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Chap ter 1

Introduction

Inv1§47, Mowrer first reported en observation by J. S. Brown
regarding the maintenance . of'rnnningvbehavibr in the rat with the
application‘ef a pnniShing stimulus‘(shoek) during the extinetion
of aversively motiVated»responding; This facilitative effect of
punishment on extinction responding was given the label "vicious

circle behavior,"

and was compared‘to the compulsive and‘fﬁiciously
circular" processes of neurotic bumans»(HOrney,,1937). |
The first'systenatic stndy of the facilitative effects of
punisbment on an aversively'motivatedelocomotor response was reperted
by Gwinn (1949), who actually utilized:avcircnlar'runway.in his
enperiments. Since thatfnime; "eelf’punitiveﬁ responding has beenv
extensively 1nvest1gated in perhaps more -than 75 publlshed reports,
and has proven to be a robust phenomenon; In addltlon, thls‘erea
ot'research has been the topic of three reCent reviens,ieach serving
to detail manyvof the conditionsAnnder,whidh-vicions-eircle (ve)
behavior has been obtained (Brown, 1969 Eaton, 1974; Melvin, 1971).
In the standard paradigm, an anlmal is glven -escape tralnlng _
on an electrified runway for some number of trials, followed by one
of two types qf extinetion procedures. In reguler extinction (RE)
procedure, all shock is removed from the runway at the end of
training. This condition is contraeted nitn punished extinction

" (PE), where shock is removed from the startbox and most of the alley,



_'but.continueefto be adﬁiﬁieteredfin some intermediate segment.e
Under these conditions; animals given PE,trialsetend‘to respoﬁd
feliably'longer and fester than enimals5feceiving RE trials. This
is referred to as "self4punitiveﬁ responding'becauee»aﬁimals in
this situation leave a "safe" start afea and traverse an electrified
alley segﬁent“before‘#eaching the goalbox. Such behavibr continues
despite thekfaet that if the animal femaiﬁed iﬁ the start area,
it wouid feceive no shock (Brown, 1969)3

Threeveriterie have beeh pfoposed in defining Self-punitive
reeponding duriﬁg,bunished extinctien procedures (BroWn,-1969;v'
Melvin,:1971). The first of these iﬁﬁolves speed of fespondihg
during extinction trials. If the effects of punishment are to‘be,:
" considered facilitative, one ﬁould‘eipeCt‘éuniehed'enimals to run
faster during'extinction thenARE‘ahimals.° Second, one Wouleiexpect s
‘that PE animals would show‘less decrease invspeedS’Qverv;rialsethan
RE animals. This,‘of‘COurée; ie“ndt;as imPOrtént as’thetfifétei.~
criterion, and many researehe;s claim(tojhave obtained VC-responding‘
as long as ehere is a“difference:inzepeeds betweeniRE aﬁdLPE“
‘groups. However, animals in PE,conditione often show epeed'increases
during extinction trials, as dpposed»ee RE-animalS'Which show
speed decreases over trials (Eatoﬁ, 1974); Spch aﬁ inerease in
speed, orvat,ieast fhe absence of a speed iecrease, would seem tov
strengthen the case forvfacilitaﬁive effeets,of.punishment.' The
finalecriterien»for VC respopding’iﬁvolves the number of‘tfiels to.

extinction. One would expect that self-punitive animals would take



reliably more trials to meet an_éxtinction criferidn (for example,
failing to enter thé goalbox within sixfy seconds) than RE animals.
Although many researchers have found it sufficient to meet only one
of these criteria iﬁ researching VC behévior,”it would seem
necessary to obtain all three in ordef tovestagiish most cleérly'x
the facilitative effects of punishment during extinction.

The most»gommonly ac¢eéted éxpléﬁ#tien of the VC phenomenon:
is the "conditioned—feéf" h§pothesis.of Moﬁrer (1947) as modified
by Brown (1969). This hypothesis proposes that féar becomes
conditioned to the cues of fhe startbox and runway during the
‘training trials of an aversively motivated locomotor response.
Shock is not present in the goélbox, however, and presumably fear.
is not conditioned to the cues present in this area. During
extinction, animals ieaving the,pre;punishment areas of the ailey
encounter shock, which provides additional feaf—conditioning tfials,
through the pairing Qf shock with the cues present in the_alleyway.
Thus PE subjects»are féinforcedbfor continued locomotor responding
by reduction of both pain and fear upon entry into the séfe goal
area. It is further assumed thét the fear conditioned to the alley
cues generalizes back to the pre-punishment and start areés,'aﬁd
that animals ip the PE condition'leavé the startbox to escapevfear
that,hés in part generélized from similar alley cues. This generalized
fear is strengthénéd when the animal again encounters shock in‘
the alley. As a result, a "vicious circle" is created: running from .
fear results in shock, which produces more fear,ywﬁich results in

continued running. .



The RE subjécts.encounter no shock iﬁ the.alley duriné ekﬁinc-
ﬁibn} As é resﬁlt,»the RE and PE extinction conditions differ'in
“two imporfanﬁ ways. First no further fear-conditioning trials fake
place for the RE animals,‘éince shock is no 1onger pairéd with
runway cues. Thus the level of fear decreases during ;he course
‘of extinction trials for RE-subjects and the resulting motivation
fbrvescaﬁe is reduced in comﬁarison to the PE subjects. Seqond,
goalbox entfy is no longer reinforced by pain redugtion for RE
animals. Thérefdre,'the logomotor reépbnding fo: animals in:RE
groups should extinguish fairly rapidly in comparison to animals
in the PE groups (Broﬁﬁ,.l969); |

Alternative explanaﬁionS'of self;punitive responding often
involve some variation of a discrimination hypothesis‘(e.g., Church,
1963; Dreyer &.Renne£; 1971; Mowrer, 1960; Smitﬁ,.Misanin,&vCampbell,
1966a, b). The simplest'of these approaches'assumés that PE
subjects continue to respond because they fail to diStinguish between
- conditions of training aﬁd those ofye#tihction;(Church, 1963). |

‘This expianatidn is offen reférred‘to aé»the "stimﬁius-similérity"
discriminatibn hypothésis, énd its majof’pfoposal is that a subjeét's
resistance.to extinction is a direct function of the similarity
between the cohditions of extingtion'and those of»acquisition (Eaton,
1974).

r  A second variation of the discrimination hypothesis, proposed’
by Mowrer’(l960),‘and Dréyer and Renner (1971), has been called the

"cognitive discrimination" hypothesis. These authors propose that’



self;punitive aniﬁals fail‘to discriﬁinate the start:area from the
shockedksegment of the runway. Subjects canhot distinguish that
shock is not present in the start‘arsa dufing extinction, and this
failure to discriminate causes forward-moﬁemeht_that leads to punish-
ment. Both this version of the discrimination hypothesis and the
version proposed by Church, however, suffsr from a degree of
circularity in that animals can only be said to have discriminated

if they cease running. Therefore, disCfimination must be defined

by the very resﬁonSe it is intendedsto prgdict (Brown, 1969).

Most ?icious-circie rssearch has been interpréted in terms of
eifher a conditioned—feér or a discrihination hypothesis, and bqth
appear to account fairly well for most of the research findings.
Howéver, there is a;‘least oneiarea of investigation where problems
of interpretation have arisen for bdth of fhesé.hypofheses, i.e.;
studies in which the shock zome of the aliey was made distinctive
through the manipulation of alley cues (both brightness and
tactile). Both the Mowrer-Brown hypothesis and the discrimination
hypotheses would seem to predict that if one werelfo chahge the
cues assosiated with shock during.extinction, ﬁhus making those
cues less similar to thosekin the start area and ths rest of hhe
alley, self-punitive responding should decrease. Thus if the
shocked segment of‘a rhnway was made’dishinctiﬁe from the rest of
the alley during punished-extinction proceddres, the stimulus-
similarity dissrimination.hypoﬁhesis (Church, 1963) would predict

less self-punitive responding, since a clear distinction would exist



 between training and exninction conditionsf Dfeyer.and Renner's
(1971) cognitive discrimination hypothesis would also prediot
reduced VC responding unden‘conoitions in which the subject could
distinguish'the shocked segmentifromfthe start area;, Since it
is a failure,to.discriminate that is responsiblesfor'continned running
aecording to this hypothesis, making the.shock zone:distinctive
should provide the animals a wayvfor‘making the“disc:imination
between the'sfart area and the-shocked area.

Tne MowrereBrownihypotnesis would make predictions similar to
those of the‘discriminétion hyPOtnesis_wnen the eneS’associated:
with shock‘during punished extinction are altered. This interpre—
tation would suggest that making -the shocke& segment distincnive
from thevrestvof.théwalleyrwould resuit in less generalization of
‘fear from the shocked efea to tne ennecedent cﬁes. Thus-fear_would
be condltloned durlng punlshed extinctlon to cues’ that were.
d1$$1m11ar to the pre—punlshment area.f Consequently, fear that had
been conditioned to the startbox and pre—punlshment segments during
training should extinguish in the absence of further condltlonlng,
and self-punitivebresponding should oease.' Under £hésé conditions,
RE and PE animals should respond approximstely the same“in’regard
to speed of responding and numberkof trials’required to meeﬁ the
extinction criteria. |

= Surprisingly, attempts to eliﬁinate self-punitive ;esponding
by making the shooked area clearly distinctive from tne rest of the

alley have been largely unsuccessful. In'twobseparate‘experiments,



Bfown (1970) obtained resﬁlts quite the dppoéitevofvwhat énevmight
expect on the basis of the CQnditioned—fear and‘disc?imi#étiOn '
hypotheses. These counteréintuitive findings were.léter subséénf
tiated by Brown, Beier, and Lewis (1971).

Brown's first exﬁeriment involved the manipﬁlétioﬂ-ofvbright-'
ness cues in the shocked segment during punished extinction.
Shock—-escape traininngas édministefed in a six-foot gray‘alley,
with a black goalbox. In extinction? PE subjécts encountered
shock in the second alley segment. For‘half of the punished and
half of- the nonpunished animals,vhoweQer, the second segment
(shock zone) was madé distiﬁctive by insertion of black-and-white
striped overlays on the segment walls. Fof the rest of the animals
the allej walls remained gray in extinction (Brown, 1970). Contrary
to what might be expected, these conditions failed to produce |
decrements in VC requnding; In fact, animals punished during
extinction and provided with shock location "cues" actqally_ran
faster in the shocked ségmént than PE subjects not,provided:such cues,
though the difference was not reliable.

In a second experiment, usihg black masonite flooring to‘provide
the distinctive cues, quﬁn obtained results much the saﬁe as in
the first expériment.' In this particular study, masonite panels
were placed on the startbox floor and in the first and third alley
segments, while the grid floor of the second segment was left ﬁncovered.
The sidewall cues in this‘experiment remained the same for both

training and extinction. The exposed flooring comprised the shock



,zdne for the animals‘bunished during«axtinction. Again, the PE
aniﬁals ran faster tﬁan controla; despite the diatinctive floor cues.
Brown concluded-from'these two experiments that animals’provided
With cues as to'thevlocation of shock did not run slower than those
hdt given such cues, and suggested that " . . . increasing the |
vdistinctiveness of a'punishment region may eithar weaken self-
‘punitive behavior, leave it unaltered,‘or paradoxically, strengthen
it" (Brown, 1970).

Brown, Beier, aad Lewis (1971) attempted to demonstrate
objectively that animals could»"discriminate" the shock zohe,
independent of the predicted running response. This was accomplished
by nbting'the presence or absence of attempts to leap over the
shocked segment when that aegment was made distinctive from the
rast of the alie§;'vAs with Brown's (1970)'study, distinctive cues
in thebshock zone (in the form of exposed shock gfids in coﬁtrast
to masonite flqdring in the’rast‘of the alley) failed to reduce
self-punitive responding. 1In addition, it was found that animals

provided with such cues made significantly more jumps than animals

- not provided with such cues. These investigators concluded that

- rats may indeed discriminate the changed shock segment cues, But
this discrimination'fails to produce a dearemenf in locomotor
responding.

There is no quastion that’thesé-studies fepdrted;byiBrowﬁ
and his asSociates are difficﬁlt to recdncila with a discrimination

hypothesis, unless one simply denies that any discrimination was made .



despite the distinctiVe-cues that.were provided. Such an»inter—
pretation would lead to the,same‘oircularity mentioned previously,
since discrimination can then only be defined in,terms of the
predicted response, and thus must always be entlrely post hoc.

