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ABSTRACT

This study investigates tie efilects of varying
the dimensions; namely, celling height and length of
gridway, on the level of original and continued avoidance
learning in a shuttlebox. Seven groups, six experimental
and one co:atrol, were run under two ceiling heligrts
(5 an: 14 inches) and t'ree gridway distances (30,206, and 16 inches)
in an original 25 avoldance trials. One-hour later trese
groups were given 25 addaitional retention trials in the
same situation. It was found tiat tie dimensicn:c of tre
shuttlebox, primarily ceiling helght, were important in
t e learning and relearning of avoidunce responses. Anirals
in low celling boxes initially shcwed a lower level of learning
but improved wien learning was continued following tre hour
delaye S8 in high celling boxes showed hig-er Learning,
but poorer performznce when learning was continued following

tre Your delay.
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INTRCOUCTICN

ion

ct

The shuttlebox hus been uced in the iavestipa
of avoldunce &nd escape learnines. This apparatus ccnsists
cf u rectan.ular box with a observatlon window ana a _rid
floor, eilther half of which can be chargcd by the experimenter.
wWwhen an animal 1is placed in twe situation and _iven
sose conslstent signal trat temporally precedes the onse
of shock on one=-half of tie grid, tre anlsal can leurn to
avold the shock by running to the uncharied (rid. The typlcal
signal 1is a buzzer or li ht that cowes on five to ten seccnds
before the shocze BShocxkx avoldance 13 accoaplished by tie
aninul's moving to the ozposite end of tle box when trhe CS
is sounded. Such behavior 1is refered tc as shuttling. If
the anial deces not shuttle the half of the _rid upon which
1t is situated 1is electrically charged cnd coantinues to be
charged until tbe aninal moves to the uncharged re.lon of
the alley.
#hen an animal shutnles follcwing the cncct of the
CS tut before shock, it is sald to “avoid". If it shuttles

“"escape™. 1he occurrence

after shocxk be_ins, it 1s said to
of an avoidance response prevents bot esca,;e behavior and
tre experience cf belng shocicd. In an sscaje stuay, the
aninal 1s shocied on each trial; tre vresent investiratlon
deuls with avoldance beruvior.

Few studies have kea2n conducted on t € retzntion

of un avoildance resosonce; rrobably because from the available



liter.tures, it o_reared lon. lastias and i nhly rcslcetent

to extincticn. Recently, however, Kauia (1527) hus invecti_oted
tie retentlon of an iaccuiletely lewrned avoicoince res;oase.

If cricinal lsuraing were interruptecd scoa eaoul™, e reazoed,
only purtilal retzatlon would occur, and = retention curve

could be plotted.

Kainin ran hocded ruts for 25 tricls in a tygolical
shuttleox and rewsured retentlion 1in 22 additioncl tricls
following delayc of C, 1/2, €, and 24 hours and 1S days.

The results were uncxzected; instead of a monotonlc decreasing
relation of retention to tiume, he found a V=-shaped curve

which declined from C to ocne hour and then rose from ons-

hour to 24 hours. Differences in retention at C, 24 hours,
and 19 days were not statistic.lly si.nificant.

Kamin interpretated his data in terams of two
indernendent processes; one for each segneat ol the curve,

The first segment of the curve, C to one hour agrees with

t e vernacular ccacept of rorgpetting. The rising segnent

of t"e curve represents an incubatlion effect, a Jjelling of

the avoidance habit following the initial decrement in retention.

Denny (1¢58) reinterpreted Kamin's V-shaped curve
(the “Kamin Efrect") in terms of the incubation of anxiety
rather than t»e incubation of an avoldance habit. Aaccording
to this interpretation, anxlety ianiltially bullds up ian the
interval immediately following the original lecrning trials
to a point where it interferes with the act of shuttlin_.
iAs observed by Denny, aninals when tested one hour later,

typslcally freeze in a second session, and t*ls benhavicr 1s

A



incoupatable with shuttling. Following a del.y of aporeximutely
one hour the anxiety bepins to dissizate and retenticn of

te avoldance respgcnse 1s clearly appareat after 24 hours.

From this point of view, it was predicted that if the anxiety
could be kept from tullding up, tve S would no loa_er stiow

a decrement in performance following an hour delay.

