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Tha treatnnent of rnentzl dzsoxd~r by the aetbods known as 'shsck 

therapies* has had ridd@6p&adaption arinca the aetbds were first intm- 
. .  , - 

&utscH;t. In 19243 Sake1 began Oo $met* pratlen+tz d t b  hpglycermfa pmhosd 

hg b m a L i n  inja~t ion.  Xn 1934 m a  Hiadwla pmhaord csmvulaians by Xnjeet- 

ing ~et;=l .  In 19% Csrletti and 33-1 eqibysd She pass-we of electtrf- 

aiky thmugh $he bead %o b & c e  the mnm;il~&vle e ta& q~). . 0khsr 

in&bd$, =oh as *the am of eor~%nlina, ~ m i w  chloride, atragm i.ek&a%%sn, 

sle&raaareoais, st c, , have been used ocaaasiondly, bllL fTtmliP I ~ e t m m l ,  
@ 

ma ele&mLth9& m m h  by fey the mst witialy accepttsd methods of &bo& 

diifemnaea mcmg the Bfu:es snathuds, fngulh and me%razial m ghammm- 

log ica l  agents adminfstared by injection, while slectriaity is a phyafo& 

stimulus appLied.by placiag eleotmdes on the head. Eq99Zenca wlth a 

large number of patients indicates that insulin is eomewkat mare effeckive 

for schizophrenia, -18 metrazol and stectIrEcity have shomn.better results 

wlth the affective dfaorder~ (14 1. Many therapids  believe t h a t  it i a  not 

necssstxqr to pralwg the insulin m a  until the getsent has conrmlsiona. 

Nearly workers are agreed, bwe~er ,  that the major mtor attack must 

accompany the adztinistmtitm of metraszo l  or electsiofty far be& therapeutic 

remlts. me somatic and thempeutle sifec-bs of netram1 and electricity 

aem to  be very slailer. Siacd alec+rici%y has a number of ad~mtages o-ver 

metraml, I t  has rather generally replaced the drug. In some hospitals it 

has alao replaced i n ~ u l P n .  EleetmsbocJs, therefore, is now the most 8eidely 
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'Phi? r~rsul.ts d t h  Bhaclk thurapices have been ~w~~ttntglng,. bu* Phupm mat m e  

cUara8mtmyres; Zo their urre, 8ane patiagta ahow 3%- of the tms%mrsn% bad otbra  

~ P S  h d  banes fma%urcsd br %Be m~meihm. Mmwr;p apaisentent l a  rrf$em & m a d  

as a aonrglioen$%on QP CBr tre@WenS, 3n %h5o paper ~vo ham a9rrleen BhLm ~ ~ e m u q  

wtagUor9-blon far &uCtYr Pia~rablaksf &a cw~toemrd w5.t;h shod Cherapy bava a f l a  

armnadt b u t  9hr marhunism (%ubflI 1p$saIy unknown) a m b y  sbek tmatwent pro- 

dams rerlfef m t a r  bewa IfOtla relatima to the B1rPZ;urbmme of f h  mtmrrol?g 

hetJ;on, Aa the f~hloPOjlla m ~ b m  af BhBI l i t l ~ ~ ~ b ~ t u ~ b )  PPIU @hat) homvw, m u  

wrlt+r~ bold %ha$ ~ g m s w t  thm- shot& tWmgy nay be bawgt5W m ema41Bfa 
.J 

for mcssnt etents, 3n view o f  tbss hypothssrio 2% @@ma Ba3.mblta t o  inaea#%gfit%e 

ortuae of i % r  widaqread &@&@a, @erl?abral ~les*-so&ha& w m  obmm PUP study, 

I ne~$;~r: 2~ a &amla8 msgwum BM she& -SBI a;aavjb43flQQ BQ =.$a aP diW%tmt ba;Prus 

a e b a  &ymkadL 3a P b  f M  S7r viU, be 

$ha9 *8sa +nm wa$aOf;sk# xsaa W2lbr a ~ r s  rm-i* esW&U&M in rat%*, 

a ahz&e aem'tr9etlL %If.wBsrosM& & m p B  *W mm wmKky &bit, 

*h-'IDy 1peanxiMbg t b  _aU W5,t *a *b blbs-efe t r  

s&hW.~b-m% ~ 3 -  r QW aner %m&&tg jilllar mi*, fa 8 b  

?mwfla p a p  29 sdxk ti%%% 01 a WmeS mla%&ua bwbwmasa WrJixsmd, 

o t  l.unb@ maa %he FotnnJ b r t m .  a r b  *A& md th. rarn&a$ a u n b a l  .hod 

irhe o Q a d S t i 4  m~l ( tantw SiOzlia15=* 

Baf'ore mJr82sg Pbaiis I B Q S ~ F $ , ~ ~ % ~  *&a vm* t&uelt.%W@ %n . 
txttsfiaa%w% a~puubhy m % U  be ru%&effss* %he a3AzdmiL mpmdr af mlmk tkmgw 

bs wmf8$e4 aruoe *hey hPtvct P s a  rePisweti by &taislbl.a& { B B ) ,  mie by . 

, B@linowrmlrp and Eoeh Z4). 
, . 



- XI. Changes fn i s ta l le~tual  fnnatiions 
aa a rswlt of shock: mav-Ataw of the lftlrsrature 

A, Studf ea on human pat i sn t  E 

Xn 9311% aactiom rar, Bave aede an a-kBap% Ba @lrraeify kha papers into 

hare d2lldsd. Dbis li%sraturs l a t o  (I) (lualltat%rr reports, ( z )  the oas of 

papers- 

1. Qpalitstiva regor ts  

In alinli3PI1 d i~azso ions  of shook. Bhempy stmy thsrapiclbs mport the 

occurrence of memory loas only as ien incictsntrrf. obeeroa%Son, We 8hd2 Include 

only thaw papers In whfch ths  memory defisct was emphasized, 

wodia 153 ) wmte t5a.t memory difftmltiea may pami& for many meke 

f f ten or mom %rea.tmen$s are giaan. 

Slrtii%h, Hugh%%, Hastinga, an8 U p e r s  (44 1 mpm%ed that a l l  

patients eqefi~sncsd mae memory defect 8urbg treat~~emt mtd );hat $he pa3imts 

cons3dered it; asz mpLeaaent spp-t;om. Occaaimally the defect m a  pmmtnen8 

and in  mms patZats  iZ persi&ed far seveml mopths, The ~ s u t h o ~ s  ~eport;ed 

II.0 pEl%ia%8 in ~ I A  %h& logs  W&E p%TSIEUlmt SZid kdfC!a'%sd that 3% U W X ~ J ~  

a apcstty deftsct, omUna~ily applying to p~opgr namesl plaoe~, and da%es, 

Levy, Ssmta, m d  Drinker (17 treated traive patients with electroshock 

and e l e ~ m  others rrlth snstraml. T h s ~  found that 3.mpaiment in intelleo%nstl 

fhat?iona. occurred more frscpantly in the electrically tmatied patients, 

f ~ n a i m a t  in electmshoeked pat;ients lasted f m m  one to several -eke, and 

pat imta  with mra shodks showed pea'tsr defect. 



therapy,. A& the e ~ d  of the tmaWent Bhree of them pa$lents ahowad 

dbaturb-ancerts of ampreh@n@ion, The other f m r showed a marked amnesic 

In an andogaura 2 3 8 ~ 6 ~  with PPvft gatfats  receiving only raetmzol, no 

m e m o r y  loea appearad, 

Bimf s 1 ) Pound that 20 patients mt of a total of 4.1 Braa%erd wtDB 

aasm of' pure autasojgwd~, A51 defects were Pragmentary.mther than @aha 

in character, !The gn0srograda htmneaia was trm~Itory, lasting 15 day8 at 

the maxhnm after .temIna%ion a?? traat~en3, Tke rstmgrade amneaia persfste4 

longer. The r e ~ a ~ t l o n  af mrsmcrry, beginning with t h e  and of treatment, 

W&B -dud+* 

a i t h ,  Piasting~, and Bu@es ( .&g ) reportad on 312 pat;ients Bma%ed with 

Lpa%rramt fasting a few hmra t o  mPe aerlous defect& lasting as long as 

nine ~~nthsr No pcsmanent defsebe mre &am, The: r n a ~ r y  defeat inaraased 

val-t;h the number oi tmaWrsnta. There mas no appamn% xel~etionskip between 

Cho age of the patient a d  the degree of impaimsn%, but in the alder patlsnts 

Ohrr defsot lashed longer Bhm in the younger patfsn8s. 

Moat shack therapi&s believe tha% the mmmrgr loss is always revereible, 

a3cept perhaps fn old patients, Brody ( 8 ) , however, .1.egofied five cases 

in which %he l o s s  @emad t o  he permanent, Theaet cases were all ampletely 

rscovered fram t h e i r  spp%oms mcl had beern out of +he hospital a t  leas$ a 

ysay at Che tirtle of wr%tfng* A31 patfents had mpclr-&ed stme recovery frvlmg 

;&he lnsffosp impaimeat, but f t had not eleared up eat lmlg, The author wmt e 



%ha% the B%mrlp dSaburberaae seemit to  be chisfir a 108s of 1wlaaorsn JiaixcIJim 

HLaCefi4, p&f rmlwkfly rimes of permno a d .  @ ~ W S  ,and hrr,bi$rr of m&r .' B r o w  

beZieved that U s  f i n u s  %qp11sd pereame~% or snsanl-pemmen2 h a p  tm the 

b*. fherefare beUePBd US = ' U t e  cootra%nCU~a~e~d Bho& t h m p g  far 

tbQ8,e indLrPl6ua.l~ ahuse mr3r regalzed tcheslr t o  rsrjesrbsr nmws of gesons and 

~ ~ & C B I  * 

QwCkltative Dhxragb Mey e m ,  the- mporka affdw av%8msr Wmt @ha& 

Bh~srepy dDss $nd.u~e dIrirhuFbmass of memmrg.. Vam%ops RIO~~BPS di,wgmel 

bmevsr,, as t o  the 88pfcwaess af $hie ~~oclrrpliaati.~~, SQHUFL~. d 3  +her- 

agi&s b e W m  'that the m.mmw l a m  .fa I L B ~ P B ~ ~ ~ U ,  $$ la ~ Q B  wnsfde~%,d 

aefiaxa am& to be a ~ f r & i ~ c l t ~ f i c m  to the-+ . 

%em &ill too f ew stnitiers of a quantittz$ive nat;ure cm memom Ius8 
i 

. . imo ibmk. ~ . r * d = a  the papers m a d a d  io this motion m a d ~ ~  

RsjwdZ,  mauie;nitian, and m5earatzq3 were hstsdt upEL1s the e m  mMtfonsa 

CT08Pw WE8 u t $ x ~ d  f hZWU@~trn 'Eher F C ~ ~ O I ~ :  %ha$ Wba &O& 

interwnea betasam. Iszumm rmd rsleamiag. %he nrnbsr bf * r ia ls  wved ras 

silgeifiomt wh& mmprmed ta its otarr- e*x. ~OW~V%F, u&80 a shock watt 



%n %ha groat-tmabaeat gsrfod, Concerning mcogaStim the autfiozpe report that 

%he gert%m*s were able ia mwgp52~ correctl~ both p a r e d  aaruociatws nearly 

cdntrnl ^Escsrgill.CFian. Scn~e of. %b pa+ie&a. bad beem taufit the niatesi.ial aome 

rffeat of ahoak on m'omt an& mttr lermmh~ found Bha* the &a& 

a$feo%ed.tbe material l i r ~ a d  tnmedZet43329 before &bod nrom Bbesp %be aZdm 

mmbU3ary imre. XXne tlf Bhe mb jeorks wmplsl3nd of amwrgr d.%ff%ctzlt4es am8 

E&t):~aap, R&rgansr, and hprit SnQ aoasr e q a m m t  aon~&ra$~rd a f  a&ab%&er&ug 

fir ten pa%ient %* Pwir psr%im$a rsag.flmb slrsctl-ic rsbcks and slr: reaeived 

rrimory trenrOs wha the mapansee daTtng the c a r a s  ef f h e m ~  mm aomparad w%th 

Ohoae pmcsdiag f h ~  expez?&wmt* The b m z s a ~ e ,  horevgr, me, not sfgnifiwmt 



tee* Bb PBPOP~; of t3 paramp& heard) bu'b BBa 9aot Bhatt there a .-= 

WO ~ p m m e n $  in ta.tisa mggeatsb the* the ~matm~-ix hat3 a f a m b l a  

sffh* war aHx%bu*sd t c  W r ~ ~ a m . t  in aa$teation' mil ametm%ra- 

mayln Phuf &red itntrsflerenee m e  btroduaed b~r u%nil;$ng %ha 

Bfws* TJader conBwl oond$%kons the htsHexmecb rsf'feet 

bad p ~ d ~ d f  ~Betd %ha% 1s2llesmn'.erhocJtr ma in%raduqed bsftmen 

author*e Peatativt~ eonaluotan was tM% sXraatm&odk d i e  

%b zWSV8rg fZWm #SpafSm4n%* &? U B ~  tm5 db&%n~t @TR&~BJ P%L%%'-*E~ 

I. reo~Sved thm Wechalsr !tewo~$ Soale, Palm f ,  one day befom the S r a t  

Groug 1 Qhe Sosa ww 16% of the orfgialenl smrul; for G m p  8; 

#a 'was 8% of the f ' i ~ a *  aeore, In both eases the ehagrpo bn .gblrfo-W 

lau$a*f rttk oa;Up si& fi e a t  , Wer eareftrlly pL~tnnrd expa5menB &Powla 

m e u n f  ia m-rg follouring ibrsatm~~t, 

We p~eeenB a tmmsrl*g af %h@ mdZf8. 



than .when aho& was inteqmsad be*msn. l e a r n b g  a d  rgtexxtion* 

2. Relsamlng scares for %he gmup &o& pxeosded leeu~xlhg did  not 
1 

d i f f e r  efjgificeuzCfy &Ion %.he g m g  where shock o~cumed betma leqmSng 

m d  releamfng,. 

4, Re#@P.Cion awres for matsrf af learned &%err shek d i d  no* Hffe~r 

significently Srcam a m m a  when learning gmea%ed shock, 

5. The ~ e t m l b  s of ZubLn and Barnera, see above. ( BB 1 , an s a m g e  reoog- 

nltlon were nut confirsled, 

&thaug;B'%he- sxperkmter~ lrrhusa work has been mvlesed in Ob2ra sac%ion 

used qurultitatfve testa,  them test8 were not a l w a y e  s t ;mdadized ,  Thia 

5ncFeasea the dlff"ficult5es fn emumadzing $MB mat;e~f& and m a y  aceaunt f o r  

same of &Lsqgmem&*, Haae&hslsss it fs  obflous thaZ nearly all w d c s r a  

found eon& mmem bpaiment t~am shock. 'fhle. aoures of disapeeenent , 
dislcegara3qg dif feraces  in me%had, lies fn wbioh functions of *ha memory 

prooeas are so& serSmsly affected W sho&. 

3. , The uae of ba%tsriea o l  tes ta  

Although the glain emghasias in the s.tiudy of InBsllsctual impa3imbnt fmm 

shook therapy bas pew on memory, soma exper%r.aters ham studied the effect 

of &hock on global intelUgance, OT m gn army of psychoLagical fUctions.  

Be shall omit the pagers in which personality t e s t s  w e r e  uti l ized and r e v i e w  

only %hose experfnnm%s which mgloyed the mre 'intallsctnal' tssls.  

Stone f ) admini&ered fiss ioms; of the Axmy Alpha intelligence t e a t  

t o  15 hospital pa%feats &sing a d  af-bex a course oT electroshock themp;7. 

Wtth but f e w  exc~ptione %he tes% acoxes shopped an apprscf able declina fmrn 

the  fisst Bo the l a ~ t  of the t e &  a r i a s  and a correapondfng rise in ecoras 



during the three maks folLswbg the la@ treabmGc Tbs new 09 the f%ndL 

tssB mores ww %pgmHS%laQely 10% Ugher than the Bern of the best preHrul3a 
b 

Yemeel, Dewan, w e r e ,  Proctor, a d  G0aa#fi4 ( 28 1 mnpared .Tihe psg&fa.tric 

I 

i rating of 33 schlmphreaia petiem3s with the redt s  fmm a peyahulegtcal tes% 

if the psr~fchia*ric ra)rlng atppmachad n a d l t y  after s0 did the pejroho- 

In Bhe first of a aerlea of two papers Schaaok, Shtskow* m d  Lhpely ( ~ j g  ) 

Eadmbistared +he 1916 Stanford-Blaet, the ETent-Roeanoff Word Assaeia$ion Tes t ,  

and, a t e s t  of Zevel of Aspfre%ion Do 70 aale ~chiz~ghr;enfo patian48, Their 

r sleccmd raOudy mpol%sd in +he m a  paper the author's lbesmained the tilaat msulte : 
to sew- my fnfomat;2un wgwding Dha dLfferemtiaJ. ef9eet of %he I I B ~ &  treat- 

ment an psycholog'lcal hmstlans. The general xw*ti was *ha% ~da~li&e=ble 

&ages ia the direetim of &z~fpmv~ern~ were noted kt =st of the m ~ a m m B .  

%'Q ibe& the signftiamtse af the test ahages eanp&mn -m made a t h  

hd5v28uaU.y mtched e w O r o l  patient e who had had nefth~r fonn of &b& 

thesqy, but tahD had been $ivm taro -te%iss ails under muthe h6~g i td .  @are, 

%la resu;rts LzlBJtca*ed B b t  approxim+iely twn-turd6 of the Impmxmment muld 

be, attrlba-bed t o  *be oM2nary hosgfta3 -&me and Bo SmdlSarity e b b  the Be& 

sltu~ltian* 

. Wechsles, Edpern, aad Jams (518 ) used Wechslsrh srtocakiond intepest 

blank, a Be& of c m t b g  by threes, nming raorcls in t;hm~e SrinuBere, and a 

sLtaillar3Cies and dfmctfm~ B e d .  These Bests ware admlniruBemd t o  stlhim- 

ahrenie pa%isnta before and aPBer indh treetmcmt* A clfniodi appmiaal of 



repart a mmeaporrBmce of 8% batweep the olin3ce.l judegaaxtt a d  the $@st 

~eauZts.  meir analysis -her eumested %ha% cedain pat imta  ~ e c g  'be hams6 

by the sho& Pmat-laenP insofar* as t e s t  peflommce afiar Ireatmanf: i s  mneerned, 

'I;uborls$y (I9 ) gave a battery sf 22 p & y c b e t r % c  t e s t a  Blo 12 .ga*SmIre 

before, during, and after lmatmatr 6y electmshrPok., He made two wmpsaP3iso~s: 

b e t m a  aoores before sho& and B O O T ~ S  b r i n g  ;erbcr&, aad betarem lecorse before 

sholob: md eoopes mer  ~ber me schl~lophrmio patien-lts &wed a general 

dscrsase &n $e#t score& %a $ha before-dwdag c:m~miaon and a less rn&dCed 

decrease ta %ha befom-after ccrmpad son. The depr~salve pa%i~s.itia, however, 

~howed large @core inoraasez in the befern-dartag campax%mn and firpiher in- 

areases In the before-e;f+er eowpkrf @an, 

Perlson ) repo&ob tha 'muma1 eaae of n 27 year old m a l e  patient Wbo 

.rccei*aod &a %hQ& tr%abenB~* Of tbess, 44 mre metraecl iajectione;, 55Z were 

elec%rosho& ounvulsiolas, and 2 lspptras by ~lectmarcssfs.  Ssveml days af%sr 

Ghe la& eho* the f~llowPugg t e s t s  mere adtnhlstered: the O t f  a Z~ployaent 

College Editlon, Dhe Qhfo State Unives&%ty PsycboXagicd Bx:a~%nat;io~ Fom 21, 

the Bennett Test of Mechnnf~d Comgreshasibn Fom AA, the LIkerk and @aaha 

~ e ~ f a e d - ~ d i n ~ ~ e m t a  Papar Fom BoaM Tesb Sarfea Ad, and the Kuder Prefemce 

R s a c r d  Tea* Fom ?3'0. Xn all of these Cests the patient d . l B  mrprieingly w e l l ;  

W d e n t l y  %here i e  greater diaagreeitpent when b ~ t f e x - l e ~  of t e a t s  rsrc: %wed 

thm when sf;n>le memory t e s t s  a m  errrghyecl. . Pm,icul=Q in $his grt%p of 

omgarlsua of xetwl%a, M e ~ r t h e l s ~ e ,  when *he experiment is designed t a  &low 



X 

k 
r for accurate conpror5son o f , t s d  re~ultrj,  etther m the baeia of con2rcrl gmupe 
r 

d 

or standard scores, a depmesion of intel lsatud abilPty has urnally been 

found. 

4. Theomtical papars 

A mlnority ~f roritere has attached theoretical significance t o  t;he 

occurrenae o f  mmaq impaimmt fmm e%& therapy. In P I O I I I ~  arsss these 

thsoretfcal intarpsststicln~ which may or may not be based upon research, a m  

l i t t l e  more than tbs author's conclusion& on the pmblsra. 

lMyeraon (26 ) believeer thaC the basis of 1reprov.mmt aad recovery thfough 

mrhoek therapy lies, in the deprearsfon of *he higher activitf ea of the brain, 

Thus ths mennorg f e &pa% red and the rnost recent acquiaitiona, which include 

the pa%helogicd atate, are forgotten, da the brain recovere, tbs well- 

established trends, thaae whioh are mlatf vely nomd., collrze back* 
I 

The latest cconcluglions of k b b  a m  ra.po.ftsd in an abdretct of a paper 

gfven before the Midasstam Psychological Association in 1946 (m ) . Re bs- 
lieves Phat learning a d  rsteatibn, when meamred b;g wcaU. and relearning, 

are adveswly affected by electfic shot& tharrrpg. Beeognitfoa s u f f e ~ e  only 

insofar as a tjmais PU* phmapla~n is observed. Betentian is preeent for 

materials leamad on shack days. Genera l  fatelligsnce declirres during the 

treatment period, 

Ziaklnd (54 ) has presented a very aomplste df  scussicm of the memory 

defect accumjng under shoek t h a = h e n t .  Hs hss also fomulated a theory re- 

lat;lng the n m r y  loso t o  symptom relief, We ahal l  sumnrar2ze hie papsr in 

Borne detail ,  

In considering the na-re a0 the memory defect Zi&ind says that the, 

psrsiatbnt sonnssta resulting fv &tram1 therapy resemble% the memory  irn- 

pairmat no-&ed in organic psychoaets, fn its milde& fom I t  l a  a lacunar 



di8farbance f o r  i ~ o l a % s d  s m t s  a f  mcent ctrigb, With greater sevedtg, 

KoxsdxoSS qmdrcnne. 

Z3akPad waxme that mmory  defeats may be overlooked, parkiaularly in 

patients with vacious degmsa af ina&essibflity. On t?le other hand, the 

1~1eamry bapairmant law give the hpresrs3on fhat Oh@ patient I s  ge$t%ng worm 

asd lead t o  diseont;inuaace of the treatment, Such pmctioe will give r i s e  t o  

therapeu-blc failurns and hae probably oolomd &a%istic;s mfarnr'ablyr Tor 

atitti sf nctory con%inumcs sf treatnsnt %he physician judiciouely spaces subse- 

quent treatmaate fa*her rsparh, 1x1 fact, Z i s k b d  gay8 that chock treatment I s  

Ujgh3.y quantitative, Success 02 failure aay depena en adequate qacf=ng ~ 3 '  

ccnnlaiona d 8 h  mfsresrce t o  the favorable efferrt an tmmgtome on the one h a d ,  

and the adveree effects on mcsmoxcg on the oaiher. 

