
Zeitschrift f0r Pr&ventivmedizin 18, 297--302 (1973) Revue de M6decine preventive 

The Disruption of Learned Behavior by Punishment 
in Highly Trained Rats" a Model for Neurosis Studies?l,2 
P. Driscoll 

From the Department of Behavioral Science, Swiss Federal institute of Technology, Zurich 

Summary 

in an attempt to disrupt normal, learned behavior, 15 
highly trained rats were exposed in a shuttlebox to 
four strenuous sessions of an interpolated, inescapable 
shock program, while 15 other similarly trained rats 
served as the control group by concurrently receiving 
the final training program. Both groups were subjected 
afterwards to two further sessions under control con- 
ditions. The rats exposed to the inescapable shock 
program displayed, during the "normal trials" of these 
sessions, a marked decrease in avoidance reactions 
and a substantial increase in average response times. 
There was an overall return to pre-stress levels of per- 
formance, however, within the two sessions following 
termination of the stress, and no lasting effects were 
noted in any of these rats in subsequent studies. 

There has been much literature concerned 
with the inhibiting effect of inescapable 
shocks, or " fear conditioning", on the subse- 
quent learning of the avoidance response 
by previously naive animals. Weiss ,  K r i e c k -  

h a u s  and C o n t e  (1968), in addition to de- 
monstrating that fear conditioning trials 
markedly impaired avoidance learning in 
rats, also showed that an avoidance decre- 
ment could be eliminated by training rats to 
a high level of shuttlebox performance prior 
to the presentation of inescapable shocks. 
In their experiments, "fear condit ioning" 
consisted of four 5 sec. shocks spaced 10 
min. apart, on each of 2 consecutive days, 
with each shock being preceded by a 10 sec. 
CS-US interval. In contrast to these results, 
S t o r m s ,  B a r o c z i  and B r o e n  (1963) demon- 
strated various degrees of disruption of oper- 
ant behavior (modified Skinner box) perfor- 
mance by shock punishment in trained rats, 
depending upon the strain tested. Several 
other workers, including J o n e s  (1969) and 
D o m j a n  and R o w e l l  (1969) have also men- 
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sured avoidance and escape behavior during 
the presentation of short, inescapable shocks, 
but also with rats trained on operant beha- 
vior programs. 
The present experiment was designed to 
measure the influence on highly trained rats 
of several much more prolonged, strenuous 
sessions of inescapable shocks than had 
been previously attempted with the shuttle- 
box. The object was to determine if a dis- 
ruption of learned behavior could be ob- 
tained by this method, and if this disruption 
would remain in evidence after termination 
of the inescapable shock sessions long 
enough to provide a possible model foreven- 
tual studies related to human anxiety and 
neuroses. 

M e t h o d  

30 male albino rats, about 3 months old, 
were used. Each of the 4 training sessions, 
as well as all experimental and "fol low-up" 
sessions, were conducted at exactly 7-day 
intervals for each animal. At the conclusion 
of training,, the rats were divided into two 
equally performing groups of 15 each, desig- 
nated as control (A) and "inescapable shock" 
(B) groups. 
The standard, 2-way shuttlebox used in all 
sessions has been previously described in 
detail (B&t t ig ,  1957). The conditioned stimu- 
lus (CS) consisted of a synchronized light 
and buzzer signal, and the unconditioned 
stimulus (US) of a stabilized AC current of 
60 V, delivered through the copper grid f loor 
of the occupied side of the shuttlebox. In 
addition to counting the total numbers of 
avoidance reactions, the length of t ime elap- 
sing between the onset of the CS and the 
termination of the response (when the rat 
passed through the door into the other cham- 
ber as far as the base of its tail), was also re- 
corded for every trial. This procedure pro- 
vided two parameters of measurement 
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throughout the experiment, those being % 
of avoidance reactions (PAR) and average 
response times (ART). 
During the first 3 training sessions, each 
session consisted of 100 consecutive trials 
with a CS-US interval of 3 secs. (s/100 min.). 
The intertrial interval (between response ter- 
mination and onset of the next CS) was 30 
sec. during the first 30 trials and 15 sec. 
during the next 70 trials. The fourth training 
session for each rat was identical to the 
other 3, except that the intertrial interval was 
15 sec. throughout. 
After the completion of training, group A 
was exposed to the identical (fourth session 
training) program for 4 more sessions. Group 
B, however, was exposed to 4 sessions of a 
randomized inescapable shock program as 
shown in fig. 1. The 70 empty squares repre- 
sent "normal"  trials (runs) with a CS-US in- 
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Fig. 1 Inescapable shock program (sessions 5--8) for 
group B rats. 