Usin. delays of O, 1, and 24 ‘ours Denny ernployed
the following xetrods to inhibit trhe _rowth of anxiety auring
t e one-hour delay: i) 88 were oa a reduced feeding regiuen
for two weeks and under 24-hours food deprivation when trained.
They were allowed to eat alone in the home cage during the
hour interval (Counter cconditioning), 2) Ss were left in the
shuttlebox during the hour interval, witiout shock or buz:zer
present (Desensitization). It was also predicted that if the
same amount of shock as the S received ia original learning,
were readministered in a different situuation on the follow-
ing day, the incubation of anxiety wculd be reinstated. Thus,
if a second set of 2¢ learning trials followed one-hour later,
the ®Kamin Eff:ct® would appear, even thouch it was now 24
hours since oribihal learning.

All these rnanipulatione were carried out, and all
yilelded results which supported the incubation-of-anxiety
hypothesis,

However, there were certain differences in the
results tetween the two studles; namnely, ccansiderably better
oriizinal learning and slightly better ™Kamin Ef’ect" alter a
one-hour delay in Denny's study as coapared with Kaain's
(a mean of 1C.7 vs. £.7 avoidances in Session I ana 10;1 VS

€.6 avoldunces in Session II, respectively). Conconitantly



there were certaln a.paratus aif:erencess Denny's shuttlebox

nud e nigher ceiling (14 vs. 4 3/4 iaches) aad a s orter

cridway (2€ ves. 3¢ inches). althouch other pcssible method-
ological differences may have obtained between the two studies-=
the level of shock, for instance, or tire location of the
observation window-- thc apraratus dinensions appeared most
relevant. Thue the present study 1is an iavestigztion o the

effect of length and “el_ "t of shuttlebox, both on orl:inul

learning and releurning cne-hour later.



Tne Ss were seventy experiuentally-nuive hocadead,
black, «nd albino rats from the colony of the Departuent cof
Psychclogy at Michiiian State Unlversity. The 35 male and 35
female rats ranged in aze frcm 5C to 15C days. Durlag the
study they were nalntained on an ad 1lib feeding schedule and
housed five Ss of the sane sex per czge. Animnals were randomly
assicned to seven croups, except for balancing the nunber
of males and females in each yrous. Running order of experizental

and control :rcups was also raandonized.,

A C.J. Axpls_ate stinulator was used to .rovice a
continuous shock of 1.7 millicups directly to the .ria. Tne
full distance o the gridway or eit»er half could be char_ed,
but only one half was charged at any cne tine. Tre S8 comgleted
the circut by maxing ccontact wit™ any two ol tne adjacent copper
rods wiiich were set approximately 1/4 iach aiart in the grid
floor. The snuttlebox, pailnted flat blacx with a glass froat,
was desi;ned with roamcvable pfartitions co that 1t cculdd te
any of threc lengths: 36, 2¢, or 16 inches, The fixed wood
celling was 14 inches tigh. To ef ‘ectively lower ceiling
melght a sheet of clear _lass was inserted five inches from
te flcor, thus maintaining visual similarity for the two
hei hts. These modifications of tne shuttlebox roviced six
coibinations of arpuratus conditions:

14 inch ceiling
14 inch ceiling
14 inch ceiling

inch ceiling

(=4
£ inch ceiling
5 inch celling

26 inch long (ridway with
2¢ inch long gridway with
16 inch long gridway with
36 inch long gridway with
26 1nch long gridway with
16 iach long griaway with

CEPE O

OO —
Vs e Vs Ne” N’






One experizental _roup of Ss wus run uader each set ol coanditions.
Thus the present study includes tle Kamin (Z¢ inch
long ¢ridway with a 14 inch ceiling ) and thre Deany (2¢ inch
loags cridway with a © inch ceiling) conditicns. The width of
all three shuttleboxes wus four inches. The only difierence
between Kamin's shuttlebox and the conyprable conditions of the
precsent study 1s that the former hed a4 lass top w! ille the
precent apparatus had a gflass front. The conditioned stimulus
was a buzzer of seventy declbels uctivated by six ary cells,
The study was divided into two sessicns: wn inco.uilete
learning phase of 25 avoidance learning trials (Session 1)
znd a block of 25 adaitionul trizls (Session II), which came
one-hour after the couoletion of Session I.
In Session I S was placed in tre shutilebox ror
one minute before the trials begun. The buzzer (CS) was
sounded for five seconds prior to shock (US) and terminated
wren S crossed the midline of t'e box, elther bty avoilding or
escaping. wWhen 3 falled tc avoid, the CS and US overlzrpped
and bot» were responce terminated. The inter-trial ﬁnterval
ws one ainute. Occasicnally cn tre first trial, an § wculd
shuttle to the CS alone; in such cases t':ls trial wus not
counted as one of the 25, and tne buzzer wus agala souanded
folleowing the iater-trial interval. 1In ot er words, t'e
initi:l trial wus the first trial on which tie animal aia not
respsond to thhe €S alone and toocX shocik,.
At the teralnation ¢l Session I, S was returnead
to an outer roca to be placed in its living caie with its
caze mates present. One hour later § was returned to t':