The results of.the dlstinctlve shock zone studles are also
qulte 1ncons1stent with anybcondltloned fear hypothesrs based on
‘simultaneous condltlonlng of fear to the cues present in the shocked
area of the runway. Of course, 1t nay be p0531ble to attempt such.
an explanation in terms of stlmulus generallzatlon,vby arguing that
despite cue changes fn these,studies, fear oontinuedvto generalize
to the pre—punishment sections'ofathe‘aliey, maintaining‘tneb
locomotor response.. Such'an explanation,vhowever, commits onebto
the same‘kind of'posthhoe explanations that the diScrfmination
hypotheses are thought tovgenerate, as stimulus‘generalizationfoan'
- in this case only be-defined.in‘terms of:thebpredicted response,
But as Eaton (19745 suggests in'his'reVien; it may be possible to

. . . L
render a conditionedffear’interpretation.consistentvwith the dis-
tinctive shock zone experlments by stres31ng forward rather than
31multaneous fear conditlonlng..
| It is well documentedvin-classical?conditioning researen
(MacKintOSh, 1974) that the pairing'of a,conditioned stimulus (CS)
witn an unconditioned;stimulus (UCS) is most effeetdve when there
is some interval petween the onset of the CS and that of tne ucs.
Further, it is generally'foundvthat as the CS—UCS interual inereases,

performance increases to a point of maximum responding, then decreases
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(Kimble, 1961; McAllistér.& McAllister, 1971). It méy aiéo.Ee
| plausible to consider the vicious—circle'paradigm‘in aZSiﬁilar
classical—conditioning_ffamework, since it'involves a UCS of
shock.presumably pai;ed wifh élley-cues.#ha;-méy act as a‘CS{vf
The Moﬁrer—Brown hyﬁothesis wbﬁld suggest that the shock présént
in the alley elicits both pain and fear, and after a nﬁmbér of
such pairiﬁgs the cues in ﬁhe aliey,fhen elicit a conditiohed
response of fear. Thus it wouid seem:reasonable to expect that
the same conditions that provi&e for the most effective CS-UCS
pairing in‘standard classical—coﬁditioning procedures would be
applicable to the.VC phenomenon, if in facﬁ the conditioning of
fear to the apparatus'éués is presumed to play‘a major role in
.self-punitive.fesponding.

Generallyg'resea;ch indicétes that the relationship Betﬁeen
the temporal iﬁterval between the CS and UCS onset and strengtﬁ of
classical conditidning-is applicabie to fear conditibning (McAllister &
McAlliéter, 1971), thougﬁbsystematic studies ﬁsing_a feaf'response
have been few with deiaybconditidning.proéedures. iLibby (1951),
using response suppression (lever preééing) as a measure of céndi-
tioned fear, found the CS-UCS pairing to be most effgcfive-at
intervals éf 7 to ZQSec{,ﬁhile it was suggested that less fear
was conditioned ét;intefvals greater or lesser than_these; ‘Murfin
(1954), using hﬁrdlé jumping as‘the.fear measure, found.that_
conditionedifear was maximal with a CSfUCS intervai of 5 sec., while

fear was less at shorter or longer intervals. Other studies using
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response‘suppréssionv(Lyon;‘1963§ Stéin,vSidman; & Brady, 1958)

‘ also support theisuggestion that'for déiay conditioning procedures
a curvilinear relationship exists betweeﬁ.the CS-UCS interval and
the effectiveness of‘the CS in fear cdnditibniﬁg.

Although two experiments using tracevcopdifioning prqcedures
have failed to demonstrate ﬁhe cprvilinear function‘of CS-UCS interval -
and amount of fear cOﬁditidned (Leaf & Leaf, 1966; Strouthér,’l965),
other studies have ébtainedvresults_consistent with those found |
with delay procgdures. Ross (1961) conditioned fear in human subjects
using CS-UCS intervals of .5 to 10 sec. As with delay conditioning;

a curvilinear relationship was fouﬁd, with the most effective CS-UCS
pairing occurring with the 2 and the 5 sec. intervals. No evidence
of conditioning was found at the shortest inter&al.

Kamin (1965) used suppression of bar pressing as a measure of
fear in a trace-conditioning paradigm. The effectiveness of the
CSfUCS pairing decreased with intervals ranging from 61.5 to 180
" sec., but only when a trace interval of at least 60 sec, wasused.

This finding held for several durations of the CS. A shorter trace‘
interval, however, (.5 - 5 secJ‘increaséd the gffectiveness of the
CS-UCS pairing, as did the use of a étronger CS (80db vs. 60db).

Thus there is evidence that trace conditioning also yields a similar
curvilinear relationship’betweén the CS-UCS interval and effectiveness
_ of the CS in eliciting fear. However, wifh trace conditioning this
effect can be altered Qith‘shorter trace intervals or -a stronger CS

(McAllister & McAllister, 1971).
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Viewingrthe vC paradigﬁ in terms of classical conditiouing,
and taking into considerationvthe resultsyot‘most classical condition-
ingvresearch,'it may be apparent Why'the previous attempts to “
eliminate self—punitive behavior‘though alley cue ﬁanipulation have .
‘,gfailed. ‘When dlstlnctlye ‘cues in punished extlnctlon are prOV1ded
only in the same segment or area in Wthh shock occurs; what results
1s a 31mu1taneous presentatlon of a CS (changed or d1st1nct alley
'cues) andvthe~UCS (shock). Although Heth and Rescorla (1973) have
Shown evidence of'simultaneous condltlonlng, most studles.that have
employed this procedure have not reported 81gn1f1cant.condltlonlng'
effects (Asratyan, 1965; Bltterman, 1964 MacKlntosh 1974 Smith
Campbell &‘Mlsanln, 1969).

It would appear that for’accslto he maximally effeCtivegin rear

couditlouing, therezmust~be sOme interyal between the CS (alley
:cues in this case) andfthe’UCSi(shockj.v It'thisvls the case in the
VC paradigm, then in punished extinction the most effeétive‘CS
‘will not be the cues.of thelshocked'segmeut itself, as MelViu.hasf
assumed (1971), but rather the alleyjseghent cues encouutereuﬂin'
‘the pre-punishment sections. Thus an alternative assumption Would.'
be that the most effective‘CS for fear=conditioninguin:the'VCjg
paradigm would be one presented at some'interyal"hefore shock.
Contrary to Brown, then, it would seem most reasonable_to expect
that the crucial section for the eliﬁination of self—punitiye
responding through cue chahgesbis in one or more segments preceding

- shock.
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In the first "diétinctive éﬁe"_sﬁudy>Bj'BroWn;(léfO), the
segments preceding shock Were;n§tbaltefed in extinction, and still
resembled the start area..'Accqtding‘;o'the argﬁment presentéd
above, fear should be conditioﬁéd‘tq cues in the~pré—puﬁishmenf
segment and then generalized back tq‘thebé#értbox; In the
distinctive cue studies, these reﬁaipé& similér,vthué the results
obtained_by‘Brown in his firsﬁ'experiment were conéistent with
the present inferpretation;

Brown's second experiment,'along with those reported by Brown,
Beier, and Lewis (l97i), ié much ﬁore‘difficulf to discuss in
the present‘fraﬁework. The major pfOblem with these studies is
that the pre—punishmeﬁt cues remained similar to the staftbox cues.
It is possible that despite a’cue change, enc0unteriﬁg shéck in
extinction still comnstituted a‘fear-condiﬁibningAtrial that
generalized back to the startbox.

The present interpretation of the coﬁditiéned—fearrhypoﬁhesis
has several implications for VClbehavior,.especially regarding
the issue of shock location in extinction. Given the assumptions
delingated previously, it is clear that.sélf—punifive 1ocomotor
responding should be greater (in speed and resistance to extinétion)
the closer the shock zoné is to the start area. This follows because
the likelihood of fear being directly conditioned to the start.
area would be increésed if fear is in fact conditioned to cues
preceding shock. Under such conditions fear would not simﬁly be

‘generalized to the start-area cues, but would be conditioned directly
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to them, thus any déérement in‘ébﬁditionihg that‘ma§:result from
the geheralization'of;fear would be éliminatedl' This would léad |
‘one to expect fastér"andkmoré'persistént vC responding,with shock-
located in the first or sécbnd segmenﬁ than in the third,seément
(shock in the’étartbok:no longef conStitutes‘self—§Unitive,'
»respohding, but ratherbescape-responding,'and’need not bé‘éonsid-'
-ered here). ; | - |

| In general,,thegdata suggestwthat Ve fespondiné is indeéd}moreu
_persiétentlwhen shock is placed closer to thé-start,aréa;‘vTﬁough
self—punitive respondihg»has been obtainéd with shock located -in
v?arious segments, firét aﬁd second . segment shéck,do appear‘to
produce selffpuniﬁive behavior ﬁére.effective]_.y tha..nbthird segment
shockv(Brown,,Horéfallb& Van Eruggen, 1969; Campbell, Smith, &
Misanin, 1966; Martin & Melvin;‘l964;Melvin,Aﬁhey, & Heasley,
1965; Melvin & Bendér,‘l967;_Me1vin & Stenmark,‘l96§)._ BfoWn‘(l969)
and Melvin (1971) both surmiséd that shock located iﬁ thevmiddle |
segment should be the most faéilitatiVe, But the;cénclusiOn was
“fbésed on_é combarisog_between several experiments by Broﬁn, Horsfall &
‘ Van Bruggen.(1969). Eaton (1974).reporte& an hnpﬁblished studyf‘
(Eaton, 1972) that found' shock in‘the‘fifst segment“to yield
greatet,resisﬁance to extinction‘than ﬁiddle segment shqék.‘

Thé.conditioned4feér explénatioh~of vicious-ciféle-behaviof

propoéed here also_has important impliéations for tﬁe issué of the .
elimination of VC‘béhavior throggh‘ailéy cue manipuiation. The»
- most obvious of these is tﬁat alley cue changes shduld eliﬁiﬁate

self-punitive responding when changes occur in the segmentspreceding
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shock; cue changes in one should have greeter impact than changes
in the'other in eliminatingvVC behavior. Thiskprediction follows
 from prev;ous classicai—conditioning research investigating fear
' responses ﬁith different CS-UCS ihtervalS'during conditioning.
These studies indicated the existence of an,optimal CS—UCS
interval for CS effectiveness in feaf conditioning which may be
reflected by differences iﬁ cﬁe change effectivenees iﬁ the pre-
-sﬁqck segments.

‘The present study was designed to test’the foliowing hypotheses:
‘1. that brightness cue changes can indeed eliminate'seif-punitivev
responding; 2.  am important section in which cue changes during |
,puhished extinction willvaffect VC responding is the area preceding
'shock; 3. that the same curvilinear relationship found in earlier
fear-conditioning :eSeefch between the CS-UCS interval:and‘the
effectiveness of the CS in eliciting the fear response also applies
to the VC paradigm. Thus given two Segmehts preceding shock,
there should be a greater eec;ement in self-punitive responding
fellowing cue changee in one segment. in comparisoﬁ'to the other.
- Two experiments were designed to test these predictionms, each using
bfightness cue changes iﬁ the runway as the fprm of alley cue
manipulation.

The first experiment was deeigned to demonstrate that
changing brightness cues is effective in eliminating self—punitive
responding. To accomplish: this, an'experiment maﬁipulatingetotél
alley brightness cues was performed. After treining in either an

all-white or all-black runway (with a distinct goalbox), two
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punished-extinction grﬁups were‘compared.‘ These two groups
differed only in the presence or abséﬁce‘of‘a brightness cue change
during extinction. One group received extinétion trials With
thevalley cues reﬁaining,the same as those in.training (NCPE),
_while the second group received'extinction trials with alley
brightness changed in all three alley segments (CPE). Only the
startbox and goal area remained the same as during training for
this group. An RE group for each of these extinction conditions
was also included (NCRE, CRE). |

In addition to the bfightneés cue manipulations, the present
study differed from that performéd by Brown (1970) in. another
important aspect. In this experiment, shock for the PE groupé was
administered in the third segmént, instead of the second. Though
this' typically does not produce the highest level of VC respond-
ing, it is still reported to produce‘reliabie self—pdnitive
behavior. Further, such shock placement allows for éues to be
manipulatgd in:a greater number 6fbsegments preceding shock.

Except for the location of the shock zone, the RE and PE
groups for which the alley-cues femaine& constant during extinction
comprise standard VC conditions. Thus group NCPE was expected
to show typical self-punitive responding,‘with animals in this
group running reliably faster and requiring more trials to reach
aﬁ extinttion criterion fhan NCRE controls..