Csnoerni~g the genesis of the memory defect, W s k h d  says that there ier 

pronounced bpalsmmt of m e r  eaoh met~azol aonmulef on, f t is brief 

q d  traxmfen% and is probably aD1reJy reversible %s an@ or more of the e a r l y  

serimrea, Some workere g l ~ e  the duratiw %a up t o  P m  hums, athere UP t o  

eight hours, 1% i a  ta  be expected that the dnm%icsn w i U .  become propesively 

longer as the infections beema Bore nmsms a d  more frequent. %'he) post- 

conmalsfve itams~ia I s chiefly for smnt s of r a w *  of igk*  When *he patim* 

w-akens from the pastcdnvuldve &por he &awe loas a f  ;mn&clq prlneipallg for 

the oecnmences of the same atornlsg, Reooveq  takes plaaes p ~ ~ g m s s % ~ @ l g  so 

$ha% the e a f l l e e t  happdngs of $he day w e  rscaPled ffsst, aad .*Pren suberr- 

qumt events l a  order uy, to the t h e  of tbe injeetibn. The Injection i%selP 

18 moalled last, 

AfYer t h ~  later aoas ru l~3on~  a n o r  maidual ~ a a o r g  defects may persist efnd 

finally mler-be t o  pmbce the zriore enduring aarmesiatr, Thia c?evelapk%nt m~ 



i- 
r1ipark0 ocnftl~%w* The reoupera%im phase then s&@ in and the 3,ossj of 

: .*, 
h: mwa%ad .t;rss%mento mlt Bmds to b e m s  mxe w m ~ l r ~ ~ o e d l  and 0% lanaeir 

rp+: 
& aQtu;anl lnjuxy t o  nerve eells. T%is d 
, ,P. - 

i ' ~ # d & f s l  defect in rrumo~, If the proffered intteqmdiatfan o f  the mamxr;r3r 
BS - 

k :$a ~sorraet, the persistent ' agassias are bat thta maulatlre, more mdu*g, 
a: 

o f  the amta po&canmlsi-m * 
#%&ind gees $GI g r e e i ~ t  Ma thaozp af %he r~la%iozl of $be ammeaka €u 

el' ' 
"r9;sr&@dsn of dm& therapy, The da&Lruritiss in *he lass of qm~toms md 
!# ..3. 

'hOs lrs9 ms~ozy d s r  tma4m~mt ~ag.geaut a tmmm rmdarlybg sslohmlraar, The 
-: 

s i d l a f i 8 t a a  we: 
PT?+: 

%e aflerat om sgmpBme i a  w a t e r  in degree and rewUear gn acmmmae 
m+ 
Ih~hn W* uq ammw. is in rronfi~~~~ts d t b  the ~tonrplde lass oi 

L .  * P '  

- % c a r s  .- after therapy, at d Z e h  $%ma maxosy, as a d a ,  f a  bui li*tLe 
?L ' 

=ectsd, 
1)4 

fluctteatim in s;gmptama emd in m m u r g  %a essm*$aUg 83nIlax after 
h ' l  

iU.p'adua BpeaBards. AS nlth naimrp, there ia aa *ma-t 
I% # .  



of +'he deprsssrion, and e w n  displacement by ekatiorr, f s  not bfmqumtZy 

noted after a rnetrasol saiaure. WSth sack subsequent treathent the 
\ . # 

self tsi' from symptorars,, l e e  the a m d  af memory, is prapessfvely longer 

aad greater, Soon the symptoms are @;one for the inter-txaatnent *-tier- 

~ a l  of Pmm one t a  four d a ~ s ,  Cum is suspected but the depmsaion 

m a y  sews if %he! ismaheat i s  %emtinated. FSsldly %he tignptoms asap-= 

peers ccmpletely and pemmiently. me pamlle l  a8mory defect osatlld be 

the perat s t m t  $ors&~f+ syndrome. 

recognizeas s-a8 phyaico-srhemAcal for *ha ~eeptorg defect, f s the.refore 

mgge&ed fop the thempeatie rermlts md for the maeersa, ForWna%el$ 

for therapyl in the early stages 09 mtal db6rdsr the abnoma f u c -  
I 

*ions of the n e m s  fityatsaa {aymgtoaae] a m  PDDW mIn~~eb3e than the 

ft should be mted that Wp;k$.nd, b his reference to therapy, has l i n i t e d  

himaelf t o  Pher m f  c-depzoeaslve depmselons, It 15 fn t h l a  disorder $ha% a s  

sees the response to metr~ao l  most easily and constantly, 

Ber suaests  that the greater m.heTa'6Uity of She iqzp%oms f s  probably . 

uorrela%sd with their pa-kbologfc unstable substratum and tiheir mope reroent 

davslopsnt,  as aanimsted with the normal mntwrttco-plqwiologlo character and 

greater longevity of the memory  pxuceea. Baaed on them oonsllderstions, he, is 

ean~tructing a tea t  fox- pm@osirs. 

Zlekind next d i s m s ~ q s  the relation of the marnory dePeek t o  doisage, The 

degme of memos~r loss I E  In pmprtionl  among oLher things, .fa the naatbsr of 

convulsions, T h i s  is In keepling with tihe greater Incidence of the P S ~ W  

Bonplioatlon l a t e  in Che CQUPP~Q of thatrapy* lh h3a experfence, three conpul- 

aions per we& tend t o  l p r o h c ~  p m n a c s 8  Inpaiment of rnmarg. EIe the-fore 



prsforer not . t o  administer nose than two trs&tmats, altbougb t h i s  a&e&uls can 

sonethes be visla%ed fur one or tm m&e, Ee notea that erne auahors have 

adwcatetd the incluotim of a period of confusion and amneela, believing this 

t o  have defsnite therapeutic mlue. Becau~e of the Urngar of i m ~ e r s f b l e  

Finally, ZtMnd coneridare the silipfflcance of the mmory i m p a i m a h  for 

the future of slhock therapy, me qpsst ir~n appears t o  bs one o f  beage. Severe 

dartage t o  the D e m a  ~~.gnrtwn haa been pmduoed 1~3th ntetraml. Whether the 

usual eourBe of treaknent remits 2n injury $0 %he ~ B F W U B  ey~tem eannat as yet 

be atated, The rermrsibility of the nzemoq dlefertt Sa U a s t  all eases remove% 

.ZtJa&hdtrs theom seems reaeonable. Sfpiply bsoause the m e m o r y  defect pro- 

duced by shock i~ not as long-lasting or ae aevere aa the changes .pm&ced on 

. 'the ti.grrngtom6, we haw no rfght t o  asrsume that tihe memory Wpafment i s  an 

ehlph~roomenon, or that it 5s not r ~ l a t e d  t o  the nrecl~~~iiiim of qynptom mlfsf, 

Obvicu~3.y, %he ahmges %n n-rg a d  in qmp.t;or;~s lsre both beha~loral represen- 

tations of a hdanental  disturbance fn the brain, both produced bg shock; A 

theory -ah s%tmpts t o  accaunt for both m e m o r y  loss m d  sgrnptom relief' 5s 

more llksly t o  be aomeet them a kheory of the mec$anim of shack which 

a o e s e s  omr t b  neniorg impairnimt as a meaningless and not too  serioues ocrmr- 

reace. !!!he latter type af theory is all too f~agtzently s+at;ed or Implied In 

the writings of ma% eho& tberaplats. The following two papere: pmsent 

further av%denc~ in support of Zl&iad*s theory* 

Rodnick tab ) also argues that the effset o f  shogk therapy 5s t o  knock out 

raaent as compared x t t h  regtote habite, X ~ A  the case af ~chizophrenias, these 

recent habits  are the pay~hot lc  symptms. The older hablts are the more normal 

modes of adjuskent ,  with whfeb the recent habl ts  are iT~compatibler Rudniok 



1. Best msul%s are cl-ed wi2h tam8 in a i e h  tibe o n ~ e t  of the p~y&us0s I# 

guise reaernt. Older oases ma no%orfou&y msXs*ant t o  trcsa-tmt* 

2, The be& progmsis oecura fn %he mlaklvelg in tse t  cases, Lfl 'PPPLIDh B @ M ~ -  

phrenic Grafts mch ata &pat-, with&&, and mtim @a zainiataZ. 

3, 3n rsolny c u e s  tha sffeets of aim& a r e  tapormy and are later followed 

pqr&oPio patterns may acoouae far ths fa& Bba$ sehisoghrleaics t a d  t o  

&ow atu* mom pluaQ%al 3.nprnvment them cwppIete ZW&s@&~nr Bqts??5en@e ert 

mate hospfrt;eils bdicatraa tha$ lShook therapy m p  be swxe effect;fm iP a 

grapm of payr~hntherqy i s  ino1;der.l between ahaoks. Thus, d-ng *ha t3ms 

that the nemr aaMaapbaf  c paDtema a m  in  a mairerned oonikibiost beeass  

of ~hortk, t b  gls;g&othmapy arq aeme iho is;trsmg%h@n *kt% mom no- 

behadrtr perttrrars m e b  are $empomrKLy dauimmS. 2his $a Sn l u e  with Oh@ 

obsswa%ion that one of the =in efie-s c f  ~ n ~ $ ~ a s r o ~  *himBB i p  BU m&a, the 

patien3 =re accsraaible %a psgabtharu~gy, 

4. me fact Chat a numhsr af ahneks are se~mfiisl Do the therapy mppurcts the 

3qrgothesie. &ewe% repetftians of the may seme *a asskern +he 
/ 

newer paWerna &IU more, with tbe r e d %  B b *  the 4adnanm of older. 

8. The fa@% that rnet!mzlal, sho& has been kried on eqrv%& oBher fom8 o f  

pqohesia, &th perhaper e m  bettar succears, indiclates that .it i s  by no 

aaana a agecifia for s~himghzrmia. The lo@ci;al deduaion 1s that %her 

ePf'fcalPg oP metrawl L i e s  pr2mx33y ia f ta  effeat on %ha h a f t  sy&ms fn- 

~ a l e e d  fn the behafior o f  the psyohotla. 

6.  Yett~laplol may be effeativs only l a  tWae caaea &rare %be oldElr, mum normal 

pa%tsm~ axe not e9Pec%Im14r e%l;fnbui @hati ( in the acmdi t ioned rasgonea 



sense), su& as may be the SFUU in o8;dsr tteteriorzlted g q e h o t l e s ~  5m t4e 

aletwer eases, &@re mnpZate ext%n&Son of the n o W  msgonbisa Bas no+ yeti 

taken &tce,, the sb& aids in return t=o donbaacte of thq older h.abit;sr 

T h i s  mrrPoms t a  variouer rgpor$s that abo& Pberapie~ m!y not! aetrl;lUy 

fshow s much hilgber rem%edon than spo~tanws reanlssfms, %$ mey 

pattern& me too ml1 e~Oleem~hbd, leia %bat the diffmrmce in sOrength be- 

t m a  the oldor and newer ptratesner i e  too grell.t, %he @hock f a  not safSS,aia& 

Iro affect the dol~Lnm~e h%le~arcbgr, ( S a m  srneriatepW support far mmh + 
.hypotheaSs wlll br found in the mid.%& of our o m  raam exge~imeahs $0 be 

Rablek'descr5'berss an e3per-t of his om. The experbata3  mug con- 
s 

8i;ststa of 21 &ch$mphrenic. pa%% ents undermlng rne%mzal %hemp'$, The -tm1 

6 group of 2.l seh%mpbaica was llot &wan metraml. Tm eunfliclting habits mrs 

: tb~~ght  + Habf f I eorasf a*sd h BraSning $he m b  je t *  t o  msr9 h5a flnger +a Bhe 

r%&% for a tone of W0 q o l e a  md t o  Blas left f o r  a tone of *PO0 eyclae, Bur 

f3ablt U: the m h j e d  araa tmd.nad t o  mm his f-er in %he Urection ogposilict 

t o  %ha* in Babi* f *  On tihe farst session the 8's #fern  an 100 trablng 

tPlalar, %I t o  e%& tone, %ha &fnnrlf &.ways being pmsmtllsd tn zt predetermined 

~ a f i e d  order, This oms+3.tuted thts training on lbbit I, On %he seraorid 

sredm, 24 haum later, Chs 8's wema trained oa Habit i1 by belng hatrtt&ed 

, t a  reverse the direatbm of their m ~ o n a e e  Co $be tanse. Zn th i s  seuund 

asssion'78 t r a i ~ i n g  t r i a Z s  mere given. The number of t m k ~ i P g  t ~ i d s  Bo sstab- 

l i s h  $he habits was chasm afier pre12mlnjerrg work on a asparate group of 

oontsals. Thle bcad hdfcatsd  %hat ia mst mbjmts 100 t r i a l s  on H&I% I md 

75 on Wit I1 df d not admngthen el'&hex babi$ to a pain* wham %* wras drongly 

doninernt rit tha time of re tes t ,  

One hour anaa the Br-ing on £&bit 13: Oh@ subjeeta of the e q @ r f m e n D a l  



Sts were IP~tm&ed 110% bo decide ir t  admee, 3n &&ah iU3t.e&gan Bo wpe %ha 

finger, Wt t o  respond as quS&ly aa pasfb ie  Pefim the %onla m a  pxesenfed, Tan 

r d s s 8  Cr$,a l s  wem @wen, fire to.  a&& %one, ppor both gsoupa of Eta the $We 

t o  She o l b ~  h b l t r  iOn tMs brash Dhe %1Ju~&~g tetbls of ~ e d t r s  Mn ob*ainsd, 

It may be seen that 7 aremberei of the mmtrazal p u p  rehowad l e sa  than !%$ 

reversals &fle la' showed EQ$ or mare mver~ala. Xor the mn%rol group 17 

subjec$s erfiowed less than 50% rrsveraals 4 ahorcsd 5U$ or mope. The, corn- 

pubed cbi slquare for these numbers ( wlfh the Y a t e s  eo&&ion for small M) Is 

7:*.88. Tbia corresponds *o a B of' leas than 0.01 fir Ohis di&r%bution, It is 

striking t o  nutjice %ha* o w  one control ease showed ED& rewreals than a id  

the ~nedim &a& ga;tia+. 

l h m  these remultnr it appears that one netmzol aback h n ~  a greater 

weakening effect on nsmr aequia%tlons tbm on older aoc@eftions WMch %re 

inaompatible, T!his I s  tnze even %Bough them is on ly  a capam3tivd.y mall 

tiifTerence in the age of the habi4uj st %be time of shock. 



Bodaf ck does nu9 believe ahat his rrnaults aria t o  be sq lahsd  by eon- 

fusion of the patieats at the f ims of testing. llost of the s u d ~ e c ~ s  semrmad 

quite well o r l a t a d  and neither gmmp ahomd o amber of restgonsea en- 

tirely t o  one habit, Neither doe8 be- thhk that an sraneaia for *he srverata 

,imaerll@%ely preceding the &to& explaizie %he mEu3ts. The t T a i n d n g  he& 

preceded the shock bgp one hour and gues'&ion%ne of the' mbjeats  mvma3.sd no 

r e t r o p d e  ermnesfi, On the other hmd, be say& the& even if some general 

factor suah as umesia ie an LJggiortEmB variable fn tb effect obtained, it 

floes not themiby di~prove the l@-potherti;is, It is ' indeed @it@ grubable that 

the smlllssia itself remlts from the ame wndltion which prodwmw $be reversal. 

02 the b b t b a *  fn earee, the m ~ 9 r i c a l  mBult~ axe the samel 

Fb@aiek bmlievads a&% $he Sqorbaoca of P h i s  sBu& Sirs ia ladZeating, 

aha* s fietram1 ahoak does have a ai i femtia  on oiaex as mrnpa~ed 

mith mms m a ~ t l g  aoqaird hablta. It s u m ~ - b s  $ha% s general g ~ 3 y ~ h l u g i &  

prinCipls, q y i t e  antiLo@us .3;0 the tesporwy bbibi%irra of con&tioesi3 rs- 

sponmta, ma.p p3.q a rols iz 8la%raml thsmqq', Bsmvmr, bier m t i o n s  a@las%t 

the too gsaeml appJ.iea+foa of +=a pr@cipla $0 the cmgZltoaOe8 atruehtrtl of 

syaptoma seen in ~rcfilmphrmfa, 

ezperimnt of- awns, ~ o k e n ,  end ~angerellf ( 6 8 )  IB d e v g n t  hem. 

T b s e  authors Bypth@aiza that -ptcmner of most recent o f idni  anti affsh 

ahisfly eartical ~likcturss; therefore they erhadd be *be b b f t o  nuat mlnerf- 

able- to  matrazol at%aak. Prrr %heir experiment they loante4 to safirablS8Ii new 

learning of: a falrQ bi@ order, that at +Be s a p  t b ~ i  would be stlbjeot ta 
. - 

oblectiw contml. hor %hi= pr-gct~e a tr&sc~lptian ~ F ~ C C I ~  wat3 

.(3b8811. 

The aumgrn & laot lake qufts elear $be n a % w  of Bbr, *a&, They aay 

$he% mer  p&Uhar;p ez@matian anB dlsanonreia?8%%ion the pa+faat m a  a&e8 t o  



he was glvm 6 minutea of pract;ice a% f m e e f i g 8 f d n *  Wmn foUsm4 tmOOb~r 2- 

abut% re& 2nteroaS and a 4-lsSnPlte rdelgt. Tim number of iPeaas tra9scr3bed 

h tufi let%tsr pedod was &ed Betest Soora 1. .Drt,Artg -&her m&.foU.ow%ng 

Bters$ 1, two or ae.trarwol infed;lone orem mdn&n%esCertild. AS; $he end a f  

Cba ore& eaoPfrer $-x&inut% m.tieEa;lr wu.@~vm; D U s  mas8ftt~Bed Rs+ed Worn 3P. 

cwmparing the ecore8 mad8 on Betrests 1 on& 2, ahengets 3.a perfoment~e 

hduaed b;V sreQmr;ol aould btr dete&aB+ . 

CSIlrtJ wm+sal expefzmmtta rosm upled. Ip. Contwd f the pa*$-ts mm 
v ~~~ am a33a~na-b~ and aompara$le firm of the crada %as$, ba.tr &Ping &ha gsrlod 

The differences between the ucmtml an61 the rnetraziol pu'p are 

s t a t ~ i ~ t i c a l l r  reliable. The authors ooioluha that 'the impairamt in per- 

%manee after matmzol appears to be &re t a  impaired meanorJr, 
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c before the Pshcok, bu$ they vaxy fn the reported ~ x t m n ~  mid gereisbne@ of %he 

f '  l a a s ,  Obher workers have ahurn %ha.% $bck the~apy ~hpuageu lbe abZU4y to 

learn; mo&% f w d  a loss, BUD some mpoAed fmprov~~~mt  %n this fluzo)lon, 

fkncZion~, do not wree car efSher Phs dirscrt;fon+ or %?he ez%ea-b of the elm&- 

bduced armgee, =ere, i s  one sqtiber ub~%oura explanat%.on for  some af %he 

dfaergen* results, Lackloi mofivatdon t o  do well %n %he t e s b  35 all Boa 

&iaease a s h  f~capaoitaBes the pereon for w ~ z j b ; , ~  it I@ aoC hard ba uqraers%and 

*ha% the reliabil5t.g of tea* saore6 on auch persona Ze l fkely t o  be low, !Khler 

arftlcism fe.mo& valid when the tesks 511-8 adnbisBexed Pn )he acute stage of 

Bhe syarptarns, the BIme whes sbo& theraw i a  mosL likely t o  be in%wdu@ed, 

Even if we slow $of t;he d9ffi,oult;iea in mrking with mental pa%ien.tr~., 

there i s  trbill cansiderable evtdesoe %hat erhac-k ths~1~1py does produce tiitme 

depression of f'mction, pkrticulrsrly %n ~ e e a U  mamary, But iQ $s fnteresting 

go note tihat the t w  nost recmP reviews of shock therapy, boBb agpearbnlg in 

1946, d i f f w  %n %her aphasia placed on the $m~oz%anee of the nremorg. Iosa. 

K a l i m o d r  &d Hoob ( 3.4 , pa~tfoularly ppr 133-136 1 b a d  t o  play do= Oh* 

maanorg l o s s  and t o  stress the advantagee gabed from shook. On the obher 

hand, Stabbmak: says, 'Whatever may be the reports concerning the complete 

diaappearaaca of ishslck-in&u~ed ntmory impalment, no one who ha% hiked t o  

pa%ieats who h a ~ e  u;nder@ne eleotron;hoak traatrnent @an douba thaC there f s a' 

co~lsidrrrable amunt oi expertence sur~ound4ag amd duPDng, %ha course of treat- 

ment whfob remafnr9 pemanen%lg. inaooe~slbls t o  meanarg.R (48 , pp. 46-46) 

Perhaps the nost interasl%fng; formulta+iion t o  come oxat of $hi9 literature 

i e  the hypothesis %ha% shock 1s =re effective in dtlsmptiag reereas learning 



thrm older leamdng* Th3 s hypa%hea%s i o a s  the bad a for ibasc erperiaents 

f 
C ,* t o  be rupa&ed in tbia paper ;ts which the 8iam aas u8~3d* &oh a b e b ~ i o r a l .  

'hWcthasia d U  not se- aa the iinal sIplanation.oi the meohmisrm of gbo& 
. . 

on the body, Evieatttallg we arus.t; b o w  *he-pwafolagiaaX effec* of &o& 

, ' thsxapy. Wlt at the pmsent stage of knowladp;e, a b ~ h a v i o r d  hypothesis 
I- 



A n - s ~  o f  expe~m?is t o  dderoline the eff~cks of hmaLix~, ]li$-%msmZ, or 

d.eci;riaity, ~ V B  b~~llen p e S ~ m 6 d  upan -&&dial "P"rsclse atac~spi ham bean surefl;~ I 

concern@ d % h  the effac%s of &Q& on *ha l e d g ,  *her m8m*ion, o r  %ha I 

recomry o$' h&i);s. Bar f o U o w i q  review &U dbk tba$ f hazer ias mam 

&Lmrgaae wmna $he redtet of the various experhe~$o, 'Ehiss d i s r ~ m m 3  i r  

in p m  din% . to the .Uf lPex~~+i  teabiqaea use4 by dtflemi; bmatigatore. ft 

may also be parkly.due .Iso *he fact th* -7 o f  tbss erxpezhen%er~ *O  f u q d  

lAfe cUstin@sh betman' nrpexlbaen-bs Jln -oh [I) laam and problem &iQua$fwar, 

PBos% of the experiments tc bet repsrt;od ia th i s  raerrt;ion a r e  rather recant; 

AlEhou& there blre, s e ~ e r a l  papers t o  m-$c~rt, the work has not been as exten- 

siw or BP varied as that done with bvman sub3ec-b~;. 
I 

Wrnoh &d ( 4 ) have shorn that ra-be wibjected t o  a serles of 

laetraasol m o u l s l o n r  mmifersS no afifarancss from a eontml p u p  fn the mb- 

~ ta~n irodr  and @-baeh ( 46 ) have found that 131 a simple water maze a 

long sefias of eletrbroahock conmtlsions doers not alter +he ma= behavior of 

the rat insofar aa eror scoree ere concerned, Time souras, howe~er~ are 

Biegtal ( 4.3 ) tau@ ra*s a mocZSfSed ~rahwn-lfagid run-, One groap was; 



eleatmdesr elmprsd to *her earn once eaah day but srsrceiaed no a b o k  o m r  the 

8he habft bu$ the Xoss was ewal for Bcr%h, In 1se.s0& m'$sewmt mlembg  

% r i e l $  there was verg I l % P l e  cltf'ferernca between the tm &raps, Siege1 

chides Wtet eleattisfc aho&s had no ef'fsct on the rcstentAan of a, baraly-laamsf3 
1 

rseparzser, wpd that the abi l i ty  Zio Isam al. mh$ls habSt ,is not adverse2y 

behavPoe c h p s  e f b s   hock, Bt mst cetaes the b&bits jltePr8ed were mom 

d%ffimlt  than tbosb need by @sperimen$sr~l who f o ~ l s d  no I ~ ~ B C * S  

bken (18 1 regoxbc4cB fairly large tine mfP ermr &$ffermces 3~ bio 

aai~Eils~d5eara$ag o f  a 69~111% maze d+er ne3mzol csosvuLaSane* , 

Working from the Byps$hredas +ha$ $he! h o r n  ef feat  of %n&in on 8he 

brainj ~errebmal amoxfa, bend9 Bhr bm& ap ~Wmi2lg f~me8 bab%Pfd scare thm 

oldor Onesr Mesa euad Bemw (18 1 remr8ed a m r d  aqp~i~3~tf l8s*  Being 

mJa$i.trelg canplex a d  a ~s-ple ma-, Obey found $ b t t  (3). Znk~xLin had a 

I 
t habi* than an a hab%Ti oof @ester fim3iaar (21 h & i n  hadl a gseatet~ der%ri- 1 .  

ra~nta3 effect on, the longer md sore  Uffteult maze Plha as the sbrtier snd 

no- aon8itionsw 

8 t ~ n ' l t ~ o o k  (47 1 fouand $hat the releambg tlm for a ma%& mlrr ($nrm%W 

lexlGht3netd folLowlPg a long serf ee of eleotro&a& oonwlsiona, althoua thm 

relsapnhg a m m  we- no grs&*er than b a mn%ml gmaga 

The present rrltsr reporfed rm s~psrimen* uabg $he ILpUeley ITI (6 1. 