arparatus for 25 .ore trizls (Seseion II). For any one S



the conGitione of Sescica II wore 1dentical wit™ 4t e ccenditions
o Sessicn I.

A coatrol _roup was run 1n a shuttletcex zC iaches
with a 14 inch ceiling wit» Sescsion 11 iusediately folleowing
Sessicn I. In otler woras, this grouu had 5C coatinucuc
avoldance triuls,., The control was included priamarily to
deteranine whether t'e present sciunole oif rats wowld perfora in
tre same manner zs in tve earlier Denny study. For the main

purpose of the present study t.e control g¢rcu_: was unessential.



ReSULTS

The experimental desiin, excluaing the coatrcl
group, lent itself to a 2x2x3%2 analysis of variance with
repeated mexsures on Ss. This design was taken from Lindquist
(1956) and is & typre III design wit» one added factor. The
analysis is summarized in Table I. Two main effects=--ceiling
heli; nt and sessicns--und three two-way interactions wcre
significant. Celling height was significant at tiie .CE level
ané sessions at tie 001 level., None oI the thiird ordcr or
tine fourtn order inteructions were statisticully significant.
A vlot of the mnean number of avoldaances for Session I and
Session II of tre six experliental ant the control _roup 1is
presented in Figure I. The .seans of t e exp.riiseantal [ rougs
were compared by a Studentized Distribution and ylelded the
following significant diflerences: 1) S8s in high ceilin. boxes
made more avoidances in original learning (Session I) than
did Ss in low celling boxes, z) Ss in low celling boxes z'.owed
imsrovezent (l.e. te aean nunber of aveidances in session 11
was {reater than in Session I), wiereas Ss in hi_h ceiling
boxes did not s!ow insrovezent, 3) cerfornance in Session II1
in a low celling erort (16 inch) bex was better t-an performance
in Session II in a high ceiling short (16 inch) box.

The significant interaction between hei _nht and
lensth (distance) tells us that with™ a ki nh celling learaing
tends to be better tle longer te aliey and t-at with a low

celling Jjust the reverse 1is true The si_nificant interaction



Anulyele of Avoldance Respcnses

Source of Variation
Between

Sex

Belight

Distance

Sex x Helght

Heigsht x Distance
Sex x Distance

Sex x Dist x Height
Error

Within

Sesslions

Sessions x Sex
Sessions x Helight
Sesslons x Distance

Sess x Sex x Helght

Sess X 8ex x Distance
Sess x Helght x Dist

Sess x Sex x Dist x H

Error

Total

% < .05
#%x < 01

ABLD

DF

48
60

1

Mecan Sguare

.&
c€.C
€.7
90,2
31.0
0.0

12.1

187.5
0.0
480.0
9.3
0.0

1.3

2.6
6.98

4.,C6%

7.52**

G 1

187 S%%

4EC,O%%
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MEAN NUMBER OF AVOIDANCES
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Letwsen ses:icns ancg heil_nt inaicates, 2t & minimum, trat
tre "Kamnin EfTect™ occurs to a greater extent with a hi.n
celling than with a low celliny . Finully the signilicant
interaction between sex and celling helgnt occurs because
females made considerably more avoidunces in t*e high than in
the low celiling box and males made a few more avoidances in
the low celling box than in tre hich. The control groug
performed in both sessions at levels comnparable to Denny's
controls, and perfor.oance during relearning was excellent.
Fron Session I to Session 1I, the control group showed si nificant
irprovemnent, toth wren couipared with itself und wit:: the
26 inch x 14 inch experimental group (sec Table 2).

