÍeude" Lymare e& 43, (1933) found satr{vany CR ahanges vrÍch h[gh

dose expøsure fm dogs" Abdu}lån (1962) foumd dlsturbanees ln a eondl*

ci'oned Leg f!.exd.on refl.es afcer exposure of rahblts co 500 rads head

ort3.y" l8 was f,or¡nd howeven that Ëhe dåsÈurbanee tras ËranslenË and fr¡l. 1.

oR magmstude hacx reaovered çs{rh{.n r"øo days, l"lvshlÊs (1.96CI) found thac

2*3 sveel<s afÈer a perlod of dadny exp@sures (25 rads) roeaLnd.ng 600 rads,

dogs exh{blted a perf.od of redueed awrpT.{rurle of boeh saLfvary uR ar¡d cR.

Str.rdy{.mg ehe cf feecs of frrad$.acúÕn oa lnsËrumeneaL coyrdfglonårugu

Armold (f.Ð62) fo,u,"¡d r"ro sfgn$.f{eant ds.fferenaes ln el.eher aquisåef.on or

re8en{:l€}m of a s{nrpne bar pressång eas?< after raes hed beeur exposed eo

?500 rads head onl.y at Ehe age of g0 days. Trradfacsmg adrrle rhesus

monkeysu Davfs & ÞfaÐoçsel.n (i96?) for:nd manlfeseaÈloms of d{srtrrbancc ln

m@vememg' aet,fvfEyu and vÍsual survey. The anåmans wene gfven &,v¡o doses

of 3Û00 rads eaeh to varfous reglons of the braf.n" Fronean- X.obe irradlared

monkeys showed hyperaee{vlty wlchln a few days" Those êrnåmans {rradlaÈed

$.n boch froneatr and posÈerlor reglons shoç¡ed er¡hanced vfsual. att,@nË,í@rb

and sorne ehænpçes fn BosEure. 1{arLow (lg6e) has clred evldenae chat rhe

adu3.e eerehnal eertex nay he mone radf@res{sË,anÈ the¡r mamy oÈher neutraL

strucÈ¡¡Ëes and of'fers ehls as an explanael@n for the observaüÍons of no

adwerse e€feers on nearr¿ing f.n many adune lrradlated anfmaLs" Erown amd

MeDorseL1 (n962) tlsfng rhesus monlceys report, am f.ncrease {s"r the eoncencra-

tfon of aceentåon rqh{ch ç*f.LL resn¡Le f.n a faelL{.taÈf.on of perform&nee on

Sasks pnaelng a prernltm on atËent.{on eo the trocaeåor¡ of the food revøard.

3n Èhe s&me an$.ma1s there wês a decnease $.n penformanee orÀ têstrcs requårlrrg,

êÈËeneåon eo pen$.pheranX.y pLaced sËlmul.$." Råope3.f.e (3.962) found few per*
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mane!ìe Losses fn ehlmpanzees $.nrædåared v¡åth 375*l+t0 rads of gamma rad-

laeion over X.2 hours, tn a few r-ests ecnd!"leÈed sÐme years later some *f

CÞ¡e årradåeEed aurÍrnaLs rsere fonånd Èo be slgrr$.fleantLy $nfer{,@r e@ eonenon'

anfma!.s.

Le rvou!.d seeflr apperene ehae there ære rô@ easy exptênaefons eo

aee6unÈ, for ghe wlde varfaÈ.íôm ln resc¡Lts from exper{menBs @n adu3.e fr*

radÍaËlon. TÈ {s paradox{ea3. EÞ¡aE some at¡ehors rcport no effeegs w*eh

hf.gh dosages whfLe @ehers r@pore def{.clrs wåeh mueh smalner doses" One

obvf.ous variab}e musc be kepe ln mfndu ehe means of frnadÍaÈ,lon" ÞJhone

hody $.rradfaelon d.s goång Ëo have seeondary effeecs or¡ hehavlon ¡*hlch

aânra@c be df.reccï.y actnlbuced 8o the nervous sysÈem, Sueh effeeÈs mrfghe

{nc3-ude museular weaknesso changes {.n hlood eor¡stleuent,s and generaL

mct,abo!.{c tracee danagge eo perfpheraL neeepÈ,ors, dlgeselonu and a trosË

of others, (KÍmetdorf & ÏiuxlË,u n965), Te fs e lear rhae rsheeb¡er on noÈ

hehav{orat mønf.fesÊatfons wll,L oeaur afeer frraddat{on riepends upon eþee

beha¡¡foraL measunes Èaken" le woutd see¡n d{fffen¡Í"e aË thls pofne Eo

aee,empE Èo aEerlbuÈe Ê,@ nadåat{osr nesfon ån ehe aduLe amy @rìe pant{eular

hehavforal resuLe ehaÈ Eemalns eo¡"rst,ant fr@m specåes Ë,o sBee{es amd from

meth@d t,o meÈh@d. FurÈlherrnoree fe has been pofneed out by Ordy et aX."

(1968) that oÉ'ten narge dosages are requlned &,o produee any mferoscop*c

changes i.n Èhe nerve celn.s of the aduLe ar¡fmaL. ff'sueh he Èhe case lc

secmrs reasonabtre thae lcs{on produeed bct'rav{ora[ ehanges fn cþre adul.e

anÍma1 t*ocå1d he df fffeul-t e,o dfagmoseo espeeåeLLy frr smalXen dosages.

Setraq{oran S_tull{gq gp -eþ_ T_rqsd{_açCd,peyeLopénÊL }'.¡c_r"ror!s_ fusç_em

Wleh che nenl¡@rls system be$.urg more s@nsf.e{ve eo fon{al.ng rad{ae{on

dun{ng Íes dewel.@pmene {,e q*on¡l.d seem Log*cal e&rac behavioral. manr{feseafrloms
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måghe he more pronr'anenÈ. a¡hen eeeeed" tn ahås assuørp€fon marÀy .Àrwesgl-

gaEors &urmed toward pnenuaeaÌ- and neonæeæ1 exposr.rre Eo radiagåon as a

means of pnodue lng and fr¡vesÈ$.gabårag heha"¿førat ehanges"

Tn one of ehe eantråer seud{es, Fnwehegoce. EehoLsu & Opcnst¡aw (I9SE),

snabjeeeed ra8,s Ê@ lOt eo 3CI0 nads of X-nêys ore days n4 rhnough 3.8 of clee

geseac{@n per{od oE neon@talny" The nacs çvere subs@qllerdÈ!.y Ê.eseed ln a

Lastatey 3 maøe et the age of 45*50 days. Leannlng dcffcÍes çyere *nvensetry

relaeed e@ age aE lrradf@E*s¡r, ln Ehe gr@up f.nradi.aÊed beeweer¡ dey L4*15,

T'00 rads was effeeÊÍve vah{ne Èhose subjee Ës {rradlatsed neo¡:¡aÈanÏy, 3CI0

nads çyas neeessery to produce deetremenÈs" Grahamu Markse &nd Ershsff

{nç59} eeseed hrfgheness dlscrúm{naÈ{on lm ræt,s rshleh had been Ínnadfaced

on day 10'¡.8 oË the gese,ee*@n perl.od" They f'ound Èhae raes {.rredlat,ed o¡t

day X0 or Í.8 vs$.tk¡ 150 reds dtd noe díffer from conero!.su wkaeneês 150 rads

om day n4 or 300 x"ads on day LE decreased che raÈe of aequ*sfcfon of rhe

eask" T'hese data eo$.nefde wåch ehe f{nd*ng of t{feks (igS:} ehae day n4

ls Ëhe Èlnae of maxlmn¡m sensfetvlty of tÊ¡e eerehratr eortex to radlaËÍon"

Floekovskly & KonomeLtsewa (as clned by Furehrg@€,e, f963) {.rradlated

rêÈs on day 18 and foc¡nd acquisÍelon end exefncÈ¿Õn of and fnsÊrumenean

respÕnse løere sf.gnf.fÍcane,Ly a sLowen tha¡¡ conÈroX an{,mæ!.s, Haefner (as

cåted hy FtrreletgoÈt, n963) lrradlaced mlee ro ?35-350 rads on days 6o LZu

or !-4 of gesEaefom. $fle found a deerease {n runm{mg speeds Lr¡ a maøe s{hen

they r*ene t,es&,ed as ada¡Les" Te mrlghc he moted here rhae Sharp (Xg6n) eon*

dueeed an exper{meriÈ ee sec lf årradlacÍon of Ëhe pregnamc m@ÈlÌer a1one

was suffåefene ts eonÈ,rlb¡.s8e Èo ehe deffeÍ,es ohserved ln ehe offspnång"

ãn one gr@aåp he sh{e}.ded t&¡e ahdoner¡ and {rradf.ared che head and chorax

only" Em ehe oÈher groqlp Èhe abdomen arrd ].egs r,aere årradÍated as *¡etrL as

Ëhe rese of ehe body" The oÉfspn"fng of the msehers whÍeh had been {rrad*
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laeed t+åeh ehe aE¡domern shleS.ded dÍd not dfffer fror¿¡ a eh{rd eÕnË,roL gr@upe

c"7hå3'e Ëhose offspr*ng whose moÈhers had reeefved tora3. hody l"rnad{agiom

demoRsëraeed åmrpaÍFm€ne" Te seems reæsonabtre ee eo¡reLude rherefore EhaÈ

de€fe{ts ehscrroed å.n the offspnlng ean be aeer{hLxred e@ dfneet radåeÈfon

effeeËs u

Furehegoce & ?Jeehkf.n (fg62) fourûd rhae avoldanee eor¡dfeÍom$.rag *n a
M@e'Yer-F{ÍgLer box was rnore rap{d fn racs whleþ¡ had heen årradla8ed wi.eh

200 nads en day L6 ehan eontroï subjeets" Comparf.ng ehese resn¡1es wÍch

an eerLler f{'ndfng (F'urehegote & Eehols, T.958a) wtrere rars lrnadåaeed fm

uÈer@ shoçsed greaeer aetlwÍty and lr¡areased Eeanfutr¡esso Èhe auÊ,hors

hypotheslu ed ar¡ emoûÍonal. l,e,y enÞaaneerßenÈ frn Èhese enfrnaT.s" They aËt,rf*
buted ehe fasSer aeqtaÍslÈlon of avoldanee aomdfÈ{,on{,rng lnr prenaeanl.y lr-
rad{aeed raËs Èo a hypenaeelwfey and {mareased emoc,fonaLfty" ln a more

reeene I'nwesÈ$,gaBåorto s&rarp (1954) reponced Êhat raÊs lnnadlaÈerj wfa&¡

200 rads on day l'6 of gescaÊ,fon aequlre a eondåÈfoned ewroelonal respomse

mone napfdn'y ehan cor¡ts"oL anlmaneo IRî a slmfnar experf.menÈ by Deag1e &

Furehegote (Ï96s)e raÈs frnad{.ated w{eÎ¡ 200 nads on day tr6 of gestatfon

sFrowed a fascen aequlsf.e$.on of passÍ.r¿e avoldance beher¿{@r, The same an{mans

were superfor Ín aequfrlmg an acEfve avofdat'¡ae resporÌse anso, sfnee passf.ve

avoådanee can[s fon fmhlbitf.ng respomdfng tÞrese authors arltfefeed eartrú.er

{neerpneÈaÈÍ'osxs of {nereased avoidanee hehavlor belLng due co ntyperecËivfey

a3,one; årrseead an emphasfs røas p}aeed on lnereased emoelonal{cy"

Exper$.memûs hy KapLan (ng62) shslwed thae an{mals lneadfaeed dur{Rg

gesÈaeåon extr$'bÍ'eed def'feSes dr¡ m¡ase behe"¿lor Ì¡ur noÈ *n a har presslng

Èask. Kapnan anso four¿d df fferenees í¡r rnaee perf@trmanËe {n årnadfaged

raÈs dependd'ng upôrt Ëhe age oÉ tesÈåmg, These fÍmdÍægs onee agæån elnaw

aeÈemÊlon 80 che fmportanee of a eoms$.sEemÈ and reL{abtre dl.agnost*e m€E*



sLcre fÕu" åsses6ång hehawf.oreL ef feccs of ],esüons.

Elae Aea3.y_qf.s_of_ Se.d.Åagåon Sqodge-ed_ Moqqg_ Ð€rf-f_e {.rs

Funehegott & Eehols (1958b) ånvesefgaLed loeomotoz' eoordfnat,forr fm

raes inradlated betweerì day 14 of gestatfon and neonacalny. The betrav*

{ora} t.ask was to },oco¡noce wfth a}. I for¡r T.egs on Ëwo narrova panal,S.el

bars. Lmeneme¡res fn ehe ¡øfdrh beÈ.¡qeen th¡e bars rsere made ln a step*

vfew fastr$.on q¡ntåL Ëhe anímatr eouLd rno Lornger negötÍage ehe dlstance.