For the two gro&ps in which the alleybcues‘were changed

during extinction (CRE & CPE) there was a clear distinction between
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the start areavand‘all-allef cues preceding and simultaneous‘uith
:shock. Conseduently; itvwasvexpected that thejeXtinction perfor-
mancevof’group‘CPE'would be much the»same»as that‘ofbgroup CRE
’since in both groups fear should be eliminated as a’ motlvatlon
for responding due-to the cue change. Further, any .fear that may
'be conditloned durlng the punlshed-extlnction trlals to the new
alley brightness cues would not be expected to generallze as
effectively back to the start area, in comparison to the generaliza—
._tion presumed to take place for group NCPE Thus there‘should be
a,greater'decrease in self-punltlvezrespondlng for group CPE in
-comparison to‘grouvaCPE.

In the secondvexperiment' training in either an'allewhite or
vall—black runway was. followed by three manipulations of alley bright-
" ness cues during extinction trlals. Flgure 1 illustrates the |
brightness cue manipulatlons in Experiments 1 and 2.

Group Cl+2RE and_Cl+2rE,resembled'groups CRE and CPE‘from_"'
bExperimentilH with,one'exception; instead‘of having all three.alley '
, segments changed in extinction, Segment 3 remalned the same as 1n
trainlng. Animals in group Cl+2RE Were expected to respond 31m11ar1y |
to those in group Cl+2PE during extlnctlon, and 51m11ar1y to, t
groups CPE and CRE in: Experiment 1. Despitetthe fact_thatshockE
occurred 1n.a segment With cues 31m1lar'tofthose in thefstart'area,>A
the‘preceding segments did‘differ in brightness,“thus fear should‘not

have generalized back to the start area to initiate the running response.
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Groups Cl1PE and C2PE were especially important in Experimeﬁt
2., Animals in group ClPE %eceived puniéhed-extinctionvtrials in
an‘alley that héd only the cues in Segment 1 changed from training;
Animals in group C2PE received a similar treatment except that iﬁ.
extinction only the cues in Segment 2 were changed. Thus the only
difference bétween these two grbups was the placeﬁent of the
distinctive alley cues in.the pre-punishment sections; It was
assumed that both conditions would provide an equally discriminable
change between training and extinction conditiomns.. Therefore, if
a significant difference were found in self-punitive responding
between these two groups, it would provide strong evidepce against
the discrimination hypothesis.

A difference between groups C1PE and dZPE in'terms‘of self-
_punitive responding would also provide support for the expanded
version of the conditioned-fear hypothesis proposed previously.
Assuming the samé curvilinear relatiohship between the CS-UCS interval
and the effectiveﬁess of the CS in fear conditioning demonstrated
in previous research, it was likely that animals encountering cue
changes in one segment preceding shock would cease responding more
rapidly thah those subjected to changes in the other segment.
Though»difficult to explain in terms of a discrimination hypothesis,
such a result would be consistent with previous fear research and
would provide support for the conditioned-fear explanation proposed

in this study.
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Groups ClRE and CZRE served as controls fér the above two PE
conditions. No différencg was expected between thése groups
in either speed or number of trials required to meet extinction
criterion, making a direct comparison between the corresponding PE
groups possible. The cue changes for each gfoup were the same
as those of the corresponding ?E'grouPs, but no shockiwas present
during extinction. |

The final two groups. in this experiment were also quite
important in testing the conditione&-féarvhypothesis proposed here.
Animals in groups CSBPE and CSERE enéountered cue changes in the
lowe: tier of the startbox dﬁring exﬁihction trials. Shock was
present in the third alley segment for group CSBPE, while no shock
was present during extinction for group CSBRE. These last two
groups were included.because one of the crucial assumptions of‘the
Mowrer;Brown hypothesis is that fear generalizes back to the stért—
box during punished extinction. This assumption is important'since
it is presumedbthat it is the starfbox cues which initiate the
locomotor response in self-punitive responding. It was thus expected
that changing the cues in the startbox would‘se;ve to block generali-
zation of féar to these cues. As a result, animals in this‘gfoup
‘were expected to show reduced self-punitive responding in comparison
to their controls. |
The cruéial comparisoné made iﬁ this experiment involved the

extinction‘performange of groups ClPE, C2PE, and CSBPE. It was
expected ﬁhat a comparison of groups CIPE and C2PE would find little

or no decrement in self-punitive responding under omne of these cue
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change conditiohs, while animals in the other cue change group
should show a much greater élimination of self-punitive behavior.
However, since previous research in fear conditioning had demonstrated
a curvilinear relationship between CS-UCS intervals and CS
effectiveness, it was not possible to make a prediction as to

which of the cue changes would show the most éffective elimination
of VC behavior. Thus only the pfediction that there should be a

- difference in self—puﬁitive responding between these two‘cue chénge
conditions was made. Finally, the animalsiinrgroup CSBPE'were

also expected to show reduced VC responding; due to the presumed
importance of the start area in initiating the self-punitive loco-

motor response.



Chapter 2
Method

Experiment 1

Apparatus. The apparatus consisted of a two-tiered startbox,
a 1837cm three—segment.alley,-and a goalbox, similar to the runway
described by Brown, Martin, and Morrow (1964). Both the startbox
and the alley segments were initially white, but could be
altered by the insertion or removal of black car&board inserts
on the inside walls. These inserts were held in place by small
white wvelcro patches attached to both the apéaratus walls and
the cardboard inserts. The goalbox was black with white stripes on
the walls and floor.

Thevupper tier of the startbox (measuring 23.3 cm x 11.3 cm x
17.3 cmj employed a trap-door floﬁr, which upon release dropped
subjeéts onto the grid floor of the lower startbox compartment
(40.3 cm x 11.6 cm x 20.3 cm). This lower compartment connected
directly to the first of three grid-floored alley éegments. Each
segment was separately wired, and measured 61.0 cm x 11.6 cm x
20.3 cm. The goalbox measured 44.9 cm x 25.1 cm x 20.0 cm, and
had a flat wooden floor. A manually operated guillotine door was
employed to confine subjects in the goalbox.

Individual photocells were located in the lower compartment of

the start box and 2.2 cm from the end of each segment, permitting

22
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measurement of both total runway time fe; trial, and time spent in
each individual segment for each trial. Starting time,.totai time,
and culmulative time per segmeﬁt were recorde& for each trial;
hoﬁever, total alley time (in.the form of alley speeds) figﬁred most
prominantly in‘the daﬁa analysis.

Start time wa; defined as fhe‘time iﬁterval betﬁeen the release
of the trap door_and the iﬁterruption of the'photocell beam at the
end of the 1qwer-Startbox_CQmpartment. Each runway:photocell was
connected to one of four LaféYettevElectric Timers, via two
Hunter photocell relays..jTimes~wér¢ recorded to the nearest one-
hundredth of a second. All cloéks were activated by the feleaSe
of the start box trap door, and were stopped by the‘iﬁterrupﬁion
of their;corresponding photobeam.

A Grayson-Stadler shockér—S¢famb1er Waélemﬁlofed to deliver a
constant ac shock in the lower tier of the startbox and‘éachfélley
segment, Shbckﬁwa&deliVéredthrbugh grids which measuréd 3 cm in-

diameter and were spaced 1.2 cm apart measured from their center.

Subjects and deéign. Subjects were 40 maie Long-Evans‘dérived
‘hooded rats bred in the animai colony at VPI & SU. Animals were
90-110 days old on Day 3 of training.: Subjecté were housed in pairs'
in hanging metal cages in the méin departméntal colony, and givenv
ad libitum food and water access. Tﬁo weeks before training‘these
animals were assigned to one of four extinction groups in a 2x2
design, with 10 animals per group. The presence or absence of shock
vin extinction and the presence or absence of brightness'cue change

were the independent variables,
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A third'variable'was included in training that wasranalyzed
‘separately from the extinction.ﬁanipulations. In ordernto insure.'
that brightness changes from light to dark were not somehow more
effective cue changes than changes from dark to light, these
changes were balanced across-allvgroups. Thus half of the:subjects
were trained in a whitevalley, the otherthalf in black. ‘Appropriate
cue changes were then effected.by*insertion or remonal (respectively)
of the black inserts. ' Thus thenoverall design ﬁas actually a 2x2x2.

Procedure. All trainingzand ertinction trials were condueted“J
in a single‘session. Two subjects were'run per day; one regular-
‘extinction (RE) and onekpunished-entinction-(PE)ISubject fron:one of
vtbe tno alley brightness conditions in extinction (change vs. no change;
or C vs. NC), and from one of the two alley brightness training. |
‘conditions. Assignment to training conditions, eXtinetion'groups,
running days, and order of running were allvrandomly determined.

On Day 1 for each animal,bthere was a 10 min. handling sessipn,‘
~with the subject remaining on tbe experimenter's hand fer most of
this period On Day: 2 each animal was given another 5 min. of
handling, followed by 5 min. of exploration in. the runway. The latter
procedure consisted\qf_placing the~subject in the_upper.level of
the'startbOX\and dronping_it?tnsthe lswer level;} Theianimal then
‘had free’aCCess to the entire"allevaith'nO’shock present.

Trainlng began on Day 3 "Each ' subJect received a total of 15

tralning trials. The first six of these were pre~training trlals,
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used to shape the running résponse. On Trial 1 the startbox and
the goalbox were coﬁnected in tandem, with a constant current ac
shock of 0.8 ma (at 416v) administered in the lower compartment of
the startbox. For Trials 2vand 3, the first electrified 60 cm élley
segment was inserted between the sfértbox and the goalbox; For
Trials 4 and 5, the second electrified alléy ségment was added.
The third electrified segment was added for the last pre-training
trial (Trial 6), completing the‘183 cm.alley. For the femaining
training trials, 7-15, all three segments remained with their grids
electified. Thus each animal reéeiﬁed 10 triéls with shock present
in the entire alley;b

Subjects were dropped from thé upper>levei of the startbox
onto the grid floor of the lower compartment to begin each trial.
A guillotine doorkwas lowéred uﬁon the animals entfy into the
goalbox, thus separating‘the subject from the rest of the runway.
Goalbox confinement,lasfed‘for 30 sec., after which the subject
was transferred to an unpainted neutral wooden holding cage_(35.2
cm x 13.2 cm x 20.2 cm) for approximatelj 20 sec. Folloﬁiﬁg,this
period, the animal was again placed into the startbox to begin
another trial. Totéi ITI was approximately 1 min., timed from the
subject's entry into the‘goal box to the release of the startbox
trap door for the next trial.

Extinction trials began immediately following the last
training trial. These trials continued uﬁtil one of two criteria

had been met: one trial in which the subject failed to enter the
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goalbox within 60 sec. after entry into the runway; or completion
of 60 extinction trials. If the subject completed a 60 sec. trial
in less than 60 extinction trials, all remaining trials were
assigned a total alley time of 60 sec., with a sterting time and
individual segment times of 15 sec. each. For the first 60 see.
trial, the start and segment times were retaine& if they were lessb
than 15 sec.; if not, they were also assigned the default.value.v
In this experiment, fhere were fqur extinction gfeups,
differing in the presence or absenceeof shock ihvthe third alley .
segmenﬁ (RE or PE), and changeavor'unchanged totai alley brightness
cues (excluding the startbox) in relation to treining cues. - Thus -
animals in group,NCRE'received»exfinctioﬁ trials with tﬁe aliey
segments remaining the same in terms of brightness cues as.during
training trials,»but with no sheck preseht) This’grouprserved as
a control group for the second group, NCPE, which also experienced
extincfipn triale with the alley brightness cues similar to fhose :
in training, but with shock reﬁaining inbthe third_seg¢ent. Groupsv
CRE.and CPE, however, were given extinction trials with:the elley
brightness cues ehanged in all three alley segments. Thus if a
subject in one ef these groups had been trained in a black runway,
extinction trials took place with all‘three ailey eegments changed
" to white, while the startbox (Bdth ievels) and the goalbox remaiﬁedu
the same ae.dufing training.. Group CRE received no shock dufing
' extinction‘trials, similar to group NCRE, while CPE received

punished-extinction trials much like NCPE (shock in the third segment).
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Experiment 2

Apparatus. The basic apparatus was the same as in Experiment
1, using the two-tiered startbox, three-segment alley, and striped
goalbox. Photocells were located as before, with latencies
obtained in the same manner as described previously. As in
Experiment 1, black cardboard inserts were removed or added during
extinction in order to manipulate brightness cues.