TaBLk 2

Comparison of Mean Avoidances of
Present and Denny Studies

kxperimental conditions Session I Session II Imorovement

| Present 14 x 26 inches 9,.,C 18.8 +9.2
Denny 14 x 2¢ inches 1C.2 17.8 +7.6
Present 14 x 26 inches 9.5 8.2 -1.3

Denny 14 xx 2€ inches 1C.7 1C.1 -C.6b




DISCUSSION

Tre present investizatlion arzpears to resolve tre
ma jor discregunclies between the Kamnin and Denny studies.,
Under comparable conditions conparable results were obtalned.
The cnly possible exception was the finding oo less "Kamin Effect®
under conditions siallar to Kaain's. Alnost dra:atiéally,
avoidunce learning and relearning was aflccted by tc dimensions
of the shuttlebox used.

The superiority in original lzarniag of high ceiling
vs. low celling sug _ests that the low ceiling limits the
nunber ol avoldance-type resjonses in the animals repertoire,
and this in turn promnotes the non-instrumental act of freezing.
Trhe effect 1s to decrease the probabllity ol wazxing the
final shwuttling res_onse. The experirenters observation of
aninals in low ceiling groups frequently freezing, with the
onset of buzzer, would tend to support sucih an interpretation.

If tte 8 in a low celling box 1s to learn the
avoldcnce response, freezing behavior asust extingulsh. Thls
may account for the relatively better performancc after one-
hour delay lor the low celling Ss. The one-kour delay, according
to the incubation-of-anxiety hypothesis would, in general,
incrcase thc tendeney to frecze. 8s in hi:h celling boxes,
who rave not be.n freezing, have nct hada an orportunity to
extingculsh this tyne of resconse a2ad consesuently are at a
diszdvantare, 1.¢. chow xore “Kamin Effect".

Conversely, Ss under hizh celling coadlitlons can



makxe more responses te the stirulus situation: jumgin,

standling, and leaping. These responzes can readily chaln in

with the correct response of shuttling. At Tirst lance,
tese results pose a parzdox, for Ly lowerin. the ceiling
one mipht expect an increase 1in the specification ol thw

cerrect respoanse of shuttlin., instead, 1t aupears that we

are promoting a response wahich is inconjatible with shuttling

and inconpatible withh responses allied with shuttling. Such

an interpretation is consistent with new theoretical Behuvioristic

approaches that emprasize the luportance of each response
elicited at every step of tle analysis (Denny and Adelman,
and Logcan).

The less 1lrportant variuble of length mey operate
as follows. Under low celling conditions, the escaping rat
can only run, w-lch acans 1t runs trough shock to escape
shock, being consistently punished during the early stages
of maxing the correct response. Thus learnin_ tends to be

poorer the longer the box. In high ceiling boxes, wvaiere

S

(O]

scape is possible in a number of wa;s, this length factor
is not as critical.

The interaction between sex and ceiliag hei o nt
indicates trat females nicde :ore avoldance responses under

high celling conditions than uander low celling conditions.

Males, it was found, avolded slichtly less under low celling

.conciticas. In crdcr to shed some 1li_ht on t!'is interaction,

it should be mentioned trat K=wzain, with a low celling box
and 1.1 millizanp c*ock level, found no dif . 'erences between
nales aad fexnales (personel comaunication to . Ray Denay),

whereuss Denny found 1t necessary to use a higlher shock



level with femazles in order to et t-e "Kamin Effect® (1.7
millizinzs for females vs. 1.1 sillicamps for mzles) with a

hish ceilling. From this fact, it can be inferred that females
are partlicularly prone to Ireeze in a low celling box but

will freeze 1n a ni_h celling box only if t*e shock level 1s
sufficiently hich. Thercfore, it 1is not suprising with the
ghocik level of the present study that females froze more and
thus avolded less under low ceiling conditions than was the

case under nigh ceiling conditions.