Thks mz% was chosem baaause it bats bean found t o  be a f a i ~ l y  d i f f i c u l t  

problem fox the ra-k (16 ). Ba$8 were t s a h e d  on thPs ~ a z e  m3il %Bey had 

learnad i t  So er. arfterim pf' %.bee errorless l ~ r i e l s +  They were then divfded 

h % o  three gmupo, erp&ed as neaslZy as possibls 19 tenas of Lear~hg  eeoreg: 

One gmup reoel~ed $5 volPsi LC. for *2 sec. once a day %r 30 @a, the shock 

passing fhrwgh the head, 'Another group raroeilrsd the same ssrS.es of  hocks 

bu* the, sSec$mdea mm a8teehed t o  the hind legs. The %bird p u p  r e a e i ~ e d  

nu shook. Slho&ing ma b e p  E!4 hours mer %ha la& crkterlon tdal for 

each mi%. The ra*s were retrained on the aase beglmlng 24 hours &ex the 

3t ) -by  &Ck period a ~ d  were rpttrabed t o  %he ofigtaal criterion. Thts ~ % f f l t l t i ( l ~  

were cXearm$, The -up %hati had beem aho&ed Bhrough the head was sigaifi- 

inferior *o the other %m groups in $em8 of: fa) 'brfals, errors, a3ld 

D U B  smreta BurZng rslsaming, (b] glsrcmtages sa$& 3.n tfietls,. e m r a ,  emd 

B-Q r e ~ ~ m l n g  o m r  learnfng, and, a) e m r e  amtd t i a s  on the f i ra t  reten- 

%ion %ri.al. Fhi p u p  &m&tird ~ r o u @  $he 1 % ~  was e l f  p l y ,  but not 

~$gn%ficsnt;tg, hferior $0 *he p u p  tibas had raosfrnd no ahoak, Tha msul%rs 

t h U ~  Snd3oat;ed tw-& shoaks B h w u g h  Bhe head mued an ~~paf&mt that &owed 

up either as a loes cf mtention or of ml%amZag abi13ty (or of both) for 

this habf*, gllosk of *he laee semgrd t o  be in mtention, 

T a k h g  their a s  from O h i s  sxperlrrtent, YcGinnbss mid Scblosbesg (21. ) 

sskudie8 the effecB of' eleatro&ack on double alterna%fon le-r pressing fn 

$he m*, ~ t ;  is knomi t b  work of m + e r  and h i s  ~ t u d e n t ~  (see pa&icu- 

1-17 the paper by Hunsar and Hall 113) ) $ha% the double ril.terns+ion m a z e  is 

a parkicrtlm~ tl3ffioul* one for re%&, BcUosberg an& Katn (3 ) exkendea 

t h i s  mrbc m%*h the double sltamatlon lever prctitrss%x~$ pmblm whfd, although 

ntore aaonmrical o f  8We them the Base, is sti13 a very 8fffirmlt Pa& for the. 

rat Qo perfom earmo$lly. IB themfore seemed Be BlcGinzlies Em5 Schlosb~rg 



$hat tbf a habi.t would he pmicularly aensi*ive tie the effec* of slat6roslhotk. 

$0 the aorreet double &kema%ion sequmce of lever preaeri31.g for food mmaml* 

Only $~#a of She a n i m a l s  reached the erf;tsrlan of 00$ @orre& doubler altsrna- 

tione %n the daily reeordingra of 213 rung. The other  two rats whf ah never 

~lastsred tihe gmblm aggrsamd excited and overpasbiive $a the aitua.t;ion. Tbe 

artiMs were then subjeatedl to various electmahock pracedurss. ma results 

sbowea .$he&- eeeh of' the $vm &a %ha% had Learned t o  criterion e%hlbftsd 

hreakdom of gerfomxance follssrfpg eaah o f  tm pairs of ceebzla3. ahwks* In 

each raf one pair of sho&s m a  followed by a re& period ef 20 clqa;  the 

ot;ber pafr of shock~l was ~ueceedled by b?nediate ret;rahing+ The remalts 

euaested tiha3 els&mshack i s  followed by a &a& pelrled during which the ra3 

caanot profit  fram retraljling, 

F'oLla-g tihia experbum3 tb mtho~ls mbjseted the sms tm ankala t o  

a series of wnvuZaions fnduaed taioer weekly m d  aawmpaa%& by- daily p r a o t i c ~  

tn %he agpapa$ua. The mr&fon to the ln%*ial lshoeks WBS addm bmedom 

rollawed by rapid  X ~ C D V E ~ T ~ ~  %a was suaceeded by rr peTiod of m r j ~ b l e  or 

ge9eraU.r poor perfommee. R,naZly, both a n h a l s  again maabed aridexion 

mid rewrrafned them d e a g i h  cantinuages of bi-meklg cmvulefons, 

fn the f haf csagerSIPen* one of the m%s a c h  had namr perfomed %ti 

arltarfon m a  mbJec$ed t o  a biahedule of daily &&a, This, e n b d  was 

Iwger thm tha others and bad sZh%b&ted ooasiderahle omr-actirtty l n  

or%$inal tmrintag;. He, Xntgmved ar0ead;tlg during the perfad of conmlsi-one 

and, fallowing 19 coqsemtive sbadka, pc#rfomed 'better than he bad for any 

comparable pertod prlor %a %Be ~bOcks. !be m&ts of these experlatents l e d  

authors t o  conelude %ha% the sffecB of the &o& nas t o  deareaae actLv5ty 



leve l ,  ~uah in W- ~ ~ t i - ~ l s  ~ e u t ~ a  bpaim-t in the mit mt 

raO~o~tzan4~oars[18)*Cse&erd.fih~~the~irtUPapmtrio~~gkIm~ed 

habft, dliso~gemized by elsa4im-uonvttlai~e ahoak, W d  gPva learar fntexfer)ga@ei . ' 

~5th ?&B Iearnlsg of sr new hebit. TMr*ty aalnlPiLs ~ T B  ma oa Chs St;oos 

Wtipler  Macr&&laa$ioa Box %a r prIter%on of $mar ou* of flm *rW.a* Of 

~ ~ f - B h s  moclerm3Ul an;islsx3.s, QUFtiaen famed trh sho& and Pem the 

*hat $b hter9e~~tlcre htmbaesd log o h &  cmXp the st3,m.l~~ msda of 

gslS~ard ets~oai9tas ma@ aco~tua*ed fa hmai psbicmt+a rsedulng e t l e6-b~o~~ek  - 

them~y  abm aaapaam 4 t h  a mntml p u p ,  Aa 3zl Bomrritz rtnd SZ;oals*a 

experimmt, the c~M~rol  gmru~ laamsd more madUy. 

B ar resent e;tpmr3.am% EWrp, Winder, an41 f%one ( 443 ) ~ ~ u t U e 8  the e;tf%at 

o f  s2s&fic sb&s an trsemnSarg' ability & -rcertr~, lPhe apparatus nsed mw a 

r~od&f%o%tia of -ah XaSlpr dfr8i.g~ed t o  Hudy maercrolirrg abEkPtiy, 3Phe 

behavior of the ram3i91aZ.r aaar r e e o M  an 22 poaifP-dmek P+da B8 baure a t  

moawsm saoh dm&, and on ;10 po&-rM& Brfals wiFb I* burs  of 

heom- time. Tbcs Uug~~%naers;t of perf%-ats, nab armmssa8 %n Dsme o f  [a) 

W-BO~S of illdmee O P ~ W C L B ~  (burhg the. e-bmtory p e f i ~ r t  bsf~m the 

tea* m a b  (b) tact, as lartlscwml fkm %he s f  release, fap a W$b run 

t.m%il t b  anad Zougd rsrasd, an4 (it) mmot  rrhofmea mBe. The remxlta 

sbrrad %ha$ the seam of srpEom*lon di&anoe drurppsd appme%trbly Sn 28 



~armwrg tfinaa* 3FbalJyI %he acmra~p reoreta ahomd a b ~ t u a m l  tsead &dab 

;reptmblsd th$ o f  the other meamres* a m a i d a o ~  of Born-4 Bmmdet for* 

X% .hahi been wlspectad by a nUEaber of mxkelra $hat cvxrra of the effects of 

gu~ l i t l ~ r  .obmmed that Bbe aa%ltv%ty of a &&ed anZaral i s  -leas %hen tbli of 

hfa owe matee. Sane [49 ) mb a qaantftaliive study o f  Dbe affect o i  

decrtmshuak an gas& so%i.fi-kq In WS. 'Eb ra ts  Li~e3 S1 mvelxbg druraa, 

AB m us (I B ~ e m l h a ~  B&W e~%sbU~heB Obe ar~ha%a mrs thmngP, a #aerie& of 

one c o n ~ ~ a ~  per f ~ r  5 &ye, f0~01pba ~ l g  5 m s  I ~ ~ S B ~ O U *  ah~l&, then 

6 mare shook &qm, and m an far T5 aSttammOing p f i o d s  o f  1ht;tdlr md ~ l o - ~ b e k ,  

plua B Sdcutioaal poabshorzk -gerfabr Tt mlp appaxwt fmq the, ac8ivi*y pfi 

%ha$ t b  ra%a uem r t r u d  leas ac0iw dal*ing Bhe ahoak perrSode thaa ifarIng %he 

na-shock persod#* %&totian %n aetfd%y began fn f i b  f i x ~ h  84 WUPP af'ber 

a ~ ~ l l m l s i v e  sba& and &&%appsamd b r i n g  %he sewn8 thy beya4  .tho 

shot& Althcrugh t W  laiajor bgreasiorr af a&%%** aecamad v&.tibk fix& 

84 hoar8 &er a she& a d  d;Lapgeamd dthh 48 ~ U X B  af ie)~  tBB 1 a ~ O  &o&, 

tt m a  not unttil 8 ab&s afb;er the final shot& P u t  t;be aiaJor%ky of %ha 

sniaals began t o  apgroereb the$r pres-sho& le-1 of a@%iT%$y* 

Page ( a * /  has dLsa found that; gaasml a&fBZty a f  rat;a ier Bspmosrsd . . 
dUziP& ~ B C ~ E ~ C  &Q& ~BFEBB a~ld  Pbat %he ghD&H h s a  U@%&t+ 

IB mmmarg of this seo%&cn i b  may be a d d  that moist, g3~gerbmtsrs h a ~ e  



mept POP Bhe extensi'fre werea~oh of WUhojm an4 hia waaaciatea, f e w  

A: &epbatara b m  the mnaiticnin~ eituatim aa a maasurs oi t b  aiiacts 

.. . , ' i P  the animal ie gu&d t o  %he limit of itrrr ~sbilfDg, should be sspe~fally 
I r 

L, 

,: usefbl in Betrrrmhhg the effect  of &mcb: cw behewtor. We do, howewer, brave 

I .  P w -  @? ) trled t o  cozsdftion tbe tale~troshaak convuf sfon by soundkg a 

Iti;, 
P. . ing m a  obtaherdr 
k; 
F BoLJe, T ~ - b n - P o t t b a ~ @ : ~  and h d e ~ s o n  (3& ) admfnlsteired a serles of 

:.$ inrsulPa s b & o  f;o a weU-txaiasd a-ep in wfrich, a emditioned a ~ f l e x  had been 

atmdamUaor8 $xi tesOe csztewndSng ovar a period of ars~sp yeare ,  They found 

Plus*, faUoPafng the I-iyp~&cr&o treertmertlt, the emd5tianed refkex, wMob had 

been sd.tao~t aatimly absmt for one year, magpeared w%th ahnomal dgor, 

Blov-n%s, of the- reaation 1bb' (Xafti foreleg) .tieem grap3r;LcreiLly moorded during 

the recowrf~r puriod f m a  seroh of' 3 5.nsulin aktodikai, B r  thm fix& Pime in Ohe 

hiatom oi PIW WVWII~BXZ~S oi ih. xeg app..=ti in *ha ~ B O  ~ ~ ~ X - V E S X  b c  

twelesa afgaflrs. 2hlararer reqymgeza s m s t b e ~  reaafisd a Ske~uemay of 6 gar nifnu-h, 

WzGh wov~r&tm~r bad bema p m ~ $ a a ~  cbbssmed only In an&&eila ezb%b$t%ng 

experS.aentd naurasis. on-each OOC~S&W %he number of mch ~ ~ 3 m e r ~ t a  mau- 
E 
! U y  derlmasead aa 8be a x i ~ ~ a l  T B W T ~ X C J ~  froa the c a m  and as %his oommed O b e  

~un8iDlcmerd reflex (Oeg laowmmter t o  %ha canbi$~wsd I s t iWue  a p )  Z%iappe~??le&~ 

&sen ma Gant* ( W ) mqmdted a brief ezperhmD on the efroet of 



loondiDi~ncpd d h u l u a  Co B b  mutor habit  waa narks- fpipe4md By Dhe mrs*rexo3; 

O b  sffee% an the e a l i m  83sarbtbaBXan war leas gm~matsdr 

'bzleflg mumarim Ma *htlorp, kiu$ f i r s B  nre mast; ??%view Bla  arxpexW%a 
I 

ia daliatl, sEncre ;txl ~drm~eil af t h a  the proae&re Sxs rather in~02vedr 

. Xeeder  aad QelJho~n { HB ) Snmetigahd t b  efmfecP of rr5ee$r5tWly tmU 

ohdmloa* inbaati  srmwaione on omrai~oning in rate. T- fir& *rained 

m*a $0 ar b a l l  glue a g r i d  a h &  & ma anldancs pr$&a$ianc The rspigonarrs cron- 

siwbed of jumping o v s ~  a pm+idion $n Bha satntex of the grid to apodd ffier - 
@d shoals, I%han th ia  habit rrns ee%a;bkaahed 1-b m e  ert%n&&md by c3mltP+$ 

-%ram1 fnjmdrione seam aWaliatare&, S%Bhar %ype of &ek oauaad a 

t-muy T ~ Q ~ Y ~ W  fma %he exkincOionl elthough colrtro2 uxpsr*%n0a bad 

10 Zv3mah8d .l;o bar da4vszmiaed *.tiher or nu$ bmlHa a a d d  proiluae Bhe, 

Itn the ttxgttt-n$ By IEa~erlex axld Celhdm, except far $he use of kt . ta fn ,  As 

before, wtmn *her OB had b4wn iahkbl*@d by la& o f  mr~nlfomrmmtr, M, BponIJa- 

-SUiler 
'I 

Xn visr of these rmsulte the gusdknn m i m s  whetrla~r the adtun of 

hslrlb woaga on mn3lb~o3a6d mflms ccmnlea on&= 5B rlsrsoval of Inh ibb  

tiuna, or ytbtPller mxcitatary raaebiomrs a m  d m  b f l u m ~ e b ,  Xn the m m b  



paper QeUhurn %rrha%@ya r%w~$sd aa elqrerimm-b t o  b a i b  *hit% gua$8lon, 

W a 3 8  we- trrar3nard $a We aw$4maar wpam%ucr pn.bil Bhep ha& juart % i s m  Bo 

Q h e  5 % .  b%re wm~rlw%a learn* bad t&m plaw, a s  m p  vara 

drm instllin. - e m .  I* 'ns i a m d  that the " m ~ , s e ~ ~ q  le&ing o i  t h m  w ~ t  

$e orItiieIr5011 lpas 2aail%tatrd In $hame w h a l e  *bat W maeimd fa-fnr The 

ma-Hmra omdude4 *ha* $he ahmnla ef'f'~c% of insrulin h y g o g l y ~ ~ ~ l a  i s  not re-. 

&r&ctted Oa i$ls action csn inh$bi.*io~, Mfi aft'aes Lfk6irflae t h e e  azeiDaWrg' 

t of the m* Althcru& elm 

mathox8 UiU not m a *  We put, it smiLd asem t h r a ~ '  bhta i a d h  effee* on 

laxoi%#&ion i s  oppsf3r  %o Str erfeob @a S1)Pib%tia; fglB?LlitaSirtg Dbe f~mar 

m~ar&,  GR@raw Xn cres $reap o f  eaiaml.~~ 8 OF 3 GB*s mre ederkl5&eB $a me- 

eeeah;  bu$ ma new GR rwa fornet3 mtfi Pbe gmcd$ng m a  had bsen hhlbitsb 

by laah; af reafoarassarrat* Thad appam-tius md pmaedure mars, ths aam as l m  

* U r n "  prmlma + ~ % ~ c ~ p t e r ,  #ith the as~~fl%@l% *.$La* a b  ~ f f ~ ~ *  a?@ 

%Q= aatiabliabd by usrwg diSertmt armdtii;t;tmgd &iWUr These nlsrss a ~ W P  

b e l l ,  a ~ U T I ~  05 vibra%5mav lrad a 10gbtc Rersults mHh B u s  f l ~ &  pq~, 

of a n m a  tbect s lac~troaha ur hatilira ~hiqpiah~~ -a~ont~; 

o#@n&L @rtab&i;shPr~~1lb m d  bhAbf$tw of Char ~ptqonsslar the sr~quamoa 

tuds o l  ~arwvaw, the mspanse *o ths docrbell being mcwvemd ms$ m& that 



the eflscrt of. rrihock on rocem* aad m t e  lsamiag, lercepb that: we know tmt a 

m u d  28 1Skely t o  be a nore pcrmI*AEl s t 2 m l ~ a  for the m% bhm 1 a lighttir 

In a ~reecmd # ~ Q W  of exlps*@n%a reparked ia thlr paper WlUarn awdled 

Obis faahba ws!mt niwd Po b & d e  the qus~8850a %o whethex .the aa+ion. UP 

.me ezerbs i .&prea~m+ erffea cm a o p = M b % d  egws, , . 1Bha $ha m M e  

nrsm aubj.etotrd h bmX5.n ~085$1  and l b n  m e & &  $9 nara fortail tm* the 

iah%bit;le& rrettsp~aass bad been r w h r e d  but *a% poai.tiim GQ msaabed mah- 

fluemrtbd md msitim* T h m  sxpez%mm$s t h e  &owed t b d  ahoak a& 

#prW%aollZy U b i . 0 o d  Q3#& dt-t hfh=aZrtej; PQB~D%'~"B ZIR'ar m r n  

tWatrm.r&ad %his mxSmm%i with -3 of ED- aid  Qlm$D, rses awn ( 87 1 ., 
1aS)t~xc '180Ekt~~a Sound a Uar of $ I F I ~ ~ ~ v ~  ab3Xaty %xi P h e b  do@ 

athr IB & ~ P P  o i  m*ras03. c;on~sfoaqp ~~~, horapmr, iotlpd nro er#acUt 

of what& ozr p ~ a l ~ i ~ ~  GlVe and tlms no laas & Wffamim*iab3.n& ability, mi.utm- 

the, hPtd p ~ ~ 3 U ~ s d  a mf iahsbitsd @$*@* GrrUhor~ iifd 

aot mkr pcibtr, W3 s h d d  be n o P d  *haft a loas u"f h.b&biPo~g giqeeeaee 



b ~ f  rmm$nlf U $ o  ef%her @I the tra d j a c a a t  # ~ l p W m t a .  dlfa~x *hit!# @mM- 

Biumsd mqmse r n ~  kr&d311&~4 ftd warn iabfb3Qad Q- la& 02 ~benformsmn-Ir aar 

in Bhe slprrzttar wastat* 3bsnlI.n emma w u  $ha prurbeard, Bda  mhatf**iad t b  

fir#& p r f i  of the azper3mm$* 'FBaremar B b  GR aaaa mJly s~&aUiahsd  

3x7 msnforahg the mmUticmed &%tm2~sr, Then %his CR ma sboXilahetl, aoP b~ 

btsmpzl inhibWfcn b-a$ by o~ulit~~r~qk; i re . ,  Dhe duwm w&a applbad %a the 

piif of fbe $180 adgacantr ebzibera shsw tiher G& pmeremPsr& 7&mt prsmrm*a* 

teen sf thg +ha .m& jamgad 5n80 mtl of  B b  a&$a-t a~lppfmrhgeste laa* 

dxim back the original aomgklPttIPm3 h Dh% @d erho&r S b p $ & ' k $ o ~ n  o i  

tUs p~oeaihwa for r m ~ ~  drag@ abo l i@bd  ecmpAa*d,s f b Peapanas ' ~f maan- 



QR, a@ In the ear1Ser .eqmrlmeatxal If, hom~ar,  %lx@ CB had bemi lnhllbfilsd 

by aountsrraback, hml3.n gm$uaed no slgulfictmlz recrorreqr of +ha Peagoas%. 