Subjects and design. Subjects were 80 male Long-Evans derived

hooded rats bred in the animal colony at VPI & SU. All animals
were 90-110 déyé old on Day 3 of training; and were housed and
vmaintained similarly to the animals used in Experiment 1. Animals
were randomly assigned to éne of eight extinction groups in a2zxhé
design, with 10 animals per group. The in&ependent variables were
the preseﬁce or absence of shock (RE vs. PE) and alley brightness
cue manipulations in one of four ruﬁway areas (Cl+2, Cl, C2, CSB).
A training variable was also included in which half the subjects
in each group were trained in a white alley and half in black.

Cue changeé were effected by insertion or removal éf.the biack
inserts. The formal design was then a 2 x 2 x 4, but only the two
extinction manipulations were utilized in analysis.

Procedure. Four subjects were run each session, two in PE
groups and two in RE groups, raﬁdomly assigned as in Experiment 1.
Handling and exploration, pre-training, and training trials'werei
also identical to the first experiment. Half the animals in each
group were trained in an all-white alley, and the other half in an
.all-black alley, while the goalbox remained striped for all groups

during all trials.
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During extinction PE:subjécfs encoﬁntered shock only in. the
third alley segment, while RE subjécts received no shock in any
Segment. Two groups, Cl+2RE and Cl+2PE, received extinction trials
in a‘runway that had the bfigﬁtpeés cues in‘alley segments 1.and
2 chahged from those in:training,x Thus if an animal in one of
these groups had‘been trained iﬁ an all—white alley,'Segments 1
énd 2 would‘be changed to blaqk;during extinction tfials,» For
groups C1RE andICIPE,‘cue changéé in extinction took pléce 6ﬁly in
Segment 1 of the runway, while the startbox and Segments 2 and 3
remained the same as in training. Groups C2RE aﬁd CZPE differéd
froﬁ the previous two in that the centef segment.(Segment'Z) had
the brightness cues altered, wﬁile.the first and»the third.segménts
reméinedkthe same. Finally, gfoups CSBRE and CSBPE had only the
lower level of the startbo#»chahged from trainiﬁé, while'the three
alleﬁ-segmepts remained cqhstant. Extincfion criteria for tﬁese

groups were identical to those employed in Experiment 1.



“Chapter 3
Results

Experiment 1

Median latencies of total times over blocks of three-tfials
‘were converted into speed scorés (cm/sec) Eor each subject. Pre-
training trials (Trials 1—6) were not included in the analyses.
Number of frials to reach the extinctibn'criterion and tofal alley
speeds served as dependent variables.

Training. Mean total alley speeds for each group for the
three training blocks are plotted on the left side of the graph in
Figure 2. The overall ﬁean speeds for the three blocks were as
follows: 102.24, 117.57, 114.57 cm/sec.

A repééted—measures analysis of variance Was‘performed on
total speeds. Extinction Condition (PE vs. RE) and Cue Condition
(C vs. NC) were Between—Subjecté factors, while Bloéks of trials
served as a Within-Subjects factor. A'summéry table of the analysis
of variance for training trials is presenfed in Table 1.

The main effeét of Bldpks (p<.0001) and the Cue Condition X
‘Blocks interaction (p<.05) Wefe the.only significant effeéts obtained
in,the analysié of training‘speeds. A summary of ﬁhe simplé effects '
analysis of variance for the CuevCondition x Blocks interaction is

presented in Table 2. The results of these analyses indicate that
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TABLE 1

Summary of Analysis of Variance of Total Alley
Speeds for Training Trials from Experiment 1

Source . daf Ms “F' | P
Between Subjects 39
_Extinction Condi-
tion (EC) lv 440.23 .87 , >.10
Cue Condition : | | »
(cc) 1 3.6 .01 >.10
CC x EC 1 . | 32.67 .06 . >.10
. error b 36 506.83
' Within Subjects 80
Blocks (B) 2 2638.78  24.63 ~ <.0001
ECxB 2 24.56 .23 >.10
cc x B | 2 36L.8  3.38 <.05
CC ¥ EC x B -2 73.11 .68 >.10

error w - 72 107.14

Total S - 119




- Summary of’Simple‘Effects Analysis. of Variénce
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' TABLE 2

of Total Speeds for thg»Cue’CHange;By Blocks Interaction
for Training Trials From Experiment 1 -

__Cue Condition

Source

Changed

57.23

Block # df MS F P
1 Cue Condition 1 313.93 1.1 .05
1 error w 38 282.23
2 Cue Condition 1 412.68  3.60 >.05
2 error w 38 114.74
3 Cue Condition 1 235.27 .77 .05
3 error w 38 303.78
.Cue.CQnditibn ‘Source df MS F P
No Change Blocks 2 2413.84 15.99  <.0001
No Change error w 38  150.92
Changed =~ Blocks 2 586.77 10.25 °  <.001
 error w ‘38 .
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Cue Céndition group C did not differ:from group NC‘fOr»any,of the
three training bloéks. Speed scores did increase significantly
over Blocks.fdf both Cue-Ccnditién groups, and this difference was
slightly mére reliable for NC. groups (p<.0001) than for C groups
(p<.001). A Duncan's Multiple Range test indicated increases in
speeds from Training Block 1 to Blocks 2 and 3. Blocks 2 and 3,
however, did not differ in meén»speeds; Further, these speed
increases across blocks were greater for some groups (Cué Condition
C) than for ofhers (Cue Condition NC).

Extinction. A separate analysis of variance was performed on
the Direction of Change variable (gomparing changes fromblight to
dark with those from dark to light) for both trials to extinction
and total alley speeds. The effects of éhanging alley brightness
cues from light to dark did not differ significantly from those of:/lw
changing from dark to light, nor were there any significant inter-
actions»involving this variable. Summaries of these analyses for
Experiment 1 are presented in the top sections of‘Iableé 3 and 4.

The right side of the graph in Figure 2 presents the group
means for total alley speeds over blocks of extinction trials.

This figure indicates an important interaction between Cue Condition

and Extinction Condition, in that.group NCPE responded consistently
faster than the remaining three‘groups. Repeated measures analyses

of variance were conducted, usihg Cue Condition and: Extinction Condition
as Between-=Subject effects, and Blocks as a Within-Subjects effect.

Significant differences were obtained for all three main effects, as



TABLE 3

Summary of Amnalysis of Vafiance of Total,Speeds for
- Direction of Change for Extinction Trials from

Experiment 1 and Experiment 2

Experiment 1

Source af MS F
Between-Subjects 3
Direction of S a ) : ,
change (DC) 1 . 774.61 .04 .10
CD % Cue Condition 2  10527.86 .52 >.10
Within Subjects 32
error w 32 20077.08
Total 35
Experiment 2
Source df MS . F P
‘Between-Subjects 4
Direction of
Change (DC) 1 15947.96 .69 >.10
DC & Cue Condition 3 43544.81. 1.89 >.10
Within Subjects 64 '
error w 64  23039.58
Total 68

N
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TABLE 4
Summary of Analysis of Variance of Trials to
Extinction for Direction of Change from

Experiment 1 and Experiment 2

Experiment 1

Source . . df MS F . P

Between Subjects 3

Direction of -

Change (DC) : 1 4973.17 .96 >.10
DC x éue‘Condition 2 2411.16 47 >.10
Within Subjects 32 |
error w 32 5170.40
Total 35

Experiment 2

Source ' df MS ‘ F - : P

Between Subjects 4

Direction of o
Change (DC) 1 8450.43 - .29 >.10

' DC % Cue Condition 3 17289.38 - .59 - >.10
Within Subjects : 64

error w 64 29139.40

Total 68 _ -
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well as for the Extinction Condition x‘Biocks interactibn‘and the
Cue COndition'x”Extinction Condition,interactionr: Each effect was.
significan£ at the_2<f0001 level, except Extinction Conditién,
which was significant at the p<.001 level. These results are
presented in Table 5.

A simple effects analysis of variance of the Cue Condition x.
Extinction Condition interaction ihdiéated that RE and PE groups
differed reliably only for the NC Cue Condition, with group NCPE
responding reliably faster (p<.0001) than thg NCRE‘contrpl group
(see Téble 6). ;The RE and PE‘groups for the Cue Condition C
groups.did not differ statisticélly,‘indicating that the presence
of shock‘did:not facilitate respondigg under this Cue Condition.
Concommitantly, Cue'Condition'groups‘did differ for ﬁhe PE groups,‘
with group NCPE responding'sigﬁificantlybfaster than CPE (p<.0001),
while no difference was found for the RE groups. These results
indicate that changing the brightness cues in the entire alley from
those present during training reduced the speeds of the PE groups,
while itbdid not affect the RE groups.

The simpleveffects‘analysis of wvariance for the Extinction
- Condition x Blocks interaction (Table 7) revealed that the main
effect 6f Blocks was significant only for the RE groups (p<.0001),
reflecting a substantial decrease in‘totai alley speed duriﬁg extinc-
tion for these groups. This decrease was not pfesent for the PE
groups, as‘theré was no significant change in speed over‘blbcks.
However, this finding is mitigated By the Cue Condition x Extinction

Condition interaction. Indeed, upon examining Figure 2, it is clear
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TABLE 5

Summary of Analysis of Variance of Total Alley
 Speed for Extinction Trials From Experiment 1

Source

daf MS F P.
Between—Subjects' 39
Extinction ,
Condition (EC) 1 264921.36  14.27 <.001
Cue Change (Cé) 1 489501.25 26.37 <.0001
CC x EC 1 376343.69  20.28 <.b001
erfor b . 36 .18559.59
Within-Subjects 760
Blocks (B) 19 " 3829.95 9.07 <.0001
EC x B 19 2131.53 5.05 <.0001
cCxB 19 337.45 .80 >.10
CC x EC x B 19 608.37  1.44 >.10
error w 684 422.21 |
Total 799




TABLE 6

Summary of Simple Effects Analysis of Variance of
Total Speeds for the Cue Condition by Extinction
Condition Interaction for Total Speeds From

Experiment 1 '

Cue Condition

Extinction ‘ .
Condition Source df MS F P
PE ‘Cue Condition 1 862131.87 " 26.46 <,0001
PE error b 18 32581.40
RE  Cue Condition 1 3713.07 .81  >.10
RE error b 18  4537.65
Extinction Condition
Cue
Condition Source - df MS F P
No Change Extinction .
Condition . 1 636387.94  18.67 <.0001
No Change error b 18 34078.17
Changed Extinction v
Condition 1 4877.11 1.60 >.10

Changed error b - - 18 - 3041.00
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TABLE 7

Summary of Simple Effects Analysis of
Total Speeds for Blocks Holding Extinction
Condition Constant for Extinction Trials
from Experiment 1

Extinction ) :
Condition Source df MS F P
RE Blocks 19  5548.04  11.64 <.0001
error w ’ 361 476.68
PE Blocks 19 41345 1.11 >.10

error w 361 - 373.07
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that group CPE shows no decrease in responding‘during extinction
trials due to a large initial decrement in fesponse speed from Train-
ing Block 3 to Extinétion Block 1, which made further significant
decreases in speeds acrosé extinction blocks unlikely. Group NCPE,
* however, did not suffer from this floor»effect, and unlike CPE,.
shows substantially faster‘and more consisteﬁt speeds than its RE
control. |

In the above analyses, runspeeds were analyzed across all 23
extinction trial blocks. However, many of the animals in some
groups met the extinction criterion well before the last trial block.
In fact, 30.ou£ of the 40 subjects had met.the extinction criterion
by Extinction Block 10 (within 30 triais).‘ As a result, much of
the ovérall analyses were based on default scores assigned to
animals that were no longer running; for example, all 10 animals
in group CPE had met the extinction criterion by Trial Block 8.
For this reason the total alley speed data was re-analyzed including
only_thosé'blocks in which some animals in each group were still
responding; i.e., Blocks 1-7. Although many animals had also met
extiﬁétion criterion by Block 7, eﬁdugh did continue fo respond
duriﬁg thése trials éo thaf 140 of the 280 times recorded were
based. on actual performance and not experimenter assigned default
scores. This was in contrast to the overall analysis where only
7251 of 800»obsefvations were not default scores.