terval of 3 sec., in which escape or avoidance 
reactions were possible. The 30 crossed 
squares represent trials (runs) with a CS-US 
interval of 3 sec., this being followed by a 
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27 sec. period in which electric current was 
delivered to the grid on both sides of the 
shuttlebox, regardless of the response of the 
animal. When the rats failed to respond dur- 
ing normal trials, the electric current was 
also discontinued after 27 sec., with the 
total CS time of 30 sec. being recorded. 
For the last 2 sessions of the experiment, 
groups A and B were both exposed to the 
fourth training session program. 

Results 

The results for all sessions, in terms of the 
two parameters used, are shown in fig. 2 
and 3. The values shown for group B during 
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Fig. 2 PAR results for all sessions (1--4 =training 
phase, 5 - -8=  experimental phase, and 9---I0= re- 
covery, or "follow-up" phase). A = control group, B 
= "inescapable shock" group. The thick, solid lines 
represent the means for each group, shaded areas 
represent the standard deviations. 

the inescapable shock sessions (5 -8  in both 
figures) refer to the behavior of these ani- 
mals during the 70 "normal"  trials of these 
sessions only. The results of these 70 trials 
were extrapolated to 100 trials in order to 
facil itate comparison with group A. An ob- 
vious disturbance of behavior in group B, 
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Fig. 3 ART results (reversed in order to facilitate com- 
parison with fig. 2). 

caused by the inescapab le  shock program, 
can be seen in both f igures .  The inh ib i tory  
effect on PAR was immedia te  and abrupt  
(fig. 2), whereas the pro longat ion  of ART 
appeared to be more gradual  (fig. 3). Both 
f igures show an overal l  return to pre-stress 
levels of behav ior  for  the group B rats, 2 ses- 
sions af ter  terminat ion of the inescapab le  
shock program. 
In add i t ion  to measur ing the rats behav ior  
as a whole,  ma in tenance of the relat ive per- 
formance levels of ind iv idual  rats f rom ses- 
sion to session, or  thei r  " rank  order " ,  was 
ca lcu lated by means of the Spearman Rank 
Corre la t ion Coef f ic ient  test. Relat ive perfor-  
mance levels for  group A rats, under  both 
measurement  parameters,  remained signi f i -  
cant ly constant among animals. On the other  
hand, the same analysis revealed a dist inct  
d isrupt ion of the relat ive per fo rmance levels 
of group B rats dur ing sessions 5--7, indi-  
cat ing that some an imals  were  more sus- 
cept ib le  to the stress of the inescapab le  
shock program than others, wi th these be- 
havioral  changes vary ing substant ia l ly  f rom 
week to week. Order  appeared to be estab- 
l ished in g roup B between sessions 7 and 8 
(p <~.05), a tendency wh ich  was main ta ined 

over  sessions 9 and 10, espec ia l ly  in regard 
to the measurement  of PAR. 
As further ev idence of the cons iderab le  dif- 
ferences seen among indiv idual  rats dur ing 
the inescapable  shock sessions, and as an 

Session No. 
5 6 7 8 9 10 

Rat 
No. % % % % % % 
1 4 6 43 53 17 O 
2 13 16 14 13 11 0 
3 3 1 37 47 27 13 
4 4 46 26 43 0 0 
5 0 37 66 71 44 0 
6 0 16 40 71 0 0 
7 7 21 71 50 10 0 
8 6 11 2O 34 0 0 
9 1 7 19 3 O 0 