%en when the pat was again mtrainsd as f , ~  Iha firer41 park of the ewerimen% 

ma a g a b  iahib$%ed by ~ r ~ i B 8 f p &  the qcond i t&o~ed  &%muLurn, XssuLh, as urn&. 
!, , 

led t o  rsccmry of the OB* 

The failurs of hsulSn aoma *a lsad -&o raaorerg a i  the posi8~ve! CE m s r  

aaun$rsrshoab; ha& b m  applied was obrio~&y not due 80 EL ~pontmeous ohatage 

5n tihe m W d ,  since the rtspslifPAon of the fltrst p a d  of the sagexhrsmt agda 

a b m d  tihe tatwkfrbg recsvery of ;ap, irrhibiOed CZt by insulin khan the fnh~bi%fan 

hadl bsem pmduaed by lack of r s e n f o r e ~ ~ a % r  1% m a  &own 1x1 later expsrimenZr@ 

, gxrrraederd or $aIlolwed the suppresPrfan of the mffipnae by la& o f  reenPor.cc~llt~m8* 

' baa bean alirninaaed by coumtts~ssh~&~ 

Ta d;lsauaafag hie  remits Wlbora sws %ha$ the &ue t a  arn undlar~8aa-g 

of the saxperW.e~n%s s i m a  Ps fie in Cha face %ha$ $he aigni f foaae  of $he CSE 

prevZou&y 0he a f p d  %as wn eecrrpe xeaetfon, m e  al.t@red by itia combination 

d t h  I ~ U ? l t f 3 ~ ~ % l 0 C k r  3hn Obese cirws%anoss  Dhe rscape maa%fnn was mppm~raed 

and the baha~lor of the smiaels was o~ex4ily e 5 m i . l ~  to %ha* seem a f t w  fnCe~c 

nd. h u b i t i o n ,  h t  hipodant phg.8lala&caal dffferenaea ~ l d a t s d  beSmaen Pha 

two condftiuna. Xn the ooad3tien pxe~mt  irn part! A of Bhe B X ~ B P ~ W I ~  Uha 

$mpara.ry aewala.blon of the and GB @%All da-bod, %bu& in an U e f f a r ~ a l  

form, so %batl *orlng %a the l k r e d  rxolhabili%y of' the brain a. a -1. a. 

an m~ulli of inDsma3 lnMb$.%%on, $he CB m a  tulahls 30 &%a%$ the pdprttiota 

orrtrape rslaction. Under the %nfluenee of Imu.lln eaara theaat weak lfnks bs- 

tprrcrm *b CS and OR mm aglgmtly  i n B a ~ a 1 f  $ed emd Pbua the original aaaaBa 



gwtv ~ I I S - ~ ~ V B  Q3 ww aubdifi3ted fox the a ld  one. Sfnm %Us mmcticm waka 

e&abliab.@a under $he influsmor of a &mng uncxmdf timeii &imulus, ooun*ep- 

and appatl.erntlp waa a verg stable respans8 3Ln d i c h  the mbal refm&nsd from 

rumning in retiipo~se t o  mud. If Cba action o f  inmlSn aoma and other relaha 

proeedu~es had produoad en inareas= in tha levsl af sxeitabilitp, it 

a r i a  bsve carusgd the, animal 60 ram% t o  Ohe bell with a Bfgomua escape re- 

cacltfon' in boOh parka A and B of the eperimm*, resgmdles~ of %he Atndiamatd 

differwoe fn $he phyaiologleal reactions whiob fom $he barnis of the two 

!!?he sgeefficrlty with -ah aha& prooerdurers restorer inhibited conditioned 
I 

maotiona, w%thQu% &Ssc%bg 4hs amidanas reaction to c?orntta~sho&, indicta8e1s 

tha* asxebfal abark  aa.ba ortly on *hose oortiaal procesaea wUeB, sl%~hough 

latm* &rbg internal %nh%bltion, glls tihe basts of 8he OR, Tbia Lnterpmta- 

tion Is in qreement rrPth the r e m l b s  in pm~3ous studies Sn wbleh the 

ePfe&imese of issulfrt oomar m d  ~leotroahoek in + b e  metorat3w of fPhfblted 

CRta m a  dim~XLy related t o  the &abUity of $he CR. Reac%3ona Oo la bal l ,  

which  we- edab l f  ahma w3%h m ~ t ~  but abol i shd with UfYXcu l ty ,  rem atore 

sffaa%ivelg rsstomd by reihook proce;lfarsrs than were GWa t o  a I f  st, mra 

edabliehed with d5fficnrlty but abalishard w%+h ease, i n 8 i c m t a  a lesser Beme 

of s%ability, Thre axgtrrimentrc repode$ In *ale ~ E I  meU. em in pra~lous  paperer 

seem t o  warrant Phe &a%enen0 that gositive CR@B, n~ master whether the CB 
. 

consists in a raovetgm* ox in the suppreas9on of a rno~ermeg-b, a m  not altered by 

inguLZn mas, 

These em@rfmen%s of GeUhom are pa& of an extensive ~ t e f i e s  of in~t3s.t;i- 

gaBiaas into *he nature of ahoek therapg. E m m  this tr~ork he haa evolved a 



Ziheory ef 0he effect ef sb& th~~mpy rb%& hs belieuela accounts for the 

p h j a i o ~ o g i o a ~  o h r s  nhich occur when a m & t a  pytsmnrt i r  z w ~ i ~ m + ~  of rrpp*~ 

by a o o u r ~ e  of eh@oks theory i e  mzplatfned, In  da-t;aU in h;trsa b o a  

m*anoldi~o ~er~l lat ia?.  ( 10 ma new B.pera imIaBb%g r g t  oth &.ow t Q p ~ 8 S .  

guently. Brf.erfZy, QelZhorn~a theo~g i s  %ha% 2a aental dPesam %hem i s  m 

abnormal lack of b93mea bebmen Bhn m+%aeulia bsaaeh md Dha ~ ~ h e $ i a o -  

ab6aal bmrsh. 09 Che au*oaca&c n e m u s  ms*eat, When the patlent f e ~nzbJeMed 

oenterer my redore the patfeat'e diefearbed atztonm$e bdmw and ~JEBI* far-, 

m&eh%ng sf$e&s on the 602tBez itmlfr !PUB %kt BhOm by Phe xeatormO$on of 

,$nh&bi*eii t~nB&l3ioneQ mae%$ma srfisr abo& proa@&u'as, ad, by oSibr l&ner o f  

avidelms O M  tnrt eann00 T%*~w hem* 

a mpp0TB of IJal2bomr~a trkear~ &t ma7 be seuld t h e  ?,t is 8he onLg thdory 

of the an&mc-iag mwhaniaa o t  &oak t b e q f  -oh Arm mpppr)red by l a u d  eqeri- ' 

mtmta$ ed8ana6tr Bu't alPlos% a;U rrf bh&s ewktlwlcs har~ barn mnlrlbutsd by 

~ ~ h c l l p  and ~ c r  c a u ~ o r a t o r s ,  laad t~ ergeramiis ara so poorly 

d e ~ ~ r i b d  that %hey may be deffi0ul.t t o  TBp~atr The only &her theory m&b 

menthaahg I r s  a deacrlptive one Zn wbiak Ohe ahoak fs aemed %o %stpair reecs]l.ti 

but not xes~o%s m m r i a s ,  ZQ 161 0312y fair $0 ]13maOioal bawe~er~ B h a t  %xi +khe 

mesnt book by Winonsky and Hoch f 34b ), rbem a -3.a ehqtsr Srs dewdied fo 

a diamsalon. of theories of the meaharrim of sho& Oherapy, both Gslllhra*s 

t b a q  md t;hs =a&a theory are given abo&. ehr5ft. 
1 

We ham now reviewed the pertinent lftera%ure on the effect  of ahock 

proasduma on leami% and reten*ion 5n human and a n i m a l  subjacts, The 



aun&uaian m m ~  ju&ifiefi %FLW$ &ter an@ OP mre shoalrs, i;xJet#ced any one 

o f  the %Mar major m&h~bs of B~OC~C p m e ~ l d p ~ ~ ,  oa3wngeta 3a peyaPlologfca3 

~ ~ o t i o n s  rimy occur. ~ h a A  ohmgas are osua~y, but not &nap., ~.pressiona 

j31 the funations a-badied, !%~s ohan8srs 'we o f l a  mateet i ,  prarQi&ar& 

adeqaately meamred, b thar le&g or the mtd%on of verrbcil o r  amtor 

habi*s, U*hough in buwin =Bal  mhim~tsr the emtioaa.3 almnges, in t h  eenaol 

of SyriQtrn mlief, mT&y rreU be nor8 ~ * m c b g *  

B v i % w  of 8 b  $%wpn% rcrpod of mmes%!: d%Pfiaul-%ies fmm ~ b d r ,  md 

#ritsrs, 1% i s  obvious tba* adequ%Irs atge-BaOion on %he problem is af 

m e t e d  iffipr6anae. Tha payaholo&s*, 1S9lft.eB a t b r  xsag+s.0s Za rroleaarab 

cm abdk thexapyI 3~ e~gsaSaUy able t o  Snve&iga%e hahi$ dfsh%e@?at%on ati& 

- ~ g  3dnpaixamnP dtPe Bo ahoclrr We &&U nol~ =gar% wr3.e~ 02 exp~rfinenta 

wUch are oriented abut fhe bgpothesis - D b %  &o@ bupdra rsoenh3lp X e g ~ ~ p d  

r e b s e e  more them older mqtoness. If %hie dypothesis is tanable, it nay 

help acsneltderably fn ths attsappt Bo lerzplrlm the ~ d s r l y 3 n g  mokrraafma af 

shu& t;heragp. 



sbc$ on a ~.~hmz$Zy 3eamed h a i t  vOhich rat&& Pa &mm.&PI tin a l b r  

aonf l id iag  babit, We ham already gmaasa%6sd m a  afidenca fmm O h  #lo& of- 

p ~ e ~ t ~ n a  ezgexlmmntaxn %bat a&& gmcafbxma mi canakmn a recent h&Zt, thereby 

pe&t%irig aa alder IPoops3;1a%SbTs hElbf t ts regain &dne%uz8. $xcep% for *be 

n o d  of BoPnieL ( m.), horevcr, the previous a t b r a  l l f i ~ i w d  =%her cosplG 

ca%sd hab$-%# 8nd st ~ e r f a a  erF ehn&e, ?heir a r r p ~ r ~ t ~  a m  thexe%m wlbf ee3 

$0 thr oriticim $ha% unwatmll~d vewl&bLelp may  have bma aperating %o b i a s  

$he remlta, 'Phis cFi8ioiaa 3s gar$%cularb va128 rn-g Ihe $free of 

apglieatfon of the sh&, 'Ekret qacm of the &&B, gad thw number of &&s 

a&Wiia%erad, %lies& vaxkabler ase Wpwkmti; re=& nrrilers have a$resmd 

the mtlua of Brsla$ing pakients by shook Bharam .ear17 In Bha Me40q of" tber 

disurdex, and Z i & f a B  gg 1 hanr empbaimd $ha*, %a vim of the rrmaula0fve 

naBurd ef sboek, the nmbex m d  apeofng of t h  ean'tmlaoni are cmeirrdt, X t  . 

%a dif'fiau?lt W assess Che r e W D a  of =any pcaperfii w M a h  do aat report thaw 

faotors fn exsot detail ,  . 

' fn the g~eorePf mriss of ezperframtrs rrer ate~pBer3 t o  thmsrt 

factarm by keaphg ah@ Ieastn5ng aitruation shgle.  Esnea we need a shgX4 
!' 

unit T msw, lphlab g a ~ e  a ehuioe of two ~ h p 1 a ,  ~U-CU* reagoosars; a hm 

ba Bhe righ0, OP t Purp t a  the 1-efi. Obe of therss hrabi%s -8 skrm&hsr;rmad by 

repsa%sd m I n f o r ~ ~ 0  v f t h  a maaU portion of fwd, with gractiae afsbributed 

over srapy dag& asfaraLs ware them eoexsd &ma the oQhmr of tihar T, 

arfng a trsil of food, anti remwdefl 6 t h  a large w.rb;ton of food, unffl the 

new hglbiO was ~ B m n g e r  than tihe oLd en&. XTI ~ll. mica serries, of the 



anfarals mare then gfvm ra oearabral Bhock, arrd  late^ reheated sn, the mam, +I!%* 

erilifoal. guea.6ion was #hetber the shock hrtd udcmed tbe new habit; atore Wmn 

the o ld  Uner Tb?ta is $he basle 8a-e of all1 oar tnaaiar aq i~ rb .emt~ ,  'Plzg 

gmliaainw erperfrsmte mere design& t o  b + e m b e  the ooadItlc*lsr of prau$fcr 

eand reward neeetssq 30 giala  trwa UbAQa of fa-3y equal &ssn&h, Se) erain 

experiments ~rem coneernea Rihb the effeot  of wwy5.n the $In@ jn%e&e 

be%w%en the+rainingaad eudbetaeenthe &o& an8te&ting. 



The mze usad in a l l  of the s ~ s r h a n 6 e  m s  an elerrated one unlt !E mate. 

%ha nBm of the !P was 60 Anohes, and each m a  W inches Zn l a g % h .  S m a l l  

wtre  mae'wh oslgt$~ $a the &ape ~f Qi~nset  hut& ~emed a8 +A BBarFCing box wid the 

CWO b ~ ~ 8 8 r  Th%@b hinged on One side t o  -OW %XI~~Q*~OII  Or 

m~~laval  of the pa%, The %l;mfor of the &axtbg bax and Shs Dap of the masa 

were B B B P ~  ~r&aeta 'fiy overhead b a b .  T B ~  boms &re dtetensa by 

o o ~ s ~ i n g  the e r e  meah d t h  blaak.clolih a d  were glaeetd a* righe ernglss Ba 

dhs ends of the mass amn. Tble pre~en%sd the mhwl froas srsehg the food 

xemxdt until he ha8 a c % u w  miterad Bher g ~ &  $ax* The a w e  in shorn bn 

Y%@rre 1. 

b all bar ds~er fbed  b&v, i$ m a  a~erbCa8zy 3fmera t o  have f ~ a d  

pazbialo~ on Oh% aans ramd Hem of Dha mze~ A* alcbr %&ma aU traces ofr 

P U B  Too4 had tia be removed te pre~m8 Ithi eparat&an of a ~ f a c ~ o r y  msa. Tu 

aoamplierh Obis $be ;Dop a f  t;b wad wv~glad wf*h s.l;r%ps of !&a~ni$e ,  



The maze used in the present expe~imenfrs 
/ 
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increase in either increases the chances of inducing a major convulsion. 

Leads f rom the ordinary A.C. circuit in the building were attached to 

the poles of a 27 ohm potentiometer, PrJires f m m  the gotertiorneter l e d  to 
I 

alligator-olip electrodes. The jaws of the electrodes omre wrapped 131 gauze / I  
I I 

I 

and were soaked i n  ghysiclogical salt solution just before an animal was I II 

j 
shocked. Throu&out a l l  the experim&ts the potentiometer m s  set at  85 volts, 

I 

as determined by a voltmeter in the circuit. 

The following device was bui l t  t o  control the d m t i o n  o f  the current 

flow. A phonograph motor was mounted in a wooden box with %he shaft pxotrucl- 
I 111 1 1  
1 1 1  

ing througA the cover of the box, To thfs shaft m s  f h e d  a lasonite  turntable I 1 1  
9 inches is diameter, A wooden lug 4 inches long and 4 inches wlde m s  bolted I I ' I  
t o  the top of the turntable. On top of the wooaen box and directly beside the I1 

turntable a ringstand and c l a ? p  arere mounted, The elm held a wheel micro- 

switch which res%ed on the turntable* As the turntable ~evolved, the wheel of 1 I 
the microswitoh passed over the lug, Brippbq the ourrent on and off, By , ! I  
modng the rfngsCand e lamp  %he microswitch could be made t o  pass over the lug 

1 

at any point between the psr3meter and the cenCer of the turntable* The total 

range of durations thus obBained varled between .05 and ,35 of a second. A 

.01 second stop-clock lvas used t o  deternine the duration of the shocls. In a l l  

of the experhen.ts the timer was set for .ZO secon8. Thus, the cerebral 

4 eleclroshodk aonsfsted o f  85 volts A.C. lasting for .20 second, The electro- 

shock appara%us is shown, somewhat schema$icaUy, in Figure 2. 
/ 

2. General procedure 

Tae t w o  habi t s  employed were the running t o  the xight or to  the left on 

the T maze for food reward, Tne as-ption was macie that; t h e ~ e  habits were 

of equal difficulty for the ra t  when the  operation of position hab$ts had 

L - 



W I R I N G  D IAGRAM-  
ELECTRO-SHOCK A P P A W U S  

A. MOTOR SWITCH E. TURN-i-ABLE 4 LUG 
0, LINE SWITCH ' F. TIMER CLOCK 
C .  OPERATlNG PUSH-BU7TON G. POTENTIONE j'ER 
0. WHEEL MICROSWITCH H. VOLTMETER 

'*O/.,, 

-- 

Figure, 2 

&e electm shock apparatus, partly sohemal~3~ 
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been controlled,  The hat i ts  were, of course, c o n f l i e t h g  In thaO the per- 

formance of  one precluded t h e  ~ ~ u l t a n e o u s  performarice of t h e  other, 

Since we wanted t o  balaxce. t h e  relative strengths of t h e  %wo habfts, 

several  preliminary experiments were run i n  which t h e  amount of p rac t ice  and 

reward were varied* A f t e r  considerable work t h e  following general procedure 

was chosen, and wes then used throughout t h e  main series of eaperPmentst 

1 Rats were t ra ined  t o  run t o  t h e  l e f t  arm of t h e  maze f o r  small food 

reward, approxi~~a-bely ,1 gram of wet mash being given f o r  each trial. The 

a n i m a l s  were run 3 trials per night. To permit g rea te r  d i s t r ibu ted  pract ice  . 

t h e  3 trials were run in a l te rna t ion ,  i . e , ,  all animals pan t h e i r  first trial, 

then all t h e i r  second t r i e l ,  etc .  Sfnce t h e  a n i m a l s  were a2waya -run in group@ 

of 6 ,  t h e  i n t e r - t r i a l  interval was about 3 minutea, Training was continued 

i n  t h i s  way f o r  15 t o  20 days, Durlng this time no .food was present i n  the  

r igh t  goal box and the  r a t s  quickly learned t o  run only t o  t he  lefb, kt t h e  

end of t h f s  t ra ining,  running t o  the l e f t  constiButed an old, well-established 

habi t  , 

Training on the  recent habit, was begun 24 houre, a f t e r  t h e  last  ni&h% o f  

. prac t ice  on the  o l d  habit.  This newer habi t  consisted o f  running t o  the fight 

for* a large food mmrd, about 2 gram of mash being gilven f o r  eaah trial, 

On t h e  night following t h e  last nighti of t r a i n i n g  on the old l e f t  habi t  the 

anirn&s were f i r s t  allowed t o  run 8 trials to the  left as usual. The right 

food box ma then bai ted with t he  large ( 2  gram) revward and t rainicg ms 

begun on the ri&% habit, S h o e  t he  r u t s  could not know t ha t  the r igh t  habit 
\ 

rms now rewarded, i B  was necessary t o  lure them down %he r igh t  am of the maze. 

1. To avoid confusion iaccons3dering %he r e s u l t s  we shall always writs as If 
.the lef% habit were the  older habi t ,  Aotudly,  t o  prevent b ias ing  the  results 

by position habi t s ,  hal f  of the rats received t h e i r  ini t la2 training on t he  
right, and thus turning t o  t h e  l e f t  became their recent  habit.  



This was accolnplished by p lac fng  mall food garbicles oa the stem of %he maze 

near the choice poSnt and along t h e  r i gh t  arm. The particles were placed 

about 1 i n c h  apart and led directly i n t o  the right goal box* As %be rat ran 

down the stem o f  the T he encountered the food particles near the choioe p o b t ,  

and i n  sat ing the  successive p a r t i c l e s  was lured dam the r i gh t  am and into 

the r i gh t  goal. box, Ee WEIS sillowed t o  eat the  2 g r w  reward and was then 

placed back In the s t a r t i n g  box for the next lured trial, Each r a t  ran all of 

h i s  trials t o  t h e  sight in succession, s ince  At was found Do be very difficu1.b 

to change the habit preference i f the method of  running in a l te rna t ion  were 

used, After each rat had run 3 o r  4 lured trials, fresh cowtrs were placed 

on t he  maze and the  r a t  was rn witholit benef i t  of the ol?actarg cues From the 

food s t a i n s  on the maze covers used during luring. In practically every case 

t he  afnals continued t o  run t o  the rfght f o r  the l a rge  reward, If not, one 

more lured tr ia l  was always sufficient to change the mimdLvs preference to 

the  right habi*. A f t e r  t h e  luring trials mothe r  1 t o  5 trlals t o  the  ri@% 
* 

were ntn without lur ing,  The e n t i r e  right t r a in ing  never exceeded 7 t r i a l e ,  

i n c l u d b g  the l u r i ng  trials. The r igh t  habi t  was now dominant, a% least 

temporerily, over the  l e f t  habit, I?rel%aiamy eqa rben t aDion  had indicated 

tha t  t he  animals would conthue  to run t o  the  r i gh t  until satia-bed, The pat8 

had been .trained, then, 3 trials pox night  f o r  at least 15 n i g t ~  t o  t h e  l e f t  

f o r  mal l  reward, and 4 t o  7 trials, a l l  given i n  one night, t o  the r igh t  for 

large reward. The right habit ,  although prao"trced much lesa than the left 

habi t ,  was slightzlg dominant over the ' o l de r  habit beams8 of' the muoh <.greater 

reward associa%ed wlth it, However, it muat be emphasized t ha t  --- t he  old  habit  

had not been extinguished, i n  t h e  c l a s s i ca l  sense, f o r  the ma21 reward Was. --- 
always present in the l e f t  food box. 

At varying times a f t e r  the last r i g h t  trial some of t he  r a t s  were given 



a single' electroshock. Ulfga-t;or-clig electrodes, wrapped in gauze and soeked 

In physiolog5cal salt solution, were attached to the ratta ears and 85 volts 

A.G. passed t h r o w  the head f o r  .2 second. Xn aome of the experiment9 the 

experimen%al mimala were shocked immediately (within 20 seeonda) after their 

lasf; ri&% trial. In other experkant a the ratrs waited in their ca&ea up t o  

2 hours after f h b s h h g  right t ra in ing  before being shocked. Control mimala 

were treated in the same way as the expertmental rats throughout, except ahat 

they rece iv~d  no shock. 

We m t e d  to t e s t  30th the immediate and Che long-run ef2'ecOs o f  the 

shock. merefore, fn some sxlperiments the animals were tested on %he maze a 
0 

half hour af3er the shock, v?hlle in others they were tested 24 hours after the 

shock, No a n i m a l s  were tasted earlier than a half hour after shocking. Xt 

was found that the sfrocked animals needec? at leaart; this cmch tine for recovery 

Prom the convulsion; ot;hesrPfse +hey coula a03 be inducsd to run. Since the 
< 

control  anhala were tented on the maze a% the stme time as the shocked rats, 

we could determine if there had bean my spontaneous recovery of  the l e e  habit, 

Our chief interest was Fn %he ra%s@ choice of turn (habit) on the first t e s t  

trial. Enough test tr ia l s  were mn, however, 4x1 allow the animals to exhibitr a 

definite preference, since some animals muld occasionally change t o  %he other 

habit after a few trials. 

DLe animals used were male and female albino rate beaween 60 and 100 day8 

of  age at the t h e  of the exprimenti+ It is sometheo d i f f l c u l b  to produce the 

fill electmconvulsive attack in animaJ.8 much older than this, gresumably be- 

cause o f  the increased thickness of the skull. In eaah experiment the aninds 

used had had no previous exgerience in experimental mrk. 
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C. Preliminary experlnents 

Since the grocedures used i n  the preliminary experbents  were rathey 

Involved, the experiments w f l l  not be  described i n  de ta i l ,  Only the  results  
, > 

w i l l  be sumniarized, since from them we derived the methods used i n  the main 

.. experiments, 
. r 

The f f  rst problezn considered was the amount of reward t o  be given f o r  

each of the two habits. We found thaO there were actually two questions t o  
I ,  

be answered: h ~ w  much more food would induce the mfn,als t o  ehan$e t h e i r  

1 preference from the l e f 3  t o  the  r ight ,  and how large should be the d i f f e ren t i a l  

between the rewards t o  prevent frequent reversala t o  the l e f t .  After  t r y i n g  

several variations i n  the  r e l a t ive  amounts of food reward, we f i n a l l y  chose .3 , 

gram of wet mash f o r  the l e f t  and 2 grms f o r  the  right,  Wtth so large a 

di f f srent la l  the r a t s  not only learned t o  go right i n  very few trials, but 

reversals to  the l e f t  ra re ly  occurred. 

Holding the  rewards constant a% the values given above, the problem of 

balancing the strengthe~ of the %wo habits  ma solved by varying the re la t ive  

degrees of practice on eaoh, The r e su l t s  of several experiments indicated 

tha t  4 t o  7 t r i a l s  of praotloe would make the r ight  habit dominant. The righ* 

preference b u i l t  up so rapidly, however, that electroshock muld never induce 

reversals t o  the  left habit unless the l a t t e r  had had several days of' practioe, 

Therefore, i n  the main experimen*~ at least 1 5  aays of l e f t  t ra in ing  were 

given. With t h i s  amount of pract ice the old habit was strong enough so tha t  

reversals t o  It could be induced even if the new habit were dominant at the 

time of shocking. 

The, f i n a l  problem concerned the time of application of the electroshock. 