14
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SUMMARY

This experirent studied the eflfects of shuttlebox
dimensions upon the anount cf aveidonce learning and felearning.
Seventy hooded, blacik, z2nd albino rats-=-=35 mule and 35 feanales--
were given 25 shuttlebox trials and then rerun one-hour later
for an additional 25 trials. It was Tfound trat t'e diaensions
of the shuttlebox, primarily celling helght, were important
in the learning and relearning of avocidance responses. Animals
in low ceiling boxes initially showed a lower level of learning
bput improved when learning was ccatinued following the hour
delay. S8 in high cellin; boxes showed higher learning, but
poorer performance wnen learning was continued followin_: the
hour delay. A tenative interpretation of the results was
included, which seemed consistent with new behavioristic

positions.
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SUMMARIZiD _asa
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?ZO”yq/ Session I Session II

14 . 1€

Sazjects 123 45678 9 10 Total 123456 T8 9 10 Total

Blocks of

5 trials
1 czCc11060101 5 c1o0312112¢0 11
2 1111010110 7 17170102013 9
3 30242232 23 C22Z212:12731 1S
4 311222244 24 4111142221 15
5 32355324321 31 552C102424 24

Grouyp

14 x 20

Sucjectz 1 2 3 456789 10 Total 1234567869 10 Total

Blocks of

5 trials
1 C0O0100C00CO0O0 1 c111015040 13
2 1130203C0C21 13 C12C1z41453 18
3 531145152 27 04321332030 19
4 1351145031 24 4050022101 15
5 1440245541 26 1241133012 18

Group

14 x %o

Subjects 1 232 45678 9 10 Total 12345678 210 Total

Blocks of

5 trials
1 101C111011 T 2003421130 16
2 132C342413 23 1213122224 2C
3 2211223434 24 22310122353 12
4 2235435451 35 3212324541 27
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§P0¢§6 Session 1 Session II

Subjects 1 23 45678 9 10 Total 123456 7¢E ¢ 1C Tetal

Blocks of

5 trials
1 c1 001 cCco0o01o0CoO 3 1131200222 14
2 1011110001 @ 2113120214 17
3 Z2211310011 13 4 4 22 4 42 323 3C
4 2022330101 14 4 4 455314373 26
5 2132421301 <0 £E223452333353 34

Grcup

£ x 26

Subjects 1 2 3 456 78 ¢ 10 Total 12345678 9 10 Total

Blocks of

5 trials
1 1¢ccCceCct1oo000 2 1610200430 11
2 ccoc1001 111 5 023112011 14
3 2113201321 16 C42132135% 25
4 1211002020 9 45 4 3424334 36
5 2431313111 20 5453215442 35

Grouy

5 % 36

Suvjects 1 23 45678 9 10 Totel 12345678 9 10 Total

Blccks of

5 trials
1 coococo1o01occCc 2 cCc1z21201¢0C6C 7
2 c1110601110 6 C323342z12020 20
3 1102120120 10 2012212312 17
4 21211311C0O0 12 4221153301 22
5 ct122231312 17 22455322373 21
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Group Scssion 1 Session II

£ % 16 -

Subjects 1 23 45678 ¢ 10 Total 12345678 ¢ 1C Total

Blocks of

5 trials
1 ct1c1ccoCco01t1coeoO 3 1131200222 14
2 101111CO0O0I1 @ 2113120214 17
3 2211310011 13 4 4 224423273 3C
4 2022330101 14 4 4 45531433 35
5 3132421301 <0 E2234E5333353 34

Grcup

£ x 26

Subjects 1 2 3 45 €78 S 10 Total 12345678 9 10 Total

Blocks of

5 trials
1 1¢cCCccCco0100CO 2 1010200430 11
2 ccc1001 111 5 3Cz2112011 14
) 21132C1 321 16 C4213213514 25
4 1211002020 9 45 4 342 4334 36
5 2431313111 20 5453215442 35

Grouz

5 x 36

Suvjects 1 2 3 45678 9 10 Totel 12345678 9 10 Total

Blcocks of

5 trials
1 CooccoOot1o1oOcC 2 0012120100 7
2 c111001110 6 C323342z2120 20
3 110z120122¢0 10 32012212312 17
4 2121131 1CO0 12 4221153301 22
5 ct122231312 17 22455322233 21



Group Session I Session II
Contircl

Suvjects 123 45¢CT7TE 2 10 Tectal 12345678 S 1C Total

Blocais of

5 trials
1 100061 cc1co 3 4545532440 36
2 1322100012 12 2234545521 23
3 5253410120 23 S452554452 41
4 3235341240 27 54 44345231 35
5 4 33 4 4512 41 1 L 545 455452 43

Py
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