Table 8 presents the analysis of variance of total alley speeds

for extinction trial Blocks 1-7. The results are quite similar to
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TABLE. 8

Summary of‘Analysis of Variance of Total
Alley Speeds for Extinction trial Blocks 1-7
From Experiment 1

Source df _ MS F . P
Between Subjects ' 39
Extinction
.Condition (EC) 1 28736.29 2.95 >.10
" Cue Condition (CC) 1. 188379.87  19.36 <.0001
cC % EC 1 95980.60 9.86 <.005
error b | 36 9732.84
Within Subjects 240
Blocks (B) 6 1183.28 3.45 <.005
EC x B 6 1846.13 5.38 <.0001
cC x B 6 435.63 1.27 >.10
' CCxECxB 6 924..99 270 <.05

error w 216 343.11

Total 279
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those obtainéd for the analysis of variance inéludiﬁg all 20 extinc—
tion blocks, with one exception. In this last analysis the Cue
Condition x Extinction Condition # Blocks interaction was signifi-
cant (p<.05). However, a simple effects analysis holding each

block cénstant.(Table 9) revealed that the important Cue Condition x
Extinction Condition interaction was reliable for each extinction
block, except Block 1 (.05<p<.09). Thus these alléy speed analyses
do not coﬁflict‘with the analyses including all 20 extinction blocks,
even though the majority of the scores in the latter analyses were
default scores.

The mean number of trials to extinction for each extinction
group is presented in the uppe? portioﬁ of Table 10. Table 11 pre-
sents the results of the analysis of variance for the number of trials
to extinction. :Significant effects were found for..Cue Condition,
Extinction Condition, and the Cue Condition x Extinction Condition
interaction, with significance levélé of p<.0001 for‘each effect.

Table 12 presents‘the simple effects aﬁalysis of variance for
trials to extinction for the Cue Change x Extinction Condition
inferaction. These results are consistent with the results obtained
in the alley‘speed analysis. The RE and PE groups differed in
trials to extinction only for the NC Cue Conditions (p<.001). Thus
group NCPE took reliably more trials to meet the extinction criterion

(mean=44.8) than its RE control group, NCRE (mean=14.0). Groups

- CRE and CPE did not differ on this measure (means=8.3 and 3.0,

respectively), indicating the absence of VC‘responding for these
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Summary of Simple Effects Analysis of Variance of Total
Alley Speeds for the Cue Condition by Extinction Condition
by Blocks Interaction for Extinction Trial Blocks 1-7 From.

Experiment 1

Block' .
Number vSource df MS F P
1 " Cue Conditidn (CC) by . o
Extinction Condition (EC) 1 4069.32 3.17 <.09
ertor 36 1284.39
2 " CC'x EC 1 1‘9613.65 6.09 <.02
error 36 1578.51
3 CC x EC 1 10532.83 5.52  <.03
error 36 1907.27
4 cC x EC 1 19241.35 11.23 x<,bos
error 36 1714.02
5 cC x EC 1 21115.50 11.34  <.005
error 36 1 1861.76
6 CC x EC 1 20031.61 10.95  <.005
error 36 ‘1829.37
7 CC x EC 1 15842.39 10.00 <.005
error 36  1583.79
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TABLE 10

 Summary of Mean Number of Trials to the
Extinction Criterion From Experiment 1 and

Experiment 2

Experiment 1

SD Group

Group Mean.. Mean SD
NCPE 44.8 23.97 CPE 3.0 6.72
NCRE 1 14.0 13.74 CRE 8.3 10.43
Experiment 2

Group Mean SD ‘Group Mean SD
C1+2PE 5.6 7.69 . C2PE 33.5 28.7
C1+2RE 8.8 9.27 C2RE 5.0 4.39
C1PE 13.3 22.65 CSBPE 26.8 25.0
C1RE 7.8

9.72 : CSBRE

11.1

9.89
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TABLE. 11

Summary of Analysis of Variance of the Number
of Trials to Extinction Criterion from Experiment 1

Py

Source df MS F : P
Betwéen Subjects ' 3
Extinction
Condition (EC) 1 48691.50 10.00 <,0001
Cue Condition (CC) 1 .110814.58 22.76 <,0001

CC»& EC : 1 90625.18 18.61 <.0001
Within Subjects
error w " 36 4869.68

Total 39
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TABLE 12

Summary of Simple Effects Analysis of Variance
of the Cue Condition by Extinction Condition
Interaction For Number. of Trials to Extinction
Criterion from Experiment 1-

'Extinctian
Condition Source df MS F : P
RE Cue Condition 1 507.15 19 >.10
error 18 2612.42
PE Cue Condition 1 200932.60 28.19 <.0001
error 18 7126.93
Condition Source df MS F P
NC Extinction
Condition 1 136086.40 17.08 <.001
error 18 7968.22
VC Extinction
Condition 1 3230.35 1.82 >.10

error 18 1771.13
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"groups.  In addition, ﬁhe effect-of'Cue Condition was significant
(p<.0001) only for the PE groups, and not for the RE groupé;

Group NCPE responded significantly longer in eXtinction;than group
CPE.(means:44.8,k3;0, respectivély), giving furﬁher evidence

that the cue changes employed reduced‘the’facilifative effects of

punishment on VC behavior.
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Experiment 2

Training. An analysis of variance éér totai alley speeds for

©  training triél bloéks yielded a significant effect_only for Bl&cks §:
| < .0001). Mean speeds for the three training blocké were as follows:
112.86, 120.36, and 123.73 cm/sec. This indicates a reliable increase
in total alley speedé acfﬁss the three blocks. The results of this‘
analysis ére’preéented.iﬁ/Table 13.

Extinction. As in Experiment 1, an analysis of variance was
performed on the Direction of Change variable using trials to eXtincﬁion
and total alley speeds as depehdent véfiébles. As befofe,vthese
comp#risons yielded no significant differences in eithernmeasure,
indicating that brightnesé-cues had similar effects when changed from
iight.tO'dark;aS'when changedAfrom.dark’to light. A summary of these:
results is presented in the lower portion of Tables 3 and 4.

Group means of total speeds across blocks for each extinction
group are plotted in Figufe 3. This gfaph indicates that groups C2PE
and CSBPE responded faster in extinction than tﬁe fémaining two PE
groups,'altﬁough the reéponding of group'CZPE_appeared more stable
across trial blocks than CSBPE. The RE groups résponded similarly.to
one another in regard to totél speed dufingveﬁtinctionktrials. A
repeated measures-analysis of vafianceiwas,péfformed.fof total alley
speeds'(Table 14) aﬁd yielded signifiéant main'effects for Blocks
(p < .0001), Extinction Condition (p < .01), as well as for Cue
condition x Extinction C§hdition (p < .05), Cue Condition x Blocks

@ < .0001), and Extinctionvcbndition x Blocks (p < .0001). The main
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- TABLE 13

Summary of Analysis of Variance of Total Alley
Speed for Training Trials from Experiment 2

Source df - Ms . . F P

Between Subjects 79
Extinction -
Condition (EC) 1 1832,87 2,00 >.10
Cue Condition . ,
(co) : 3 345.91 .38 >.10
cC x EC 3 - 858.73 .93 >.10
error b 72 . 916.43

Within Subjects

Blocks (B) 2 2088.93  11.81 <.0001
EC x B 2 48.49 27 ».10
CCxB 6 160.86 .91 >.10
CCx EC % B 6 102.62 .58 >.10

Vérror W 144 E 176.83

Total 239
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TABLE 14

Summary of Analysis of Variance of Total Alley Speed
for Extinction Trials from Experiment 2

Source daf Ms F P

Between Subjects 79
Extinction _
Condition (EC) 1 231490.29 10.45 <.005
Cue Condition | |
(ce) 3 53170.0 2.40 <.08
CC x EC 3 74536.23 3.37 <.05
error b 72 22150.13
Within Subjects 1520 v
Blocks (B) | 19 8577.47 19.47 < .0001
EC x B o 19 '2152.62 : 4.89 < .0001
CC x B 57 1130.84 2.57 <.001
CC x EC x B 57 365.26 | .83 > .10
error w 1368 | 440.50

Total ‘ 11599
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effect of Cue Condition ﬁas‘only marginally reliable QE < .08).

- Simple effects analysis of variance for fhe Cue Condition x
Extinction Condition interaction are presented in Tablev15. These
analyses reveaied that Cué Condition had a significant effect for the
PE groups only (p < .05), andlhad no reiiable effect for the RE groups.
A Duncan's Multiplé Range test indicated that group C2PE responded .
reliably faster than‘gfdups C1PE and Cl1+2PE (R <. ,05), while group
CSBPE differed reliably only from group Cl4+2PE. Groups C1PE and C1+2PE
did not differ sigﬁificantiy.' Iﬁ addition, these results indicate that
PE groups responded_feiiably faster than RE groups for the C2 and CSB
- Cue Conditions (p < .01 and p < .05, respectively). RE and PE groups
did not differ in the CL and CL+2 Cue Conditions.

Additional analyses were performed on total speeds for extinction
trial Blocks 1-7 only. 1In this experiment, 69 out of 80 animals had
~met the extinction criterion by Trial 30. Limiting the analyses to the
first seven blocks only partially solved the problem of analyzing
default scorés,'as only 224 out of 560 observations were based on
actual performance for these biocks. However,kthis waé an improvement
over the analysis for‘all 20 extinction trial blocks, where only 365
~ out of 1600 observations were ﬁon;default scores.

The results of the analysis of variance for total élley speeds
for extinction Blocks 1-7 differed in some ways from the analyses
performed on all 20 blocks. A summéry of the resﬁlts of this analysis
- is presented in Table 16. 0f the main effects,:only Blocks was signifi-
cant (p < .0001), while the Extinction Condition x Blocks interaction and

the Cue Condition x Extinction Condition x Blocks interaction were both



TABLE 15

Summary of Simple Effects Aﬁa1y31é of Vaflance of Total Alley

Speeds for the Cue Condition: by Extinction Condition

Interaction from Experiment 2

:'Extinction

Condition Soufée af ‘ Msl F P
RE Cue Condition 3 3728.51  1.12  >.10
error 36 '3325.89 »
PE Cue Condition 3 123977.72  3.03  <.05
error 36 40974.39
Cue o v
Condition Source df Ms. F P
C1+2 Extinction v S : o
Condition 1 4916.27  1.66  >.10
error = - 18 2969.24"
cL Extinction | | o
| ‘Condition 1 19820.74 .78 >.10
error 18 35322.05
c2 - Exéinc;ionf. L :
" Condition ‘1 329514.14  8.27  <.01
error 18 3927.84
CSB Extinction L
Condition 1 100847.84  4.91  <.05
error 20481.76

18
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TABLE 16

Summary of Analysis of Variance of Total Alley Speeds for

Extinction Trial Blocks 1-7 from Experiment 2

Ms

Sourcé df F P
Between Subjects 79
Extinction | | . :
Condition (EC) 1 24805.93 2.05 >.10
Cue Condition - o |
(cC) 3 23087.38 1.90 >.10
cc x EC 3 28308.09 2.33 <.08
error b 72 12139.70
Within Subjects 480
Blocks (B) 6 4285.73 10.36 <.0001
BCxB 6 1739.72 4.20 >.0005
cC x B 18 | 606,48 1.45 >.10
CC x EC x B 18 785.23 1.90 .05
errér w 432 413.74
Total » 5'5_9 :
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significantf(g < .0005; and p < .05, respectively). More importantly,
the Cue Gondition X Extinction Condition interaction showed only
marglnal rellabillty (E < .08). |
Table 17 presents the simple effects analysis of variance for
Blocks, holding Cue Conditlon and Extinction Condition constant. All
extlnctlon groups showed reliable decreases in total alley speeds o&er
:Blocks 1-7 (p < 05), except group CZPE which showed a reliable
ipcrease in speed (Block 1=48.4, while Block 7=69.1; p < .05). Thus
seven of tﬁe extinction groups were showing decreases in total,speed
similar to thet seen in typical RE trials, including thfee out‘of four
of thevPE groups. >Only:group C2PE showed evidence of:fecilitation
v effectsfof punishmeht‘in thelform‘of alley speed maintenance over trials.
Because‘the tredictions made eariier about VC behaviorvin'tﬁis
experiment rely heavily on RE and PE-comparisons\across Cue Conditions,
~and because‘ajblock—oy—Block analysis was not expected to be particularly
- informative iﬁ‘this regard a simple effects anelysis wasvperformed on the
Cue Condltlon x Extinction Condition 1nteractlon for extinction Blocks
1-7 together. Despite the fact that the rellablllty of this interaction i
- was only marglnal,QR <..08), an analysis was performed to test for group
differences that had been predicted previously;sife., that self—punftive
behavior would exist in someccue'conditions, bdt,not in 6thers;‘
| Table 18 presents the simple effects analysis of variance for the
Cue'CondftiQn'x Extinction Condition interaction‘for extinctioanlocks
1?7; This anelysis.fndicated'that Cue Condition»was marginelly reliable

for the PE groups (p <..O7), but not for the RE groups. More
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TABLE 17