I n  experiments t o  answer t h i s  question it m s  found necessary t o  give all of 
1 

the right Braining In one session, and t o  introduce the shock no more than 2 



o r  .3 hours after the l a s t  right trial. Zf nore than one day of practice on' 

t h e  r i gh t  were allowed, a long series of shocks would not cause reversals to 

the l e f t .  3urtbermore, there  semed t o  be a consolidatioa sffeat 09 the 

right trainhe;, s ince  an electroshock would not  cause revarsa l s  if i% were 

achinis tered several hmrs after t h e  last right t r i a l .  Therefore, t o  show 

tihe e f feo t  of a s i n d e  electroshock most clearly, t he  shock was administered 

withln 5 hours a f t e r  t emina+ ios  of a sin&% session of  practice on the recent 

habi t ,  

In summary, thsn,  the $'olloMine; results were obtained i n  the preliminary 

experiments. To $rodxce quickly a stable ahange of preference from an o l d  

habi t  t o  a new habi t ,  the  fornor  should be poorly rewarded while the la t%er 

i s  highly rewarded, With a highly rewarded new habit the  o l d  habit should be 

w e l l  practiced,  mi3 only one session consis t ing  of few trials allowed on %he 

recent habit; otherwise, the new habi t  w i l l  become so d o ~ i n a n t  t h a t  electro- 

shock will not disrugt  it, Mnally, when the hsbtts havq been aarefully 

balanced, a slngle elsctroolhock w i l l  cause reversals %o the older  habit only 

i f  the  shock is administered within a few hours a f t a s  terinlnation of .&raining 

on the recent habit.  



D. &in acquisition experiment 8 

The purpose or' Chis group of f ive experiments was t o  determine the  

effects of a single electroshock on a recent habit  which closely ma.trched Fn 

strength an older habit.  !ha fectors  Fn the s i tuat ion were varied: the  t h e  

elapsing between termination of t ra in ing  on the recent habit end the adminis- 

t r a t ion  of the shock, and the  time allowed fo r  recovery from the shock before 

the test trials were run. 

In  %he case of the f i r s t  variable,  how soon the shock was applied after 

t ra in ing  on the new (right hand)habi%, three intervals were s3judied; in 

different  experiments the  shoek was given immediately { within 20 seconds) , 
one half hour, and two hours a f t e r  the lest trial on the recent habit. Pre- 

liminary attempts t o  demonstrate the  effeots  of a single shock appl ied  much 

l a t e r  than tm hours a f t e r  right t ra in ing  were ulsucaessfhl. It will b s  noted 

t h a t  at the  time of' adminisCering the shock the rlght habit  nust necessarily 

be s l igh t ly  dominant over the l e f t .  Tf a shoek is applhed within 2 o r  3 hours 

af tor  the r ight  trainftng this dominance can be disrupted, as the r e d t s  of 

the  preliminary experiments suggested. But i f  many hours elapse between the  

last r ight  trid and t he  shock, -tiest trials show tha t  the shoek has had little 

effset. Thus, there seems t o  be a *consolIdatian* o r  *perseveration' e f fec t  

of Bhe right t ra ining,  such that  the s l ight  dominmce of the right habit be- 

comes greater without additional practice. In $he main experiments, therefore, 

the shock occured no la te r  %ban 2 hours art;er right training. 

For the  other  variable, time allowed f o r  recovery from the shock, tm 

intervals were used; in  different  experiments, the t e s t  trials came one half 

hour o r  24 hours af ter  the shook. In %his  way we hoped t o  different iate  be- 

Cween Imnediate, a d  long-run e f fec t s  of the shock. We had hoped t o  run both 

a half hour Best and a 24 hour t e s t  f o r  each of %he three shock adminiatsa$ion 



Intervals, Eowever, i n  .tihe caae of tihe shock given one half hour after right; 

$raining, we were able t o  m n  t e s t  tr1Ki.s on ly  one half hour after shock. 

Other work necessitated i n t e r h p t i o n  of the series  of s-budies before data were 

o b t a h e d  on t e a t  trials run 24 hvurs af ter  a shock which Pallov~ed right tmin- 

ing by one half hour, Thus, %he eqerfments  may be described as follows: 

XxpsrFment I, shock given imedla%edy a f t e r  righC t ra in ing t  +Jested one h a 9  

hour l a t e r ;  Exper5mant SI1 shook g3vm immediately after r igh t  training, tested 

24 h o u ~ s  l a t e r ;  Ecperiaent 111, shock given one half hour a f t e r  r ight  Braining, 

tested one half hour l a t e r ;  Experiment I V ,  shock given 2 hours after right 

traknfng, t e s t e d  one half  hour l a t e r ;  and F 3 e r h e n t  V, shock given 2 hours 

after r igh t  training, t e s t ed  24 hours Later, 

2 The tmainfng procedure on the lefl; h a b i t  was Tdentical in a l l  o q e r i -  

merits, !The a n i m a l s  were run 3 t r i a l s  per day for 15 days, The reward was ,1 

gram of wet mash f o r  eaeh t r Z a l  and the  t r i a l s  were run in allerna%fon, 

On the  16th  day t he  anfmals were %rained on the right h ~ b i t .  The r igh t  

goal bog: was baited with 2 grms of mash, while %he left g6al box still con- 

tained the amall reward, The ra t s  were lu red  9 trials t o  the right and than 

run 1 to 4 trials without luring, The f ive  sqeriments  thus differed s l i gh t ly  

i n  the % o t d  number of ri@P t r i a l s  allowed; the minimum being 4 and the  

maximum, 7. The reason for this varia t ion i n  the number of right trials was 

t h a t  i n  some experbents  a f e w  more r i gh t  trials were obviously neaessary t o  

assure dominance of the new habit, 

AS soon as It was decided that the r ight  habit m s  dominant, Braking  

was terminated. Certain of t he  mimals were selected t o  saoeive t he  shock, 

while the others served as controls. The experimental afl%ixals then received 

"IB might be pointed ouf again t h a t  " l e f tw  and Wrightw s e m  as convenient 
designations f o r  o l d  and new habits, respectively, In practice, t he  old habit 
was t o  the r ight  for half of the mimala,  



a single e l e ~ t r o s h o ~  cons ls t i rg  of  85 volts A,C. passed through the head f o r  

.2 second, As noted above, i n  d i f fe ren t  elq?ar&?Lsusf s the shook m s  administered 

iuknediately, one half  horrr, o r  2 hours after right training. All. animals were 

allowed el-tiher one half hour o r  24 hours rest and were then tested on the maze. 

I n  the  t e s t  trials an a r b i t r a ~ j  standard of habiti preference was adopted, 

Test tr ids were continued u n t i l  each a n i m a l  had run 4 consecutive trials t o  

the l e f t  or 2 consecutive trials t o  the  right. Pre l imina~j  work had i ~ d i c a t e d  

the t  only rarely did  a reversal of h a b i t  preference occur after either 

c r i -be rh  had been sa%iafied, Furthernore, we a d  not want either habf t t o  

be,come greatly dom3.nzm.t; as n result of the %erjt trials, since some of the rats 

paere t o  be u s ~ d  in L ~ t o r  extinction eqeriments in which the question. of habi t  

dominance would again be of primary im~ortance, 

Each of the five experimen%s enplayed 6 l&e-sexed albino rats ,  All 

animels were n a v e  %o eqerih~ental,work. In each eqeriment 4 rats served as 

the Shoak Group, and %he otfier 2 as the Control Group. The analJ? number of 

almaLs fn each eqeriment w a ~  made necessary by the l abor ious  training pro- 

cedure oo the right habit. 

The resilts nre presented i n  Tables 1 thmugh 5, I n  the Oables an S 

following the enimal's numbor iodicates Shock Croup, a - C i n d i c a t e s  Con%rol 

Gmu;? . 
Experbent f 

After 15 days of lefB training t h e  a n i d s  were given 4 trials on Che 

r ight  habit. The s h o a  was a h i n i s t e r e d  &mediately (within 20 seconds) af%er 

the las t  r f  ght trial and t e s t i n g  occurred one half hour later,  The resu l t s  

are  presented in Table 1. 



Table 3 

I 1. . . 
I .: , . 
:, .:<, 
5 " .  .!. 1. ... :. . . 
I.. . : 

Shocked j,mnebia%ely &.*ex fight 
t ra ining,  tested & hour later. -- 

Rat  TS '29 3C - - - - - - 4s 5C 6s 

Table 1 shows that 3 of the 4 shocked anbnals returned to t h e  old 3efi 

habih ;vhssn t e s t e d  one half hour afier they had been shocked. All 3 of these 

anfmals were csonsist;ent in their  behavior. The other shocked ra-l; , 9, con- 

tinued t o  run right. The %a310 also shows Bhst Bhe 'one half h o u ~  rest did no% 

affect %he 2 control '  rats, since %hey continued to  choose the righ-t; habit. 

The results of the axper lnent  show that a singLe cerebra3. eleotrusho&, 

aWni83ered immediately after training on a reoent habit;, can e.isrup% the 

temporary dominvnce of %he new habft,,thereby pemitt$sg €u oLd hab%t to be 

reasserted* 

The training procedure was the same as fn the firs8 experfment except that 

7 t r i a l s  were necessary to obta in  domi~anse of the rSght habit, Again the 

shock was adminishrea h e d i a t e l y  afbsr the last sight trial, but the  t e s t  

trials were n o t  run until 24 hours after the shock. The results are presented 

in Table 2, 

Shooked immediately aner ri&t - 
raXcin-. ested 24 hours later.  k ,  t 

-_I_- 

- - - - - 35 42 5C 6s R a t  IS 2s - 



- 5%- , 

Table 2 ohows thatr o d g  dne member of the =ack Gmup, mt 2, returned - 
t o  t h e  old habit  on the first t r i a l .  The mFinal then reversed fro Bhe recent 

habit. The other 3 shodred rats chose t he  recent h a b i t  on t h e i r  ffr& t e s t  

trial, ss8 except f o r  the  single reversal by rat 1 on tho second trial, eon- - 
tinued t o  run right,  The b e h a d o r  of tho control  animals fizrthes cocfucllss the  

resu l t s .  Rat - 5 chose the ria% h ~ b i t  consis tent ly ,  but rat 4 was equally - 
consistent In ohooslng the old 1ef.t hab i t+  

The r e s u l t s  of  the emeriulent e r e  inconelusiva. Even if it could be safd 

tha t  the shock did  not; affect the experimental animals, the behavior of  the 

control  rats remains unexplained, 

Experiment I11 

Agafn -i;here was no varia%ioa i n  Braining procedure except %ha% 5 Grials 

were run on the  right habif, In t h i s  experiment the animals were shocked 

one half hour afier t he  let@% righ% trial and Bes-tied one half  hour later, The 

results are presented in Table 3. 

Table 3 

Shocked & hour afeer r f  gh? 
%rainin&;, tested hour  late^, -- 

Rat . 1s 2C 3s a - - - - - 4C 55 6S 

T r i a l  1 L R L R L L 
2 .L R R L L R 
3 L R R L R 
4 L R L 

Table 3 shows that t h e  shock caused a return t o  the  old  l e f t  habit in 

all 4 of the  shocked rats on Che firs% test trial., Although ra%s - 1 and - 5 

were consistent,  %he other  shocked rats, 3 m d  6,  changed' back t o  t h e  recan3 

1 . habit on t h e  second t r f a l ,  Exoept for one reversal on the second t r i a l  by 

1 - rat 4, both control animals conttnusd t o  choose the new habit af te r  the one 

hour rest. 



The r e su l t s  of t h i s  eqertment  show that even if ones half hour of ~ e s t  

is pemi t t ed  before the shock I s  q g f i e c i ,  the now habit 9s disorgarilzed when . 
Gesting occurs one half hour a f te r  the shock, 

The training procedure was again the same with 5 trials being given on 

the  r ight  habit.  The animals were shocked 2 hours a f i e r  the last right trial 

and tested one ha l f  hour later. The reau1-t;~ are presented in Table 4, 

Table 4 

Shocked 2 hours a f te r  -- 
t ra in inq ,  t e s t e d - ~ ~  later* -- 

T r i a l  1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Table 4 shows that 3 of Bhe 4 shocked rats returned t o  the old  habi t  

af ter  t h e  shock, Rat 3S, however, showed no l o s s  of %he new habft, Of the - 
3 Shock Group ra t s  showing l o s s  of the  recent h a b i t ,  number 3 and - 6 were 
consistent, while r a t  - 1 ohanged back t o  the rlght habit on the t h i r d  trial. 

The two con t ro l  animals d i d  not react i n  the  same way. The table shows that 

rat - 2 went lef't on the first t e s t  trial, while rat A went right. Fufihsrmore, 

fo r  the  f i r s 8  time we encounter animals needing more than 4 t e s t  trials t o  

show a d e f i n i t e  habit preference by our standard, 4 consecu%ive L or 2 con- 

secutive R, Before the ri&% habit  was f ina l ly  chosen, r a t  = ran 7 t r ials  

and rot - 4C ran 10 t r ia l s .  The behavior o f  %he contrors  i s  parCiculaxly 



difficult .t;o c ~ ~ l e i n  i . ~  ~ c w  of tlre f a i r l y  csnuiutent b e h a d o r  of %he 

oxPe~bcn%al  r u t s .  

Although the behavior of t h o  control  r&s  reduce^ the concluciveosss of 

tlre experiment, the resul to w i t h  tho shocked rats ind ica tes  that a r s w '  habSt 

may be dioo~grinized whea tha shock i s  administered 2 hours after termination 

I 

of training on the recent habiC. 

Training pws again %he same as in %he previous experiments wiOh 7 trials 

being allowed on the recent habit As in Experinen* IV the ra%s were shocked 

2 hours aMier %he last ria$ trial, but t e a t  $rials were not run un-bif 24 

hours after shocking. The resul ts  w e  presented In Table 5. 

Table 5 

Shocked 2 hours after  s t  --- 
$raining, t ssted 24 hours ia%er. 

- 7  

- - - - , -  
35 4C 5C 6S R a t  1s 2s - 

Table 5 shows that 3 of the 4 shocked raCs returned t o  t he  oPB l e f t  

habft on Che firs* te& trial, All 3 ~f these animals, however, ehanged baak 

to the recent habit on the seeond t r i a l .  The other  member of the  Shock Group, 

ra% 6 ,  was no% affected by Bhe shock. Both of %he control  anime.3.s showed a - 
ria% gsefe~ence on %he f i rs t  trial; in rat 4 this preference was s h b l e ,  buD - 
ra2, 5. showed sons alternation of response. - 

The results of this f ina l  aoquisi-bion experiment ahow that the effects 

of is single electroshock, adwinistsred 2 hours a f t e r  training on the recent 

habit, c m  be demonstra%ed as long as 24 hours after %he shock. 



Although the  data are occasionally inconcluoive, t h e  r e s u l t s  suggest, on 

t h e  whole, tha t  a single cerebral  electroshock can weairen a recent hab i t ,  
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thereby permitt ing an old habit to regain dominance. We would agree w i t h  
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Rodnick ( 35) t h a t  the loss of t h e  recent habi t  may be only 'temporary, and 
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would emphasize t h a t  t h i s  i s  pa r t i cu l a r l y  t r u e  when only one electroshock has 

been given. I n  shock therapy with mental gatients t h e  tendency has been t o  

1 .  

give illmy shocks i n  a course of treatment before the the ray i s t  concludes tha t  

>'. .  . 

t h e  patient has not benefited. Z i sk i ad  f 54 ) has pointei! out t h a t  t smina%ion  

of t h e  treaiment; after only EL few shocks has grobzbly colored. statf stics on 
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remissions unfavorably, It may well be tha t  3n the present maze experiments 
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a series of shocks would have abolished %he recent habit  completely, prodded 

;L 

t h a t  t he  s e r i e s  of shocks began soon a f t e r  t he  training on the recent habit. 

However, we would not support such a gredic t ion without experimentml evidence. 

Furthennore, the  use of a s e r i e s  of dai ly  shocks would introduce canpllcations,  

especially when one i s  dealing d t h  hab i t s  of differect ages. A f r ecen t*  habi t  

i s  obyioualy not very recent  if its acquisition and testing are separetrad by 

a week of shocks. On the other  hand, testing t h e  rat after gach shock would 

reinforce one o r  t h e  o ther  habit. Bence, it eaemed best to linit the 

experiment t o  one shock. 

The fact %ha% many of  the  a n b a l s  i n  our experiments returned t o  t h e  

recent habiC after shobdng an i n i t i e l  reversal t o  the o l d  habit fndicetes t ha t  

t h e  effect of a shock i s  t o  8iz~orgmizo rother then t o  destroy %he recent 

n?eclorg %race.s. This conclusion has a l so  been reached by Zubin (57 ) i n  h i s  

expertinent showing $hat i n  hmm patients electroshock accentuated rather  than 

m i n ~ ~ l z e h  9 interferencel e f f ec t s ,  

b running Oest t r i a l s  one half hour a f t e r  a shodc it, was noted t h a t  t h e  



shocked rets of ten a ~ ~ p e w c d  cqui'ucs?.. At tines a shocked a i m e l  b u o u l S !  no*, 

leave the  s t a r t i n g  box. IIo~~rever, if t h e  ezlimd. V?BS pushed out onto t ho  mnze, 

he ~ o a l d  then run to cas cf the g o d  boxes vzLthout f'uzther u ~ g i n g ,  In trictls 

precec#ng t h e  sb.o& the e n t i r e  run I 'om s tar t iog  box t o  god. box occxpied only 

?!F-- a few seconds, a d  ,&nos$ n e p r  dfd  Z a s i t r t f o n  a t  the choice point  occur. But 

rcts tested ooe half  bour ~ l f t e r  a shock proceeCIed very alou~lg along the  m x e  

and of ten  paused several  minute3 et the  e h ~ i c e  p o k t  bofore turning l e f t  o r  

right. Althou&i no qumtftzt ive r e c o d  wcs kept, cocsiderable VTE: behatior 
v: 

at -the choice point  was observed in animals run Doe h d f  hour after E shock, 

Eueh Less WE v,ms exhibited in =imt33e n m  24 hours after the shock, and never 

m s  cay hes i ta t ion  o r  d o m e a s  fn  r u u n b ~  observedr If generalizations can 5e 

made to shock therapy in hltnian patients, vre woula emphasize %ha% a course of 

psychothe~apy shouli! m concurrea.tlg with a course of shcck them.py. TJe haye 

previously cited Bodnick (35 f t o  t h e  effect that recul t s  with shock t h a r 8 . p ~  

appear t o  be  b e t t e r  whm tk-e shock treatments are supplemented with psycho- 

therapy. If we accept t he  evidence, presented In these  and i n  previous 

experiments, t h a t  shock veekens bat does not destroy recent hab i t s  whf ch con- 

f l i c t  w i t h  o lder  heb i t s ,  then any nethod (psychotherapy, re t ra ining,  guiOance, 

etc.) which a i d s  Is the return t o  dominance of the  o l d e r  habi t  should be  

d c a b l e .  In our minal expe rben t s  no inducemoat t o  choose one o r  the oLher 

habit m s  ern?loged, Such inducement could not heve been introduced without 

b ias ing  +he b u ~ i c  method of the experiments. Therefore, Im both hunm and 

animal sttbjec-bs that hme been subjected t o  shock the  situation appears t o  be 

about as follows. A t  t h e  tinre t h e  ehock o r  series of  shock^ 1s b t ~ o d u c o d  t he  

recent habi* 1s more rewarding. Only in %lais can we explain the perais- 

tence of t h e  psychotic symptonis o r  the preference f o r  the r igh t  habit. When 

now the rat o r  patient i s  shocked the recent habit is  disorganized but by no 



means desDmy~d, The subject Is n9m &loved a cko i ce  of habft, meither O k m u g h  

confusion, amnesia, o r  punLsl?menC there i s  no s t r o n ~  preference far I h e  recent 

habit, At the ame t h e ,  hosever, oothfng has been done, at least G i ~ e c $ l y ,  

t o  induce the o rgan im t o  choose the old  habit. .hy choice  of' t he  o l d  habit 

res%s entirely on t he  s t ~ t e  of  disorganizat ion prodv.cod in t h e  new k z b i t  by t h e  

shock. If %he o r g ~ n i m  i s  ellomed t o  choose freely which habi t  it prefers,  it 

may frequently prefer t h e  o l d e r  habit wfth no added i x ~ d u e a ~ e n t ,  Eowever, as 

hes been reporbed wfth mental pa t i en t s  and as  was o b s e m d  with our rats, 

choice of t h e  o ld  habfC i s  frequently only texporar j ,  and t he  o rgan im soon 

re tu rns  t o  the more recently learned resgonae. But If daring the period of  

recovery from the  shock some encsura~emen~ i s  gi~esn. t o  r e l inqu i sh  *Bho recent 

hab i t  in favor of the o ld ,  ahoiae  o f  the o l d  response may become much more 

s t a b l e  than i f  t he  organism i s  allowed t o  choose f~eely, 

We emphasized %hat a t  no % b e  i n  the ernerlrr,er,ts here reported was t h e  old 

habit en t i r e ly  unrewetsdsd. Bt , inct lon oP the o ld  response, a t  leas% fn the 

c l a s s i ca l  sense of Pavlov, did not occnr, Rather the new habit  was so much 

more rewarding t ha t  t he  god. of the o ld  response m s  overshadowed. Tf we accept: 

$he v i e w  that; psychotic behavSor i s  a response t o  frsstration of normal modes 

of behavior, then the present  maze procedure probably pmSlle lc  +he s i t ua t i on  

with Bums. It seems likely that  when a hman relinquishes n o m d  behavior 

patterns he does BO not  because these patterns a r e  extinguished by la& of  

reinforcement, but beczause abnormal patterns etre =ore highly rsnrsrding r e l a t i v e  

t o  the reward value of normal behavior, We would not want t o  pess  this Bf s- 

Binc$ion too  f a r ,  but it mey be noted that some organims will eon+Ssue %o work 

f o r  poor rewards, while none will pe r s i s t  i sdef ini%aly i n  the face of complete 

lack of reward. ft sometimes happened i n  our experimsn%s that a raC muld not 

l e m  t h e  r igh t  habit i n  s p i t e  of  our bes t  e f f o r t s ,  This may be nnal.ogous t o  
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tllose situatioas wllcre soma Iruntulc ?$ill conti~ue to react ~Ltli  nonlai  thoagk 

pooriy rc.;.raydscl res2;onse s , 1.vLilo others sub j ecl; od t o  tha sums condit;ions w i l l  

3 chose abrrorr.ia1 bollavior gut terns which $3 C h m  a-e riore reivtirding. T h ~ 3  

point  f s f l lus t r a t ed  vary c lou~I-~r  in Gri&or ~ l l d  Spis&elt u c l i s c ~ n s i o ~  of wEr 

neuroses (u' 1. 1% should 5 s  erq~fiasizeii, however, tkat we do no-i; cor;s28e?r the 

ri~h.1; hnbl2; on the T maze my nore ' ncm~ai '  or ttibnoraalc %ha tho left, 

The effec ts  of' a s ingle  eiectrashock m a  probably very s l ig2t ,  exce2t f a r  

t h e  fnlmsdiate effects of uaoanscioumess and confcsion. In a way it is mr- 

prising tha t  we wal-e able to damons-i;rate any behavior c1:angea resultin& frola 

a sin.gle sl~ock, especially ir those e:qerhcnts where 24 hours were 'allowed f o r  

recovery, As f 2 ~  8s the author h o ~ s ,  no case hac been r epor t ed  %here a s i n g l e  

shock treatment pmeuced recovery from a ps~rchozie, f i r t hemore ,  t h e  h&it s 

used fn our experiments were r e l~ . t fve lg  s i q l e  for Che rat. In ~eviewing  the 

work dons on stnihals b7fth shook we p 0 i ~ t e . d  out t ha t  t he  majorfty of writel.& 

who used simle h ~ b i t s  found no effects fron shock, whereee i~ tllr;ost sli the 

experixents in  which a nore d i f f i c u l t  l za t l t  m s  used, some lops of the habit 

resulted from the shock, What mccess wo did  achieve is probebig t o  be ex- 

platzed ic, t a m s  of a de l i c a t e  balance betrreen the tm habits .  The shock could 

di~tuxb this balance by a sl ight  disruptive effect on the newer: habit. It nay 

be v m l l  $0 point out here that it was d i f f i c u l t  to e ~ u u t s  the  two habits h 

streogth. The f ac t  t h a t  i n  soae minds a s;lngie shock d i B  not ceuse return 

to the old habit probebly Indicates that the new hhbit was strong enc;u&h t o  

r o t i  st d i  sorgeniza%ion. 