Raes lrrad$.ated wi€h onny 50 nads on days X.4*1.5 showed Lower scores. l¡r

generaX. iÈ was found ehae thene was an lnwerse reLaÈ,*onsh{p be.E}¡eer¡ age

ee Èhe Èl¡ne of $"r'radtaef.on and Èhe mlnf.mal. effeeeÍve dose, ln a sub-

sequenÊ sÈudyu FunctlÈgoEË,u Echotrs, & Dees (f960) reporeed defieses v¡leh

dosages as Lorp as 25 rads" Sharp (f96X) report,ed s{ml3.ar daea for raes

È,eseed aÊ ehe age of &0 ar¡d 90 days" He dfd noÈ, howevenu fínd anry dl.€*

ferenees ln ÍrradÍeÈes and conerons $rhen ÈesÈed aÈ. Ëhe age of L4û days"

Te she,¡¡Ld be kcpe ln mfnd thaÈ che fatl.ure to fÍrld dlfferenees Ín t,he

Èrdrl grÕups as Èhe anfmal.s grova oLder mlghc refleee a deenemrent ln per*

forma¡lce ln eonÊnols d¡¡e to êge raÈher t,han the Lae,k of ef,feec fn ehe

experflmenea}. an$.mal.s" Wechkln, E}der & Funehrgorr (X.g6i) obsen¡ed a

deffeåt ln ehe ahfL$.cy of rats frnadlated on day 16-f.8 of gestarÍor¡ Eo

e Llmh ar¡ tncllmed pnaln, As f.n pnevåous s{mf !.an exper{.ment,s t}re dose

used ç¡as 200 rads" Ic {.s Ír¡ÈeresÈlng to note Èhat FurctregÕeÈ & Eehols

(i958a) for¡nd an lncrease ln general- eetf.\r{.ty fsr raË,s {,rnadfaced on days

X-4*f.8u whÍ1e rats frradåaeed neonaceLly \derc hypoaetf.ve" Tt¡ese same

ariËkûors for¡nd thaE, prcreaÈaL {.neadlacfon enhanced S.oeoarotlon f.n an cpen

fåeldu whereas neomataL årradlacfon *nhlblced it. l,evl¡rson (1962) found

sLoçseE mgøe rumnlng {n meônaÊ.aÏLy frnadf.aeed rat,s as t*ell. &s more etrrors



ôo

{m et¡e maøe. lr¡ a senfes of experfmenes hy TSaÍ.Xaee & Álcman (Xg7CIa,

3.970h) rars vaere frradlaeed neor¡aeal-?.y fn såmgl-e amd 6r-!eee6så.c¡e doses"

The suhJec,cs rátere t.ested {n 24 hour aet*v{cy wheels år.a addf.eåon to a

ns¡mber @f rsot@r easks suel¡ as poÍ.e e3.imbfng axad weåghe punnfng" En rers

tøhleh had been g{ven a sfng!.e Cose of 20CI ræds posrmaÈaL3.y there rdere no

slgnlfåean€, m@&,@r dlsturbanees when Ëeseed as adul.ts, ln amlman.s whÍch

r*ere glvem repeaËed doecs of 200 rade on sueeessåve days Êhere was a

marlced reduet$.on lm aet.{våey whee} se@res as wen n as arì obvá.ous *mpaår-

memt, åm eoordåmaÈ{on and seËestgÈh as demonseraeed by Èhe pole ellimh{rag

and we$.ghe pun3.åmg Êestse

The tmvestlgaeåosn lnûo radåacåom produced ar@Ë@r defle{es ås $.meer*

es8$'mg Ín eroo respeeÈs" Sln¡ee fe has beem sh¡er¿n rhat dåffere$t parts of

Èn¡e moeon system deveÏ.op aÈ dlfferenÊ per{ods of Èlme Í,e ls r¡or sunprf.s{me

to f,åmd dÍfferene or er/en opposlee moeoË dÍ.sturbanees depend{ng om the r$.me

of thc e]€posure eo radlae{om, T?¡ec"efore ûü mêy be tþ¡aÈ radfaÈ{on couLd be

used as a coox. &,o prohe che df.ffeaent eomponenÈs of che mÕe@r sysÈem dur{mg

opÈåmum perlods of deve1.opmento Èhus posslbLy reveanlng an Lnsf.ght lr¡eo eheår

fndåv*d¡¡4tr roi.es fn eompLe]ð moÈotr behavf.or, Ít ls aÌ.so of {mterest ehec

many of ehe hehavåoratr dfsturbanees-*s@me m@Èorfee s@me n@t--arê aeeompan{ed

b5' ohvÍous X^eslons lm moe@r areÂs as reveatred by hf.seo1.ogy" le has a3.ways

been a keen po{.ne of *neeres8 t6 che psychonoglse È@ e@rreleËe arìaÈomleal

defomeeá.ons of rhe brai.n t,o observed hebrar¡åoran ehanges" ln ahls regard

åe ls of {neeresÈ Ëo nóÈe ÈhaË Yamaza1cl ee aX." (1.962} found ÈhaÈ t}-¡e ouc*

scandlmg trÍseotrogåca!. ff¡tdlng ln råe@naÈaLLy *rradfaeed rats f.s an arrophy

of ehe eerebe1num" Thls ås ln eor'¡Èrast e@ the flndångs fn premaratly $.r*

radlaeed an$.ma[s qøhleh shoïd an atrophy of the forebrafn wÍ.th r¡o sfgn{f{eant

ehange ln eÏae slze of che e enehc!.Ï.um. Broçrnson (lçOe) focand lra poscmatali.y
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årradleeed raes a deerease f.m the numher of granu}e and purk$.nJe eeI.!.s

lm the eenehetrLar eort,ex a!-ovng w$-eh s{gns of mocotr Èrem@tr. Sehjeåde ce

åL' {ZEøZ} fos¡nd a deerease ån the s{.øe of tlne eerebrwm and aerebelnum

of racs ånnedlæeed aË two days of age" Atrer'øn, Andenson, & Idrfghe (1969)

ahamges fsr che extenra3. granu}e !.ayen of the ee¿'eheLi.r¡m Ín neonatalny

årradÍ.aÈed raËs' Tc seæs faÍr eo eoncLude ehat lrradlaclor.¡ beeweem

gesÊaclon days 1.4-1.8 produce mtst, pr@mfnene changes *n tlìe eerebral

coËee:€, espee{a3.ly ln ühe thåclcness of eoreåca}, !.ayers and aLso overa}L

slze" To what ext,ent thls ssd.Ll" d{fferentially affeet, learnfng Èêsks as

opposed eo pure moÈor strc{.}ls teses fs noÈ clear. 3e ¡øoul.d seem chêt

those areas of ctre moeor sysËem (pyramf.dal coreex, basaL gangL$.a, sÈriaËum)

whåeh reslde ln the cerebrum rpÍLÍ. be affeeted most by prenatal i.rrad{.æt{on

and Ëo a Lesser er*tenË by neonataL frradf.atfon. Tn cone,rêse flr appears ÈhåË

the aenebeLLum ls most, n.fken-y Èo be affected by neonatal exposrlre ar¡d, co a

X.essee elcÈcne by prereatal" frrad{aËÍon" Therefore, m@tor df.sec:rhene' es oh-

served es E ËestrÏ.c of seLecÊlve}y frradåaülng prenatalny @r posÈnatatrLy

rnay be rel.ared eo Ëhe roLe of Ltrese dÍfferenc struct,!¡res Í.rs che organføa-

t,{on amd åntegracf,on of m@tor behavlor, Unforeunaeef,y there {s L{rrtr.e

ssl*d evtdence wfth whÍeh one ean s¡¡bsÈanËiatrLy aetrlbut,e as belng specl*

ffcal3.y fmduced mot@r fmpalrmenÈs" The fact rhat prenatai. raes are teyper-

acËåve and neonatal raËs are hypoactíve fs of noe, mueh he!.p $.n assess*ng

the reLat{ve rol.e of ehe eerebrrm and eerebeLtum ln rûot@E behavfor" T:he

posslbf'}1ty ex$.sts char rad{êËfôn produeed changes $.n genenaL aaafv$.ey

may n@È be reLated to n esLçRs observed *n moeor atre&s br.¡t raËher a ehange

{.n ru"arious metabotle fr:nee$.ons that. are unrelaËed to the nervous system

fgse1f buc mey run a somer+hat paraltreX Èfme course ån deve3.oprnent,, ln

both elfmfeal. and anÍ.mal experåmenËaËlon rhere ls no elear eue renaÈ,ion
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eoten êbsenee of eåssuq: âs f.s the eæse çv{eh msse exper{men8at arnd many

clf.nleal Les{'ons" Slnee ft¡net{.onaL eonneeËl@ns sLål.I presumably ex$,sc**

aÌ-thor"agTn Èhey may be deranged*-ehe resul.üang mocor dlsc,urharrees may be

rnore e3-uslve than fn ehe ease o€ oÈher Ëypes of lesfons" Tfte seeosìd åm-

plleaeåon Í's thac a}thougla compens&tÍem does occur $.8 seems qufee Llkely

tþ¿aê socne resldual dlstn¡rhanee shou].d stf.LL exlst e¡¡en {.m che adutre, The

degree of subelety of Èhese resfdua3. dÍseurbanees {s Llkeny Èo be a fune-

eûon of seweraL varlah}es, n&meÏy Èhe Ì<{rid of Les{osr (sueh as radfaeåor'¡

as opposed eo ahÏ.atÍ.ve)u Êhe sfze a.nd magn$.t,ude (dose X.er¡e1.), Èhe age,

and degnee of eompensatf@Íro The eha}lenge then to psyehologlsÈ.s and

physlonog{'ses aLf.ke is eo des{gm Íaeasutrememrs q*håeh are sensf.L{ve enoug&r

Èo reveal. possåbl.e nesÍdua3. dlscunbanees yefr mot @\¡erly conËêrn{.maeed by

¡¡neen8rol.Led lm8erverrfrrg varåahT.es o

ln a serf.es of &"eeenË lnwesËlgatûons (ÏIaLasz, 1968; l{aLasz & ehengu

f969; l{al.asz eÊ a,T.,, 1970} an aeÈempe has heexr made Ëo quêrìüffy varlous

eomPonents of eondtef.oned behavlon år¡ a cfm.fng prob!.em fn hopes Ët¡at, eon-

erf.butf.ons from sue,h chfngs ês hypenaeefv{.Ë,y, ahll,{ey eo lnhÍb{.t a pre-

v{,ot¡sLy re{nforced response, and adjustmerït Èo ehanges fn scheduLe coqjLd

be pa, tftloned and Ì.ooked at fndfvåduaLl.y" Ttre basf,c paradf.pgr consåsÈ,s

of a delayed eondåtdcned responìse (ÐCA) whf.eh as.e mod{fûcae{ons of a

eondleåoned approaeh response or{.gifnal.ty used {n r"eseareh wi.ch drr.tgs and

ÈF¡e eentral. ¡aervous systeme (Ha3.asz & Marauzf , 1964)" Tn ehe ECÅ parad{.gm

rhe re{nf@reemene aveÍTahl"L{ty Ëraf,3.s Èhe onsee of cÞ¡e conditfcned sËlmulus

for e glven perlod of eÍ.me" Snfeåan ly the re{nfotre emenÈ, avaf 1ab*lfey

esåncfdes wle&¡ the CS; after a penlod of rraånång the del.ay ås lnsented

ån rampu sËep or åmpr.rtrse*1åke form and subjeers Learn to adJiase eh-eir

resPonse 1aÊeneåes Ë@ the trevetr^ of eh.e new dennamdu (nalasa, 1968)" ln
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sn'¡orter deLay decrandeu the adJuscmene of the responsc laEenc3z Õee'uËs

hecause of ehe Í.aek of reån€orced pnemature har presses" Tm T.onger

detay perfods Ëhere ls a smalL seeady erroa, a m.{nfrnum devfetion be-

tweerû Ëhe acÊ,uaT. nacencåes ancl that demanded by Ehe scTredul.e, (Hatrasu 
u

L967'). An addftlonaL penan cy eonEfngene)r can be lnserted whene ver$ pre*

mature responses resul.t, Í.n posEponement, of sehedul,ed relnforeement, avall.-

abfX.ley" Thås acts to move.Eesponse Laterre{es cLoser to the de¡rnand Ì.evel..

FinaL3.y, another contfngency has been lntroduaed (tri,atr abort) where a

scheduled CS ff preceded by a bar press v¡íehfn a glven Lengch of efme is

postponed for a perlod of tÍme" Thfs assures that the anfrnal ls not

adr¡encåelor.rsly presslng the bar aE the onseË of ehe eS. TFrls contf,ngeney

has been termed a heÈrøeen trlaL second order ÐR[,, (Ha].asz, tr967)"

Tn appLy'$.ng Èhls ÐeA parad{Eim co r&ee analysfs of ¡reonatal trradfaced

rats some Lnterest.ing ff.ndfngs have arlsen trûae êre retrevant to t,he be*

havforal dLstrirbenees assoc{ared wfth eenebeli.ar Leslons. ln one lnvesË,t*

gatåon changes fn Èhe sehedu3.e demand of ehe llCA paradlg¡n were fnstftured

ån ranrp, step! and fmpul-se lfke faskrlon (Hal-asz eE aL"u 1970), En ll-¡e

condlrfsn of detray wleh no penalt,y, írradlated a¡efmals (200 nads on 3rd

posÈnaeaI day) conefnued Ëo bar press ehrough peråods of nonrefnforemenË

an'd Late¡lc{es dld not adjust, Èo Ëhe new deLal' demand Level. as dfd cont,roÏ.

anfmatrs, However, wtlen che penalÈy eontfngency &ras i.nserted the lrradåates

adjusted to conÈrol values in response Latency" In general the major

fÍ.ndÍng Ì,¡as chat the i.rradfaeed anfmals responded more then controls durlng

perlods of nonreinforeement fncLudlng fnter-triaL lneervals. At fårse

glance one mfght co¡rclude that these fåndl.ngs represented the generaL ln-

ah$.Liry of the aníma3. to $.nhtbit; howeven, Ëhfs cannot be so s{nee r.¡hen

f,oreed to proÏ.ong respoTlse XaEencies vta ehe penaLt,y comtlngencye Ëhe fr-
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radlates d$.d nor dd-f-f-er from concr<¡L anlmal.s" An alË,ernatfve expi.ana*

efon of hyperactívlÈy mÍght suffÍce 'orere ie nrr €or the face thae nunnlng

ç¡heel daÈe v¡as taken an hour before eaeh tra{nfng sessfon resuLtfng ln ehe

ffndlng Ëhag lrradfated anfmeLs r,retre rìoË as acÈlve as eont,rols; thus eom-

fårmlng the earl-fer ff,ndångs of Furehcgotr & Echols (X958)" In a pr{.@r

serles of unpublfshed pi.3"ot studlesu ÏIaLasz (personaL communleetÍon, L969)"

seudied tl¡e effeet,s of lnrroducfng e penalty contlnEiency r.sh{ch was shorter

than the deLay eonË,lngency" ThaË f.s Èo sõy, the ver), prenature bar presses

were punlshed wåth the poseponement of sehedr¡l,ed retnfore'enent avall.ablLlty,

ç¡hll-e bar presses rothich occurred afËer a gåven tlme yeE before tl.re onseË

of refnforcemenE avaf.lablLfty during Èhe detray perfod, nnere1y wenr un-

relnforced" T-hfs Èype of paradfgm €stabtrf.shes a tol.erabX.y Ï.ov leweL of

premat,T¡r@ responses, lt, r,flas found ehat conerol anfmaLs adJtrsted Ehefr

reËponse !.aÊenc$,es near the LeveL of ehe demanded delay whlle rhe irrad{ates

adJuse neær the penalty value" Thus, when forced to Í¡thf.bfÈ premêrure

resporÀses the frradlated anfmals wfÌ.n adjusË response Latencfes Ë,o Ëhe

S.eveL decrar¡ded by the penalt.y only. t{on refnforce{nent, durlng ÊF¿e CS

by ftsetrf does not, êppear to be a suff{.clent {rrhÍb*tory stfmulus ro lr*

red{ated anlmals as lt, appears Ëo be ån control anfmaLs,

Lc seems råther paradoN{eatr that nonrelnforeernent, e{rher durÍng ehe

CS (premature laÈencfes) or durfmg È.he lnËer-cråat ånÈervêtr (prolonged re-

sponding after t,ernf.naÈ$.on of Ëtre CS) does noË acÈ Êo reduee lnapproprlaee

respondfmg, r,rhereas posËponement of a CS eleher ln ehe ErlaL abort, esn-

t.Íngency or Ín ehe penatrty conefnge$ey ls an effectf.ve {nhlh{tory srLmunus"