Simple Effécts Analysis of Variance of Total Alley Speeds
for Blocks holding Cue Condition and Extinction
Condition Constant from Experiment 2

Cue Extinction : ‘
Condition Condition Source df Ms F P
C1+2 RE Blocks 6 1241.62  5.16 <.01
| error 63 240.62
PE Blocks 6 1236.75  6.41  <.01
error 63 192.94
c1 RE - Blocks 6 1149.11  4.01 <.01
error . 63 . 386.56 |
PE Blocks 6 1004.72 3.80  <.05
error 63 264.40
c2 RE Blocks 6  1104.82 6.21 <.01
| error 63  177.91
PE Blocks 6 . 1081.02  3.71 »<.oS
error 63 291.38
CSB RE Blocks 6 1253.21  7.29 <.01
error - 63 171.91
PE Blocks 6 881.463  2.54 <.05

error 63 347.03
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TABLE 18

Summary of Simple Effects Analysis of Variance of Total Alley
‘ Speed for the Cue Condition by-Extinction Condition
Interaction for Blocks 1-7 from Experiment 2~

Extinction o , _ :
Condition Source df . Ms ‘ F P
RE Cue Condition 3 1033169 1.18 .10
error 36 8774 .48
PE Cue Condition 3 41063.78 2.65 <.07
error 36
Cue \ .
Condition Source df Ms : F P
C1+2 Extinction Condition 1 13942.93 1.65  >.10
error 18 8457.70
Ct Extinction Condition 1 . 201.41 .01 >.10
error 18 116128.56
Cc2 Extinction Condition 1 74041.14 6.40 <.05
error 18  11569.82

CSB Extinction Condition 1 21544 .71 1.74 >.10 .

error 18 12402.71
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importantly, the results indicated that RE and PE groups differed
reliably only for Cue Condition C2 (p < .05). Thus, only group CZPE_i
showed reliable self-punitive.behavior'across the first seven
extinction blocks, while the remaiﬁing RE and PE groups did not differ
significantly.

The above analyses are in contrast with the overall analysis of
variance that included all 20 extinction trial blocks in several ways,
including the finding of a significant thfee—way interaction between
Cue Condition, Extiﬁction Condition, and Blocks. .Mcst important,
however, was the finding of a reliable difference only between the RE
and PE groups for Cue Condition C2. Using all 20 extinction blocks,
this difference was also obtained for the CSB Cue Condition. This
discrepancy in the two analyses méy be due to the greater percentage
of default scores included in the first analysis.

Since the present experiment dealt with cue changes in individual
segments, the effects observed for tﬁe total speed analysis could
differ from analyses perfprmed on the data from the pre-punishment
sections of the runway. In addition, the use of data thét'included
time spent in the shocked segmént of the alley may have biased the re-
sults against the RE groﬁps, which received no shock. For these -
reasons, analyses were performed on start speeds, Segment 1 speeds,
and Segment 2 speeds. None of these sections contained shock during
extinction, and each was involved in a cue change/for one or more
extinction groups. The ahélyseé were limited to the first seven

extinction blocks.
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Group means of start speeds,:Segment.l speeds, and‘Segment 2
speeds for each extinction grOup are presented in Figures 4, 5, and 6.
The pattern of vrespvonding for these groups is consistent 't;rith that
presented in Fignre 3, for total speed. . That is,‘group1¢2PE'responded
most rapidly and most con51stently over all blocks, while group CSBPE
showed 1n1t1a11y fast speeds followed by a gradual decrease over blocks.
The only deviation from thlS pattern occurs 1n.Segment 2 speeds, where
the speed of CSBPE is elevatedvabove,other groups,for‘the‘firsttfew
blocks, but then decreases across blocks,.as shown in:the:other figures.
- RE groups do notvappear to differ-in any of’these.figures; and groups
C1+2PE and ClPE“also'appear;to respond much like the RE groups in each
of the alley sections. | | o

Tables 19 20, and 21’present sdnmaries of the'analyses’of
variance for Startbox, Segment 1 and Segment 2 sPeeds for trial
blocks 1- 7 In the start speed analys1s (Table 19) and the Segment
1 speed analysis (Table 20), Blocks wasvthe only significant main‘effect d
(p < .001). However, the Cue Condition x Blocks interaction (p < .05),

the Extinction ConditionvxlBlocks;interactioniépl% .05); andlthe Cde
-Condition X Extinction Condition interaction'(g < ;OS)AWere all
reliable effects. ‘lhe Cne Conditionlx_Extinctionvx Blocks‘interaction
was reliable foeregment-l speeds (p < .05), but only marginally
“reliable for startvSpeeds (p. < .07). -

Taole 21 presents the analysis of variance for‘the Segment 2

speeds. The main effects of Blocks and Cue Condition were both
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TABLE 19

Summary of Analysis of Variance of Start Speedé for
- Extinction Trial Blocks 1-7 from Experiment 2

Source - df » ' MS "~ F

Between Subjects : 79

Extinction Condition
(EC) . 1 4151.08 .67 >.10

Cue cgndition (cc) 3 11579.59 1.88 >.10
cC x EC 3 24129.08 3.91 <.05
error b , 72 | " 6166.34

Within Subjects =~ ‘ 480
Blocks (B) | | 6 15829.17  46.50 <.0001
BC x B - 6 ‘ , 1287.93  3.78 <.005
CC x B 18 61771 1.81 <.05
cC x EC x B 18 ' 456.16 1.34 <.07
error w 432 340.42

Total 559
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TABLE 20

Summary of Analysis of Variance of Segment 1 Speeds for
Extinction Trial Blocks 1-7 from Experiment 2

Source odf Ms F P

Between Subjects 79

Extinction Condition

(EC) | 1 11677.61 63 >.10
Cue Condition (CC) 3 28300.27 1.53 .10
cC x EC | 3 50820.94 2.74  <.05
error b 72 18547.79

Within Subjects 480

Blocks (B) 6 16049.60  18.71  <.001
EC x B s 2635.83 3.07 <.01
CC x B 18 1818.01 2.12  <.01
CC x EC x B | 18 883.16 1.03  >.10
errbr W . ‘ 432 857.82

Total B 559
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TABLE 21

'Summary of Anal&sis of Variance of Segment 2 Speeds for
Extinction Trial Blocks. 1-7 from Experiment 2

Source I df Ms F P

Between Subjects 79

Extinction Condition

(EC) ‘ 1 52312.68 3.01 <.09
Cue Condition (CC) '3 53678.50 3.08 <.05
cC x EC | o 3 54937.64 3.16  <.05
error b . | 72 17404.10

. Within Subjects | 480

Blocks (B) | P 6 _ 7854.34 - 2.78 <.05
EC x B o 6 4576.46 1.62 >.10
CC x B , 18 } 3343.2§ 1.18 >.10
CC x EC x B ’ | : 18 3473.62 1.23 >.10
error w o 432 2825.35

Total 559
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reliable (p < .05), while the main effect of Extinction Condition was
marginally reliable (p < .09). 1In contrast to the previous two
analyses, only the Cue Condition x Extinction Condition interaction
was reliable (p < .05).

The most important finding in the above analyses is that the Cue
Condition x Extinction Condition iniéraction was reliable for speeds
in each alley section. Siﬁcé one of the méﬁbr predictidhs'for this
ex?eriment stated that RE-PE differences‘(VC behavior) would differ
over Cue Conditions, this hypothesis was then ekamined for each of the
pre-punishment sections. The analyses of the Cue Condition x Block
interaction and Extinction Condition x Blocks interaction found with
start speeds and Segment 1 speeds, however, would not add much
information to the previous total speed.analyses, since changeé in
‘speed over blocks in individﬁal‘ségments had little beariﬁg on the
predictions made éérliér. Thus, only the Cue Condition x Extinction
Condition interaction waé statistically examihed‘further fof the three
pre-punishment alley sections.

Table 22 presents a summary.qf the simple effects analysis of
variance for starting speeds from Bldcks 1—?. The effect of Cue
Condition was reliable only for,thelPEvgroups (p < .05), but nbt‘for
the RE groups. Thus, the PE ngups did differ reliably from one another
in start speeds over fhe first seven trial blocks, but the RE groups
‘did not differ from.one another. .Alsb'tﬁe fesults indicated that RE
and PE groups differed significantly only for the C2 Cue Condition

(@ < .05), while no differences were obtained for the remaining Cue



TABLE 22

Summary of'Simple Effects,Anélysis of Variance of Start
Speeds for the Cue Condition by Extinction
Condition Interaction for Blocks 1-7 from Experiment 2

Extinction P . P o -
Condition "~ . Source . o df R »Ms . F ‘ P
RE Cue Condition ~ 3 8011.29 1.7  >.10
error . 36 4674.82
PE Cue Condition 3 27715.53  3.62  <.05
error 36 7657.85
Cue . - . :
Condition Source df ‘ Ms F P
Cl42 ~  Extinction Con— - |
dition = - 1 13868.62  2.40 .10
error . - 18 . 5765.85 |
c1 Extinction Con- E ' T o .
dition 1 1166.86 .16  >.10
~error | 18 7375.99
c2 Extinction Con-
dition 1 60394.65  8.09 <.01
error 18 7465.99
CSB Extinction Con- » _
dition 1 1108.20 .19 >.10

error ' o iSv 5898.81
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Conditions. Thus, only group C2PE showed reliable self-punitive
facilitation of speeds in the startbox.

Table 23 presents a summary of the simple effects analysis of
variance for Segment 1 speeds. The results were similar to those
obtained for the sfart time analysis. As before,_only the PE groups
showed reliable differences between Cue Conditions (p < .05), while
the RE groups showed né reliable differences. In addition, only group
C2PE differed from its RE control (p < .05), and thus was the only
group showing reliable self—punitive behavior across the first seven
blocks in this alley sectiomn.

A summary of the simple effects analysis of variance for Segmeﬁt
2 speeds acréss Blocks 1-7 is presented in Table 24. The results are
similar to the previous two analyses, in that Cue Condition was a
reliable effect only for the PE groﬁps (@ < .05);.;ﬁ&wﬁot the RE
groups. However, for these analyses, both C2PE and CSBPE differed
significantly fromwtheir RE controls (p ; .05). Thué, group CSBPE,
whiéh had shownvno reliable self-punitive facilitation of speed in ~
either the startbox or Segment 1, does in fact show such behavior in
Segment 2. Taken with the previous two analyses,‘this result
indicates that group CSBPE animals do not run fast enough in the
startbox and Segment 1 to differ from RE animals, but that when these
animals reach Segment 2 the difference between their speeds and that
of their controls does become reliable. Inspection of Figures &4, 5
and 6 shows that the RE-PE difference for the CSB conditionris,due

more to an increase in'Segment 2 speed for group CSBPE from the
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TABLE 23

Summary of Simple Effects Analysis of Variance of
Segment 1 Speeds for the Cue Condition by Extinction
Condition Interaction for Blocks 1-7 from Experiment 2

Extinction .
Condition . Source df . Ms F P
RE ‘Cue Condition 3 9462 .47 .56 >.10
error 36 16917.76
PE Cue Condition 3 65995.29  3.27  <.05
error 36 20177.82
- Cue o
Condition - - Source df Ms. F P
Cl+2 ~Extinction
Condition . 1 29869.47  2.02 >.10
‘error 18 14765.53
c1 Extinction ‘ o o ‘
Condition 1 3526 .64 .14 >.10
‘error 18 24590.98
c2 Extinction , ' . s S
Condition 1 103862.11  5.91 <.05
error 18 17583.46
CSB Extinction S S :
Condition 1 15891.85 .92 >.10
18

error

- 17251.19
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' TABLE 24

Summary of Simple Effects Analysis of Variance of
Segment 2 Speeds for the Cue Condition by Extinction Condition
Interaction for Blocks 1-7 from Experiment 2

Extinction
Condition Source df Ms F P
RE Cue Condition 3 31569.92 2.14 >.10
error 36 14783.71
PE Cue Condition 3 77046 .22 3.85 <.05
error 36 20024 .49
Cue
Condition Source . ..df Ms F P
Cl+2 Extinction
Condition 1 18535.91 1.65 >.10
error 18 11265.68
cl Extinction
Condition 1 1119.77 .05 >.10
error 18 22734.69
c2 Extinction
Condition 1 111848.85 6.79 <.05
error 18 16478.21
CSB Extinction :
Condition 1 85621.08 4.47 <.05

error 18 19137.84
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Startboxﬁand Segment 1 speeds, rather than a decrease in the speed of

group CSBRE over these alley sections.