3 Our i n t e q r o t a t i c n  of a b a o n n d i t y  as a tprogressionT from n o m a l  to 
m&l.adjustedi pa.tterns of bekcdor  would seem to conflict d t h  the Fmudiar; 
theory of &enDal disorder as a ~re~reesicnt to sa r l i e r  modes of ~idjustmeot ,  
However, the regression theory i s  confused, and 2s not subscribed t o  by 
all psychopathologist s. 
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Any conclusions dram from these f ive acquisition experiments are to be 

considered as tentative only. To obtain results  that are reliable in a statis- 

t i ca l  sense large numbers of a n h a l s  muld be required. The time 1nvol.ved j,n 

training an adequate sanple of animals would be prohibitive. Eowever, a 

summary of the resu1-k~ suggests the following conclusi ona. 

A single cerebral electroshock cap often weaken a recent habit which con- 

f l i c t s  with an older habit, eo that the o l d  habit again becomes dominant, This 

effect i s  d i f f i c u l t  to demonstrate I f  t h e  shock occurs more than a f e w  hours 

aleeer training on the recent habit. The effect i s  usually only tmporarg, the 

recent bebit again becoming dominant. It i s  possible %hat a shocked anha1  

would return to the old habit more frequently and mom persistentily if added 

inducement were given over and above the disorganizing effect of the shock. 

We can pe~haps generalize from this aonclusion and suggest the value of a 

course of 2sychotherapy along with shook therapy in  human patients. In con- 

t iming t o  reward the old habit while attempting training on the new habit we 

have probably paralleled the situation with humans where the normal response 

patterns ase continually, though poorly, rewarded, wh21e at the same t i m e  

abnomd patterns are highly rewarded. Finsilly, the permanent effects of a 

single electroahock are probably s l ight ,  partioulaxly on rather eimple hablte. 



E, , Main oxt inclion experf-men% s 

The series of main acquisit ion experiments demonstmted tha* a s i n g e  

aerebral electroshock could weaken a newly acquired habit t o  the extent ~ h k t  
I 

an older conflicting habit of%en regained dominance. In view of these r e s u l t s  

on acquisition we may aak i f  electroshock has the  same disruptive effect on 
1 .  

extinction, Gellhorn has attempted t o  answer t h i s  queseion i n  a serfes of 

 experiment;^ u t i l i z i n g  the avoidance conditioning sltaa.t;ion ( V t  8, 9, 15). 

Although we have already reviewed Gellhomts work brief ly,  we shall consider 

his experiments in more d e t a i l  l a t e r ,  since his results do not completely agree 

with ihoLe t o  be reported here. 

' The purpose of the extinction e,~eriments was t o  determine i f  electro- 

shock would weaken the internal inhibi t ion of the r ight  habit, when this habit 

had been extinguished by omitting reinforcement. It may be,well  t o  point out 

again tha t  t h i s  i s  the flrst time we induce habit reversal. by the  c l sss icd .  

technique of e-xtfnc-bian. In the  acquisit ion experiments the  animals were 

lured t o  the new 1iabi.t while the o ld  habit  remained rewarded. In preliminary 

training for t he  extinckion experbents  t h i s  is ?gain the ease, but when we 

wish Co induce a aecond habit reversal, from the new habit back Co the o l d ,  

t h i s  i s  ~ccomplished by discontinuing reinforcement of Che new habit. We 

'tiherefore produce internal inhibitian of the  new habit by the  c lass ica l  lael~hod 

and study the effect o f  electroshock on t h i s  Inhibition. 

The training p r o c e d u ~ e  i n  $he series of ef i inct ion gt;Udie~ was simllar 

t o  tha t  used i n  the  acquisit ion experiments. Animals were tirained to the left 

on the T maze f o r  several days, receiving .1 gram of food f a r  each trial, The 

animals were %hen trained on the right habit  for 2 grams reward, using the 

luring procedure descrfbed above. After the r ight  habftr was w e l l  established, 

the food reward was removed from t he  right goal box-. Extinction trials were 



run u n t i l  all mimals had re-turned t o  the  old left habit. ThroughouC the 

en t i r e  experiment tihe l e f t  habit  was always reinforced with the ma31 reward. 

After the  r ight  habit had been hihibited, sone of the  r a t s  mxe given one 

cerebral electroshock. All m h a l s  were t e s t e d  on the maze one half. hour 

a r t e r  t he  shock. Since de ta i l s  of %he procedure w r i e d  fron one experiment 

t o  another, the exact method w i l l  be reported f o r  each experiment separately. 

Six r a t s  were trained t o  the  l e f t  fo r  20 days, running 3 t r i a l s  per  day. 

The reward m e  .1 gram of wet mash for eetch t r i a l .  On ishe 2 l s t  day the raLs 

were lured t o  the r ight  by placing mall par t ic les  o f  food along the r ight  

am. The reward on the r ight  mas 2 grams of mash. On t h i s  first retraining 

day the animals were run II lured and 1 udlured trials. I n  order t o  strengthen 

the  new r ight  habit ,  3 more days o f  t ra in ing  were given. On erach of these 

days 3 trials were run to  the r ight ,  Thus, the  anfinals had received 60 t r i a l s  

in 20 days t o  the l e f t  and 13 t r i a l s  i n  4 days t o  the right, AlJ. anfolals Porere 

then given a 10 day rest .  They were tes ted on the maze after the  10 day r e s t ,  

at which time it was found t h a t  the r ight  habit was st i l l  dominant i n  all 6 

rats. On the following night the  right habit  was e x t i n ~ i s h e d ,  Toad was 

removed from the r ight  goal box and the animals were nm 20 extinetion trials 

each. For a l l  r a t s  the last 6 of the 20 extinction trials were consecutively 

to  the'  l e f t ,  Thus, it apgeared tha t  the righ* habit  was completely, extinguidxd, 

a% l e a s t  f o r  the moment, Immediately following the 20th extinction trial r a t s  
\ 

2, 2, and 6 were given en electroshock, Aghin the  shock consisted of  85 volts - - 
A, C. passed throu* the head f o r  .2 second. Rats 1, 3, and 2 aerved as 

controls. All animals were tested on the maze one half hour af.ber the shook. 

During the  test trials, bath 'habits were reswarded with their usual amounts of 



66 3- 

food, 

The rerm2.t~ are presented in Table 6 b e b w .  I n  t he  table ,  gl Indicates 

Shook Grotlp, a - C indicates Control Group, 

Table 6 

Shocked inunsdiat elg after 20th extinc0ion - 
trial on t h e  r i g l ~ t ,  tested-our later. --- -- 
Rat 1 C  - 2s - 3C - 4s - 5C - 6 S - 

T r i a l  3 L L L L L L 
2 L L L L L L 
3 L L L L L L 
4 L L L L L. L 

Table 6 shorn t h a t  %he one half  hour rest d3d no3 cause spontaneours 

reoovary from the  extinction in Tihe control  rats.  Furthermore, the single Y / i  E / i i  
shock d i d  not weaken the i nh ib i t i on  of t h e  r i gh t  habi t  in trhe sho&ed rats. 1 

I I , ,  

M1 6 rats eontinued t o  go t o  the l e f t ,  

On the  fo l lowkg night the rats were again %ested on the maze t o  deter- 

mine if t he  r i gh t  habit was s t i l l  extbguished. The t e s t  showed *hat t h e  

right habit was st i l l  inhibi ted;  all animale ran t o  the  left. All 6 ecnlmals 

were then given one shock and t a s t ed  one hal f  hour later. Again a l l  ra%s 

continued t o  run lef% a f t e r  t h e  shock, I l/ i  
The r e s u l t s  of this experiment s h o w  that a aingLa electroshock oould no% 1 

weaken the  in te rna l  inhibi t ion produced by exbinction of t h e  right habit. 1 
However, the results a l so  show that the right habit was ra*her Ohoroughly 1 1 1  

'I 
I I 

extinguished, since no spontaneous recovery occurred i n  the  control  rats.  1 1 
I 

Perhaps %he shock could show an effect i f  the extinction w e r e  not so complete. 1 i 

Evidence on $ h i s  point i s  presented in Che &xperiments below, 
- I 

Experiment I1 

The training procedure on both the  l e f t  and r igh t  habits m e  the same 



In t h i s  experbent as in ~ e x i m e n t  5. Again a Lest  aftier the 10 day rest 

showed the right habit s t i l l  doninant. On the fo l lodng  night tihe right habit 

lreas extinguished. In t X s  eqerirnent only 16 ext indion trials were run, the 

last 2 of which were consecutively t o  the lef% for a1 rats. Inrmsdiately after  

the 16th extinction trial rats 1, 2, and 4 were give2 one shock. Ra%s 3, 5 ,  - - - - - 
and - 6 were controls. All animals were t es ted  one half hour lastier. The 

results are-presented i n  Table 7, 

Table 7 

Shocked ~ m e ~ a t e l y  - after 16th  extinct1 on 
t r i a l  on the r i gh t ,  t e s t e d T o u r  later. 
--.I- - -- 
Rat - IS - 25 - 45 3C - - 6C - 

Trial 1 L L L R L L 
a L L L L L L 
3 L L L L L L 
4 L L L L L L 

Table 7 shows %ha% the shock had no effect i n  weakenhg the inhibition 

of  the right habit except in  rat _4 on the first trial. The table also shows 

that the one half hour rest did not produes spontaneous recovery in %he control 

rats. 

On the following night the rate were tested to determine if  the e f feds  

of extinction on %he right habit had worn o f f ,  Again al l .  an3.ndl.s continued 

t o  run t o  the l e f t ,  It bhus appeamd that the righ% habit had been cozapletely 

inhibited and it was not considered worthwhl.le t o  test  the effect of another 

shock, 

The resultis of  the experiment show that, even pdth only 16 sx t ln~t fon  

trials on the right habit, neither shack nor spontaneous ,reooverg weakens the 
&I . I  

Inhibition. 



Experiment I11 

The procedure in t h i s  experiment varied slightly from tha t  of the, pre- 

vious experiments, Only 15 days of l e f t  t ra in ing  were given, followed by 3 

days of r ight  training, On the last (3rd) day of right t ra in ing  the animals 

were given 5 rewarded right trials, Food was then reaoved f r o m  the  r ight  goal 

box and exkinction on the r ight  begun, The method of' giving an equal. number 

of extinction trials to each rat, as i n  the previous 2 experiments, was 

abandoned* 3$. t h i s  expertinent each animal was run u%il he had made 3 con- 

secutive left choices, a t  which time the r ight  hebft m a  considered t o  be 

inhibited. Xmmediataly after the 3rd l e f t  t r i a l  f o r  each r a t  he was e i ther  

given a shock o r  put back in the living cage.. A l l  animels were tested on the 

maze one half  hour a f t e r  the shock o r  the ias% extinction trial, 

Sfnce i n  t h i s  experiment we are using 3 consecutive trials t o  the l e f t  

as a cr i ter ion of extinction of the right habit ,  t he  number of extinction 

trials i s  not the  same f o r  all rats.. The number of exbinction % r i a l s  fo r  each 

r a t ,  including the  last 3 cri ter ion trials, i s  presented with the t e s t  t r i a l s  

in Table 8,. 

The Shook Group consisted of r a t s  h, - 3, - 5, and - 6, The Control Gmup 

was rats 2 and 4, - - 
Table 8 

Shocked tmmediately after 3 conseeutri~e 
left trials, tes ted  & hour-later. - 
R a t  - 1s 2C - 3s - 

No. of trials 
t o  extinction 7 13 10 

Test t r i a l  1 L B L 
2 L R L 
3 L L 
4 L L . 



Table 8 shows tha t  in 3 of the 4 shocked r a t s  t he  shock did not  remove 

%he extinction o f  t h e  right habit ,  Orily rat 5S returned t o  the right a f t e r  - 
the  shock. Surprisingly enough, however, both control  animals showed sponta- 

neous recovery from the  ext;inction after the  half  hour re&; when tes ted  they 

ran t o  t he  right;. 

X t  may also be seen from the  t ab l e  that; the  3 animals tha t  ,showed no l o s s  

of the  extinction,  rats 1s 5S, and 623, ran fewer extinction t r i a l s  than %he 
-9 - - 

3 animals t ha t  returned to  the  right.  The interpreta t ion of t h i s  fa.ct is  not 

par t icu la r ly  clear;  perhaps those animals needing more exkinetion Or ia l s  had 

a stronger r igh t  preference. I n  m y  case, as will be seen below, repe t i t ion  

of t h e  experiment gives exactly the same results on the  t e s t  t r i a l s ,  even 

though the  number of exbinction trials differa ,  

On the following nigh* t h e  a n i m a l s  were re t ra ined on the  r ight .  If 

neceasan ,  t he  animals were lured; dill were run unOil each had completed 6 

r igh t  trials, at which t i m e  the  r igh t  habit was again dominant, fmmediately 

a f t e r  the  l a s t  r i gh t  trial aL1 rats were again extinguished on the  right.  

&ain the  c r i te r ion  of extinction was 3 consecutive lsf't t r i a l s .  

Immediately a f t e r  the last  exbinction trial f o r  each r a t  Be was e i the r  

shocked o r  put back in t h e  living cage, The Shock Grouy and the Control 

Group were the  same as t h e  previous night, Al l  animals were t es ted  one half 

hour a f t e r  the shock o r  the  las% extinction trial. The results on the t e s t  

trials, a s  well as the number of trials t o  extinction,  a r e  presented in 

Table 9. 
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Table 9 

Retrained on rigpt ,, extinguished $0 
r3 consecutGe left; i r i ~ ~ s ,  s h o c k e r  - - ,  

hmediatelx, t es ted  & hour l a t e r .  -- 
Rat 1s 442 55 - ZC - 3s - - 6s - 

No. of trials 
t o  exkinetion 19 14  16 11' 14 8 

Test t r i a l  1 E R L R R L 
2 L R L R R L 

3 1; L L 
4 L L L 

It i s  s t r ik ing  t o  not ice tha t  the result8 of  Table 9 a re  ident ical  with 

those of Table 8, Although a Mean of 13.7 extiaction C r i e s  was nece8sm-y as 

compared t o  a Mean of  10.1 on the previous night,  the behavior of each r a t  

was the same when tes ted  one half h o u ~  a f t e r  the shack o r  the last exbination 

t r i a l .  The same 3 animals, mats 1, 3, end 6 ,  showed no effect of  the shock, - - - 
while rat - 5 returned t o  Che r ight ,  Again the one ha l f  hour r ee t  produced 

spontaneous recovery in the control rats, sijnue both returned t o  the r ight ,  

The, resules of thls last extinction experiment would aeem t o  indtcate 

that when the extinction of the  new r i @ t  habit i s  not too thorough the  in- 

hibi t ion may be weakened by sgontaneous recovery, thus allowiag the new habft 

t o  regain dominance, On the other hand, the  ,shock seems Oo accenDuate ra ther  

than diminish internal inhibition, since 3 out of 4 of  t h e  shocked animals 

coni~inusd t o  go l e f t  while the control animals were showing lspontaneous 

recovery, An a l te rna te  explanation might be tha t  the shock interfere8 with 

epontmeous recovery. We see no clear  way of d i f fe rent ia t ing  between these 

two alternatives.  

Discussion 

Taken as a whole the  r e su l t s  of this se r i e s  of experiments on the effect 
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of electroshock on acquis i t ion and ext inct ion do not corrobora-t;e "che conclu- 

sions of Gellhorn ( 7, 8, 9,  1 ) In one paper ( a ) this author takes 

i ssue  with t h e  r e s u l t 8  of Rosen and Ga~~tt. The La t t e r  workers had found that  

ten metrazol convulsions l e d  t o  an impairment of differentiating a b i l i t y  in 

dogs, as shorn by the conditioned response technique ( 37 ) , Gellhorn contra- 

dices  Rosen and Gantt on the basia  of his o m  experiments, I n  one of 

Gellhornts s3udies ( R 1 two o r  th ree  conditioned responses were successively 

established.  Using t h e  avoidanae s i t ua t i on  with r a t s ,  tihe animals were first 

conditioned t o  one conditioned stimulus. This response was then inh ib i ted  by 

omitting reinforcement, f o i l owkg  which the animals were t r a ined  t o  a d i f fe ren t  

conditioned ~Cimulus. Thus two o r  tL-se responses were successively conditioned 

i n  $he same animal, one o r  two being inhibiBed while t h e  o ther  was maintained 

at one hundred percen8.. When t h i s  had been accomplished, elec.tmshocks o r  

inrml%n comas were achfnis tersd  t o  the animals. It was found t h a t  t h e  poai t ive  

CR remained unaffectred, whereas Bhe inhibi ted  responses returned to a high 

pos i t ive  l eve l ,  On %he b a s i s  of %hem r e s u l t a  Gellhorn argues t ha t  a diminished 

abi l i ty  t o  diaariminate, as Rosen and Gantt observed, m u l d  lead one t o  expect 

not only an increaae i n  t h e  response of previously inhibi ted reaa t ians  but also 

a diminution in  t h e  response of  pos i t ive ly  es tabl ished reactions4 The fact 

that; such a diminution was never men by Wllhorn l e ads  hin t o  conclude that 

shock prooedures diminish inh ib i to ry  processes and enhance exciCatory procesaes. 

Although i n  our el~periments we used a d i f f e r en t  type of learning s i tuat ion,  

it should be pointed out %ha% our  r e s u l t s  contradiat  Gellhornt s conclusions, 

I n  t he  acquisi%ion experiments we found t ha t  an electroshock weakened the 

exoi ta tory  processes associated with t h e  new right habi t ,  thereby allowing 

t h e  old  hab i t  t o  regain dominance. Furthermore, it would not be 8 t r i a t l y  
. - . . . . . . . 

4. 
The present author does not necessarily agree with Gellhornrs deductions. 



aocura-be t o  say that the shock had merely remored the  inh ib i t  ion associated 

with the old habit, since Inhibition In the  senm that Gellhorn has used it 

was no t  present. Insteed, the o ld  habit had been actively bloaksd by a news? 

and stronger oae* 

Our results with the ext kc-!;ion experiments also fa i ls  t o  corroborate 

Gellhox~, Xn the extinction etudies the classical t n e  of internal inhibiZIfon 

was producred by omitting reinforoement of the righ-tr habit ,  In t h i s  situa%fon 

CBllhorn might pred%at tihat shock would remove tha inhib%bory effeats, bhus 

allowing the r ight  habit 80 become dominant. once more. This prediction 'was 

not borne ~Utr It might be argued that  in Experiments I and 11 of the ex- 

t inc t ion  ser ies  %he internal Znhibitiori was too strong Co be affected by a , 

single electroshodk, i n  view of the fact tha t  neither one half hour or  24 

hours rest produced any spontaneous recovery i n  Dhe aontrol animals. But Chis 

5s not true of Exgerimn* III. Here the mean number of  extinction $rials ma 

less than in the two.previous exgmriments, Furthermore, the oontrol animals 

showad spontaneous recoverj of the rf&t habit after the one half hour rest. 

But In 3 out of 4 of the shocked rats tha shock seemed t o  accentuate rather 

than t o  weaken the inhibit ion,  s2nce %hey continued t o  show e x t h o t i o n  of the 

right habit when tes ted  a f t e r  shock. 

Although we must emphasize again the E i f f  erences in method beP;raeen 

GeUhornfe experfments and ours, it appears tha t  ;KE, cannot aocept his oonclu- 

sions without some qualification. Xf suggestions concerning the theory of 

shock therapy a m  Do be drawn f r o m  animal experimentation, we must make such 

mggeetions only on t h e  basis of consietent results. This is particularly 

impor-tiant i n  view of  the fact that GelUom has evolved a rether elaborate 

theory of the  mechanism of shock therapy which draws much sf i t s  mpport f r o m  

his work on the effect of shock on conditioned respOIlSe8r Burthemore, the 



Y'' 
$ t: 
;$ 
n?:~ . , 
C J t  - 
,' . 
: .. 

C.  : 
. ,.. ..- 
i. . .  + .  . i 

'C 

t- - 
C .  

. .  . 

..., 

.. . 
I.,, ' . 
. . .  

., . , 
, .  - . . . .  , 

. .  , 

. m 

. . 

. , . .  . .. 

. . 

, , 

. . 
. , 

.. . 
. _ I  

, , 

dmgere of generalizing from results on wnomafn r a t  6 t o  wnbnomaln hw~m 

beings Ere great, 

Wle may conclude from our T maze experiments that electroshock apparently 

wedcens exci8atory processes. With less assurance the  suggestion i s  c~ade t h a t  

shock semis to have l i t t l e  effecG on iahibiOory processes, except perhaps Bo 

accentuate them aJigh0ly. 1% Za to be noted that 8hese conolasions e r e  no t  

in agraemmt with those  of  soae other investigators. This disagreemen? may 

be due t o  t h e  smell nmbsrs of animals used nnd the mothodologioal d i f i i c u l % t e s  

involved i n  our experzments. 
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The r e su l t s  of the maze a-budies indicated that a s b @ e  electroshock 

could disrupt a recently acqufred habit.  During the preliminary work f o r  

those e x p r h e n t s  it was observed tha t  t30 time between the ternination of 

trainlng on a hab i t  and the application of the electroshock was imporOant i n  

d e t e m b i n g  ths effect of the  s h o d ,  Thus, i n  the maze acquisition experf- 

ments, ff the shock was administered more than 9 o r  4 hours a f t e r  training on 

the  recent right habit ,  la-ter t e s t  trials showed no effect  of the shock. BTo 

very careful deternlnat ions  were nacle of the effect  of varying +he time of 

interpolation of the shock i n  the maze work. Xt i s  the purpose of the present 

experiment to  bves t iga te  t h i s  variable more thoroughly. 

The study t o  be reported measures the resu l t  of varying the time between 

the  comple%ion of each t r i a l  i n  an avoidance s i tuat ion and the administration 

of t he  electroshock. Th i s  method should enable us t o  deternice the retmae- 

t l v e  effect of electroshock on leernlng. Pet lents  undel'goine; electroshock 

treatment frequently report a retrograde amnesia as a resul t  of t h e  shock, 

By varying t h e  time between completion of a response and application of the 

shock we had hoped t o  measure the backward temporal spread of retrograde 

amnesia. The r e su l t s  of the  experiment ~ e p o r t e d  below show a defini te  retm- 

ac t ive  effect  of t he  electroshock, In t h e  discussion we sha l l  consider the  

question as to  whether our results are  releted t o  retrograde amneeia i n  the  

c l i n i c a l  sense. 

Since we m t e d  t o  sary the time interval  s tudied  over a range of a few 

seaonds t o  several hours, it was necessary t o  employ rs, si tuat ion i n  which the 

behavior of the animals was f a i r l y  well controlled by the  experimenter. With 
:. 1 
, .I.' , '2 ,: 



the maze t h e  behavior i n  my one trial may show considerable vclrlabilitg both 

in t h e  eonomned and i n  resyonses made. Therefore, f o r  the presenC aqeriment 

%he method of conditioned avoidance *as enployed. In t h e  t ~ 2 i c a l  avoidance 

apparatus the animal escapes Fron an electrically charged g r i d  i n to  a s e e  

compartment. M t e r  a few t r ias t h e  a n i m s l  responds before the  grid f s 

chzrged; l , e , ,  he avoids the charge. For our purposes the avoidance method 

has the aiivmtages that the behavior is  r e l a t f ~ e l y  sfmyle and that t h e  ahd. 

i s  forced t o  respond quickly t o  escape o r  avoid t h e  grid, Thus, we are able 

t o  seamre ioZth fair accuracy the  %2me elapsing between the Lerrnination o f  a 

single trial and t h e  application of i2n electroshock, and can vary t h i s  in te rva l  

over a wide range, 



The apparatus consisted of a box, Idn long, LOw wide, and 9n high. The 

box was d i v i d e d  i n to  two compartments by a pa r t i t i on  extending f ron  s ide  t o  

s i d e  and reacbing f r o m  t he  f l o o r  t o  the Cop. One s i d e  of t h e  apparatbs con- 

sisted of a plasvt;ic window through which the a n i m a l s  could be observed. The 

f l o o r  of the  g r i d  conpartment was a s e r i e s  of quarter-inch steel rods, spaced 

half an inch apart. The f l o o r  of the safe compaIrt:ment m e  wire mesh. A small 

opening i n  the p a r t i t i o n  al lomd the  animals t o  zun from the grid co~partment 

$0 Eha safe compax%ment. 

