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ABSTRACT 

A study was designed to investigate the effectiveness 

of three different types of shock modality in a shock

elicited aggression situation. 'lwenty-four male albino 

rats served as subjects and were randomly assigned to three 

equal groups. One group received ac shock, a second group 

received full-wave filtered de shock, while a third group 

received half-wave de shock. Measurements were recorded 

for both number of aggressive responses and total time 

spent in aggressing. All subjects were tested in the 

single-subject, restrained situation. 

Results of statistical analysis indicated that the 

subjects receiving de half-wave shock showed a s ignificantly 

l a rger number of aggressive responses. No differences 

were found in the time of aggression a na lyses. 
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CHAPTER I 

INTRODUCTION 

The phenomenon of shock 
elicited aggression has 

received considerable research t 
a tention during the last 

decade. The vast majority of studies in this area have 

been concerned with the manipulati'on of · bl var1a es such 

as sex of subject, various deprivation states, and inten

sity of shock• \•lhen electric foot-shock is delivered to 

paired r a ts, a sterotyped f ighting reaction results (O'Kelly 

and Steckle, 19 39 ). Current interest in this phenonmenon 

has been spured by the 196?. publication of a report by 

Ulrich and Azrin. Ulrich a nd Azrin ( 196 2 ) reported that 

when exposed to foo t shock, pai red rats typically assume 

an upright posture, bare their teeth, and strike vigorously 

at each othe r with their fo repaws. Ulrich and Azrin (196 2 ) 

determined that shock-induced fighting in rats was a funct ion 

of both enclosed floor area and shock intensity. Mani-

1 · of the subJ·ect, strain , previous famili-pu at 1ng the sex 

arity with other s ubjects, and number of subj ects present 

during shock did not a lter this stereotyped pattern of 

f ighting. Optimal conditions for inducing f ighting were 

defined as two rats conf ined in an experimental chamber 

exposed to a 2rnA foot shock . 

l 
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Sub sequent t o t hese . . . 
initial findings reported by 

Ul r i ch and Azrin (196 2 ) oth 
er research was begun to fur-

ther describe the f actors involved 
in modulating this 

behavior. Several investigations have sought to demon-

strat e shock-induced aggressio · . n in various species of 

mammals. For example, Ulrich and Azrin (1962) found that 

paired hamst ers show a fighting response to shock, similar 

to t he rat, whereas the guinea pig does not. Azrin, 

Hutchinson, c.nd Hake ( 1963) found that 3mA foot shock 

could in i tiate reflexive fighting between paired squirrel · 

monkeys. 

Another line of research has involved manipulating 

the modality of aversive stimulation. Ulrich and Azrin 

(196 2 ) reported that electrode shock to the back of the 

animal as well a s foot-shock could elicit the fighting 

r eflex . They also indicated that intense heat also pro

duced the stereotyped fighting though the development of 

compet i ng responses during the presentation of heat ren

dered this pain stimulus somewhat undesirable for pain-

. However, no fi' ghting was elicited aggression studies. 

b a t ld Azrl. n, Hake, and 
Y intense noise or mo era e co • 

Hutchinson (l 965 ) found that squirrel monkeys responded 

aggressively as a result of tail pinches. 

Pr i or t o the 1968 publication of the Azrin, Rubin, 
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and .Hutchinson a rticle mot h . 
' s · sock-elicited aggression 

studies relied upon sub · -
Jective evaluation of which postures 

and movements were considered t b 
. · o e a~gressive. Ideally 

a single subject should be observed wi'th automatic recording 

of aggressive responses. u f n ortunately, the findings of 

Ulrich and Azrin (1962) indicated that lone rats would not 

aggress toward an inanimate object in response to foot 

shock. Azrin, Hutchinson, and Sallery (1964) had success

fully demonstrated that aggression toward inanimate objects 

could be elicited in squirrel monkeys by applying foot 

shock. (These results lead Azrin et al. (1964) to spec

ulate that squirrel monkeys were inherently more aggressive 

than domesticated rats.) Combining the findings of pre

vious studies Azrin et al. (1968) created a situation in 

which biting attack would likely occur in response to 

shock. In this procedure restrained rats received unavoid

able tail shocks of SrnA intensity with a 200msec duration 

· The tail shocks to restrained every 10 sec. for 20 min. 