Such dlscurbanees haue Ì:een lnÈenpreted by Hatrasa eE aI. (i970) ês a'?moeotr

agnosla¡0 where the onganlsm {.s unabtre to re3.aÊ,e Èhe reÍnËoreêm€rre con*

sequenees of each {.ndfv{d¡:aL moEoË componernÈ {n a seråes, ÞIhlle retaÍndng
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ühe abllågy e@ ad$use ehe emeåre sequeneee 8laås ånÈerpree,åcåos¡ itae år¡*

teresËång åmp3.åca8d.ons wlCh negard Eo c\,ðo oppesf,ng theorf.es comecrnång

the meehanåsms of deÏ.ayed respot"rse and tÍmf.ng behav*or. Te shou3.d be

noeed eFrae ehås {nÊerpretaË¿@n of m@&or agnos{a ås moÊ ehe etassleaL

lnferpree,atlon ',¡h{eh has been appT.fed to sbserved dysmetrla ln eere-

belnar eLi.mlcat syndnomes (Kappers, 1{uber & erosby, 1.936)"

Ëhe= Fee s gb 
_1 e Ro l. e__ojq_ehe__C e_reÞ e t 3. un f.n Ðe L@l¡ed_ Re:s @ns e êgl! Te@pora 3.

Ðfse_r{@Jl.nae åom

PavLov (lEZ¡) has deserlb,ed fnl'¡$.'oltfon of de}ay as resuÏ.Ëflng from

ehe tS $re eomjnnnetåöm wåeh åes prolonged dura¿lon aet*,ng as a eompound

sÈfmu3.us d¡åeh ga{ns lnh{.hltory pr@pert{.es becar¡se of 1aetrc of, $.mmedåate

reåmforeement hy Èlte Ut$, Many modern *nvestlgators t¿ave experåmeneed

wåth varlat*@rÊs of a detrayed response panadd.gm (eË, Warre¡r & Atr<ere, 1964),

Mueh of nhe researeh so fer eor¡ducted favors ghe hypottresås ôf eorefeaL

lnhlbleåon as & meehar¡i.sm medlat{ng ttre deLayed nesponse çvÍgtr spee{,eI,

aÈEenÈfom Ëo Èhe froneaL Lehe (Konorsklu L964u f.967; Mlshlcln ee atr" 19629

FrÍbranr, f.955ç RosvoLd & Szqqarebartu tr964). Or¡ the oÈ,her hand chere are

Ë,hose rpÊro ch{nk thaÈ med{atforn of the del.ayed response {s a funcclon of

posÈuraL meehe¡rlems" ïIf.!.son & KeS.ner (X953) heve obserroed thae as ån*

eremenes {n a dfffesentfaL retnforeemenÈ of Lo¡ø rac,es (DRI") setrredtrneu

vlanu 10, 20u 25 see,e atre imsElcuËed chaÈ noÈ only fs Èhere a decrease

Sm response rate bue eaeh subjeee deveÏ.ops cnearÌ.y deff¡"red 00eo11aÈera108

behavlor çftleh ås lneompatabl.e wåch bar pressång" Te has beem suggesÊed

ehær €hås oËher heXtavfon senres as a dlser{mfnæefve se{mu}us for rhe

t{med E@spons€" As rhe dei-ay *nÊ.ervaï. ånereeses more llnks &re added

eo the eotrlat,cral eha$n" The strengEh of sueh a eolneteral ahaån Ís
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ehought eo bc meftetaåxred hy condåeåoned ref.nforeers provlded hy che

se$m¡uti. arfsÍng from at,tendlmg the eol.LaËere1 ehaÍn, Laeåes ee, a3.,

(n965) have snnBporeed sueh a Ìrypoches{s by showång È}rat modÍfleaeåon of

ao13.aÈ,eraL behev{or vfa eeataån drugs also ¡nsdlfles the È{med respÐnse.

Konorslcl. (1967) has emptrasløed Èhe fmportanee of klnestheefc-spaeial re-

S.aelonshd.ps ln delayed response and SÈamm (:.glO) tras found thac frontaL

momkeys made errors fn de!.ayed aXËernarfo¡r and vlsua!. dÍscrf.mfnatfom by

deve}opd.reg sta6ng poscural. habfts" lle also noÈed chac the severfey of

the Lesfo¡r effect, was df,necttry retrated to the amousle of mo8or fn'soïve*

menÈ {m the cask, (monkeys ln a resEralnÍng chaln performed hecÊer Ëhan

those fn a maze).

To whae degree Ëhe cerebel.n'um fs lr¡votved f.n sþarlal*k{nesthec{c

assoetatfon ls moÈ el.ean" Boeteretr tr & Fu}ton (X938) fsund thac removal

of ehe amsfform !.obe of, Èhe cerebelXum in monkeys produced a pecr.aliar

dlst,s¡rbanee. Morakeys were atrl.owed eo run down an atrtreyway oE eorr{dor;

upom còm{ng Èo the end Ëhce ar¡fmatrs ran headnong lnÈo Èhe waLL as lf le

wetre rîot Èhefe" TÞrese auth,ors neported thae the anfmals dldnlÈ appear

to be êËêxåa. Thi.s ls fn c@ntrasÊ, Ëo Èhe most frequent, reports of êaE€-

beLlar lnjury, partlcularly efre arìterfor Lobe, (MountcastIe, L968).

Typ{cal cLLn{caL s¡mdromes resrelÈing from cerebelnar damage are lnt,enÈÍ@n

eremor, the tendency for a Llmb to escfll.ace lmnedfaÈeLy prfor Ëo íts

atÊalnment of a deslred posltfon; d{sdfadokokfnesla, Èhe lnab{L{uy to

perform napdd}y aleermatl\re movements--apparentLy a reflect,i.on of fm*

palned anËgcåpêÈory moËor adJuscmenes; dysmetr{a, eEtrors ln the range of

movemeÍÌe (Ín touchfueg a pof.ne êrresÈing ühe actÍon bef,ore reaehtng {t,

qr shootÍrìg past, ttu devfatlon ln Låne of mo\remenÈ (ug., carryång food

t@ elxe ear lnsËead of Èhe mout,h) and asynergfa, a l-aek of cooperaÈ{on



i.6

heesdeem musaLes. (Moun&.aastr.e, tg68¡ Kappensu Hlubeno & üroshyu xg36).

lc &¡as heen suggeseed (nmeh & Farr,on, I_965; ÞfounreassT.eu Ig6E; Tlaaeh

& EvarÈs' L969> ehae dlfferernt påres o€ the eenehe!.T.c¡m setr\re d{f,fenenr

f,unae$çns ¡+fÊh¿ reqærd Èo tlae lneegraËfon of mor.e¡r behavflor" Tf ehfs

ls so f.B mfghe explann some of the dfsparj.Èfes Ín experÍmenratr and

cLåmåeaÏ fåndings"

The fmeerpret,aÈL@Ex of a moÈor agnosÍa (Han.asz, @Ê ê1"01970) w*.etr

regard eo Ëempora1 d{scn{md.nat,fon poses a nru¡mber oË fnterest{ng questfons

wlth regard eo Ëhe funcÈ,f.on of Èhe eenebel.l.rm" These a¡.¡Ëhors reported

the cenebe!.Lar deformatf,on wh{,ch Ís typlcal of neonataL lrradlaeed

ar¡{maLs, Eec'a¡¡sc of f.es unlque ,areecom{catr arrangemenÈ. (ef" EceT.esu eÈ

en', f'967) ehe eerebelnum has often been referred to as a prÕprfoeepe{ve

@rg@Íre (Gtayton, X967)" Thås faee rnalces lÈ an eÈËracË{.ve eandÍdaee for a

rnedlator in behavlor whlch {.s dependent @n klnesehet{e fnpur. Thene are

those r'vho feel ehae tþ¡e eerebellunr pl.ays a roXe {re nnodffy{ng or aetuaïny

in{e{'aeåmg m@e@r m@\remerÌe ln eonjuncÈfon r¡frh che e erebral pyramrÍ.daL

sysÈeme (Thaeh & Evarts, i.969; Þfarru 19699 Thaeh, lgZoau 1g70h). orleersu

hotaeve8n nook ee Êhe eerehe}nurn as rneneLy a t0flne regulaÈorû' otr etrr@n

deËeecer tqhÍeh f,unetf,ons eo make e@rrect{.@ns ln €orce and dlneet,Ío,n of
€fne reove$ncne, (HenaËseh e8 a1.,, Lg64; Gtnyeonu rg673 MounteasÈle, 196g)"

Ünder Ëhe seeond hypoehesls one t¡or¡nd noE expeee ËBlac d.ndÍ.vi.duaT. nesporrses

fn a ehain ç*ou3-d he affeeted by aerehel.Lar lesf.or¡ exepE {.sr Êerrns of rheir
foneeu dr¡raeåon and aeeunacy. lt ç¡ocild he assumed ehac eaeh ind{v{dual

response was oEga,n{.øed at some Leve3. oeher than the cenebell.n¡m (ehfs

shouXd be caken Ëo f.¡¡eLude ehe possfble eerehellar modf,ficatfon of an¡

&uepue organi.øed elsewhere; åe" e arr exeeuÈ{ve roLe as opposed Èo a regu-

l.aÈfve roLe). Tf ehe lnåc{ae$.on of Í¡¡df.¡rfduan" eompÕnenËs fn a mogor ehafm
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qüetre g.ndepemdeÊc o-f the stätus of ghe eenebe1.S.um one sÞrocåXd expe€e EÕ

see d{sLsnrhesaces !n Èhe flne reguLat$.on of each eomp@nenË" If @ft È,he

@eher hand eþ¡e sequenelng of eomponenÈs tf, ê, rû@eor ehaån ås eerebetrner

dependent--t&raÈ ls, ehe eerehellum works tö s6me exeent to modffy ehe

prograrnm{ng of e@mponenÈs fn a chafn after the chaln has once been lni-

E{ated--Èhen di.sÊurbanees ln motor ehaínlng mÍght eoncelvably be dis*

tr:rbed {n some way, A moËor agnosåa hypottresfs v¡ouLd centainly far¡or

the X.aËÈer" lf or¡e assumes tltae fd.rsÈ, the d{.sturbance seen in the fr-

radlated anfmaÌ.s ln queselon ts a defi.ci.t ln Ehe ablllty to reLate drÌ*

dfvi,duai. eomponenEs ln a moeor ehaln eo re{mforeemcnÈ eonÈÍngeneles and

second, ehat che obsenved defeee ls d¡¡e eÕ the cerebelLar lesior¡u Êhen

rhe obvfous eonctr.usfon ls thac the eerebeLlurn ls more ttxan Jusc an error

deteeEor Í.n flne mowemenr" These åssumpÈlons fmply that che cerebelLwr

has an $.neegraelve organÍzattonal funetfon wd,th respecË eo the pnogrammÍng

of moÈor sequenees, T8 shou3.d be nsted hereo thae whlXe fe fs more paa-

slmonfous 8@ aÈCrÍhuce Ehe moeor agnosfa hyporhesfs Lo Bhe cerebeïl.tmr

ln LLght of Èhe observed lesåonsu [È Ís noÈ, neeessary ro d@ so,

lf the cerebeLT.um ls lnvol.ved fn Èhe organfzatlon and fnÈegraÈlon

of componencs fn a moÈor chaåmu a deffcft ln thås funcrlon mfgtrt be re-

vealed by changång the dernandlng eonÊlngencfes wh{ch regulre the antmaL

È.o make adjr.lstments ln motôr sequenc{.ng" Tf such a deflelt ls a generaL-

lzed f.nabllfry Èo malce adjustmenÈs Ín moeûr ehalns tn response to changfng

relnforeement eÕne{ngeneles, one wor¡ld expect ttrat fmpa{rment.s 1n a number

of sLcuatloms where motor êhalnlng fs lnvolved wouLd be fndleae,ed"

Tc fs Êhe purpose of thf.s stt¡dy to *mvestggaee rhfs fncerpretaefon

ef che motor agnosla hypoehesfs w{th regard È@ ne@naÈaf.Ly lrnadåaeed

anlmal.so The experlmenes reported here wl"l.X be d$,reeËed tov¡ard t,h¡e
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p@ss*bXe eLuetdatåa¡n of ghe roLe of ehe eerebelnum ln rnoÈor ehafnlng,