'Phe s ides  and t o p  of %he grid comgartment and the f l o o r  below t h e  g r i d  

were painted f lat  black. All  surfaces  of .bhe safe compartment were whiim. 

A 100-watt bulb enclosed i n  a 1igh-b-pmof housing &one direct ly  through the  

plas t i c  window i n to  the s&e ~ornpartmen%~, 'Phus, wlth law room illumina.tion, 

the grid eomg&ment was quite dark while -the safe eomparhnenC m s  well l ighted.  

Since %he gr id  peas not charged un'cil 10 seconds aBer an an2mal had been 

placed in tlie grid compartment, lighting t h e  safe compar%ment prevented the 

a n i m a l s  (albino r a t s )  f r o m  wandering i n t o  the safe  side, particularly in  the 

early t r i a l s .  I 

The g r i d  was charged from the output of a 220 vo l t  stegup transformer 

and a variable potentiometer, A 350,000 ohm resistance i n  the output of t h e  

potentiometer reduoed t o  a rnlni~mun e f f e c t s  of changes i n  tho  rat's resiertance. 

The a-aratus i s  shorn, somewhat schematically, in Figure 3. 

The aaimals used were albino raBs between 60 and 100 days of age at t h e  

beginning of t h e  experiment. As noted above, i f  rats much over 100 days of 

age are employed, t he  s tmde rd  electroshock i s  not always successful I n  pro- 

ducing a convulsion. 

The electroshock apparatus has already been described and i s  shown in 



F i ~ u r e  3 

The avoidance apparatus 



F i s r e  2. Througkaut the emiBenee eqerfnent the electroshock cont i i~tad of 

85 volts AoC, passed through the head for .2 second. 

The procedure in the avoidance apparctus was the same f o r  a11 Experfmental 

Groups a ~ d  the Control Group. Or: the first dey of training an enimal was 

placed on t h e  g r i d  and the cover of the avoidmce box was put in place. The 

a i m d  m s  ellowed t o  e q l o r e  the appnr~tus for at least 2 minutes and unti l  

be hod made one or more t r i p s  i n to  the safe compartment. kt some convenient 

t h e  when t h e  anlmel was stending or the grid, the charge was applied. By 

mens of the t r a s f o m e r  the  voltage or? tho &rid m s  varied in attmpt t o  

get a stilculus stsong enough t o  drive the animal into the safe compartment but 

not strong enou& to evoke v io l ent  jumping. The time from the agplicatlon o f  

the grid charge until the mimz;l*s body had passed throu& the door of the 

par t i t ion  into t h e  safe comprrt~ent was reeoreed as a latency. 

On the following day the a n i m a l  was again placed on the grid and at the 

same t%me a watch was stzrted. %hen the watch had reached 10 seconds the g r i d  

was charged and the watch WELS stopped when the slzlfmf3J. had zvln into the safe 

comyartment, Thus, %he animal had 10 seconds in which to run an8 avoid the 

shock, Cerebral electxoahock may produce a depression of general acti vf ty 

level  and a lowered running sped i n  some anbels. By using a CS-US interval 

of 20 seconds these sffocts  were mlnimize8, as the results w i l l  show. No mat- 

ter whether the  animal avoided or eseaged the grid; Lei, whether the animal 

ran mtioipatarily or waited until the 10 seconds were up, the  g r i d  was 

charged at atU t h e 6  when the e n i m a l  was in the safe comparhestr , thus prevent- 

ing %he rat f r o m  returning t o  the grid,  This procedure, a 2 l o ~ g  the rat 10 

seconds in which t o  run before the a d  was charged, remained constant 

throughout *he resl of the experiment, The mnimalc were given one tr ia l  per 

day a d  the experiment continued for  18 days.. 



There were 0 Exgeriicental Group. A t  a cer ta in  tima af$er the elnimal ' .  
had run i n t o  the safe COP-psrtman9, t h e  tifie d i f fe r ink  for eaoh group, a 

cerebral  electroshock was administered, The electroshock was administered a t  

t h e  sane t i ~ e  after each of the  first 17 t r f a l s ;  t he  e-eribzent was then t e r -  

minated ~ f t e r  the  18th  trial. The Experimental Groups were as follows: For 

Group I t he  electms3ock follovlred each t r i a l  imedisal;ely (wi th in  20 seconds); 

f o r  Group II the electroehock followed each trial by 40 seconds; f o r  Group 111, 

60 seconds; for Croup IV, 4 rcinutes; f ~ r  ,Group V, 55 nlnutes;  f o r  Group Tiii, 

1 Dour; f o r  Group 9II, 4 hours; asla f o r  Crouy TIIII, 1 4  hoi l~e . '  A Control Group 

WRS run %n the  s m e  way as the  ExperinenCal Groups., .but received no cersbral- 

shock. Bereaf ter ,  each ex;lerI,a,ental group w i l l  be re fe r red  t o  by the  t i n e  

which elapsed between the dal ly  t r i a l  and t h e  a ~ p l i c a t i o n  of $he electroshock 

i n  that group. 

The measure of learning was t he  number of ant ic ipatory runs; L e . ,  t h e  

runs Ln which the animal avoided the g r i d  shock by running before the 10 second 

CS-US b t e r v a l  was up, Our hypothesis ma t ha t  i f  the cerebrel  electroshock 

had a retrograde amnesic e f f ec t  t h i s  would be shown by a f a i l u r e  of c e r t a in  

of the  Pqer.imenta1 Groups $0 an t ic ipa te  the gr id  charge, since they m u l d  

not "remember" from one trial t o  the next that the gr id  m a  punishing. T h s ,  

by varying the %ime between the conpletioc of each trial and t h e  in terpola t ion 

of the electroshock In  dkfferent  groups, we should obtain a meamre of t he  

duration of Che re t roac t ive  ef fee+,. Pre~umably, wiOh a long enough i n t e r v a l  

hetween completion of t he  dai ly  trial and application of the electroshock, the 

3-stroactive e f f ec t  of shock: m u l d  not 'extend back t o  t h e  time of dsy when t he  

t r i a l  was run, and the animals In that group would Learn t o  an t ic ipa te  as w e l l  

as t h e  controls. We should not expect a deffni te  bredc between gmups learning 

t o  an t ic ipa te  aad those shovdng no evidence of learning. More probably a 

gradient of an t ic ipa t ion  w i l l  occur. 



C* Results 

Using the number of anticipatory runs as the measure of l e a n i n g ,  I. e., 

the number of runs i n  which the  animal. ran with a latency of l e s s  than 10 

seconds and thus avoided the grid ahock, the data in Table 10 were obtained, 

In the t a b l e  the 8 p u p s  that received cerebral electroshock are desigsated 

by the time wuch elapeed between each trid rsnd the application of the  shock, 

The group called "Immediate Groupw Indicates animals that were shocked through 

the head as quickly as the e q p e ~ h e n t e r  could rmove the rat from the safe 

compartment of the avoidance appara-tus after the daily trial a d  apply the 

electrodes. Ln no case d i d  this require more than 20 seconds, The table also 

Inctludes the data for the Control Group, which received no cerebral shocks. 

Table 10 

Data for anticipatory responses for a l l  9 groups. Each -- 
a n i m a l  ran 18 trials at the r a t e o f  1 t r i a l  per day. -- 

No. of * Mean anticipatory 
Group animals responses SD sJ% 

Immediat s 11 2.54 2.71 e 8 5  

40 seoond 7 5.85 2 e 5 2  1.02 

60 second 9 8.00 2.20 .77 

4 minute 9 9 . U  - 4.70 1.66 

15 minute 10 10.20 2.36 .79 

1 hour 6 12.93 1,52 868 

4 hour . 6 12.16 3.05 lc36 

14 hour 15 12.66 2.55 .68 

Cant rol 18 12.00 2.21 .53 

*The number of animals which began the experiment f o r  each group ( i n  the ame 
order as the groups appear In the table) 5 s  as follows: 12, 12, 12, 12, 12, 
6 ,  6 ,  18, and 18, Bowever, deaths due 'to the cerebra eleotroshocls redueed 
the number of animals in every group, except, of course, in  the Gontrol G m p .  



Table 10 c lear ly  shows the  gradual increase in *the mean number of an t ic i -  

patory responses as t he  interval. between the  da i l y  trial and t h e  application 

of t he  electros&ock increases. We may represent these result; s graphically by 

p lo t t i ng  t h e  meen ant ic ipatory runs as a function of t he  logarithm of the time 

between the  completion of each t r i a l  and the electroshock. When t h i s  i s  done 

the curve shown in  Figure 4 Is obtained. The marked re t roac t ive  e f fec t  of 

electroshock on learning, particuLarly i n  the  ea r ly  groups, shows d i s t i n c t l y  

in this graph, A t  t he  same t h e  the rsteep slope of t he  l i n e  connecting the  

means indicates  t h a t  t h i s  re t roac t ive  effect  drops off rapidly a s  more t i n e  i s  

allowed between each day's run and the  admini s t r a t i on  of the shock. Actually, 

within t h e  l i m i t s  of t he  number of groups used, no re t roac t ive  e f fec t  o f  the  

shock i s  found when the  shock i s  administered more than 1 5  minutes after  the  

day's trial; no depression of learning a b i l i t y  was found i n  the  one hour, four  

hour, o r  14 hour groups. 

The significance of the  differences between the  means of each of the  

experimental groups and t h e  Cantml  Group -8 determined by t h e 2  t e s t .  It 

was fownd %hat t h e  Irmnediate, 4Q second, 60 second, 4 mlaut,e, and 1 5  minute 

Groups were s ign i f ican t ly  d i f fe ren t  from the'-control Group at, at l e a s t  t he  

f i v e  per cent l e v e l  of probabil i ty.  The one hour, four  hour, and 14 hour 

Groups were not s ign i f ican t ly  di f ferent  f r o m  t h e  coptrols. 

Since Fiwre 4 presents only the mean ant ic ipatory m s  f o r  a11 18 t r i a l s ,  

it does not show any p o s ~ i b l e  progreasfve changes in  behavior over the  experi- 

mentel period. To show the progress of learning, therefore ,  Figure 5 was 

constructed. b this graph the  period of  learning i s  broken up in to  u n i t s  of 

th ree  t r i a l s  each. Thus, any point on the  graph represents the  mean ant ic i -  

patory runs during t he  three-day Internal  indicated on t he  abcissa. 

The curves in r'igure 5 ahow t h a t  th ree  d i f fe ren t  t s e s  of learning 



40 See 

Immediate 

1 Control 

I a MEAN - = L l r M  I 

I I 

8 I 2 3 4 5 
% 

Loglime between each Trial and Electroshock 

Figure 4 

Mean anticipatory runs f o r  all 18 
trials as a function of  the logarithm of 
the  tine between each trial and the 
applicat~ ion of cerebral electroshock. 



function were produced by t h e  electroshockr The first t m e  fs shown by the 

one, hour, four  hour, and 1 4  hour groups. Electroshock had no detrimental 

effect O I i  these  t h s e  poups ;  they learned as well as the* controls,  We f e e l  

j u s t i f i ed ,  therefore ,  in p lo t t i ng  on t h e  &r8gh only the range of means of 

these four  groups, with a do-t;ted l i n e  indicat ing t he  s i z e  ,of -the range a t  

each abcissa  point. The so l id  line connecting the midpoints of these ranges 

i s  above 4.1 other  curves except a t  days 1-3, where all groups showed l i t t l e  

evidence of ' learning,  and at  days 16-18, where the range overlaps the  mean 

of t h e  1 5  m i h e  Group.. 

The second type of response t o  t h e  electmshock consisted of  a depression 

in t he  rate of learning over the e n t i r e  e-erimental period. This  e f fec t  of  

t he  shock i s  charac te r i s t i c  of t he  15 minute, t h e  4 minute, and t h e  60 second llii 
I 1  

groups. Hone of these  3 groups learned as well as the  controls  except, as l i '  
I )  I 

noted above, t h e  15 minute animals on days 16-18. The 4 minuteeu;imals pro- I ; : ]  
1 ;  
Ill 

gressed more slowly than t h e  95 minute animals, with one inversion on days 

10-12, The 60 second group learned even more slow3.y than the  4 minute group 
/!I 

except on days 4-6, where a gla-t;eau begins# This plateau in the learning of , I  

111 

the 60 second group continues u n t i l  days 10-12, after which there  i s  again 

improvement. 

The Bmediate and 40 second groups show a t h i r d  type of response t o  t he  
/ >  

shock. After  some i n S t i a l  improvement t h e  curves of these  t m  groups show a 

d e f i n i t e  drop l a te  i n  learning. The 40 second animals l ea rn  more rapidly  at 

first, but they eventually show Che same fall in the learnhg curve as is 

:I 
I I 

shown by the  Immediate animals. 

X I  t h e  curves in Figure 5 a r e  representative of real differences i n  I 

response t o  electroshock, the mechanism underlying t h e  behavior should be of 

i n t e r e s t ,  Later in  the discussion we s h a l l  present a t en t a t i ve  explanation 
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f o r  the differences among the groups. 

L i t t l e  in fomat  ion of value could be derived from the  data  on la tency 

of running. In  attempting t o  t r e a t  l ~ t e n c i e s  t o  obta in  a useful meemme of  

reszonse, d i f f i c u l t g  was encountered because of the cut-off score et 10 

seconds. Since t h e  gr id  rras charged 10 seconds after the animal had been 

placed 5n the  apparatus, l a t enc i e s  o f  runs occurring before 10 seconds a m  

not ~ t r i c t l g  coxparable to l a t enc i e s  longer t h m  10 seconds. However, purely 

f o r  purposes of  i l l u s t r a t i o n ,  we have presented %n Pigwe 6 the percent f re -  

quency of occurrence af each la tency plot ted as a f i n d i o n  of la'fiency in 

seconds. Only la3encies ug t o  19 seconds are shown, since any longer la ten-  

c ies  occurred very rarely.  I f  a l l  9 groups of animals are represented, the 

graph becones almost impossibla t o  read; we have therefore  presented only the 

data for  the I~mediate ,  40 second, and 1 4  hour groups, and the Control Group, 

Tables in en appendix show the latencies o f  all trials f o r  all mirnals. 

The condit;ioned l a t enc i e s  of the four p u p s  in  F f b ~ r e  6 show some over- 

lap. The maximum percent frequency for the Contl-01 Group occurs at 2 seconds, 

. t h e  maximum f o r  the 1 4  hour Group i s  a% 1 second, and the m e r x i m m  f o r  the 40 

second Gmug is at 3 seconds. The lfrmiediate Group shows no pa r t i cu l a r  

maximum i n  t h e  aw i d m t  l a t  en e l  es. 

3 h q  differences among t he  groups appear a% the 11 second escape 

latency. S h c e  la tency m s  recorded from the  ins tan t  t h e  animal was put into 

t h e  apparatus, 11 seconds indicates that %he animal a~ri-ved in the safe Con- 

partment? 1 second a f t e r  t h e  g r i d  had been charged. Mthough the 1 4  hour and 

the Control animals show a relat ively high frequency at 11 seconds, the pile-  

up is not nearly as great as it i s  fox t h e  m e d i a t e  and 40 ~econd animals; 

f o r  these l a t t e r  two groups t h e  percent frequency at 11 seconds fells far  off 

%he p a p h  with the ordinate scale used, Beyond 11 seconds the frequency drops 

of f  rapidly  f o r  all lour groups. 
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D. Discussion 

If our assumption i s  correct ,  that the  learning m m e s  i n  Figure 5 can 

be clqssi f ied in to  3 different  types of response t o  electmshodc, an adequate 

explanation i s  d i f f i c u l t  t o  f ind,  There are tVm chief obstacles t o  a sbgle 

explanation: F i r a t ,  the  1 hour, 4 hour, and 14 hour groups l ea rn  as we11 as 

the  control  a n h a l s ,  and second, t he  3Cuunediate and 40 second groups show a 

distinctipre drop in  the  learning curves a f t e r  some i n i t i a l  inprovenent. Pre- 

sumably an explanation which could account f o r  these two extreme phenomena 

would also encampasa the  compramise behavior of the  60 second, 4 minute, and 

15 minute groups. No attempt dl1 be made t o  present a quant i ta t ive  explana- 

t i o n  of the empirical curves. Except fo r  the fan'iliar increcse i n  habit  

strength wfth repeated reinforcement, l i t t l e  o r  nothing of an exact nature is  

knovrn about the var iables  operating in  t h i s  experiment, and we do not feel 

j u s t i f i ed  i n  attempting to  derive functions describing these variables from 

the empirical data. However, if we .  assume tha t  i n  aadit ion t o  the  expected 

improvement in performance with two other  variables a re  operating, 

we can o f f e r  a ten ta t ive  explma-tiion o f  Che empirical curves: 

The first of these .variables Is the time allowed after eaoh trial before 

t h e  electroshock is administered. Both Figures 4 and 5 show t ha t  when the  

shock is applied mithin 15  minutes after the  d a i l y  trial, learning i s  hindered. 

The next group beyond 15  minutes. i s  the  1 hour Group, which learned as well 

as the controls. The results ind ica te  t ha t  a period somewhat longer than 1 5  

minutes, but l e s s  than an hour, must be allowed after each trial f o r  

wconsolidationw o r  nperseverationn t o  run its course. Attention has already 

been cal led t o  a similar finding i n  the  previously reported maze experiments. 

As a r e m l t  of t ha t  work, 3 t o  4 hours was suggested as the  interval of r e s t  

following the response, a f t e r  which electroshock had no effect. The much 
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shor te r  consolidation t h e  round i n  the  avoidance elrperhene is pmbably du& 

t o  the f ac t  t ha t  there was no c ~ ~ f l i c t i n g  habit  as ic *he maze work, and Chat 

t he  reinforcement, gr id  shock fnstead of food, wes different. Thus, the  fir& 

variable is  the trial--shock interval, t h e  consolidat  ion t b e .  

The aecolrd variable w b ~ c h  we asisurr.e to be operating is t h e  general 

physiological e f f ec t  of cerebral elec%roshock. It f s known t h a t  eleotmshock 

has a debililatZng effect on the organim; in addition t o  the numerous sOudles 

showing that shoek produces menory impairment we have the evldence of Stone 

( 49 that t he  general activity l eve l  of the rat is redwed a f t e r  as l i t t l e  as 

one cerebral  shock. F ~ I - t h e m r e ,  Bhsre i s  reason t o  believe that with frequen-t; 

shocks Ohis general deb i l i t a t i ng  effect cumulate&. We hme already reviewed 

Zislcfndls paper ( 59 i11 which he warned against the a&-inietrat%on of t o o  

frequent sl~ocks in t reh t  ing mental patie~-t;s. 13s argued that the memoq im- 

pairment; from shock treatment is murulattve, and -that the  severi ty  o f  t ke  

nemory loss degsnds t o  a considersble extent on the frequency wfth which 

shocks are. administered. I n  other m r d e ,  after the m e d i a t e  effects of the  

convuLsion have worn off, there  remains a generel depression of fknct ion wrhf ch 

last3 neny hours. If a long recovery perfod, perhaps of the order of several 

iiays, intervenes before the  next shock, t h i s  depression will be dissipated. 

But with frequent shodk~, as, f o r  exmple, o m  per day i n  t he  preeent experi- 

ment, there remains a res idua l  impairment which is not regabad* This 

impaiment gradually cumulates, arid finally may become overt i n  fhe behavior 

of the animsl. 

These two variables,  the time between the dai ly  trial and the shock, and 

the debi l i ta t ing  ef feet of the shock cumulating in measurable linpaiment, may 

interact in the following way, I n  the first place, the g r i d  avoldsnce situa- 

tion is 8 s h p l e  one for the r a t ,  and the  only measurable nermrw i s  a delay 



phasized the faat -that considsrcbls core is needeZ fo demons.t;rate any aff'set 

of sletotroshock when the response I s  simpla. T b s ,  althou& %he 1 hour, 4 /I I 
hour, wd 14 hour groxps are recei.ving eleo%mshock daily, $he, shoals e m s  1l.I 1; 1 

too la%s aftex eaoh trial. t o  have any effect on learning; the consobiaation 

period af ter  each tfial i a  10338 enough so that  %ncrments Co habi t  sCrengbh , I I I '  

m e  n ~ t  afiaotad, Flowever, when the shock As q p l l e d  a t h i n  1 Co 15 minutes 

I 
after each trial, the cansolidsi,iozl intervsll. I s  sli@t+lr shortened, bu% not 

'I en t i r e ly  eliminate&. Learning l a  partly i n t e r f e r ed  a + B ,  and shows up as a !I 
I 

nlowes rate of i ~ t p m ~ a ~ ~ e n % .  FlnslLg, when t h a  tr211-shock internal i s  less 

than 1 mfnute, %heye s e a ~ s  to lie arj. actus3 disturbance of re8enDion. The con- 

~ o l i d a t i o l a  twts a f -be~  each t r i a l  is so shortened thaB the inorements to habit 

stre?ng%h are mall, The gradually f ncreasizg increment s of siiloolr-inducei! 

general impaimemt (including merxoq impairment) %catch up tdtlzn a d  become 

greater thm the padusilLg deareasing incrmen%s 30 habit s.Cxen&ln, resulting 

in ati actual. drop in  the learning curves. Such a drop m a  not obsened i n  

animals receiving a long delayed aereispal shock because, with the longer eon- 

solidat;ion time, they had developed a highly stable habit which rms reaietant 

to t h e  m u l a t e d  irt?paimnt. 

Au al3amative t o  Dhe wgen&rd dearenentw thaory m i g h t  be phrased 5x1 

%ems of inhibi t ion of reinforcement. Ve may assums that  each reinforoemest 

eebs up babh exciha%ary a d  inhibitory magonse hndencies md that actual ' I  ' I  

perfomanoe i s  a resrrlCant of the two. If %he excibatory tendencies are more A 
sensit&ve t o  the effeo%s of the shock thm axe inhibitory ones, these might I/ 

i 

be an excess aacmulation of InhibiQory effects towmd qha end of learning I/ 

in the Inmedfnta and 4 second gmups. Thus, the learning curves of these 

B m  groups would fall ,  The n tdhe r  elaboration of th i s  %nterpreta%ion f a  

similar to tihat %r the geperal decrement theory. Although there 
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fs some evidence in our maze exgsrlme3ts that excitation f e  m.ore seriously 

aff ectsd. by sh~ck than is inhibition, the  question. is still controvsrslal .  

ITexice, VQ prefsr to use tbe more ,fiml+ es-babllnhed theory of general impai~- 

ment as m eq l tma t lon  for the  shqe  of t he  learning cumrts. 

Any explanetion of the shsps of the obtafned learning cumss is offered 

os one poss ib i l i t y ,  not as the f inal  snstrer. Perhapa discgrame,at l a  ~ o s t  

likely to ar ise  2.n connection wi%h our use of  the  var ia5le  called "consulida- 

Sion time,* Re shall, theref'ore, consider t h e  ~ e m l t s  fmx t3e point of view 

of t he  r e t m a c t i v a  e f f s c t  of the electroshock, a d  determine what svide~lca 

there may be for a theory af cr>nsolir?ation* 

In considering the rstroactive effect of orre actlvifiy u3on mother, te 

m a y  d i s % i n g ~ i s l  two types of study, rYNch repr966nt extremes, The first i s  

the c l s s s l c a l  re%roactivs inbibf t ion citua%ion in which the interpolated taak 

is sL~i lar  %o the' original t ~ , s k +  fir example, most of the studies of retro- 

active inhibi t ion revlewed by B r t t ' t  2 ) rtnd by MeOeoch ( 20 ) involve an 

o r ig ina l  task, which may be verbal o r  motor, and an in.terpole"v%rcl +a& ~ M c h  

2s eimilar in neture to the original task, , 

In the sacon6 tme of sDudy, the in te rpo la ted  actiiflCy 1 8  quite dif fsrenh 

from the original activLty. This Bype l a  exemplifiecl by the c l in l c s l  atud2es 

of retrograde amnesia, a o x i a ,  brain lesions, etc .  Tbe i n i t i a l  ta& nay be 

almost my s o r t  of leumoil activity; that which d i s r u ~ t s  t he  retention o f  the 

learned behavior mag be a blow on the head, e q o s u r a  to severe 'oxygen lack, o r  

cerebral  electroshock, to name but a few of thfs class of' disorg~aiz lng  agents. 