rats did elicit biting attacks on inanimate targets, thus 

al. (1964 ) speculation on the inherent 
making the Azrin et 

rats and squirrel monkeys invalid. 
distinction between 

and Azrin (196 2 ) reported that 
Although Ulrich 

f X Some inveswas independent o se, 
Shock-induced fighting 

f ound. that sex and age of the subject are 
tigators have 



4 

related to the frequency of refl • . 
exive aggression. Milligan, 

Powell, and Borasio (1 973 ) f ound . . . . 
no signi f icant sex dif-

ference of shock-elicited aggression (SEA) in Sp rague-

Dawley rats but did find that Long - Eva ns m les exhibited 

signi f icantly higher SEA frequencies than fema les. 
iilligan 

et al. (1973) al so found that castrated Sprague- Dawley 

ma les had signi ficantly lo~er s frequenc i es th n the 

control group . This d i fference was dim' ished by t stos-

terone replacement therapy of the c str t group . utzell 

and Knutson ( 197 1 ) reported tha shock- licited fighti ng 

and shock-elicited biting ere iffer nilly c d y 

sex of hooded r a ts ob t aine fro th Univ rsi y of Io 

colony . Males d i spl y d sig i ican ly or 

fema les , but f req ency of shoe - it 

t arget as inde endent of th s x o 

with these f ind ings are thos r po 

Fr ncis , a nd Schneiderm n (1970) . 

of n 

y p 

ow ll 

i h ing h n 

ni 

neon i 

l , Si V 

l. (1970) 

n 

n , 

to shoe - licit gr s -reported tha t sex -ras not rel 

sion in Sprague-Da~ley rats . Millig n t l . (1 973) s 9 t 

O f these inconsis possible expl na tions nci s r 

th ff Of Sex On Sh oek- eliei e e ects 
a gg ression . 

rding 

One 

explanation is that of raced r al nd 

b investigators . differences employed Y 

odologie l 

i\nother explanation 

suggested is "that different 
inds of aggress · on exist , 
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each controlled by partially 
overlapping but largely inde-

pendent physiological systems". 

Age of the subject has also 
been investigated. 

Hutchinson, Ulrich, and Azrin ( 1965 ) found that reflexive 

fighting behaviors of rats inc . 
rease with age and that 

castration produced lowered f' ighting probability in adult 

subjects, whether castrated bf e ore or after puberty. 

Powell a nd Creer (l 969) indicated that maturation interacted 

with prior experience with both shock and fighting with 

Sprague-Da wley rats. 

Severa l studies ha ve s ought t o deter mine the e f fect 

of housing conditions on the shock-elicit ed aggression 

pa radigm. Creer (1 974) demonstrated t hat hous ing r at s 

six to a cage for 60 days a ppa rently i nf l uenced the shock-

induced aggress i on when the anima ls we r e l ater pa ired a nd 

tested within the shock cha mber. Cree r arg ued that communa l 

housing served to prod uce grea ter incons ist ency in f i ghting 

over sessions. Creer (1 97 5) extended his earli e r study 

to specifically investiga te shock-induced aggression a s 

a function of housing rats in single or c ommunal cages 

for varying periods of time prior to testing. Variability 

in fighting frequencies was reported. Communa l caging 

day s bef ore t esting produced a 
of subjects for 21 or 28 

. e f fect on frequency f aggressive 
particularly deleterious 
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contacts. Contrarily, Hutchinson 
et al. (1965) found 

that rats housed in communal c 
ages demonstrated higher 

fighting frequencies than tho h 
se oused singularly. sta-

bilization of the aggression pa t 
rame er , however, occured 

more rapidly for isolates than for communally housed sub-

jects. Obviously, the effects of housi'ng h k · on soc -induced 

aggression rema in somewha t unc l ear . 

Additional studies have concerned themselves with 

the effects of specific deprivation st tes and related 

dri v e sta tes on shock- elicited aggression . Cah oon , Crosby , 

Dunn, Herr i n , Hill , and cGinnis (1971) found when food 

deprivation is paired with shock , subjects show a higher 

rate o f aggression than do non- deprived sub j cts . Hamby 

a nd Cahoon ( 1971 ) reported tha t shock- elicited aggression 

wa s functiona lly related to the level of water deprivation . 

The effects of food a nd water deprivation shown by these 

inv e stigators appears t o be curvilinear with aggression 

b · 1 1.'n fluenced by more extensive depri-e1.ng r elatively ess 

vation. In a rel a ted study, Bisbee and Cahoon (1973) 

Of l l..thium chloride (a nausea 
fo und that s ma ll amounts 

d agg ressive responding to shock , 
inducing drug) increa s e 

while larger levels inhibited aggression . 