10 7 13 27 44 7 1 
11 4 19 44 59 0 0 
12 1 11 21 4 0 0 
13 1 0 6 7 0 0 
14 6 24 60 37 36 3 
15 4 4 3 7 0 0 

Tab. 1 % of total response failures for each group B 
rat during the experimental phase (sessions 5---8), ~nd 
recovery phase (sessions 9~10), including only those 
trials (runs) where escape or avoidance were possible. 

adjunct  to fig. 2 and 3 in regard to recovery 
af ter  those sessions, tab. 1 shows the % of 
total  response fa i lures exh ib i ted  by each rat 
dur ing the 70 normal  t r ia ls of the inescapab le  
response sessions, i.e. when it was possib le 
for the rat to e i ther  avoid or  escape the 
shock, but wi th its having made nei ther  res- 
ponse. 

D i s c u s s i o n  

This study di f fered from that of Weiss ,  
K r i e c k h a u s  and C o n t e  (1968) in regard to 
degree of t raining, methods of measurement,  
type of inescapab le  shock exposures,  and 
the durat ion and spac ing of al l  sessions. 
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However, both studies indicated that it is 
very difficult, if not impossible, to perma- 
nently disrupt the avoidance behavior of 
highly trained rats by the presentation of 
inescapable shocks, even when they are 
administered on such a scale as in this pre- 
sent experiment. Operant behavior experi- 
ments have demonstrated that trained rats 
will continue to respond even when as few 
as 15% of the shocks could be avoided 
(Jones, 1969), and wil l continue to lever- 
press during exposure to inescapable shocks 
(Domjan and Rowell, 1969). The latter au- 
thors, citing Migler (1963), have suggested 
that responding during inescapable shock 
could be considered a superstitious escape 
behavior. 
Without intending to make any direct compa- 
risons between operant behavior and shuttle- 
box behavior, it should be mentioned here 
that considering the conditions of the ex- 
perimental phase of this study (sessions 
5-8),  where it was actually possible for the 
group B rats to escape or even avoid in 
70% of the trials, remaining immobile in the 
original side of the box for the whole shock 
duration was frequently observed during 
these, as well as during the inescapable 
shock, trials (tab. 1). This behavior was most 
predominant during sessions 7 and 8 and 
could be interpreted as probably being asso- 
ciated with the phenomena of "learned help- 
lessness" and/or "freezing", which have 
been previously discussed by Weiss and co- 
workers (1968, 1970) in relation to avoidance 
behavior. All group B animals exhibited this 
"non-response" to some degree or another, 
the considerable variation of which among 
rats can be seen in tab. 1 and the large stand- 
ard deviation of fig. 3, sessions 6-8.  
The overall return to pre-stress levels of per- 
formance within the 2 "fol low-up" sessions, 
however, indicated that in even the most 
severe cases, the original learned response 
(perhaps regenerated in the form of super- 
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stitious behavior) regained control over the 
shuttlebox behavior of these rats. This find- 
ing would seem to be in agreement with that 
of Storms, Boroczi and Broen (1963), who 
concluded that the effects of prior training 
and habitual behavior are not permanently 
inhibited by shock punishment in rats, this 
having been postulated several years pre- 
viously, by Kamin (1959). Nor have these 
effects been found to be permanently dis- 
rupted in various "pair  situation" studies 
which have put 2 trained rats together in 
running- or lever pressing-escape situations 
(Azrin, Hutchinson and Hake, 1967; Ulrich, 
1967; Wolfe, Ulrich and Dulaney, 1971). 

The retention of learned avoidance behavior, 
therefore, and the accompanying strong re- 
sistance of that behavior to extinction, both 
provoked (Baum, 1970), and non-provoked 
(B#ttig, 1957, Driscoll and B~ttig, 1970), seem 
to be a prominent characteristic of highly 
trained rats. Later experiments with rats of 
both groups A and B have proven them to be 
equally adequate subjects for further, long- 
term shuttlebox studies not involving punish- 
ment of the learned response (Driscoll and 
B&ttig, 1970). When the absence of any last- 
ing effects resulting from the prolonged 
shock exposures to which the group B rats 
were subjected in this study is borne in 
mind, the realization of a continuous, 43-day 
long discriminated avoidance session, in 
which all resting or sleeping was interrupted 
at least once every 5 min. by either a res- 
ponse or a shock, and from which both rats 
emerged with apparently no ill effects (Ul- 
rich, Brierton, Mabry and Stachnik, 1965), 
comes as less of a surprise. 
The shuttlebox has been used in animal ex- 
periments for many years on such diverse 
grounds (to name but 2) as the investigation 
of a type of inborn survival behavior in ani- 
mals comparable to avoidance of and es- 
cape from predators (Bovet, Bovet-Nitti and 
Oliverio, 1969), and the investigation of a 