Oriiinarily, the team wretronctive inhibitionw has not been applied t o  sS%ua- 

t i o n s  of t h i s  type. 

The rrteckmism tha t  has beten used to explain the inpaired retention of 

Che initial. task also d i f f a r a  f o r  -the two typos. R e t r ~ a c t i v e  inhibf3iion bas 



usual2y been explaine8 by h z b i t  Interforsnce, by which is meant competition 

of  responses sB the the of measuring -bha re tent ion of the 'orfgfnal %a&k, 

EcGeach (20 ) , Com2etition of rssgonsos i e  probably to be ~ ~ e c t a d  in the 

classical. s e tmao t fve  i~hibition desim whers Che I n i t i a l  and the interpolated 

tasks m e  fiiixilar i n  conten-hl 

Eablt interference, how@~er, is not a p p o p s i a t s  2n those situal;ions where 

the in%@-qolated activity 5s ~ s r y  di f fe ren t  froin Che fn:t%fal activity, es, f o r  

exa%ple, where a blow on the head has cmsed a z?&mgrade &mesla fox 8k.e 

events occurr'ing a short t h e  before the injury. A-bLmnp at eq lana t i an  of 

the? retroact;iae effect i n  these cases h a w  been 3.ass dystarr;.atic than i n  t h e  

caas of rstmactive inhibi t ion.  U s u ~ l l y  the im2aiment i s  refzzred $0 sofie 

gensrcal, Cisorgsnizing or d i s m ~ p t l s g  effect on b ~ s i n  finetlan, Cobb ( 5 ) , 

T111, view of the ttype of Zntsspolated ma"ve?.ial  used, it is understandable 

t ha t  t h o  r e t r o a c t i ~ e  ia_hi%itlon studies have not tended to c o n f b ~ n  a persever&- 

t i o n  t h e o 3 .  Mc4cGsoch9 s ( 20 ) conclusion t ha t  the pe~sevsra2;ion Cbeoq doss 

noat suffice to eqlai i i  tke facts of retroactive i nh ib i t i on  is Baaed aboe ; t  

ent i re ly  on stwdiaa whore the ia'terpola-t;ed ac t iv i ty  %is very shil~ir t o  the 

origl.anl au t iv i tg ,  The trmsfsr, o r  com2et;ition of responset theory adwinced 

by &lcGeach t o  e q l a i n  rotroac+uive inhibition rests heavily upon the variable 

of c f n l l a r i t y  betrreefi i n i t i a l .  and iatemening tasks4 

It &G sigpificmt,  how eve^, tha t  since the work of Melton aod his  00118- 

borators ( 23 ,224 ) '  investigators have C a d a d  Oo aQd another vasiabls, along 

wi%h Isa3it interference, to exglmin ratxvoncfriva inlliBf t i o n ,  78cGeoob (20 ) , 
Pastmn. ma Xper ( ) , poet ma^ ( 31 ) , ?bTir*sl?i  and Callenbnch ( 25 ) , 1JIr~loltoq 

pro~ossd that an u n l s a r n i n ~  f a c t o r ,  occurrink durine the i n t a r p 2 ~ k e d  activity, 

be added to corapetftion of responses. Acco~cfi~g to this viatv the ispeirmen% 



Ln ratention o f  %he original activity canna% be snli~ely nccozm-f;od fo r  7s:r 

kzbi t  i r terference st the  time of xaamring the yetentifin of the eriginal 

task. 7lglton t he re f c~e  p r ~ p o s e d  t h a t  the r e ~ i d u ~ l  daorenent was 8u.e to an 

unleam.ing bf' the initial La&: 5n?uced by t he  i n t e n o l n t e d  tad<. Yith the 

groposOaJ. o f  a t ~ x ~  fact02 tP.aory of retrcaci;ive hh i5 i t ion  we believe the g q  

bas been bridged between the clinical. ty-pe of study emghasizlng df smpt hoa 

of Lrneee and GBs t n l c a l  eqerLxent on ratroactive hhhb i t i on  emp1iasiaF~g 

h:?52t int eyfarence h e  to s i m i l e ~ i t y .  

1.1; sams ressonable to assume t hz t  those studfsa en$t~siz%ng mlecmf~g 

or disru.ntion beet i lhlotrate the perseveration theory. T3s yursst case rvould 

F,B cn@ in vrhf ch , the f n t e ~ p o l a t e d  activi ty is very dif9arzzt fr,n: the o r i g i ~ a l .  

ac t iv i ty .  Farthemore, t k l s  f n t e ~ ~ o l ~ t s f i  rosportse should be grrsae~tsd soon 

enougki -e-r the I n i t i a l  rrsbpozse to fall vdChin the psrsever?xtion period, 

Ye snot~2.d agree with-23cGeoch xkm he says t h a t  no one has .rssamsd thaG persever- 

a t i on  concJinuea for more than a fev m i n u t e s 1  If' Ghat f e  ~ F G O  then the  i d e a l  

e-erbenbnl del ign f o r  tasting t h e  perseverstion theory worG.d be sxlc where 

the inCapening rsqo,gse is presented within a f m  seconds or minutes aftex 

the or ig ina l  ras?onso, and where habit interference plays no m1.e. 

The experiment of &fin& m d  Dallenbach (25 ) is an tntermsdiate case. 

The or ig ina l  task cnnsfs*ted of lsarning t o  avoid a darkened box. The inter- 

polaked taak consls%ed of running on a treaSlir,,ill. Of their several asporimente 

only one coccerns us here. In this  part of t h a  m ~ k  the intsrpola-ted acfiol tg 

was oresen.t;ed at mrious  points In tho  three hour SnCe~vaL bet.xt3en learning 

and relearning. It were, found t h a t  when %he forced running on the Vreadnlll 

occur~ed immediately after learning, 2 hours after, m d  9 hours af ter  

(irmnedi,%tely before re learning) ,  a s2guhf iemt  deommenl in releerntng a b i l i t y  

apyearecl. Ro dearmeat wss fauna when the forced nc'tivi%.jt occxrrad 1, kour 



FAinmii nud 2allunbcch coco1't;rde $Let the i r  r s s u l 5 ~  P a v ~ r  the psrsm,s-~zi.t;ion 

tk~c;.~~. k g ~ i n g  az, t5e Sns ia  of o .two fact;or fn%er2refation they 8zy t h a t  

o r i g i n a l  1etl~?lh2 i ~ ~ , e C i ~ . t  e l7  is due t o  3 ~ ~ c t o - r  X, an anti-consolida t i o n  factor .  

;:'Len ths forced i.c:i~i';y o c c ~ r ~ ~ d  as long as I hour after  laamlcg, no rlacro- 

n i e ~ ~ t  bi re1es;rnizg q p e ~ r a i :  because perseveration ha6 ceased, C f n ~ d l y ,  

- I -  k , ~ ~ c t o r  Y, which th3 authors c a l l  B X C ~ ~ K I : ~ S ~  or irrfltabilitfiy, lil~tit b3 ~ ) o s t u l & d  

to ewlain the  decraxost w3en the interpol,%t ed act i ~ i t g  ~ c c u r r s d  i zmedis t  s ly  

or 1 hour before z=eleaming, 

Our results sup3ox-t %fie ~.'osi'tioa t&ea by Mnax.i mar? Dallsnbach. Those 

i nves t i&~to r s  believo that t ho  detrbueatal e f f ec t  sf intorpolat8d ac t iv i ty  

slier, close to %ha original. learning nay deponii on tha fo l lowing  condit ions:  

(1) tbs  bterpo1E;ted ac t iv i ty  m~st be strong enough 20 bvolvs a gmera3. sx- 

c i t eme~ . t ,  and (2)  original  learning must no+, ba too weil aota5lished. Both of 

$;lies@ conditioris are? m e t  in t he  preserst e q e r i a e n t .  

In terms of ths 2 r e s a t  eqeriment, then, there occllra .sfher each trial 

a period o f  p e r s e ~ e m t i o n  o r  consolidation. T h i s  per iod  is less 3 h ~ n  I hour 

oad very i n o b ~ 3 l y  1s not zignlficantly longer t h m  15 rnin~~lims, If' sone d f  s- 

mpt ing fscfor ,  i n  p e r t i c t ~ l a r  %he violent convulsion induced by elactroshock, 

occurs 61~riflg the L c ~ t e r ~ a l  of p e r s e v o r ~ t i o ~ ,  retention is Upaired. Tka loes 

will shox up as impnir12d regroductiua or relearning wbsn the f$1;1.ilin~ A-%A 

G ~ ~ B L '  i~ used. Ewt when learning txic3is are altema'r,ed sai+Jh t h e  disrupting 

act ivi ty,  as in bile pre3sn.t axpertmsnt, .the l o e s  skowz up as 2  lower rz-ca 99 

learning. The closer %he inter-(1e11ing ~ . c t i ~ i t y  33 i n  tlMu to the preceding be- 

hzvior, the is t41e Lecrealan2; when th;;a o r i g l n d  response is rete~*,r?d, 

E ' i n a l y  , whea the i s t e q o l a t e d  act  i v i t y  is ktroduced dLer perseveratioc has 



ceased, but before a rest 3 . z t a m ~ i  ~ h i c h  precedes relearning, no decrexenii 

is found. 



8. Swriary m d  Conclusions 

A. Maze expes%ruents 

The e x p a r i ~ ~ e n t s  viere dscigned to deCJemine the effect of a single 

ce rabrn l  electrsshock on t h o  acquisi-bion a d  oxtinction of a recently le -sd  

habit which was baaaced  in s t ~ e n g t t :  with asi older  inoompatible h a b i t .  In 

the f iva a c q ~ i c i t i o n  experineats rats mere trained to go t o  tho left on EF T 

maze for n anall rew~rc?, consfating of c l  grws Of woD mash. In the typical  

experiment t ra in ing  on the l e f t  continued 8% the rate 132 3 trials per day for 

15 days. On tha day fo l lox ing  termination of 1ef-t: t ~ a i n i n g  the  animals were 

t ra ined t o  go t o  the right. Tho right goal box had not; p r w i c u s l y  been re- 

warded; it w ~ s  now remrded with 2 grms of nash. Food particles on the right 

a m  of the maF? lured the animal e to the right goel box. A l l  mirnds choere 

the right h&iL after fran 4 to.? t r ials  with the l s rge  2 g r m  reward; all 

rlL&% % r i d s  lare given in one aesaion. Sonie of the rats were then selected 

t o  rooeLv6 tke electroshock, while the othera  served as controls. The Shrtck 

Croup animals xecef ved 83 volts A.C. passed thmagh the head for . Z second. 

In di f f erent ezpsrims~t s the  ahoak was administered fma?ediat e ly after, one 

h d f  hour nf$er, o r  2 hours e f t e r  t he  last right t r f u l .  Both the shocked - 

aimcals ane the cantmls ware Losted f o r  habit dom4annce on the maze e f t h s r  

ona half hour or 24 hours after admlnistration o f  the  ~130Cll. 

In ma.& cams it was found t h a t  when the mLiuks were t es ted  f o r  habi t  

preference, the slxocked mfn!nls return66 to %he old loft ha$it, while tke  

coztrol  animals contfigued t o  ;~hoose the right.  Thus, ewn though the recent 

habit; was doininant at the t h e  af shocking, a single shock ~4as  sufficient to 

e l l o w  the  *old habi t .  t o  regain dominance. 

The return to the  old habit was otlly te~lporary in most of the shocked 



eninrals; after a f e w  t r i a l s  they again cbose the recent, lsore highly rewarded 

response. The shock therefore disorganizes ra ther  than destroys the recenti - 

m e m o r y  traces. 

In test +,rials rim one half hour after a shock the shocked r a % ~  omre 

slow, appeared coafuaed, an8 showed considerable VTE 8% the choice p o b t .  

T h i s  ~ u g g e s t s  the value of  paycfiothtsrapy concurrently. with shock treatmen% in 

human patients.  

In order t o  demnstrate m y  effects of a single eleetrroshock i t  was nec- 

easary t o  balcnce the conflicting habits rather carefully, T6is sugges*s t h a t  

a singlo shock produces no permanent ebfecta,  particularly on simple h~b$%s. 

The tmining procedure i n  the three ext inct ion experiments was the sane 

as i n  the ecqui&itlon e w e r h e n t s  f o r  both habits, F'ollowtng the l a s t  trial 

on the  recent right habit, the reward wan removed from the ri@t goal box and 

extiactdon of the r igh t  habit begun. EKtinction m a  contil?ued until ell 

animals had returned t o  the o l d  left habit. The -bhres experiments differed in 

the nw.ber of extinction % r i a l s  allowed. Imedies-bely after the  lcst exklnctfon 

trial son% of the rats were given a single electroshock. Bo%h shocked and 

contml animals were t e s t ed  on the  maze one half  hour a f t e r  the shock. A 

second t e s t  for  habit preference wras given 24 hours after t h e  firs* tea%. 

In the f lrst Lwo experimects t he  affect8 o f  the  extinction were not dis-  

s i p t e a  by e i t h e r  the  shock i n  the experimental groupa or spontaneous recovery 

in the control  groups when the  mim&s were tor-ted one half  hour after the 

shock, This re&u,lt m a  confinned at Bhe second test 24 hours later, 

In  the t h i r d  experiment fewer extinction trials were allowed. The con- 

trol aima2s showed spontaneous recovery a f t e r  one h a l f  hour o f  rest, indicated 

by their return t o  the right habit .  However, exeept f o r  one animal, the 

shocked r a t s  continued t o  run left; extbct ion  of  the right habit  was not 
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affeobed by -&he electroshock. BoCh p u p s  of a n i m a l 8  showed the same behpviar 

on the second tea%, 24 hours later, 

It is concluded that the remlts of Che acquisition and exkhction 

eqeriments somewha% contradict  the theory that shock procedures diminish 

excitation and enhance inhibi t ion.  In %he pmeenD experiments a sfngle 

cerebral aledroshock disrupted excitation bu% not inhibition. 
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B, CondZ3ioned avoidance experimen* 

I 
i Nine groups of  animals were trained t o  avoid a aharged p i d ,  One trial  

i per day wa8 glvm on each of: 18 days. EigW of' the groups received an electro- 

1; ahock of 85 vol ts  A.C. passed through the head for .2 second at various times 

I after each trial. The groups were as fol3ows, designated by the t ime  which 

elapsed between the daily trial and the administration of %he electroshouk t 

1 

i Imnradiate (shocked within 20 seconds after eacR tr ia l ) ,  40 second, 60 second; 
i 
I 

I 4 minu-be, 15  minute,. 1 hour, 4 hour, and 14 h o u ~ .  The remaining goup con- 
I 
I; 
r eisted of control animals that received no electroahoak. AnticigsCory nzns 

I and latencies o f  running were recorded, r 
i 

1. men learning m s  measured by the mem anticipa%ory runs over all 18 
I - _ trials,, the groups were ranked In the following order f r o m  poorest to 
i 

best learning% Imnediate, 40 second, 60 second, 4 mlnute,. . 13 minute, 

and f f n a l l y  a1 other groups. The di f ferences  between the Beans of 

each of the first f ive  groups and the Contml Group were statistically 

significant, No si@ificant differences were found between %he means 

of  the 1 hour, 4 hour, and 14 hour p u p s ,  a d  %he Contml Group, 

2. When learning curves were gloDted for the gmups i t  wapl shorn Chat 

the finmediate and 40 second groups exhibited an actual loss in the  

latter half of learning, i .e,  , af'ter an init ia l  riae the learnlng 
# .  

I oumes of these two groups dropped. 7.b second, 4 minute, lssd 15 mln- 

1 

uCe groups showed a slower rate of learning than the controls over a l l  

18 %rials. The 1 hour, 4 hour, and 34 hour groups showed. as rapid a 

rate of learnbg as  the controls. 

3. No partiaularly useful measure of the bsffecC of: shock on learning 

crouLd be obtained from the data on lateney of running. 

4. A tentaBfve explanation rvas offered for the three Bypea of  response t o  



the shock as shovm by the lsaming curve$, 'Phis explmatfon hvalved 

the sariables of perseveration tine and shock-induced general 

5 The results as a whole mere interpreted as evfdenes for a po;rs@saratton 

theom. L s m b g ;  m s  hpe.i.sed because the shodkr disrupted %he normal 

process of perseveration; the kho8horter the trisl-shock in%emal,  the 

greater was the hp2iirmen-b. 
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gI1. Appendix 

The lollowing tablets show Lhe latency of  running ( i n  seconds) f o r  each 

animal f o r  every Lrial in  the conditioned avoidance emerfment. Latenoy was 

measured from the moment t he  animal was placed on the gr id  u n t l l  the mimalts 

body exclusive of t a i l  asr ived i n  the safe compartment of the apparatus. A 

separate tiable i s  presented f o r  each group of animals; the t i t l e  of  t he  table 

ind ica tes  the time which elapsed between each trial and the application of t h e  

aerebral electroshock In that group. A l l  runs lesa than 10 seconds permftted 

the animal t o  avcid %Ire gria charge and were, oounted as ant ioipatory runs. 

Table A 

Immediate Group 

R a t  1 23 17  21 11 
2 1 5  ll 11 1 4  
3 18 12  11 11 
4 31 11 11 11 
5 12  11 14 12  
6 1 2  13 11 11 
7 25 9 11 35 
8 13 1 4  1 4  1 3  
9 11 12  12  12 
10 ll 14 13 13 
II 11 12 11 11 
12  11- 11 1 2  3 



Fable B 

40 Second Group 

T r i a l  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

Rat 1 12 19 disd 
2 13 15 12 23 11 11 12 12 15 11 11 U. 11 11 12 died 
3 17 27 27 13 12 12 14 12 died  
4 12 23 13 13. died 
5 14 21 12 died 

60 Second G r m g  

11 31 11 
14 13 8 
13 9 3 
11 25 3 
J.2 22 11 
3 3 ' 2  
12 9 4 
22 u 5 
died 
11 disd  
15 11 1'7 
9 6 9  

U 6 12 2 3 11 11 
11 11 12 2 3 4 3 
l l 2 4 5 6 3 4  
3 4 ' 1 5  3 U. 1  1 
3 1 1  3 4 1 7 U  3 
2 2 3 2 2 1 1 1 1  

1 J . 1 7  B U 1 1  5 
died 



4 Minute Group 

Rat Z 12 11 U. 11 
2 12 26 13 9 
3 12 19 12 5 
4 15 26 9 9 
S 17 14 18 11 
6 16 16 13 22 
7 12 12 32 11 
8 12 12 12 13 
9 4 11 22 8 
10 13 19 11 12 
21 12 11 11 3.2 
12 12 12 12 9 

11 11 
9 4 

d i e d  
6 3.3. 
died 
16 11 
11 11 
11 13 
11 I1 
5 11. 
11 3 
6 3 

Trial 1 2  3 4 5 

11 16 
12 3 
12 l a  
12 8 
9 11 
11 11. 
U. 11 
died 
9 S 
11 3 
11 9 
9 6 

11 11 11 3.3 11 11 
died 

Table 3 

5 7 3 died 
2 2 3 1 7 3 1 1 2 5 3 3 2  
6 6 3 8 1 1 1 1 1 1 2 1  4 5 4 3 6 
3 6 7 2 2 3 3 2 2 1 8 4 6 2  



Table F 

Tr f  al. 

R a t  1 
2 
3 
4 
5 
6 

R a t  1 
2 
3 
4 
5 
6 

Table C 
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Table H 

R a t  1 17 11 18 11 11 11 2 U 9 5 4 4 
1 4 1 3 1 3 L 3 1 1  9 8 5 1 1  2 3 
S 1 5 l l Z J  3 7 5 1 2  2 3 2 4 
4 1 2 1 6  5 4 4  7 2 4 4 3  1 1  
5 1 4 1 5 1 8 1 1  0 3 6 5 3 4 1 3  5 
G 14 12 18 11 11 1% died 
7 17 90 32 12 U. 2 11 18 2 2 1 11 
8 12 13 12 13 11 11 9 11 5 4 7 11 
9 2 2 1 5 4 7  4 8 4 2  3 2 2  3 

1 0  11 18 11 5 8 15 14 2 1 2 3. 1 
11 19 27 20 13 13 11 4 4 3 3 1 1 
1 2 2 2 1 6 1 1  5 3 9 6 1 1  2 1 1  
13 14 14 11 40 20 14 9 9 8 l.3. 9 4 
14 15 14 12 12 25 11 11 9 3 11 11 7 
1 5 1 7 1 9 1 5 1 2  8 3 3 3 3 B 2 7 
1 6 1 2 1 4 1 2  7 1 1  6 2 2 2 3 6 1 
17 16 14 14 11 12 11 20 27 11 6 3 3 
1 8 1 2 2 6 1 9  9 5 6  € 3 4 4 4 5  S 

died 
11- 11 

1 4  
1 1  
1 1  
1 3 .  
2 3 
I B 
4 2 
4 3 
2 2 
7 2 

2 4 
2 6 

died 
1 3 .  
2 1 
I 1  
8 3 
3 11 
1 ;h 
2 1 
3 3 

Table I 

Control  Group 

T r i a l  1 8 3 4 5 6 7' 8 9 10 I 3  12 13 14 15 16 17 18 

Rat 1 3 1 2 2 l f  5 3 2 2 3 U . 1 3  2 a 1 a 4 1 1  2 2 
2 3 6 1 3 1 1  G 3 3 2 2 3 3 Z 9 4 7 7 4 3 1 1 1  
3 1 3 1 2 1 2  9 5 2 2 2 3 4 2 1 2  2 3 9  2 5 
4 2 1 2 1 1  5 2 1 1 1 2  12 1 2 1 1  11 9 4 2 La 5 - 4  2 
5 1 2 1 1 1 5 1 1  4 6 7 2 2 8 1 3  4 3 1 1  1 3  
8 1 1 1 R 1 2 1 3  4 6 5 4 3 3 ,  3 2 3 3 3 1 1  6 2 1 1  
? 3 . 2 1 2 1 5 1 1  7 7 1 1  2 2 52.2.11 3 3 3, 1 1  3 
8 1 3 2 0 2 0 1 5 6  4 3  4 4 4 3  3 6  2l 7 7 7 1 1  
9 3 . 2 3 7 1 8 1 1  8 P 1 6 1 1  6 9 7 9  8 B 2 2 1  2 
1 0 1 4 1 5 1 6  9  7 2 1 1  9 8 9 1 1 1 1 l . l  8 9 8 5 2 
11 12 16 16 11 11 13 3 21 2 1 1 3 3. 2 1 12 1' 1 
1 2 3 . 2 2 0 1 1  9 4 1 1  2 8 6  8 8 9 2 2 2 1  1 1  
L 3 1 2 1 7 1 1 1 4 1 2 X 2 1 2  5 L 2 7 9 7 3 2 7 8 5 
1 4 1 1 1 5 1 1 U 1 1 1 1  9 1 l . U .  9 6 7 1 1  8 4 7 6 5 
1 5 1 1 2 0 1 1 1 1  9 3 3 5 3 6 5 1 1  9 1 3  3 2 1 
1 6 1 5 1 E 1 1  9 4 9 4 2 9 8 1 4  4 7  6 3 3 3 
1 7 1 3 4 O L 4 Z O 4 0  9 6 3 3 6 2 2 2 2 3 7  5 4 
1 8 1 3 2 0 1 2 1 1 l l l . l  2 2 8 2 1 5  1 4  2 1 4  


	scan.pdf
	Acr9F8.tmp