{n ehe hope thae {.nformaef.ôn mey be 'generated by wtri.eh tentatfve con*

eluslons mf.ghr be reaehed, As already fndåcated the underT.yång êssump*

t,{on ls thet a moË@r agnos{a es dfser.sssed by !{aLasø ee an ' (1970), ås

mênffesÈed hy a general.{zed {nabf.T.fey to adjust motor sequerìees ån re-

$por¡se eo changång reÍnforeemene, cône{ngene{.es r¿håtre retafmlng €he

abåIåcy eo acljust the enelre seguenee" T@ Êese Ëh{s assumpt$.on of

generalfty cw@ experlmenEs wåtr1 be performed, eaeh ¡¡ci.L{.2ång a dåffererut

cor¡dåcloned behar¿åor ureder ehe contro3. of Srdo üypes of relnforcernenË eof;x*

flångeneyu where l.e is assumed that {n eæch cese there ls a eommen medlaeÍng

process s-*namely ; moËotr ehalning 
"

ln ehe flrsc experåment nelnfoccement conÈlngene{es coneroL che

rooEoric ehalnÍng qqhieh presr.mabl.y med{aees Lhe Ëemgroretr. spaeing of fnle{atr

bar presses Ëo a slgnal" In the second, relnforeement cÕr:lt*ngencles eon*

Cnol ehe number of aetuaL eomponents tn a motor chaln ç¡ltho¡rC referenee

to Ehef.n temporal. occ,uËance, Tf rhere is a generatrlaed fnablX.tey {n {r-

radfaees to adjusÈ compomenes o€ a chaln Èhen def$.e{.cs wou!.d he eNpeeÈed

ln both expertment,s,

Fxaer$.m_qnq /Én

Ttre DtA paradsgn (Hatasz, 1968) has bee¡r used to ånvest*gaÈe Ëhe

Lemporêl spaclng of a eondleloned response where etre an*man" &aas co de!.ay

the $.nú.Clan response e@ Èhe onsec of, a Èånre rar¡donrlzed CS, For X.ongen

deLay perlods a penal.ty eonÈlngeney has been used to force the response

traÊeney wåChÍn a Èolerabïe Levet of sceady error, lr¡ addåt*on a beEweer¡

triaL seeond onder ÐRL (trf.al. aborc) has been lnserted ldnÍch ptsgpones e

sehedu1.ed CS oecurrance ff le fs preeeded s,vfthfn a decermlned Lengeh of
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cüme by a har pres's" ln prevåous st¡sdles (Wanasø, 1968¡ Hal.asu eÈ al,,

f97û) wbêen a deLaSr :i.¡r nelnforeemene ævalLabf nlty vøas Ísnsercedu neLnforee*

menC avaâlab{Låcy r$as prÕt,saeeed beyond the X.engrh of rhe 0S for ê eåme

equaL So Ëhe del.ayu sueh Cþ¿ac eaeh &,råaL røouLct be aeconpanåed hy the same

arûourxt of reinforeement ava{,3.abllfcy negardl-ess of the vanue of ehe deLay.

Thls resuLted lm sorte har presses befng re{,nforeed Ír¡ che absence of ehe

eondlÊfoned sefmq¡l.us, Tn the foS.Lovøår,g eNperlment ån order c@ deeermÍ,ne

wheeher Õr Ex@È, the hlgher Ínefdenee of han pressÍ.ng f.n the {nterenai.3.

lntervaX røas due g@ srieÏÌ âr¡ arrangealent. of rel.¡rforeem@nE cont. lrrgencfes

oE t@ seme oÈtrer effeet, relnforeemenË atraflaÞ,{.n-{ey always termfna&ed

çvich ehe eermfr¡at{on of ehe CS. Thfs resr¡l.ted ln deereased eoeal, cånre

of rc$,r¡froreem@ne ava$.l.ahf.L{ey as Èhe delay eÕntÍngenefes ¡øere f.nserÈ,ed,

Tn add{,ci@n, n@ penaLey eondlefon ¡qas used ln ehÍs expenfunemt Ín order

that deLayed nespo¡lses l¡:r boeh conerol and experfmental an{ma!.s eound

be ohserved $.n l-om69 denay penf.ods wlÈ,hor¡È Èhe addlr{on of furehen refr¿-

forcment eomËlngenefes,

Hethod

SubJeq]Eg: Efght matr-e anbfn@ rê,ts of the Ho1Èsman strafn were used" The

raËs were d$.v{.ded i.nco ewo Eiroups sf four eaeh, Eaeh an$.ma1 {n one group

was paåred wÍth fts Llteer mêÈe in the oeher gtror.¡po One group was år-

radåabed *Íeh 60Co ae a d@se of 20t rads on me@nst@T. day ehneen The

@Ëher group served as a eonerotr group and was nun Etrrough a sham flr*

radlat{om, proe edune to e@mÈrtl for hand}d.ng effeeÈs, The an{ma1.s wene

hor¡sed Í.ndåvídn¡al.try ån a 6 X -6 X I w*re eages v¡feh free access Èo f@od

ae a3.ll Èfrnes, All an{mals c,rere 60 dæys of age aE Êhe onseÈ of eraf,nlng

proc,edures "
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Aåp3re,e¡ås_: A modåf{.ed Sklsrner box wh*eh wes prd}grammed for røaeer reln*

foreememe ,Õm eÞle n{ghc 1e".'er was used €or al-i. era{rrfng, Re$.mforcemer¡e

çsas deLlvered "ny means of a so}cnofd operaeed d$.pper posle{sned {n the

eeat,er tf ehe frone panel," Each dåpperfr:tr of water eonLalned approx*-

macety 2-3 drops. The CS, a tr000 hz tone from an EÍco model 377 audlo

generator røas deLlvene'3 ehrough a speaker ån the fronÈ, pane3. of ehe

Skfmner box, The fneenslcy seÈ8f.ng on the audlo genetråËor r,sas 8û db"

The rá,ghe Ler¡er Tdas eorlneeced Eo e sËrafn gauge and røls'ed eo a ÐC amp-

1.$.fler vvhfeh wês eonneeËed co a He"øXcee-Faekard tr300 osellloseope for

rneasurlng ampl.f.eude and cime coxirse of lntlfr¡fdual" bar pressas" Bar

pr€sses wene phoeographed qr*th a Ë{F197a osell}oscope cêmera¿ Response

X.aËeneåes Ìdere measured by a pnlnËouÈ eot¡nËer c{txf.eh began C,o çoun&, &8

Ehe ÐnseË, of eaeh C$ and ËenmlneÊed rølth ehe fårsÈ ban press. All. pro*

grammfng of experlmenÈa1 eonÈlngeme{es was aceompLfshed by means of BRS

Xogle ¡¡nåts. CounÈ,etrs Büere hooked up to record che number o€ ban presses

durlng Èhe CS, Èhe number o€ bar pËesses durf.ng the lnÈer en*a3. lntemral

amd ehe number of aborted trfaX.s"

-Sgggedllfg: Ae the {nfelaËlon of eraf¡r{ng eæch subJeer Ì.iles put on a 23

hour water deprfvacÍon seherln¡le" The nats wene ÈraÍned daÍ.!.y l¡'¡ one

hour sess{ons" Afeer the end of eaeh tnainlng sessåon eactr raÈ was

glvem L5 mfnuees free aecess t.o er&ter before åÊ was removed from che

home eage* F@st sessfon Bãåter eonsumpÈfon esas meæsured and reeorded"

Traln{.rrg eonsfsted of four df.seiner phases: CRF and SD eomdfefon-

$.ngu rrlal aborr eondf elorrångu f lrse deLay {nsertfon (stepr-gt*e Ínerease} u

and seeond delay i.¡rserÈlon.

ÛRF*SÐ eonclf.eÍ.on$,ng: Aølmans vaere shapeel cc press the never ån ehe ab-
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sence @f e&y Êúne îinell sLeady Þrar presslng was obsenved" Ae th$.s poineu

Èhe CS çshleh t¡as 30 seeonds fn ds-rrat.lon and nandoml¿ed awer an averaeíc

osre m{.nuËe ineerva}" Responses dun$.ng the CS vyere ne{nforeed sr}xfne those

betweem rrlal"s $¡ere nÕË." Response laeeneles were measured aE t.hf.s poåmr

ar¡d con8$.nued Ë.hroughoue c.he duracÍon of the expenlmene" Each sess{on

eonsfsted sf 40 rr{aIs,

Trlal. Abort eondlclonfng: Afeer coeal r@sp@nses / sesslon Í,n eaeh group

had seabfLi,zed ehe crd.a]- aborr contfngerûcy qdas inserted" The durarlon of

rhe trfal. abore was L5 seconds. Any response oectrrrlng 15 seeonds prlor

to Èhe next sehedu3.ed CS as det.erm{ned by Ëhe randomluer erês postponed

for anothen randomlzed cycle. The n¡¡mber of abonced crf.als {rì each ses-

sÍo¡l for each g¡roup was recorded"

F{,rsc step-Ì.f[ce denay: Tdhere response LatencÍ.es had stabfLlzed, Èhe refn*

force¡nent deLay c,ont,ingÊncy was lrtnodr¡ced. Ref.nforeement avaÍl.abf Llcy

crafled È!'¡e onsec of the CS by n0 seconds rshlch resui.red Ín a toÈ,al refn-

force¡nenÊ rf.ne of 20 seco¡'¡ds per tríaL, The proceCure fsr {nst,fÈuEf,ng

Ëhe st,ep delay wa6 to altrow È,he animaL fuLL access to re{nfoneemenË for

ehe flrse 20 cniels of ehe sesslon, The Last 20 Erlals were qnåeh ehe

deLay eont{.ngeney" Response LaËencíes fon ehe first 20 and trasÈ 20 eråaLs

were comp¡¡t,ed separaÈeLy. Subsequene tra{rufng sd3ssÍons qorere run wåch Ëhe

denay eomclngeney ln effeec"

Seeond 6Èep*L¿ke deLay: ?Jhen respemse laÊeneÍes had scab$.1*zed from ehe

f.nåelæX. deLayu e seceind 3.0 seeond detay sras lnserEed ln Êhe eame månner

as be{'ore, woh{ch rest¡ïeed Í.n rclnforeemene avaf Labll{.ey eralX.lng t,he on-

see of ttre tS by 2û seeonds; Êhtas, tota3. refnforcement. efme ln eeeh gråal.

was X0 sceonds.

Fhoeographs røere talcen of cl'ue sequemclên dlserf.bÌiË{ôn of bar presses
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dur{ng aLl phases of enaímlng a}-chough noÈ e@nefffitseLåy froaz dæy Lo d*v,

The omseË oË che Cs was pr@grammed eo endgger ehe swecp ef ehe oseåEloeeope

and the shuÈ,8er of ehe $e@pe eômetre. Thusu ehe sequerÀe$"å1 dÍ.scråbnrt.{omn

ampll8ude (foree) amd dunra8lom of eaeh lndåvfdueL bar press eoul.d be

phoeogrepÞaed"

Ae Ëlxc Êerm$.nae i.on of the exper{mercÊ Êhe anlmals were saer{fleedu

Èhelr bra{ns peu'fused and h$.sroLogy was d@ne ËÕ dccermlme che cxeer¡e of

rad{aeLon produced Leslons" Speaf.aX ateenefom w&s d{.reeeed ro etre sd.ae

sf ehe eerebeLlum and eenebrurn ês compared te eomËr@Ï. an$.mals {n addst¿on

L@ defoffinaÈÍon of eonefcan !.ayers fn Èhe cerebenlq.,m. Fhoeographs of eor*

onan see È,åons of Èhe eenebelnqnm were e,aken,

8_eqslqs

Figure L gnaBhåeaLtry shows e,he daltry mearÌ resporìse La&eney of eaclt

gr@ulpo Four days of' basel{rÌe respond{ng under Èlx@ CS-Trf.aL aborr pl-aase

are eompased wieh che fo}3-ow{ng days dr:rfng whleF¡ rhe cwo seep*trlkc {m-

ereåses ln deLay wene f.nrpl.e¡nerÀfred" The graph does noc dlffer sfgnff*eame[y

from EhaÊ. shown" A T*ËesÈ for d$.fferenees betrøeen Èb¡e mean of rhe group

daûl.y means was eondr¡eE,ed" ln aln T-eests Ëaken t.he eseÍn,aÈ,eC sear¡dard

error w@s e@mpuÈ,ed aeeordÍng to Hays {f963) for d$.ffererìe'es beeweem group

me&ms wlÈh smaLL N" l&, çsas foumd ehae prfor co Èhe fårse de!.ay åneremene

ehere ldcre n@ sLgnf,fleasre dlffererìe es (e="21"6df PGgu Appendlx TT, TabLe

2) ån resp@nse 1êÈenefes beeiseem Ê.b¡e eoncroÍ. and {rradiaÈed gnoups" LaË*

eneles are expressed ån eü.ghehs of seeonds, On the tr*o days ehat a c[eamge

åm de3.ey vaas fmpLemeneed rhe mean naeeney of eacta subJeer was eomputed

over EÈÈe enülre fourËy eriaLs so chat each dafLy mean ¡.¡sed {rn eompL!È$.ng

Êhe group meera wsc.lLd have equan n¡¡mber" A T*EesE for ehe Ehnee davs foL*
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Xovrlmg che Fårse deÍ.ay fne.remec'uc shoç¡ed no slgn{flear¡c d{fferenees lm ree*

p@nse naeer,ey (È: "733, &ðf. h(,5, Appendåx ll, Tabtre 2), lË, ean he seen

ira Ffgure tr" rhae boeh groups resp@Erse laeenev lrsereascd wÍth Èhe {nsercåost

,of etue Élrse deïay" Afeer lni.eta!. oscf ll.aelons each groq¡p scabf.tr{¿ed over

a f{.r¡e day per{od preceding Èhe second del.ay imcnease" ãe ls lneeres&'ång

t@ sr@È,e thaÈ the lrradlaeed group seab*l"fzed ae a muett losser response

T.aeerecy chan dld eoneroL amfrnals. The dlffærenees o\rer a four day pertod

pr{.or e@ Èhe second deLay lrscnease were s{.gnåf{aamt (t:ag.0, 6df e("OOt,

Append{.x l.}.u Tahl.e 2}. ?{åth ehe seeond lneremene in she delay (20 seeonds}

boch gnoups were shocm eo år¡erease thelr response trageneåes fn ÈÞ¡e eame

fashton as ¡*feh ehe 6$rsc deïay" The respor¡se traÈeneles of Ëhe Ë,wo groLBFs

dtar{mg che flsse rhree days f'olLowfng Êt¡e seeo¡rd {mcreasc ln de}.ay veere

noe s{gnfffeanel-y dffferene (È="81 4df Þ(,2, Appendåx 3.n, Tabl.e 2}. Tha

TasE Èhree days shovv a sl.gnf.ffeaae d$.fferenee (e=4'8, 4df P(.01u Appendlx

X.I, TabLe ?), Agalra, irradlaced ani.mans adJusÊed Èo a T@wer lewel ehan

d{d eoncrof. anåmaLs. Tl¡e Íncrease ln dela3r was noË, as effeet{ve l¡l fn-

ereasÍng response laeencles {n the lrrad{aced group as ín eor¡erols" lt

mlght be lncerestlrrg 80 ÍÌote thac lc appears thae ehe recor¿ery frorn che

secor¡d delay is greater ln both ar"rfmaLs but more so fon the {rradlaÈed

groupo Thls findfng ås {m agreemenr wieh the prevåo¡¡s €åndúngs of Ha}asø

(T'967) {n normaL a¡rfmals ç¡here he noces as steady error Ín respomse Laee

eneies r+hene the amfmæls do nÕt c@mpneeely adjusc to the LeveL demanded

by Ehe se&red!.!l.e ehange" Th{s efÊeeÈ, seems partfeu[êrn^y promånenË åR Lox'ô€î