The above analyses are consistent With the total alley speed
analyses for Blocké 1-7 in tﬁat group C2PE shows consiétently reliable
self-punitive responding. However, individual segment analyses indicate
an unusual effect for group CSBPE, which shows a reliable difference
from its RE control in Segment 2, but not in the Startbox or in Segment
1. ‘

The mean ﬁumber‘of trials required to meet the extinction criterion
for each of thé extinction groups is présented in the lower portion of
Table 8. Table 25 presents a summary of the analysis of variance of
these data. Results revealed a reliable effect for Cue Condition,
Extinction Condition, and their interaction (p < .05). A simple effects
analysis of variance was performed to evaluate the Cue Condition x
Extinction Condition interaction (Table 26).‘ Group C2PE took signifi-
cantly more trials to meet the extinction criterion than its RE qontrol
(means = 33.5 and 5.0; p < .05), while the RE-PE difference was
marginally reliable for the CSB Cue Condition (means = 26.8 and 11.1;

p < .06). PE groups in the Clland the Cl+2 Cue Conditions (means =
13.3 and 5.6, respectively) &id not differ from theif.RE controls
(means = 7.8 and 8.8, respectively). The effect of Cue Condition on
the number of trials to extinction was significant (p < .05) bnly for
the PE groups. A Duncan's Multiple Range test révealed that group
CZPE responded for significantly more trials (p < .05) than groups

C1lPE and Cl+2PE. Groups ClPE and C14+2PE did not differ on the number
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TABLE 25

Summary of Analysis of Variance of Number of
Trials to Extinction from Experiment 2

Source . df Ms ' F - P
Between Subjects 7

Extinction Condition , }

(EC) ' 1 60307.15 9.41 <.05

Cue Condition (CC) 3 19372.90 ©3.02 <.05

CC x EC 3 23639.78 3.69 <,05
Within Subjécts , - 72

error w | 72 6407.03

Total ) 79
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TABLE 26

Summary of Simple Effects Analysis of Variance for the
Cue Condition by Extinction Condition Interaction
for Number of Trials to Extinction from Experiment 2

Extinction

Condition - Source &f Ms F P
- RE Cue Condition 3 1469.51 .93 >.10
error 36 1571.73
PE Cue Condition 3 41543,18 3.70 <,05
error 36 11242.34
Cue
Condition Source df Ms F P
C142 Extinction ' :
' Condition 1 2496.60 1.98 >.10
error. 18 1338.60
Ci Extinction _
‘ Condition 1 3478.75 .501 >.10
error ,18. 6991.62
c2 Extinction
Condition 1 93408.75 9.62 <.01
error 18 9714.31
CSB Extinction
Condition 1 31689.40 4.18 <.06
error 18 7583.61
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of trials required to meet the extinction criterion.  Group CSBPE
responded for significantly more trials than only group Cl+2PE, and
did not differ from eithef group C2PE or ClPE in number of trials to .
extinction.

‘Overall, the analysesiof Experiment 2 indicated that only the
C2PE group met all of the criteria for self-punitive responding:‘ Group
C2PE not only failed to show extinction effects in regard to alley
speeds (i.e., speeds did not decrease over extinction trials) after the
first extinction block, but this group also differed significantly from
its RE control in both total speeds and trials to extinction. Group
CSBPE also diffefed from its control group, CSBRE, in total alley
speeds when all 20 extinction blocks were analyzed., However, when only
Blocks 1-7 were analyzed,_group CSBPE was signifigantly different from
itsvcontrol only with Segment 2 speeds. This group also showed a
decrease in total speeds over extinction trials, but still yielded
harginally reliable differences from its control in number of trials
required to meet the extinction criterion.

It was hypothesized that the PE groups receiving cue changes in
.only one of the pre—shock alley segments (ClPE and C2PE) would differ
from one another in extinction performance (total speeds, trials to
extinction, and changes in total speeds over extinction trials). This
prediction was in fact‘confirmed, both in comparisons between these
two groups and in comparisons with the respective control groups.
Group C2PE respdnded'faster during extinction and took reliably more

trials to extinguish responding than did its control group C2RE. Group
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C1PE, however, did not differ from its control (ClRE) on either of these
measures. Group CSBPE showed evidence of self—punitive responding,
though it did not meet all ﬁhree of the previously mentioned criteria;
However, these results are consistent with the prediction of reduced

VC responding with a brightness cue change in the startbox, although

the reduction in responding was not of the magnitude found with Group

ClPE.



Chapter 5

Discussion

Experimenf 1 demonstrated that ébanging brightﬁess cues in the
runway during=punished—extinction procedures eliminated VC responding.
The PE group which encountered:no cue change duriﬁg extinction shoWed
typical self—punitive responding relative to RE contrﬁls, as measured
by alley speeds aﬁd numbervqf'tfials to extinction. In contrast, the
PE group which encountered a1brightneSS'change in.ali three alley
segments showed no evidéncé of‘self-punitive responding. Extinction
was almost immediate for this“gréﬁp.

The results of Experiment 1 did not differentiaily support
either the Mbwrer-Brownfhypothesis or a»discrimination hypothesis,
because these hypothéses“Would predict a ceséation of responding in
extinction‘following a change of cues in all three alley segments.
According to the Mowrer-Brown hypothesis the decreased resistance to
extinction of animals in the cue change-conditién was due to the
‘reméval of feared cues. A aiscrimination hYpdthesis Woula éccountb
for thé reduction_éf self-punitive locomotor‘responding by arguing
that the cue changes incfea;éd'tﬁe PE animals; abiiity to disc?iminate
between tfaining and extinction trials, thus making it possible.f;r

vthesé squects to distinguiéﬁ that shockswas not présent.in the
entire élley (Churéh, 1963); Further, one could argue that fhe
contrast betweén the startbox and the rest of the alley during
extinction pfocedures in Experiment 1 made a cognitiVe:discrimination

possible between the startbox and the shock zone for PE subjects,

76
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This cdgﬁitive discrimination is also presumed to be necessary by seme
researchers in order to eliminate self-punitive responding (Dreyer &
Renner, 1971).

The purpose of Experiment 2 was twofold, One_purpoée was to test
the'hypbphesis that chenging alley bfightness cues in»differential
parts of the area preceding'shock>woeld'eliminate VC=respending;v The
results of:Experiment 2 eonfirmed this hypothesis, Animals that
encountered a change in eﬁeS'in-botﬁ elley segmeﬁts preceeingrshock'"
rapidly e#tihguished'lpcomotor reeponding, and ehOWedvﬁovsigﬁ of
self-punitive.behévior; The-meen tptel alley speeds for groups
C1+2PE and C1+2RE fromiExperiment 2 &ére neerly identical to those
of‘animals in groups CPE and CRE from ﬁxperiment 1. These results
»indiCated that a ehange in brightneés cues in a iarge»area preceding
shock can eliminafe self-punitive responding.

The seeond purpese of Experiment 2 was to examine the relative
effectiveness in reeuciﬁg Ve beha?ior of cue‘changes in-the individual
segments preceding shoek. Previous reseerch with fear conditibning
has.deﬁonstrated that the strength of‘Classically-conditionea fear
varies in a curvilinear fashien with the length of the CS-UCS
interval,(McAlliSterr& McAllister, 1971). Most of these studies ﬁave
shown the exietence of.an‘optimal interstimulus intefval»(ISI) for
fear conditioning'(e.g., Libby, 1951; Lyon, 1963; and Murfin; 1954);
If the strength ef fear is related to the CS-UCS .interval, and if
fear plays avmajor role in:maintaining vC responding, then it would

be‘expected that fear would be differentially conditioned to alley
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cues (CS) depending upon their relaﬁionship in a sﬁatio;temporal ,
dimensipnrto shock‘(ﬁSC). :Tﬁus, if the strength of fear is
differentialiy established to an extended set of alléy cues, then
changes in one set»of cues mé& be more effective in éileﬁiating fear;
and thus reduce VC behavior, ;han changes in'énotherrset,of cues;

In this study, cue changes were madé in. the startbox, Segment 1, and
Segment 2, each §fvﬁhich was expected to yield different spatio-
temporal ISI'é between cue‘éhange‘and shock. A change was not made
in Segment 3 alone (the shock segment).since-previous research had
‘demonstrated that cue changes occurring in the shock segment did not
reéult in a reduction of VC behavior (Brown, 1970; Brown, Beier, &
Lewis, 1971; Guinn, 1949).

. Results éhowed'that there were differences in extinction
performance‘following-Cuevdhanges inidifferent pre—puniéhment runway
sections. Comparisons of RE and PE groups in Cue anditions'C1, c2,
and CSB indicated that a change in brightness‘cues at different
spatio-iemporal intervals preceding shock did result in differences.,
in éelf—punitive resPQQding, as measured by alléy speeds and in
criterial indices of extinction5 TThus; group C2PE showed reliable
VC behavior while gréup‘ClPE shbwed no evidence of VC behavior.

Group CSBPE shOWEd;somg évidence.bf VC behavior, and did not differ -

from either CIPE or C2PE in aiiéy speeds onfffials to extinction. »
Based on the Mowrer—B:ownvﬁypothesis it had also been predicted

that changes in Brightness cues inlthe lower sﬁaftbdx.would reduce

VC responding, because the start area is presumed to play an
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important role in'initiating the self—punitivevfeeponse.j The ﬁowrer_
Brown hypothesis statee that’feaf,is'eonditioned to tﬁe_alley cues
which arevpaired With shock,landkfear subsequently'genefalizes back
to cues in the startbox. Thus startbox cues-eiicitvgeneralized fear
which in turn motivates forwefdvloeomotion.v Accordingly; if cues in
the start area are;changed,”ﬁaking this area distinctifrom the area
where fear was originally eoﬁditioned, fear shoold‘nOt generalize'to
the start area, and VC responding should:be reduced, The reeults of
Experiment 2 partially supported this~pfediction. |

:SpecifiCally, the aﬁalysis.of the first seveh.extinCtion trial
olocks showed no diffexence between the PE gropp-receivingfa cue
change in the.startboxt(group CSBPE)Aand the RE contfolv(group'CSBRE)}
Hoﬁever,,analysis of total speeds over all 20 ext;netioﬁ blocks
indicated that gtoup CSBPE dio show VC respondihg when compared to
group CSBRE. Finally, analysesvof ihdividual‘segmentSSpeeds showed
that group CSBPE did not differ from its RE comtrol in start and
Segment 1 speede.‘ The abseﬁce,of punishment—induced.feoiiitation'
of start speeds is entirely coﬁéistent with the Moner-Brown hypothesis,
which proposes generallzatlon of fear from the alley to the startbox.
However, in Segment 2 there Wes rellable ev1dence for VC behav1or, as_
vgroup CSBPE did dlffer 51gn1f1cantly from its RE control in Segment
2 speeds. This latter finding is important since it does support
the present hypothesis of an obtimel ISI betweeﬁ cuejehange and ehock
in eliminating VC-behavior. Thus only a cue{ohange iﬁ Segment 1

resulted in the elimination of VC responding in~all three.pre—puniéhment
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sections of the alley, and presumably only that éhange resulted in
the elimination of further fear conditioning to the remainder of the
pre-shock alley cues. |

The Mowrer-Brown hypothesisvis further supported by the trials
to extinction data fér gfoup CSBPE, whicﬁ showed a marginally reliable
difference from its control group. The absence of reliable vC
‘responding on this measure for gfoup‘CSBPE supports the hypothesis
that fear generalizes back to the startbox as a factor maintaining
self-punitive responding, since the cue change was presumed to pre#ent
such generalization of fearf Yet the fact that group CSBPE did show
a marginal difference from its control While group C1PE did not
indicate that it was ﬁot the most effective area for reduciﬁg vC
behavior by changing alley brightness cues, thus supporting the
present proposal of an optimal ISI .between cue change and shock in
reducing self-punitive responding.