fear-motivated behavior in animals said to 
be similar in some respects to human anx- 
iety-motivated behavior and neurotic dis- 
orders such as phobias (Baum, 1970). It can 
be concluded from this present study that 
the intense motivation and habitual behavior 
demonstrated by highly trained rats in this 
test, and the unpredictable differences 
among individuals, limit the advantages of 
using this type of animal-model for studies 
involving the after-effects of forced disrup- 
tion of this behavior over an extended period 
of time. A more useful method, especially in 
regard to the two theoretical problems men- 
tioned above, might be to conduct such stu- 
dies with two highly contrasting strains and 
split-litter techniques, in order to observe a 
wide spectrum of behavioral responseswhich 
are, however, uniform and reproducible. Ex- 
periments are now in progress utilizing 24th 
generation (Wistar) Roman High Avoidance 
and Roman Low Avoidance rats (Bignami, 
1965), in the pair situation. Preliminary re- 
sults indicate that substantial contributions 
toward the understanding of this test and 
its theoretical implications may be gained 
by this method. 

Zusammenfassung 

Das angstbedingte Vermeidungsverhalten von Tieren 
wird oft mit dem menschlichen Furcht-motivierten Ver- 
halten und neurotischem Furchtverhalten, wie es in 
F&llen von Phobie auftritt, verglichen. Durch das vor- 
liegende Experiment wurde versucht, die Frage abzu- 
kl&ren, in welcher Weise erh6hter StreB in Form von 
unvermeidbaren elektrischen Schl&gen die gelernte 
Vermeidung von Schl&gen mit FluchtmSglichkeiten be- 
einfluBt. Dazu wurde einer Gruppe von 15 gut trainier- 
ten Ratten innerhalb vier Sitzungen mit je 70 normalen 
Schocks nach einem bestimmten Plan je 30 Schocks 
ohne FluchtmSglichkeit gegeben. GegenE~ber einer Kon- 
trollgruppe yon 15 Ratten ohne StreB sank die Vermei- 
dungsleistung der experimentellen Gruppe w&hrend 
den vier Sitzungen mit erhShtem StreB, stieg aber in 
zwei nachfolgenden Sitzungen wieder auf das Niveau 
vor dem StreB. Auch hatte der erhShte StreB keinen 
EinfluB auf sp~tere ,,Shuttlebox,~-Experimente. 

R~sum6 

Le comportement d'~vitement conditionn6 par la peur 
des animaux est souvent compar# avec le comporte- 
ment humain motiv6 par la peur et avec le comporte- 
ment de crainte neurotique, comme il apparait en cas 
de phobie. Par la pr#sente experience nous avons es- 
say6 de r#pondre ~ la question suivante: par quelle 
mani#re le stress augment6 sous forme d'61ectrochocs 
in6vitables influence-t-il l '6vitement appris de chocs 
avec possibitit~s de fuite? Darts ce but, nous avons 
administr6 ~ un groupe de 15 rats bien entrain6s 70 
chocs normaux et, selon un plan d~fini, 30 chocs sans 
possibilit6 de fuite au cours de quatre sessions. En 
comparaison avec un groupe de contrSle de 15 rats 
sans stress, la performance d'6vitement du groupe ex- 
p6rimental diminua au cours des quatre s~ances avec 
stress augmentS, s'#leva pourtant au cours des deux 
s#ances suivantes jusqu'au niveau initial. En plus, le 
stress augment# n'influenc, a pas les experiences ult6- 
rieures de ,,Shuttlebox~,. 
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