deXay perfods suctr as $.¡'¡ thås experlmene" The denras'åded l-eve3" of Èt¡e fÍ.rsÈ

denay {¡reremenÈ would be 80 om the graph (seeonds/8} and }.60 for Lhe sec-

ond denay Íncremene" Thus, a lange seeady etrros'ls çbwious Í.n both groqåps

n¡nder boeh dela3r aomdiË,lons,
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Tm Flgurre 2 dailv giËÕup means (Appendlx ln, Tab}e 3) are graphed

over tna{.mlng sessfons" Shaping data has beer¡ emltt.ed" Ttre nusrher of

roeal responses durfng eS eond{.t{.omfng åsx ehe írradlat,ed gnoup f.s sågnl*

f leaneLy dÍf ferenÈ (s:l?"4, LOd€" f {.OOl u Appendf.x nl u TabLe 4} " t{$"eh

Èhe lnserclon of Bhe ÈnÍaL ahore eonelngency ehe eoeaX resp@ases lrn boeÈ-¡

groups 'ÂnltåaLXy dcerease, The LasË Ëhree days of gr{.aL aborc ccndieåon-

fng prlerr Ë@ Ehe 6$rse deLay Ínerement are nÕÈ sfgnlffeanLn-y df.fferenL

wltftr nespecc to eeeal. responses (t=2,25, å,df, f(.05u Appendlx Il, Tab].e

4)- I'lÍch Ëhe F{.rsc denay both groups fnereaee ËocaL responses aË ebo$e

the same Leve3. for che ffrst såx days, l¡r ehe foLlowlng four days eFre

munrber arf tot,ai. aesponses {n che lrrad{aeed group Ls stgn{f{.eanni.y }arger

(s=g"1, 6dfo n{"OSu Appendåx 11, TæbXe &}" Wlch ehe o¡rset of gbe seeond

del.ayu Èhere êre n0 sfgn$.fleang df ffenenees (t:"98u {df , p(eu Appemdlx

1.L, Tahle 4) ln tocan respense$ fon ehe ffrse ehree days' T1¡e Lasg

tl¡ree days shor,r ehat ËoeaT. responses fm ghe Írnadå.aced grÕ!.åp was s$.gn{-

ffeanuny h*gher (e:3"54n 4df, P("05, Appendfx LT., Tabl"e 4) ehan eonerol

ar¡$,maT.s" lÈ ls apparenc thaË inradlaÈed anåmals respond more tfmes f.t:

a Lralnlr¿g sessfon than c,ontrotr anåmaXs duríng Ètae fnfti.al eralnlng

phases. T{hen ehe erfaL abort e@mÈ,ingency {s {.nËroduced ft acts as a

foree hy whleh rhe irradtaË,es Learn co fnhfbåe sueh hågh raees of nes-

pond*ng" Te woLïnd appear howeveru that, this may be a E.ransÍent effeeE

as ev{deneed by a tendes-ley of ehe frradåated grotlp Èo return to hf.gh

levels of nespond$.ng. le shoutrd be pofnted oue chat the tnserÈfor¡ of

the detray eonÈ{ngeney resunes f¡'¡ both groups Ínereasír¡g Èhe tocal nwnber

of responses per sessicn, This taotoeveru f.s mueh more obwiot¡s in {rradf,ated

anfmals Ehan ln eo'neroI subjee ts.

lnstght lneo sshaÈ exÈenc Che hågher roÈal resPonses ln årrad{aBes
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ês eomparcd Èô e@mert3.s f's durång e,he ¿¡îccr*trfa3. lneem¡aL ås gal^raed

by refextlmg uo F{gure 3' Dar.r.y groL¡p mean trfa} aborËs are graphed

âeross traÍ.ning sessfons, (Appendrx lnu Tab}e 5)" At eF¿e onseË of
rnfax' abe¡nË eondi.Slonf.ng Èhe årradlaÈed anfmaÏs make si.gnf.f$.eareËIy merre

erlan abores (e:3'86u r.4dn'" n{"oot, Appendrx rx, Tahle.î) durång ehe

foln'owfng elghc days tham do controls" I{ich Èhe fnrrÕdî:cÈ{on of ehe

f,$'rse delay åt {s showr¡ ehaÊ over the fol,!.owfng e}everu days ehe lrrad*
lated group makes slgnÍfleanÈly more er{aI aborts than eon&roL anlma!.s"
(c=4'5 u ïodÊ, n{'oor.u Appendrx r.r,, Tahx,e 5}, Tn ehe frvc days fottowÍng
che seeond deÏ.ay {rradlaË.ed anfmaS.s make s*grrff*eanÈLy more tråaI ahorËs

&'han eonÊ'rots (g=1,ggu Bdf, p6050 AppendÍx l.Lu Tabne 5). Te rs obvåor¡s

ehaÈ {'rrad*aeed amfmals nralce sågnåfleaneLy more er{aL aborcs chroc,$gtrÈ*ue:

the experlrnemc Ëhan eo¡rÈrol, anfuna3.s" Ec stroux.d be kepe fn mf.nd ehac

såsree Èhe onseÈ of any es fs randomåzed and sfne,e the trfaL ahos,g eomc,å.n*

8eÏne y always preeedes Èhe CS by 15 seconds, thls measure sho¡¡Id he a
fa$rtr'y good esclmâÈ$,on of che reLat{ve freqnaency of fnÊer-trlai. respond*

{ng" Te wor¡3-d seeme thereforc, eheÈ æ porEûon of the highen toÈal res-
ponses fn Í'rrad$'aced amfmals car¡ be aceounted fon dtrrfng eh¡e lneer-tråan
¿nÈer\raÏ'" ls fs s'mporcamÈ r-o reel{,ae ehat che crlaL abon& conÈá.ngeney

resuÏ'es Ín a deerease {,r¡ cotal. resp@nses ün addltfon eo a deereasfng

mumber of enf.al ahonÊs 8s Ëhe expenlmene pr@gresses; however, lr¡ ehLe

experlmene che frrad{.aeed gnoup mevetr seeeled down to conÈroL trewæ&s Í¡r

efeher coeax rcsponses or trlaL ahores, Thae €he f.nÊroducÈfon oE ehe

deLay eomelngentates had any,$}rsÈemaÈ{e effeees on Ê,he nr¡nrber of, erfal.
abonÈs as a dependene meêsrjrr \,,aas nÕE appe,rexìe"

To eomBrol' fer possf,bLc rroe{.vatlor¡a3. df fferenees ln ehe eþre gr@ups,

posÈ*Èrê{nÍng sessåon wat,er eonsurnpt{,¡r.n levels ïdere recorded eaeh day"
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Fi.gure 4 shoçvs Êiroup mcan weeer consqrmpeåon (Apperudfx nX, Table 6) over

tnaf.nfreg sess$.onu le ås obwlous thae che ewo gr@ups dld not düffer

s$.gnlfåeam8Iy $.n Ehe araeunÈ, ef çaaeer consumed afrer each craånång sessåon,

Appemdfx 13.n contc{.res pÞrocographs Saken from Èrao conÈro1 (eop} and

two *nradí.aeed (boceom) amlmals durtng verfous phases of eondfefonfng"

T&¡ere ê,ppears Èeneåel.\¡e ec/fdenee chat bar presses (upward deftreeefon)

i"n frrad{&c@6 aæy be aeeompanlerJ by moEor Èremore aLr[ror.rgh aÈ Ehås pofnc

sueh a eometruslon {s hlghly speeuLaË{ve and a more syscemaÈ{.e ånvesÈ,í^ga*

tfon f,s necessery i.n order to reveai. any eonslsËenË moeor Ètremor"

Appendåx VL concalxrs h{erol.ogåeaI data fnorn sarnpLes oE boeh grÕrips

of eh{,s expen$.ment. The most pnom{menË, ef fece was marked eenebelïar de-

formablon v¡hfch eonÉ'frms earl{er imvese.{gactons. CaLlper measrlrernenË.s

were Ëalcer¡ of che forebrafn ån årradÍated and conÈrol, anlmaLs and lc

was found ÈhaÈ Ëhe oroeraln sÍue of rhe forebraln røas smaltrer *r¡ frrad{.ates

ehar¡ {n eontrotr.su howev@r, lt was dåff$.cul.e to eelÌ. whecher the dåf$eremce

lcÌ sfae was sågnlf*eamc or rÌoË," A more detall-ed hlsÈol.ogfcaL expLonarlon

of ehe forebraln fs requÍ,red hefone deflrtüee coneS.usf.oms car¡ he mêdeo as

È@ the naÈ,ure o€ forebralm damage f,n these ne@naË&lny {nnadåaÈed anåmaLs"
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Tþre rcsu¡3es of eh{s expcr{menË harre c{emonsÊraeed a necmber of polnes

coneerm{ng Èhe behar¡for of Írrad$.aeed anß.maås ln a delayed eond$.efoned

approaeh Parad{gm¿. Response 1êeeneÍes have t¡eeru ¡¡sed as rough lndåces

of cfming hehavfor where Êhe experfme¡lter has beerì X.ook.lmg aÊ Ëhe ad*

juscmene of sqåeh LaÈemeles *.n response t@ new reånfrre'e.ment. eonefngencles,

Tn ehe absenee of a delay eoneúngewey there $'s mo d{ff'erenee ln the cR

laeer¡efes ro CS of f.rradåated amd eomrron anlmatr.s" The rvü6 gro!.lps be*

Êrave sÍmllarny Í.n Èhe {nftdatr pen{ods of de}.ay a1though ctre f.rrad{.eees

Eemd to be affeated ro a Leeser e:{e@nt" Th{s may refXecr dlffenene med*

d.ae*rng meeharn{sms ln ehe Sran6le¡rÊ and seeady seate wh{eh may he d{.ffer*

enÈla!.1y affeeced" ln boeÈ¡ de3.ay per*ods [rrvesCígaÈed ån thls exper{mene

{B was found ehat ehe frradÍ.aÈed anlrnans êre more resls&æ,nre to ghe forces

ç¡hleh È,end Èo f"mere&se t,he nespomse !.at.enefes of normaL anfmaÏ.s, Ie

wou}d be preeunrptuçLts uo eaLl. Èhfs a defÍ,cfeney ån tlnnf.ng abll.ûay s$.nee

e\ren the eoneron an$.mraLs dld moe adjusË Èo t,he leven. dmanded by the

seheduLe ehange' Tm addf8lonn wleh ahe addteåor¿aX. conÈ.åmgemey added.

(pematr.ey) l{atr-asz ee an" (3.970) ha¡¡e sho*¡r¡ ehae Í.rrad[aÈed anfmans do noc

dlffer from eonÈro!.s ån the$.r abl}{ey eo {nhd.bfr eantry nespondÍng, TÈ

wou3.d he naone æppnopr{ate co eerm 81ne observed effece a resf.sËanae co Èhe

effeet,s of mom-revvðnd" Thae ehls *dea fs furcher supporeed lr¡ chis e's-

pen$.men8 ls e¡¡ldeneed by the hfgher eóeel" number o€ responses çrÍËh peratr*

neL h{gher r¡¡¿mbers of trf.aL aborËs whíeh refneee Ehe rela8Íve fnequency of

respondf.trg durfng Èhe {neer*urÍaL i.nfr,erva1" CX.eanLy, Èhe ouÈsÈand{mg ob-

ser\flêeion Èkta8 seemed eonslsÈene Èhroughoue Ëhe enc.lre experfmenÊ. rtas LF¡aÈ

årradlaeed rats have a sÈBomg Eendeney Ë@ respÕnd lm peråods of monre{m-

foreemenÈ. The faet ehae ÍnÈroduec,*on of the erÍaL abore. conÈlngerncy
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setrves Èo deerease Ehe åneer-Erfal respondång mÍghÈ nead t.Õ ãn {nt.er*

e$Eåmg hypothesås' The effeet of ehe Èr$,êt abort fs ec posÈp@ne Ehe

ÕeÊurrenec of a CS whleh fs assoelated wieh relnforeement" Et seems

parædoxieal eo te3.k im terms of reslsËasree Eo nÕn*reward and at Èhe

såme cfme observe thaË a pôscpÕnemenÈ of a etlmulus assoelated wlch

rewandu or seeond order DRI", {s effectlve f,n perLf.aLLy rernov{ng fnÈen-

erd.aL nespondlng" lt ls fnÈeresef.ng that the penaLty cont.Lnpenev, n@r,

employed ln Êhls experlments tperatíonall"y performs a sfm{latr funerf.on

-*Lhaü ls to postpone (after tennfnaÈfng) a stímr¡X.us assoc{.ater3 with

relnforeement" lt wouLcl appear that removlng or postponfng a st{mulr:s

assoe faeed ç¡f ch. reçaard i.s ef fect{.ve fn fone fng the antwral to ính{.b$.e,

wtrf1e actuêl nespondlng (efther during the sËfmui.us {n dei.ay penlod or

d.n rhe abee¡ree of fe) r,¡ithout nel¡lforcement f.s EÌoc so effecefu¿e. Sucbr

er¡{denee åppears to fawor t.he mo8@r êg$@s{.a hypothesis which seaees ehae

ehe anfmal eanr¡oË rei.at,e t,[ne relnforeellner¡t. eonsequenees of ehe beÈravfor

co $"r'rd$.v{dr-eaL eomponen8s ln e rnet@r chaLn, Fresumabtry rhe es er$.ggers

the lmleåaeftn of rhe moÊor ehaln wh:l.ch {.s thesr Ëaker¡ over by d$.fferent

parÈs of ehe brafn v¡hfeh mrlght be affected by rhe nadlatfo¡r Les{on. ln

Èhíe l.{,ne of reason{nrgo one dnaws a dlstínctlon becr.¡een the lnd.efaeío¡r

of a motôr ehaÍn and ûhe exeeut-lon of the i.ndfvÍ.dr¡aL componenËs ln che

ehafm" That ttrere ås no doubt a dlfference betwee¡r bal,Lfscie Èype mo\r'e-

ments en<Í explorâeory or ffner mÕ\¡ernents (Konorská., L967 9 Gnanfe ec al-"