( 1970) determi ned that previous 
Powell et a l. 

d f ighting res ulted in increa sed 
experience ~ ith sho~k an 
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fighting frequencies in the shock . 
-aggression situation. 

Also, rats that received trial 
s spaced over several sessions 

fought more frequently than rats 
that received the same 

number of shocks within a si·ngle • session. 

Expand ing on the initial statement by Ulrich and 

Azrin <1962 ) on the relationship between shock intensity 

and shock aggression, several investigators have considered 

the specific effects of manipulating shock duration and 

shock intensity on reflexive fighting. Azrin, Ulrich, 

Hutchinson, and Norman (1964) found tha t the elicitation 

af fighting by foot-shock was a direct function of the 

duration of the shocks: the longer the shock, the greater 

the probability of fighting. However, continued delivery 

of foot-shocks partially reversed this relation. Brief 

shock durations became progressively more effective during 

continued shock presentation. Creer and Powell (1 971 ) 

demonstrated that shock of various intensities (0.5, 1.0, 

7. .0, 3.0, and 4.0mA) induced similar fighting frequencies 

when rats were paired together for several sessions. A 

f" ht · g over sessions wa s general increase in rates of ig in 

. . 11 b t the o.SrnA stimulus intensity. 
also indicated fov a u 

( 1968 ) attempted to quantitatively 
Dreyer and Church 

h. between shock inten
specify the functional relations ip 

f shock-elicited fighting. 
sity and duration on probability 0 
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TheY reported that the probabili'ty 
of fighting was a linear 

f unction of the logarithm of both shock 
intensity and 

aurat ion·. An increase in the logari'thm of the intensity 

produced approximately t wice as great an increase in f ighting 

as an equivalent increase in duration of the shock . 

Despite the rather straight-f orwa rd appear i ng res ults 

of the Ulrich and Azrin ( 1962 ), Azrin et al . (1964), Cr eer 

and Powell (1971), a nd Dreye r a nd Ch ur ch (1968 ) s tudies , 

inconsis tancie s appear in the l ite r a t ure a s to t he optima l 

i nt ensity f or p roduct i on of shock-induc ed agg r ession . 

Ulrich a nd Azr in ( 196 2 ) r epo rted tha t the optima l leve l 

of f oot shock wa s 2mA . Powell , Fr anc i s , Br ama n , a nd 

Schneide r man (1969 ) r eport ed 4 . 0mA s the optima l intensity 

of f oot shock f or induc ing aggres s ion in pai red r a ts , 

howeve r, Creer a nd Powell (19 71 ) reported no d i fferences 

in f ighting u s i ng 1 . 0 , ✓. . o , 3 . 0 , a nd 4 . 0mA . 

Va r ious types o f power s upplies ha ve been used t o 

prov ide the f ootshock in shock - i nduc ed agg r e ss ion s t ud i es . 

Some . t· t ha ve used consta nt- current ac powe r inve s iga ars 

. ( Drye r and Ch urch ( 1968 ) , Powell e t a l. s uppl i e s e .g. 

( 1969 ) , Creer a nd Powell ( 971) , (1969 ), Powe l l a nd Creer 

used constant - c urrent de 
'~i l e other inve s t i ga t o r s ha ve 

Jack ( 1971 ) , Hutze l l a nd 
power s upp l i e s (e . g . Berry a nd 

a nd Hyna n ( 1972 ) . I n r eviewing 
Knutson (19 7~), a nd Knutson 
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the literat ur e , it was f auna th 
-- at many investigators 

s pec i f y t he int ensity o f shock btlt 
fail to specify either 

the type o f sh ~ck or the vendor of 
the shock source. 

Follick und Knutson (1n7 ) 
-- "7 4 compared ac, de, and 

., c recti f ied current shock a t · 
various intensities (ac 

0 t .4, .7, 1.5, a nd 2 .31Tl..''\ ; de at s 1 o 2 o • , . , . , a.na 3 • 0 

mA ,• a nd c1.. c rectified at 4 7 . , . , 1.5, and 2.3mA) to assess 

differentiaJ in f luences on foot shock-induced fighting of 

pa ired rats. At the lower levels of intensity, the ac 

shock resulted in greater fighting than the equivalent ac 

or ac r.ectif ie:'l shocks. ·,J'hile at higher levels, no a i ffer

ence s a.mong shock types were reported. These results 

indica te tha t, at least in lower shock intensities, shock 

type is ;1 variable in shock-induced aggression research 

,_.,ith rats. 