Perhaps the most important finding‘in this study involVed the
results of cue changes in Segmént'l (groups ClRE and C1PE) compared
to the results of cue changes in Segmént 2 (groups C2RE and C2PE).
These two groups received the same amount of change in brightness
cues, but encountered the change in different areas preceding shock.
However, group C2PE differed reliably from its RE control in response
speeds in each pre-punishment section, in total runway speeds, and
in the number of trials to the extinction criterion. Group ClPE
did not differ from its éontrol on any measure. Thus a change in

brightness cues in Segment 1 eliminated self-punitive responding,
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while a change in Segment 2 did not.

The above results are difficult to explain in terms of either of
the discrimination hypotheses mentioned previousiy. ‘The difference
in VC performence between groups C1PE and C2PE, both when compared
directly or with their RE controls (which did not differ) was not
predictable from the cognitive discrimination hypothesis, nor from
the stimulus-similarity hypothesis. Groups C1PE and C2PE received
the same degree of change in brightness cues in terms of amount and
intensity of brightness. The main apparent difference between these
conditions was the location of the alley cues; one group encountered
changes in Segment 1 alleyvcues, the other a change in Segment 2 cues.
However, neither wversion of the discrimination hypothesis makes any
statement about such cue location, since they do not directly involveb
the start and shecked segmeht. Thus there is no clear reason according
to these hypetheses for euch a difference in effectiveness in cue
location for either'making the start area more discriminable from
the shocked area, or in making ttaining trials distinguishable from
extinction trials.

Post-hoc discrimination arguments would also appear untenable
in explaining the difference in VC responding obtained following a
cue change in Segment 1 versus a similar change in Segment 2. One
possibility is thet becaUse‘of the‘relative distance between the
startbox and Segment 1 end‘Segment 2, animals in group CZPE may have
had more time'tovdetectithe cue change than.enimals in C1PE, However,

the results were actually the opposite of those which one would
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expect on the basis of this éxplanation. Animals in group CI1PE failed
to show VC responding, while those in C2PE continued to run despite
the cue change.

Another discrimination interpretation could be that animals are
more likely to discriminate a change in cues if the cues which are
changed occur early in the response chain. Thus the closer the area
of the cue change is to the area in which the response chain is
initiated, the more disruptive that change might be. Though such an
explanation would account for the difference in performance of groups
C1lPE and C2PE, it would not explain the performance of group CSBPE.
Though a startbox cue change did eliminate the punishment-induced
facilitation of sfart and Segment 1 speeds, it did not eliminate such
facilitation of Segment 2 speédsavorntotal speeds aéréss all 20
extinction blocks. The cue change in Segment 1, however, clearly
eliminated VC response facilitation in each pre-punishment 'segment,
as well as across all 20 extincﬁion blocks. fet the above hypothesi;
would predict maxiﬁal reduction of VC behavior with a cue change in
the startbox. It is clear from the results of Experiment 2 that it
was the cue change in Segment 1 that most effectively reduéed vC
behavior throughout the alley. '

The above results are also unexplainable by‘a hypothesis which
states that fear is most strongly conditioned to the cues of the shock
area (Melvin, 1971). This hypothesis would make no predictions about
the differences between group ClPE and C2PE in extinction performance.

Further, the results of Brown's (1970) first experiment also contradict
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a simultaneous fear conditibningvinterpretation of VC responding.
The addition of distinctive cues in the shocked segment would be
expected to prevent the generalization of fear from the shocked
segment to the rest of the alley, thereby reducing VC responding.
This cue change, however, failed to reduce self-punitive behavior
in Brown's experiment.

It is possible, however, for a conditionedffear hypothesis
to account for the results of Experiment 2 in terms of the relationship
between the ISI and the strength of conditioned fear, Imn classical
fear-conditioning research, there has been a general finding of a
curvilinear relatiomnship between the CS~-UCS interval and the strength
of fear conditioned to the CS (e.g,;-Libby, 1951; Lyon, 1963; Murfin,:
1954). 1If the strength of conditioned fear varies ﬁith the CS~UCS
interval in the VC situation as in other fear—conditioning paradigms,
then fear may be'differenéially éonditiéﬁed to alley cues (CS)
depending upon their spatié—temporal proximity to shock (UCS).
Alterations in VC responding as a function of chaﬁging cues in
different alley segments may then ééﬁend uﬁoﬁ the proxiﬁity of the
segment to shock. Thus if cues were changed in an alley‘segmeﬁt to
which fear was strongly conditioned because of that segment's
- favorable location on the spatio-temporal dimension (in relation
to the shock - UCS), then stimulus change in that segment might
prevent the generalization of fear to other segments antecedent
to shock, and VC behavior should be disrupted. If stimulus change

occurs in a segment to which fear was not strongly conditioned,
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while the stimuli in the area of maximum fear coﬁditioning remained
unchanged, theﬁ fear should still generalize from this maximum
conditiéning area to other ﬁnchanged areas, and VC responding should.
ﬁot be disrupted. |

In Segment 2, tﬁé total elimination of VC behavior with a cﬁaﬁge'
in Segment 1 cués; but not with Segment 2 and startbox éues; were
results which were consistentvwith”tﬁe.freceding ahéiysis..vThe
elimination of VC reé?onding in‘éll three pre-shock alley ségments
with animals receiving a cue ¢haﬁgé in Segment 1 may indicate ‘that
fear was conditioned most strongly'tb the cues in thié area. Changing
the startbox cueé élearly fesulted‘inha decrease:in VC'requnding.in |
the startbox itself and Segment 1 for the first seven trial blocks,
but did not eliminate reliabie self-punitive locomotor resﬁonding
when measured in Segment 2, or,across all 20 extinction blocks. This
wouid indicate that fear is less strongly conditioned directly to
this area than to Segment 1. |

The present analysis is also consistent with the results
obtained in Brown's (1970) first‘experiment. If fear is more strongly
evoked by cues in segments prior to the shock segmeﬁt.becaﬁse of a
more favorable CS-UCS‘interval, it is not surprising that a cue
" change in the shock segment,would be ineffecpive in stopping VC
behavior. The results of BroWn's expériment follow because changing
cues in the shock area would not sﬁbstantially influencé the effective

CS for fear.
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It is importantvtovnote thaﬁ despite an initial decrease in the
amount of conditioned fear evoked when cues are changed in a segment
in which cues are pairéd favorably with shock,. fear can be conditioned
to the changed cues if‘the animal continues to run and encounters shock.
When this occurs, fear should not generalize as much to the rest of
the'alley (to the unchanged cues) even though it may be strongly
conditioned to the new, changed cues. Thus one would expect extinction
of fear conditioned to the old, unchanged alley cues, and cessation.of
VC responding. I; may be important to maintain an adequate physical
difference betweén'the brightness cues paired most effectively with
shock and the remaining alley brightness cues in order to eliminate
VC responding. Thus changihg two segmenﬁé (group C1+2PE) or three
segments (group CPE) should reduce seif—ﬁunitivé responding duémtoﬁ_
the added presence of neutral cues; but it is also important to
maintain an adequate physical diffetenée in brightness between the
area of maximal fear conditioning and some other pre-punishment
alley section, to insure that fear is not re-conditioned to the
entire alley after a few shock trials.

The importance of a physical distinction between.the,alley
cues in at least two pre—éhéck alley sections is suggested by the
results of the experiments of Brown (1970), and Brown, Beier, and
Lewis (1971). 1In these studies, floor‘texture was changed by the
inse;tibn of masonite flooring, However, the texture cues betwéen
the pré—shock segménts remained similar, since all areas preceding

shock had the masonite flooring added. Thus, given a high level of
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shoék and many training trials, the animals did-not stop running
immediately, and féar was then condiﬁioned to‘some of thé changed
cues, Without soﬁe adequate physical differencevin cues, it was
possible for fear to generalize to the changed alley éues in the
remainder of the runway. Thus for PE subjegts,'fear Qas conditioned
‘ and then generalized to the changed cues, resulting in VC behavior
in these experiments.

In order to insure that:the effects of brightness cue.changés
in eliminating VC behavior obfained_in Ekperimeﬁt 2 are not pecﬁliar
to punished-extinction procedures utilizing,thir&-segment shock, a
follow-up experiment using'second segmént»shoék would be necessary.
In the 1étter case, one would still be able to manipulate alley

‘brightness cues in Segment 1,1the lower tier of the startbox, and the
upper tier of the startbox; thus achieving a situation analogous to
Experiment 2 of the present study. Furthef, the analysis of VC
responding presented here would make specific predictions about the
extinction behavior of animals presented with such cue changes.

The three spatio-temporal intervals beﬁween changed cues and
shock employed in Experiment 2 resulted in differing degrees of
effectiveness of these changed cues in reducing VC responding. If
it is the interval that‘is important, and not the particular segment
itself, then the same relative interval Which.was most effective in’
reducing VC responding iﬁ Experimegt 2 should be effective regardless
of the shock location. That is, moving the shock zone fofward or

backward one segment in the alley for the punished-extinction
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procedure should ﬁove the mést_effectiﬁe-ségmént for cue change
forwar& or backward correspondingly.  With secqnd—segment shock, the
lower level of the startbox should become the afea in.whiéh cue chaﬁge
is most effectivé'in reducing VC behavior. Cue;changes in Segment l.-
should have little effect on ve behavior, whilé such a change in the
upﬁer level of the startbox may‘SIOW VC behaviofﬁsligﬁtly, but not
completely eliminate it.‘vA confound wouid.exiét‘for any group
receiving a cue chaﬁge-in the upper startbox,’since the animals are
always forced to léaVegthe upper‘ﬁier ofvthé étaftﬁox;(viakthe trapdoor)
and fall into a segmént ﬁheré‘cues,have ﬁot been éhanged;‘ Howévef;
the cue changes may reduce fear in théxuppe?.levél suffi;iéntly to
" slow the animals'lstarting perforﬁaﬁcéf  | | |

The results of.the présent study ‘are consistéﬁt'with an expanded
interpretation of the Mowref—Brown cdnditiénéd—feér hypothesis.
Experiment 1 indiéated that vVC reéponding can béveliﬁinated With the
use‘of a brightness cue change preceding shock. Such brightness cue
changes were'utilized in diffefent pfe-punishment sectioﬁs of the
alley invExperimént 2 to,detérmineﬁthévrelétive.effectivenéss of
such cue changes on VC respogding. 'With‘third—segmént shock, it was
found that changing tﬁe cﬁes,in'different_pre-shock segments reliablj
affectéd self-punitive responding. The resultsvﬁere consisteﬁt with
a curvilinear relationship between‘the strength qf feaf'conditioned.
to alley cues, and.locétion of these cues on a spatio~temp§ral
dimension in felation fo shock. Such an.analysié is also consistent

with much of the research on the relationship of ISI and strength
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of classically-conditioned fear elicited by a CS (McAllister &

McAllister, 1971).
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EFFECTS OF ALLEY BRIGHTNESS CUE MANIPULATION PRECEDING SHOCK
ON SELF PUNITIVE RESPONDING IN THE RAT
by

Stephen Thomas Perconte

(ABSTRACT)

Several studies have shown that the strength of classically-
conditioned fear varies inversely with the length of the :CS-UCS
interval (McAllister & McAllister, 1971). ' If fear conditioning is
important in the wvicious-circle (VC) phenomenon (Brown, 1969; Melvin,
1971; Mowrer, 1947), then the interstimulus interval between brightness
cues (CS) and shock (UCS) may siﬁilarly affect VC behévior.

Experiment 1 examined effects of brightness cue change on VC
responding. TForty male hooded rats were assigned to four groups in a
2 x 2 design, uéing the presence or absence of sﬁ§ck‘in the third |
segmgnt during extinction and the presence or absence of cue change
as indepehdent vgriables,v Experiment 2 examined the effects of pre-
shock brightness cue changes on VC behavior, and varied the intervél
between the cue'chaﬁge location and shock. Eighty male,hooéed rats
were assigned to eight groups in a 2 x 4 design, using the presence
or absence of shock in the third segment and cue change placement as
independent variables.

The results indicated that brightneés cue changes cén-reduce vC
behavior. Experiment 2 also demonstrated that a cue change in the

| first alley segment reduced VC responding as effectively as a total



alley cue change. Changing the lower startbox cues was less effective
and changing Segment 2 cues had little effect on VC behavior. The
results were consistent with the ISI effects found in conditioned-fear
research, since there was a relationship between the strength of VC
responding and the spatio-temporal interval between_changéd cues and

shock.
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