L956) and the mechanfsms {nvoLwed i.n rhe*n lnltfatf.on a¡lc{ execcitfon seetrrs

eo be fn Llr¡e rçf,th cl,l¡råcal. flrrdlngs; horsever, ln thís experlmengal s{.t*

cratfon the f.ni.r{al. moeor eomponent, (f¿rsr bar press) fs no differenr fn

topognaphy from Èhe seeond or lase o¡le" TÈ seems unreêson&btre thac ehe

nervous s]¡sten ¡*ou!.d lnr¡o3.ve one struefr¡ne with the inltlaT. bar press
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ênd chen sr.tltch t.o another systern for elte exeeuc{.o¡r sf ehe t:est Õf Lh€

ctrraån" Funt.herrnone, lf one assuÍnes thar tfnrj.ns ({nhlb{tio¡r durlng a

gfven period of cirne) behavior is medfated by col.Laeeral chafn{ng (eh{,s

¡reed not. neecssarlly be so) then opêråeÍ@na1Iy we have in a pen$.od of,

tlme dunlng the CS, vrh{.l,e the rat ls i.nhlbi.tlng Èhe bar press Í.n the

dei.ay and/or penalty sftn¡at$.on, Èhe f.ntenactfon of t&yo moeor eha{.ns each

eonsfsÈ{,ng of $.ndfl'fdt¡aL eomponent.s" Tf the m@e@r agnos{a fnt.erpretatforx

ean be generatrlzed co sueh coltraeeral behavlor ft woul-d seem that ehe

defåe lt wound prewent tÞre successful sr+f.tehing from one cha{n (eolLateraL}

c@ ãnoÈ,her (bar pressfng). ln ocher r^¡ords, f.f ttre an$.nral has tt¡e ln*

abÍ.Ifey Êo reÏ.ete nefnforecnìenc eo {.md{wfduaL cornponenEs of a moc.or ehalno

why wouLdn0S ehe anfmaL eocìt. lnue eo erodt, coL}ateraL chafn$.ng onee Lt has

seareed? F¡¡Èure expenfrneneaefol"r fs needed r¿Ìrere an experlmentaL sf tuatfon

fs sr¡cF¡ thåt moeon etralns and ehefr $.nd$.vfduan compoments âre Bree{seÏy

{dent{.ffed so thaÈ one fs able gs} study Lnlc{atåon and execuEÍon of rnotor-

lc behawfor.
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Tf ehe rÊ@e6r &gnosla syndrome ês deserlbed hy Ïåanass er aL" (197t)

ls genaeran{zed eo aLl. behavfors medÉaeed vüa m@eor elaaÍ.nä.ng, <¡ne wou1d

expeec that Èhe sequenelng of lndlvfd¡.¡aL bar presses Ln an FR seheduLe

of refruÊereernene mrlglac be affeeted lf el"le ref.nf@re cment eonÈ$.ngeneles

were t@ be suddenny ehanged. Thls shoutrd be so f.f one defines a motor

eheln Ëo refnfore emenË eonsequerÌces, Tt¡e f {xed ratl.o has been deserlbed

as a sehedr¡}e r¿here lndá.r¡fduaL bar presses ser\re as condftloned reÍ.nfoncer

for ctrre subsequerar moÈor eompÕnents (Feneter & Sklnner, i957), .lË seemg

qulte ohviotls that ehe co¡"rd{.tloned sefmul¡.¡s for subsequent bar presses

ln an FR ehaÍn are s@r up by rhe propn{oceprf.ve ae'rg\¡frv generaeed by

pnevlous bar presses' S{.xrce che cerebeLLum {.s an ldeaL candådate for

a propn{ocep8fve ÕËgan, and ån lf.ne w{.th rhe morÕr agnosfa hypothesls,

one mf'ghe tlypotteesiue ehae le {.s Èhe gnÈeractÍ.Õn beÈwecn propnlocepÊ{ve

fnpuc ts@ the qerebeL3.um ln eonJuneËgen wfth ehængÍ.ng relnforeemenË eor¡-

tlngency demands tha8 nesule ir¡ adJusÈmenÈ of moÈor seqqJena'es fxr Èhe

normal. anfmaÌ. @r Ë,he fa{,n¡¡ne Èo do so {,n the frrad$.ated anfunal., Thls

experûment, Èeses che effects of sudden ehanges fn ehe demand of an FR

sehedr¡Xe orr perfonrnance neweLs røhå.eftr ¡¡Ëf.1.{.ze motor ehafn{.ng, Tn onder

that sfnrlnar eonparfsons eou!.<i be cnade to Exper{mer¡Ë #1 the same basfe

expenfmental seÈup ssas used, The sub-i eets were relnforced for F'R be-

havlcn to a eS buÈ not bettryeen eri.aX.s. The onty dlfference ln rhls ex-

perlmenÈ was the naÈure of the response to be ad itrsted**the numher of

f'nd9'wfduaL nesponses rathen than the tecrporal spacíng of ehe $.nlef,aL

res pÐns e ,



.J]

ryeghgd

S$jggågr EåghÐ maLe aLbln@ racs of the l{ol,Èzman strai.n wene used' T&e

råts \#ere dlvlded $.ntÕ Èlro groups of four eaeh" Eaeh anfma1. åre @ne grÕ{.ap

r+as paåred wf.th fes liteer mace {n Ëhe oclren gï'@up. Radlatlon proeedures

rdere c&rrled or¡t. {n ådenefaatr f'ashfon &s f¡r the flrse exBerlrnent, r"rfÈ,h

Èhe cosrtnoL greup Elet,t¿n€i a sharrr radlat{.on sess{on. AnLma1.s were aLL

housed fn 6 X 6 X I vr{re cages wfth free access to foed. The anlmals

sçere 60 days ol.d aÈ Èhe orìseË of eraf.nlng"

4ppararus: Aln equlpnene reporÈed {n Expenímenr- #n r,¡as uLf lfzed ln thls

experfment, fn ehe sanne fashion. Tn arldÍtfon a Lehlgh I/al"ley 240*50 scep-

pqr ldes used to count FR responses" Refnfereemerrc was \dater denlvered

rhrough the centralny noeated cifppen" The sEraln gåuge, DC amplÍfler,

HP f.3te oscllnoseepe and the T{F ì.97À osc{lLoscope eamera wene used to

phocograph the seguentlal" dlstrfbr¡t{on of bar presses ln a tnfal" CouTnËers

rneast¡red the number of bar presserì durlng the eS, {nÈen-trlaL lnterval

ar¡d numher of aborE.ed trÍ"a}s,

lroeed¡års: At Ëhe onset of crainÍng each subject vtas put or¡ a 23 hour

wat,er depn$.vat{.on schcdule" The raLs "øere Eeafmed daf I-y l¡r one t¡our

sessflons, Afcer Èhe end of eaekr ea"aln{ng sesslo¡r eactrr rat røas glven

3.5 månuees free aeeess Lo wåeer before åt was removegi from ctre eage"

Fostsessi@Ìx waÈer eonsumptå@n wås measured and recorded" Tnaf.n{.ng was

broken down Ínto three phases; FR shapång and eS eond{.e{,onfns, enf.ai.

abont eondltfonlng, and sLep-tråke lnerernent. ln raelo demand.

FK.-CS eondfefond.ng: Anlmal.s r,sere ånltiall-y shaped in Ehe absenee of the

CS (eone) Èo e erfterlon of FR-1.0" lJhen st-eady respondlng was apparenË
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Èhe CS r'vås {"fterodueed a&d re"Bpffnses duri.ng the 3.nÈer*'crlaI inr-esvaX ç¡ere

nmÈ reinfore'ed, The eiuraëd.on e¡f Ehe CS was 30 secænds anei åcs onsec r,rês

ra¡:dnmiæed over an åwerage ône niinute f srgerr¡a I " Eae h se ss d.e¡ur e elns ås ted

e f f,ore y erials . R.esponse lat.ene ies røere recorded in *he sañre rfianrretr

as i¡r ExperÍrnenb lfl"

Trial aherË eondleionlng: When bo8a1 responses/sessfon had sËabLlised

the Èrlal ahor:t eontlngenc]¡ rr¡as fnÈ,rsduced ln she same manner a$ Experi-

merrt /É1" The duraÊíon of t.þre È.rlal aborE conÈingency eras 15 seeonds.

The ¡rumben of aborf;ed Erials r4ras recorded rn å e'ounter,

SÈep*l-íke í.ncrease fn ratfo demand: When the ¡rurober of abe¡rË,ed Ëri.aLs

approaehed an asyrnpLoee and as the foÈal respÐnses/sessåon ståbf.li"ued

an incremelrt. ln the raÈfo demand q+as rnade. The proeedure for $.r¡st,$.E,ueing

ähe changes rdas È,o all-ow ehe fårse 20 tnials ge reínforce on arÌ FR 10

and the second 20 trials re'å¡rf,orced om an FR 50 on Lhae day. SubsequenE

traínlng sessåor'¡.s r"xene trun wåth Ehe new natio dernand ån effeee,

PhoÈographs of Ëhe dís8r$-buÊleln of ban presses duríng êrÍals were

Êakerr in all phases of the expenf.inent, alLheugh noÊ every day" As fn

Expenfmeng /Ê1 ehe oscí.lloseeipe ç'ras erfggered by Èhe nnseÈ of ehe CS

âs ì¡rås the shue8er of Èhe carnera"

After e.he Eermfr¡atfon of the experirnene. ar¡ímaLs Rretre sacriflced

amd hiseoLelg3u reas petrfÕrmed as ín Expenln'rent í1L.

Resul ts

Flgure 5 shor.¡s

as Í.n Experiment #1.

dt¡::aËionandaAeesg

(appendíx lV, Tahle L

group daily rnean 1aÈencles over grainfng sessions

Means were e'ÕmpuÈed cver Ehe enÊf.re expenfunenLal

for dffference betr,reen grouÍl nÌeans l.ras Ëaken,

)" ?here c{ere n@ s$.gnf-flcanË, differenees (e:,5,
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f+tdf ^ e(. SO, Appendåx l-V, Table Ï ) in response leËeney be8i,¡een the Ê-øo

groups during flhe exper{.menê"

Fågu::e 6 shoç.¡s grÕup dail-y nxealt eoeal respenses over grei"nlftg

sess{.*ns " The gnaph ås di.v{.ded i"nEs} the f our e;{perímenfral phases , FR

shapf.ng. CondiËi.oned Seimul,us-FR tnalning. Trial aÍ:ærÈ condiÈion{ng,

and ratio $.slc-remenË Srafníng. Durirrg the FR shaping phaae the d$'ffer-

enees beÊv¡ee:r Lhe Control. and lrradi.aLed groups i,¡ere rroË signífícant

(c:.59, l-$df , P("50, AppendÍx lV, Table 2)" Durír'rg €he phase of CS coEr*

dfrionlng v¿here the anlmals r¿ere rewarded Õn an FR,-IÛ dtrríng ehe CS and

nÕg rerdarded beEr^reen Èria1s, t,he $.rradia8es l,lere noE s€.gníf fcanÊly hlgher

:En eÕtal respci&ses thaxr control anfmals (e:1.18" Lzcf., p(lOu Appendíx

lv. Table 2), ln che trÍaL aborÈ eondi.t,íonån¡, phase" &he eßeax resporÌses

of the i.rradf.aÈes was slgnifíeamsty highen (t:2.0, X6df, n(.nS, Appendix

lV, Tab3.e 2) ehan e'entroÏ, animal.s. Te should be pofuaLed out ÈhâË EÕeal-

respônses in hoeh groups deereased during the Srfal abor8 phase. Durtrtg

€he ratío incremane phase Ëhe frradiateð an{mals were sígnlfíeantly

hlgher d.n to.*al- resr)Õnses (t:3,8,8df. P("01, Appendlx 1v, Tabxe 2) nhavl

control anlrnals. Total responses ln boeh grÕups f.ncreased afEer frhe

ínieiaËíon of ehe raË:iø f.ncremen8.