The findings of Follick and Knutson (1974) raise 

the possibiJity that the modality of shock employed by 

on investigator could very well influence shock-induced 

and be functionally related to aggression dif f erentially 

the apparent disparity in the literature. It should also 

conducted in the open-field h e not ed that this study was 

situati.on using · paired rats. 
As already mentioned, this 

h eavily upon subjective evaluation 
Procedure relies quite 

for the measurement of aggression. 
of the subjects' postures 
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}-lenc e , it \•rould s eem q uite profitable to investigate the 

effe c ts o f di f ferent types of shock modality in the re

s tr i c t ed , single-anima l situation. The present study was 

designed with this purpose in mind. 



CHAPTER II 

METHon 

subjects 

The subjects were 24 male 
Holtzman albino rats 

approximately 110 days old at 
the experiment's onset. 

Although experimentally naive · 
with respect to shock-

elicited aggression precedures, all rats had previously 

served as subjects in a food dep · t ' - r1va ion study. All 

animals were housed in individual cages with water and 

f ood available on an ad libitum basis. 

Aopa ratus 

A r a t restraining device similar to that described 

by Azrin et a l. (1968) served as the apparatus in shock

elicited aggression testing. This equipment consisted of 

an opaque plastic t ube, measuring 21.5 cm in length and 

7.5 cm in diameter, mounted on a plexiglas sheet. The 

Plexiglas sheet was, in turn, stabilized on a wooden plat

form. However, the plexiglas sheet was easily removed 

from the wooden platform to facilitate placement of the 

subject into the tube and to permit easy removal of any 

f ecal accumulated during testing. 
ma terial a nd urine that 

A 1.
5 

enclosed end of the tube allowed the 
cm hole at the 

SUb . extended from the apparatus and 
Ject's t a il to be 

11 
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s ecured to a wooden restrai . 
n1ng rod by means of 

adhesive 
t ape. The other end of the tube 

was open. Th e front 
of the apparatus was su 

rrounded by a square 
cardboard 

enclosure to avoid external a· t . 
is raction of the subject 

during testing. This enclosure 
was high enough to permit 

sufficient light to enter. 

Tail shock was delivered to each 
subject via tail 

electrodes (two pieces of No. 14 copper • wire attached 

to the tail-restraining rod). Th ree types of shock were 

employed: 1) ac, 2 ) full-wave, filtered de, and 3) half-

wave or pulsating de. A Jackson (Model 665-J-Z) mA meter 

wa s used to monitor shock intensity. 

The aggression target consisted of omnidirectional 

lever (Model 80111) p_urchased from the Lafayette Instrument 

Co., Lafayette, Indiana. This lever was mounted on the 

wooden platform, perpendicular to the open end of the 

restraining tube. When the tube was in place on the plat

form the lever extended across the mid-portion of the open 

end of the tube. The lever was 1.5 cm from the tube and 

t tivate an attached required a movement of 1.0 cm o ac 

microswi tch. 
·th in turn, activated: 

Closure of the microswi c, 

1 ) a Standard 
. . • d 2 ) a Lafayette (Model 

Electric Timer, an 

5707 thus allowing both total time 
PS) impulse counter, 

ssive responses to be 
of aggression and number of aggre 
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recorded f or each subject. 

ijocedure 

At the beginning of the 
experiment, the subjects 

were randomly assigned to one of th 
ree equal groups: Group 

AC ( ac shock), Group DC-HW (half-wave 
de shock), and Group 

DC-Fl·l (full-wave, filtered de shock). 

Prior to taping the restrai· ni.' ng d ro to the animal's 

tail, electrode paste was applied to the electrodes. The 

sub j ect '.va s then positioned in the tube such that its 

nose was app roximately one cm from the target rod. Each 

sub j ect experienced a five minute habituation period in 

the restraining tube prior to the administration of shock. 

A 10 minute period of shock administration immediately 

followed this habituation period. During this time each 

subject was exposed to a series of 300msec. duration 

l .50mA shocks administrated at 3 second intervals. Thus, 

each subject experienced a total of 200 shocks. 

Testing was done over a two-day period with one-

half of each group being tested each day. The subjects 

d ly determined. to be tested on a given day were ran om 

b . ts was randomized each day. 
The order for running su Jec 



CHAPTER III 

RESULTS 

Prior to analysis all d 
ata was converted to log 

10 
(X, + 1) scores. Group mean 

1 scores for the time measure 

appear. in Figure 1. Analysis of variance performed on 

this data failed to yield significance, _F <2, ·n > == 1.39, 

l?..) • 25. 

Grou? mean scores for the response measure appear 

in P igure 2 . Analysis of va riance perf ormed on this data 

indicated tha t shock modality h ad a signif icant e ffect, 

f P , ' l ) == G.80, .C. ( .01. The Newman- Keuls procedure was 

empl oyed to ~,.scerta in specific effects. The res ults of 

this a nalysis indicated that Gro up s AC a nd DC-~~ did not 

differ signi f ica ntly from each other. However, the mean 

of Group DC- I-f-T ~.,,as f ound to be signi f icant ly (E, < .01 } 

higher t h em both Grour,s AC and DC-EW . Thus, the graph ic.a l 

i mpress ion ( see F igure 2 ) that Group DC-HW was more agg res

sive is s upportea by the sta tistical cnalysis. 

14 



CJ-IAPTER I V 

DI S ClJSS IOiiJ 

_Zl. .l t h o ll<Jh t h e g r Qph ic- <1 1 r es ults 
(see Fi gures l nnd 

~) indica te t h Dt more agqre s · 
- . Sl.Ven e ss l.'1a s shown by DC-HH 

subjec ts on b ot h measure s , this pattern f 
0 results achieved 

st at istical signi f ica nc e only for 
t he response da t a . 'J'he 

10 ck of s igni f icance f or the time 
mea sure was due, a t 

l east i n pa r t, to the la r ge amount of within-group var-

i ance. This f inding h a s been noted in a number of pre

vious s tud i e s (Azr in et a l., 1963; Cahoon et al., 1971). 

It wo uld a ppear t h a t competing reactions ( such a s turning 

ar ound , etc. ) may h e res ponsible for this increa sed within

gr oup vuriability. Obviously, furthe r research needs to 

be conducted to f ind some way to reduce this variability. 

Thus, it may be t h a t number of responses is a more sen

sit i v~ measure of aggression than time. 

The r es ults o f the present study a lso strongly 

sugg est tha t de half-wave shock is the best modality for 

use i n t h e single-rat, restrained situation. However, 

that the Ac S ubJ' ects also displayed it shoul d be noted 

Of Vocall· zati'on and behavior during shock ext reme a mo unts 

was frequently directed 
sessions. This beha vior, however, -

( . the t a il), not the 
towa r d the source o f the shock 1 " e · 

resulted in competing responses 
t a rg et ob j ect, a nd t herefore, 

15 
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on the part of the animals. 
If there were some manner 

bY which this behavior could be 
directed t ou ward toward 

the target, it appears quite 
possible that this shock modal-

ity would be as effective as 
the de half-iave modality. 

on the other hand, it was 1 
a so observed that the ac shock 

resulted in more debilitation f 
o the animal than did the 

other sh ock modalit ies. This observat1· on would caution 

against the use of this shock modali'ty 1·n • multiple- session 

experiments. 

A specula tive explanation of the increased ggres-

siveness sho ..,n by the DC- Hi'/ subjects may be found in the 

nature of the shock. It would appe r th t it is more 

puinful to the an imal to receive a burst of shocks th n 

one steady stream of current (as in the DC- , condition) . 

However , if too many bursts are received {as in the C 

condition ) then this appears to interfere vith the aggressive 

response and leads the animal to engage in competing re

sponses . The de h l f - wave modality, ho•1ever , ap ears to 

Present the shock in such a pattern as to optomize aggres -

siveness. 

{ 97 4) in comp ring ac , de , 
Follick a nd Knutson l 

at four intensity levels 
ana ac rectified shock modalit i es 

in amounts of aggressive
reported significant differences 

lower intensities. 
ness between shock types only at 

Their 
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...-esults showed that ac f ootshock 1 ~ resu ted in more fighting 

bct,,.,een p ,, ired rats. The ac and ac t · f • rec l l ed groups did 

not differ significantly. At higher levels of intensity, 

no significant differences were reported . Follie and 

Knutson I s third level of shock intensity as approximately 

the same (l.SmA) as that used in the present study. ey 

reported no dif f erences at this intensity . On he oh r 

hand, signi f icant effects~ obt ined 1i h th i int nsi y 

i n t he ?resent study. The discrep nt r s 

e accounted far in that ·ollick nd 

field s ituat ion a n the pres nt study 

subje t , rest ra ined situ ion . Ob io sly , 

s c n o si ly 

n 

t fertl.' le r a for d i io 1 r rch . f i ndings sugg es a 
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F ig . 1 - Group tean Time of Aggression 
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Pig. 2 - Group Mean Aggressive Responses 
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