TÈ ls cf prlrare ímportance Bo Ï<now fn r+hat, parc of Ehe t,ragnång ses*

síon Èhe lnredi.ated anirnals enritÈed Ëhelr extra responses, PargicularÌ.y

durf.ng Èhe raêi"o lncremen8 phase " Fígure 7 shov¡s the daily gre!-!P meån

Ë.ria1 aborts dr-rring Èrial aborÊ, eondltiæn$"ng and ratí@ ineremenfl phases"

A dífference'oetween dally grox.lp means ïsâs cornputed (Append*x lV, TabXe

3) for eaeh eraíntng sessle¡n shos.rn on the graph" A È-ËesE for díffereffiÊe

heErøeen differenees fe¡r tråål abort and ratio {neremenÈ phases r'tas c(.lr¿-

clucged" There ÌÀ,€re nû signåfíeanÈ differerTces (È:0, dEL2, Appendix lV,
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Tabïe 3) åndåcae:l,nB ehåe *he differenee in number of rrfeå ahorts in

the e:¿treråmenÊ re¡nained relativelJ¡ eonstânt as shop¡n by the graph of

FfglJre 7. The sxffmhev of erf.al aboräs durfng &.he trfal ahort eoæd:t eloxr-

ing phase vras sf.gni.fÍcantly hígher i.n írradi.aËes tz=z"&,, L6df , p .02s,

Appendfx 1"V, Table 3) and also fn t,he rat{$ fncrenent, phase (C:g,7, gdfu

P "0010 é.ppendix lV, Tabte 3)" Thís lndícåÈes Èhat Èhe higher frotal res*

Þonses fn ehe irradi.ates aouLd be aegrf.buted Êo respondíng durlng Ëhe

{.neer-t,rlal ånterval. The faeE Èha& EÐtal nesporases f.n boch groups fn*

ereased with Ëhe raei6 fncrernenf; (whfch ås not, surprising; Fenst,er &

Slclv¡ner, 1957) indieaees Èhat. adjusËment t,o È,he new raËf.o demand aras

suceessft¡l and thâË åÈ affeececT boeh gnoups símf.l-arly (Figune z)"

Ïn general, boch grûups behar¡ed sim{tarLy fn aLl phases of the ex-

perfznent rqíÈh a tendency of ehe irradf.aEed group È@ resp@rxd ae hlghen

raËes ånd more frequenÈly duri.ng Bhe ínt,er-eriåL f.r'¿ÈenraI"

Tn order eê eÕngro1 for poss{b1e motlvaeionat dffferene,es f.sr ehe

trùÕ BrÕups, measures of p@sËsessi@n ?¡s-ter eonsurrp*,íÕn {,ras Ëalcen, These

"*raLues (ral) are graphiealty nepresenËed in Ffgure E" TÈ f.s obvÍ.ous ÈhaÈ

no slgnlficant differences were for¡nd fn water Levels heÈween Ehe e,v¡o

groups o

Appendix V eontafns ph@eôgraphs fronn Ëwo frradlated and two conÈron

animals (eop and boÈÈ@m nespeeeiveLy) durfng different phases of expen$.-

mentæÈtesr, The possfbf lity of ê Ërer¡ror phenomenon cuTas noÈ, apparenÈ as

ln Exper$.nent /É1, lË f-s df.f;'fdculÊ 8e reaeh any k{.nd of forr.¡raeir¡e ç,on-

alusd.on fre¡m Ehe pleÊures avai. l,able on chese HR an{.¡nals,

llfsÈ.ologieal sarngrles f,rom Èhe Èv¡o E¡r@erps in chf.s expenfment agaf.n

sho¡.¡ed (Appendlx VÌ.) eypteal- eerebellar deËormå{:{oyr four¡d ln Exper{.urent

{i'L, ln addícf@cr Èô sI-ighrly smaller forebnain síae in ehe irnadfates"
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Diseussiøn

The resul,äs ef Ëhís e:;peÌ.$.rtrene har¡e shcr,nn t-ha* årradíated anf.mals

and conLroLs hehac'ed så¡¡råIarly in all phases of; enaf.nÉng wifrh a Êendeney

of ghe frraclÍaÐed g,eoup ÊÕ respend æt hlghex ¡:aÈ.es and more frequenttr-y

durÍng Ëhe ínÈer-Ërd.ãl inËeeval. Inenements ln FR demand resulced f.n

incneased respenses ín beith grÕups" rg is :fi.nÊeresgi.ng eo nÕte t,håe

'r¡hfLe the inserËíon of ghe grial aborfr. e'ontf.ngene), resulted fn a re-
ducËfon f.n Èo*al sespûnses ln boeh greups, Ehe irradiaf,ed group made

conslsËenti-y more trfal aborts chr*ughouÈ È,he expenlmenE È,han did che

conerol anÍmals" TË is di-fficule co deeide vrheÊher f:hfs ref Lecc,s an

lnccmplere abf lÍty uo j.nhlbf-r or wheeher ínhíblÊory abíi,iry L!.Ì both

8rÕups ís equatr- but the írracliat,ecl grouçr rnakes r¡ÌÕre Ëria1 abe¡rcs be-

cause ini.ËiaL lnÈer-eríal rcsponses Í,i¡etre hÍ.gher Ëhan conËrol. values.

Tf sueh Ís the case t.he data ohÈaínecï here çyoul-d suggesfr, * tenclency ef
âhe írradía8erj grÐup Em resp@nd more durårrg períeds of nonreinforeemenË

--a fÍncting thafr, \,ùas suppor*ed by ehe daea from Expeníment /Étr_, Anogher

i-mPortÐ-nt símílarf-ry he8ween the Ëwo experiments Ís Êhe ]-actrc of dfffer-
ences in drlve Levej- betv¡eem Èhe tç¡o groups as sho¡cn by Ëhe gnaphs <lf

pÕstsessíon r+aËer censurnpÊion. Thfs ls fnË.enestf.ng because ln boeh

experimenÈs the lrradiaËed group responded at higher saees and ¡nore

ofeen dunl:lg ineer-trial_ ínËerval-.

The response laËenefes of both groups <iíd noe signiff.cantly vary

over Èhe entåre experfment rvhich is not srrrprisíng. The eonsequenees of
Lhe íniÈial bar p3:e5s afcer Ê,he onsee of che CS rernefned unchanged after
the incremenL ín raÊf.* demand." This is eont.ra-ry eÕ ghe condåEion found

in Exper$'mene /,¿L r-¡here the iniÈial- bar ¡?re-qs rvas the parti.cular respei?se

affected by the changing neånforsement, schedule.
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Letr*q.Êl_ I_gpSggå!CIn_ and Cone Lusions

The major resuLËs of ghese Ë,"Á?G experíments ean be sur.marízed as

fo11.ar,¡s :

X) Changes ån rìelay demand results ln i"rradía8ecl anfnals acljusclng

their response 1aË.encíes at l-otoer levels than contrcl" animals" EffeeÈs

are pror*{nenË i.n Ëhe sËeady state as opposed to the translent" îhís has

been shor"n for two values of clelay change, Ínsertion ef bhe È.rial abore

con8fngency ån del-ay animals resulged ln a lotoreríng of Ëespanse sates ín

boËh conËro1 and írradíaÈed anfunals. Irradiated anÍnals in the del"ay

probleril n¡ade consfsÈenËly ruore ëriâl ahorÈs chan díd e<¡r¡trol anf.mals schleh

ref,lecäs a SreaÊer tendency eo r:esÞ@nd durlng Ê,he ínÈen-eriãL ÍntervaL"

2) A&icnals ír¿ che FR pnohlem behaved símf^larly througÏrouÈ Bhe

duratf.on of ehe experíment ',¡ith a tendency of Clle inradi.ated group Èo

resÞond aÊ hågher ra&.es and more frequenËly during the lxrf;.er*Èriat in-

t,erval' The lnradfa8ed group ¡Ln Ehe FR. probl-em srade cænsfs*ently roore

Èr{.al aborÈs ehroughouË the experíment Ëhasr ciíd concnotr- anåmals,

3) Tn both ex¡:erfrnents drlnlcing levei-s i.n boeh grÕups dÍd not díffer

sign$.f íeanEl;r fnom each oeher"

¿+) The nosÈ outs&,anding hisËological díf,ference ín both experirnenËs

"'¡as deformat,i.on of ehe cerebelLum in frnadlaÈes wit,h some $.ndåaatíon ËhaÈ

forebraín sise vras decreased"

These data wÕukJ lndleate ehåË ühe mosE consísÊer¿t fi.nclf.ng in hoth

experímenÊs ç¡as ehaÊ trradÍaeed ani.rnals tend to resp*nd exc,e$slvely durfng

períods of, nonreånforeer¡ent" Tt ås interesÈing eÕ rrote &haÈ $.n hoeh ex-

perinrent,s ehe irrarJÍaËed greups rrrade eonsist,enely iaore Ënfal ahærts ähnough-

@ut ehe expend.menË" This has Ë,wo possíble fneerpreÈåÈions; one, flhafr. Ëhe
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abitr iey eo inhíhdë a prevånusly reånfare ed respcnse (Mf shkín, tr96¿+), i.s

impaired, &r Ehae inhåbiaåmn per se ås noË affeeeed bue Ë,hat Êhe greaÈer

nunrber ef trÍ.aI ahorÊs ås a nesu]-e CIf hf gher i.n$.ë lal- respÕnse raees dr:::-

{.ng che Lr"Eer*trlal ånËerval" Eåetier f.nÈerpretatlon v¡ould fav*r a hypo-

thesis of nesponse perseveraÈ,íon (M:{.sht<{n, i96fe) r^"hích ls a frequent ob-

servatLon ín monkeys wåth forebrain darnage, speclffeally e.he fs"ontal

lobes, Milnen (L96{4, has obserr¡ed simllan persen¡eration ín humams r.?lth

fonebraín damage" Bruckor¿sk.å (1964) has argued ehaË perseverâE$.on c¡f

respe$se seÊs observed {n frontatr anlmals fs a reflecËlon of dfffererxces

ín drlve sÈreng8h. Sr¡eh are f.nÈenprecat.íon fs rìÕË supp@rted by þlf.sh[ci.ncs

t,or[< nor by êhe present, sÈ,udy, IË earlnôe be sÊ.a8ed definâtively here

thaÈ Èhe abllfty Èo f.rlhlble ís noE affeeËed as {n a ÌrrevÍous series of

experirnencs (llalasr, et aL" i970)" A possibte expla¡raÈio¡'¡ may lle ln

Èhe facÈ ËhaË ln Ê,hls experiment the sr-rbJeces wefe i.rradíated on day

Èhree pÕsË,naeal wb¿fi-e fn Êhe pnevi-ous wonk ehese aut.hors d.rradfated osl

day two" RecenÈ evfdence by Altman & Das (1970) has u:'rderlined the ím-

p@rÈance of che posËnatal day lnradi.atf.on was ace'ompllshed and ehe naÈure

of ehe lesíon ef,f,ecÈs. Ïtís daËa çrould indícate â merked dlfference ln

cerebel-Iar lesÍons betç¡een day Ëv¡s and three. Tg ís unfontunat,e Ë,hat, ín

t,he present expenilnerxÈ, mÕre quânÈlÈ,aÈfve measures of forebrain hd.seology

T,tere not tsaken, The behavieral i:esults of Che eNperfucents røoul-d eenÈaimtry

faver a forebraln lncerpret,ation ín lighc of the vase 1íteragure on fore-

braín dannage and persevetrâcive respÕnses" One ls scill left f,o explairr

Ê,he resules ef these experlnrenÈs ¡l.n lfghe of the månked eerebellar lesi.oms

c{hieh were ebserved. One m$.ght hypothesiae fr,haÊ aLÊhotrgh Èhe observed

lesi.ons are promi.neÍ)È, a8 Êþre age of tra!.ning c@mpensaÈ,lon of moËor de*

f lcíes have oecurred" A pelssfbi-e alf ernat.lve has beem suggesÊ,ed by

Ilalasu eÈ, al' (i970) in wh{eh a r$@c@r agnosia hypo&hesfs was offened,
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As has beer¿ r*enÈåomed ehls ir¡ûerprec.åef*cì {s Ëaken e,ô meên ehaE tkre

anfn¡aI c'âÍ¡rnöE relaSe Èhe reånf&reemerÀ8 e.ônseEueriees *f åtadlvådual eom-

porxenes in a maËor ehafsr, wh$. le reËafr¡ång ehe abålf8y EÕ adjuse emÈlre

seEuenees. The va.lldíty of sueh a hypof,hesi.s ls enbfneXy dependerr8

upÕn ehe reaï funcêåærs of Ehe eerehellurlr, lf ehe eerebeLlu¡n fs $.n-

volved ín frhe programming of môô@r cornponenes of cha{.n thefi sq¡ch ar¿

irrte'rpreËaË$.on would seeirÌ appeal"íng. If æn È.he oÊhen hand ehe cere-

bellum i.s invml-ved ln f d.r,e negulaeåon of índívÍduaI inot,or c'orqpomenLs

rviÈh no ínvolvement i.n the$.r pnogranwrlflE, â rnotor âgnosi.a hyporhesls

wound be dífflculc go suçrport," Us'rf,orgunaÊely thls sfr,udy sheds no lighe

on eicher posít,ion, One mf-ghÈ look,, hev¿ever, aÈ Eypleal cl-ísrfeal syn-

drmmes of eerebeLlar lesíon ç¡hich have been rqenE.íoned" é^rnong the mone

prornf.nenÈ.ly a;eporeed e 1í.¡ríe al rnanif,esta$ions (I.lounee asÈ le, 1968) are

dneeneian grem&r, Èhe Èendeney f,err a l"i¡nb gfl @scll-lage fnunecl$.a8ely pnfor

ÈÕ i.Ès aBBa{.nrp"enc æf, a desí.red posleåon¡ dåsdíade¡kolelmesfa" ehe fnahí}fey

Í:m perf"orm rapídly alternaËive moxperneÍìes--a.pparently a ref leeeion of frn-

paired ane{e' fplËor}r rnoeÕr adJus8menes; clysmeEråa, errors ín the ramge of

movenenc (fn gourching a pcinëe âtrrese{,ng ehe acËlon before reachlng iE,

or shoocing pasË ieu devfaEion Ln líne of m@\'ernenÈ (eg", earryf.ng food

Ëo tshe ear inseead of Èhe meluêh) and asynergta" a laek 6f eoeperaeion

between museles" These Eypes of mar¡ifesÈatierus ",rotrld supporË Èhe ldea

of the ee::ebell-$rn as perforrnirig a purely regula€åve role as aÍt enn<¡r de-

gector for inclividual, rnoeÕri.e eordponents as x.reLl- as grÕss rno\ramencs" As

has been menÊf.onedo ÞIanr (1969) on ehe @the-r hand suggesÈs ÊhaÈ Ëhe eere-

beLi"um pLays a våËal role in Ehe exeeuÊion and regulaclon of s$cå3.led

mgvelnenÈs p¡hile Evares & Thaeh (.Lg6g) have implied thaÈ bhe cerebell-urn

inæy play a roLe ln ehe progranrníng of moÊÕr {-riovemenes fn eoeperaÈ,d.on
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cdi.th Ëhe eerebel"lum. "tinËíl- more iwfmrrnaÈ.i"cn cen "oe aßÈaLned cn the

pneefse rmle *f ghe cerebellun¿ ir¿ motor behavi"or, tlne presen€. í¡:Eer-

plieLae;i.Õn of, rhe m.$ËÕr agnosåa hypelfihes{s must he eonsådered h{ghly

speculafråva. PoinÈs fnom the present sgtidy, hor+ever, ate wÐreh rnen-

8åoníng here" lf ehe mÕfiÕr agnosla r'ras a genenal nlafi.tfestetåc¡n of an

ínabílity eÕ adjust mÕt,orf-e chainíng then ayne rnfghe expecË more dif-

f íeulcy í:q irradíaeed anlnials ån an FR probX.em. Tf " hovrever, Êhe de-

fícit r'ras spe*ffd.c to Ëemgroral- delay problerns and Ëd.rning, Bhe presenfr

data €,ends to sr.rpporÈ such a hypoChesi.s. A furÊher poÍnfr, he::e {s thaE

æme qvonders h*ç+ a deff.cfr in moron eha{.nírrg eouLd be manf.fesred ln a

paradlgm where Èhe lni.ÈlaL response cÕ Èhe CS ûs ehe one whfch is ¡iaosfr,

affected hy ehanging rei.nforcenlene sehedr¡i-e raËher Lhan l"ater eûmpoment,s

of a moÈori.e ehaÍn" ¿\LÊhough it fs ¡nore pars$.morri@!.!s eß aeeríbu&,e Ê.Ï'Ìe

ebserr,¡ed ef f,ect.s ÈÕ a perseveraei.or¡ of response set, Ehe alt,ernatf.ve 0e¡

Ëhis is tÕ re-exân'¿ine the presen8, fnÈerpneÊ,aÈfon of the mot@r agxrosla

hypothesås" Rather than a genenal-lzed ånabf lfcy Eo adjr-ese Ë?otor ehains

t,o changes ln reínforcemenÈ, schedule, âs assurned here, åãì agnÕsi.a re-

fleet,ed onLy ín spec$.ff.e ki.nds of motoe-f.c sequencíng may be a plar.rsf.hle

a I-ternaÊ,ive "

Tn conelusio¡l these daËa supF!@rt an int.erpres,atiotl of persevera-

tion of resp@nse se€s (¡t¿shhg.n, L96t) whf le aÈ the sarÂe ti.rne they ean-

noL toËally refut,e ã moÈÕr agnesf.a hypothesf.s, Tfr has been poåneed or.¡C

that thís set¡dy has underlfneci *ahe'ÅmporEance of doíng exat¡st, lr¡e h:Ê.s*o-

Logieal analysf.s of radíatÍcn produced les$.osrs. AÈ Èhf.s poinÈ ome í.s

sÊí11 unable eô more eas{ly underst.and Èhe functien of ehe eerebelluør

and the relatíonshíps which exi.st, befls+een f,uneE{on ar¿d s¡bserved les{.esrs

ín neenaeally frradla&ed raes,
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8"5
l-0.3

Mean
Varfanee
Stand " IJev.

8"9
1_ "82
1" 34

9.25
2"88
1_"69

6
7'

25.9
15"6
27.[e

2L.9
l_5"0
2t"5

Mean
Varlanee
SËand" Dev.

22 "9
29.0
5 .39

t_9"0
8.8
2 "96

L2
1_3

14
t5

32"5
32 "!+
_1r.b
31-"8

23 "2

23 .3
22 "7

Mean
\farlane e
SËand o De\r,

32.0
"L52
.389

22,8
.JJ
.57

3.6

L7
L8

3¿,4
45"L
42.2

49 .6
38.6
33"7

llean
l/arlanee
SËand, Desr"

tt6,V
3l_"7
5"63

40.6
¿+4 

"2
o"0

tr8
L9
¿tl

{+2,6
{+2 "2
t+L"V

33"7
28 .5
26 "6

Measr
Varianee
Stand, Ðer/ 

"

42, I
"05
,3¿

"j@ {-

g"t
3"0



TabLe 2

T-eêse6 for differenee beÈween Meane of Daftr-y Group mean latencfes Del-ay Sr-tbjeets

fes8: Est" SLand. Erron DF'

Four dalrs prlor
to flrsÈ step
lnerease in
delay

Three days afEer
firse sËep ínput

Four days prf.or Èo
seeosd sËep input

Firss three days
fo1l-owf-ng second sÈep
åneçease fn deLay

T,asÈ three days
of seeond sÈep
increase in delay

1.6

5"3

.48

7"5

2.6

"2L

.733

23,00

"8L

[4,8



Tabl-e 3

Ënoup Dali-y þlean-to8al Responses Delay SubjecEs

Ðay ConErc¡l- Irradlates

l_

2

J

5

6

7

B

I
l_û

t_t

L2

LJ

t-4

L5

L6

1_7

L8

1"9

20

2L

22

23

24

25

26

27

28

29

30

33r.

396

3{+¿

322

335

305

22L

Lil_

L52

19l-

r.CI7

t+98

427

430

379

451

689

615

709

725

668

629

505

5s4

452

t+O4

508

502

537

5t+9

L¿+A6

i,491

l_499

l-488

3-5t+4

985

668

383

-JOv

t&L6

491_

400

376

34I_

286

469

667

748

793

728

7L7

7O!+

BB3

973

1035

493

499

692

660

79!+



fable 4

T*eesf for dlfferenees between Mean Gnoup niean Ëotal respt$ses (CS eondiËftnfng)

eontrol Ïrradlaees EsÈ, Seand, Erron DF T

Mean
Varianee

338
271-3

L4t2
36465
l_9r
6

61_ lt L7 "4
SÈand. Dev, 52
N6

T-ÈesË Tri-al- Á.borr Condftioníng: Bl-cck. of tr-ase Ëhree days before SÈep

Mean
Varlanee

45r
1075

372
586
2&
3

35 t, 2 "25
SÈand" Ðev" 32,7
N3

T-eesË LasÈ foun days of fi.rsg sÈep ínerease ln deJ-ay

Mean
Var{-ane e
Scand " De'¡. 65
ïü ¿+

535
4¿44

898
r_5563
J- ¿¿+

&

l_t_4 .9 6 3.r.

T-eesË First Èhree days afËer seeond sËep fnerease ln detr-ay

Mean
Varfance
$tánd. Dev . t+7

N3

¿+7 X-

2273
561_

8876
94
J

9i_ 4 .98

T-tesÈ Lase ehree days cf Seeond sÈep i-netrease ln dei-ay

He.en
Vari.anee

529
397

73"5

J¿O)

?

3¿.¿+ 4 3,54
Stand, I)e\¡u L9
iü3



Tab.X.e 5

Group }fean Trial Aborts DeJ.ay SubjeeÈs

Day Ce¡n€rol lrradiates

18
15
T6
'lRÀJ

t3
t0
I
6

I
2
3
4

5
6
7

I

L
L

I
2,5
"!-5
1.5
1"7
1,2

Mean
Varlanee
StAndn Dev"
EsË" Stand. Error
N

DF
T

1.4
)1,
t,a

L2.{)
LS,[4
3"9

I
2.9

L4
3"86

o

10
l1
12
13
T¿4

r5
16
L7
t8
t9

t4 
"7

5.2
3,0
2"5
2,2
2,4
ãEJoJ

3"7
2,0
3.û

8.2
10, 2
oq

10.0
9.V
8"2
7"5
7"A
o?
8,0
6"8

Mean
Varlanee
Stand" Dev,

Est. Standu Ertror
N

DT-

T

x,
L,26
L.L2

Lr

8.6
X"l{
1. X8

.L,L

1.2

2t
4"5

2t
21
22
??

2l+

3"5
2"8
¿")
3"5
3"8

¿1.2

3,8
5,7
v.7

Mean
Varianee
Stand" Dev.

Es8, Stand. Error
N

DF
T

3,2
" 

1B/+

"¿þ28

5

5"V
2.62
n.61

5
1" 32

ôô
1. 93



Tabl-e 6

Group dafl-y mëân weÈer coEtsumpelon (pos8*sessfon) Deì-ay Subj ee es

Day Control IrradíaÈes

L

¿

{

t4

.l

6

I
ô('

9

l"t
1_1

L2

'îâ
IJ

l-¿{

l_5

r_6

L7

r.8

L9

20

2L

22

¿J

24

¿J

¿9
r!?
dt

2E

¿Y

3û

l_8.5

20. CI

20.5

L9 "7
r_8"7

t7 .5

20.2

20.7

r8.7
L9 "2
2l_"0

r_8"7

1_9"2

2û"0

18.7

r_8"û

l_7"5

L7 "5
2Ð.2

zt "7
19 .5

19"0

20"0

r.9. 7

20"û

i"8 .5

18.5

L9,2

20,0

2l_.0

22 "0
i-9.2

L7.2

t9 .2

19.t
18.2

1-8.7

1-9 "CI

20"t
19,7

16.7

L9.2

20.5

Ï8.7
20"0

t_9 "0
x.8"2

r_9"7

19.0

L9 "7
I_9"2

l-8.7

20 "2
äL,s
20"2
.)1 L¿! o ?

20 "0
l_9 .5

l-9"0

L7.2



Tabl-e 7

Greiup Dally F{ean waËer crnsumptíon (posË-sessíon} FR Animal-s

Day ConErol Irradiates

I
2

e
J

4

e
-)

6

7

I
I
Lü

1_ l_

L2

r.3

t4
l_5

l_6

L7

1_8

l-9

20

23,

22

23

¿4

25

¿6

¿ö

29

30

L7 "5
L9 "7
2A "2
r_6"7

15.7

20"0

]-9,7

22 "V

2t.2
1q t

L7 "2
I_8,2

l_8 .5

r-8 .5

2A "2
L7 .0

L9.2

20 "'i
1B"2

L8.0

1_8. 7

l-8.2

18. s

19"5

fg 
"{4

1_8 ,7

t_8.7

t9 .5

r-9 .5

18 ,7

L9.2

L9 .0

1_7 "7
l_8"0

L6,2

l_9 .5

2l_"0

20.2

rB,5

19 ,0

19"5

17 "7
L9 "2
i"8,7

r_8 .2

1_9"5

20.0

l_9 .2

L8 .7

r.9 .5

¿u"¿

r_8"7

r.9 .0

19.s

19 .0

L9.2

x8"7

79 "7
20 .0

20 .0
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Tabåe I

Group Mean Response ta8ensies FR. SubjeaÊs

Day ConÈroX Irradfates

I
2

3
t.+

5
6
'î

B

I
1-0

xt
it
IJ
r4
I5
Ib
LV

18
19
20
2i"

9-l-
8"7
B-9
oo
9.0
9, J.

9"0
8"3
8.8
8.1
9,9
10.3
9-3
8,4
8"3
8,9
7"9
9,0
ôo
8.3
8.8

8,2
oo
8,tr
8"4
8"4
oft()o-I

7"5
8,5
B,t
8"6
8,8
8"2
ô1

8"7
9"8
9"0
9"9
8"t
8.3
8.5
I,V

Mean
Varianee
SÈand" Dev"

8.9
"39
^62

8.6
,30
"54

DF Est. SÈan" etrror

T-tesÈ for dlffetrene'e
beËween meaxts of group
daily mean response
taËeneíes

c
"640

2L

?L



Table 2

Group Mean ToÈal Resporases FR Subjeets

Day ConÊrol" lrradåäees

t-
2

J
4
5
6

7B
49V

982
L375
1312
1435

ttn
640
LZt+7
L925
2L95
2088

Shaplng

Meaxr

Variane'e
SËand, Dev.
EsË. SËand. Error
N

DF
T

946
22L999
7BL

6

L367
6txri.2
47L

6
70v

10
"59

-i
I
9
t0
1i"
't1
?â
,LJ

1867
L992
1998
2054
2L99
22¿+V

2223

x95L
2IB3
2n3"2
23"î I
2534
2524
2530

CS

CondlÊåomtng

Mean
Varlanee
Stand" Dev.
EsË" SËand" Error
N

DF
T

2048
L7 602
L32

7
195

l2
1" X8

2316
47583
2ÏB

7

14
r.5
¿þ

L7
1B
L9
20
4a¿L
,},

IB63
l-75n
i"811
1"809
3.884
1953.
1903
1805
r94B

2051_
2L26
2001
nB19
x973
1990
2A4V
2073
2049

Trial. A-borË
Cond*tlonfng

Mean
Varlane'e
Stand. Dev"
Ese. SËand" Erros
N

DF
T

1859
4282
65

I
7B

i.6
2"4

2tL4
6563
B1

9



Tahle 2 " " "e.,{38åElnued

Grotap Mcan ToÈaX Resporrses FR Subjeefrs

Day ConÈroI lrradf-aÊes

2t+

¿3
26
2V

2136
2183
?.2L2
22L8
22&A

2287
234{+

2352
2408
2360

RaÈLo
ïnerease

Mean
Varåanee
SÈand, Dev.
EsÊ" SÊand. Error
N

DF'

T

2L97
1"286
35

5

40

I
3.8

2350
1321
36

5



Tæbl"e 3

Group Mean Trial- Aborts FR Sr:bjeeËs

Ðay ConÈron- IEnadíates Dffferenee Betr,¡een Means

't

¿

.)
!4

5
6
7

B

I

9"0
7.7
6,0
7"5
5"0
5"0
4"0
3,7
3.V

14.5
L3.2
3"3"0
Ll""5
10" 2

9.0
9,0
7,2
8*t

6.A
7"0
{.r,0

3^¿
/+"0
5.0
J.)
t+.t+

TråaI abont
CondlËioref.ng

(FR X0)

Mean
Varfanee
SËand, Dev"

5"6
3 "L41 'î'7

1"0"6
5.7
2,39

4,9
1" 12
r,06

TO
L}
L2
t3
14

6"0
5"7
4.8
Iq,5
5"0

t_0,2
l_0.5
1"0.7
9"7
oç

4"2
4.7
<o
q,
4"5

Step-lf"ke
lnenease Lm Ratfo

(FR s0)

Mean 5,2
VarÍanae "28
Stand. Dev" .53

10.1
"2L
.45

4"9
1""78
.!- " JJ

Trial Abort Cond" DF ese, sÈatrd " enrotr T

T-test for
dffference beti¿een
Means of Group Mean
Trfal Aborts

L6 2,t2 2,l+

SËep Inerease Ratio DF est. sËand" ernon

T-ÈesÊ for d*fferences
between Means of, Group
Mean Trlal Aborts

"s4 9,07

T-8esÊ fsr dlffetrence
between Group Mean
Diffene¡raes for trial"
abonË eondiÈioníng and
step increaee in råËåo

L2 L"72




