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AN ANALYSIS OF REVERSAL LEARNING IN RELATION 
TO THE COMPLEXITY OF TASK IN WHITE RATS 

JADWIGA DĄBROWSKA 

Depar tment of Biology, The Nencki Inst i tute of Exper imenta l Biology, 

Warsaw, Poland 

(Received January 12. 1962) 

In the first paper of this series ( D ą b r o w s k a 1959a) repeated re-
versal learning of a complex habit in a serial multiple choice apparatus 
was described. The apparatus consisted of a platform with four suc-
cessive partitions, each of them having four doors one of which was un-
locked. It has been shown that the number of trials neccessary to reach 
criterion was much smaller in the reversal training than in the original, 
and it decreased with further reversal trainings until it reached about 
1/6 of trials needed in the original learning. Similar results were obtained 
earlier by W e b b (1917), W i l t b a n k (1919), H u n t e r (1922), 
J a c k s o n (1922) and others. However, only one reversal training took 
place in their experiments. On the other hand, there is considerable evi-
dence to show that under many experimental conditions reversal train-
ing is not easier than the original one, but rather more difficult, ( F r i t s 
1930, M u n n 1932, K o n o r s k i and S z w e j k o w s k a 1952, 1956, 
D ą b r o w s k a 1961). In all these experiments the task presented to the 
animals consisted in a change of a single conditioned reaction, i.e. it was 
much simpler for the animal than the preceding task. 

It should be stressed, however, that experiments showing increased 
difficulty of reversal training in comparison with the original training 
were performed by different techniques from those used in our experi-
ments. Therefore the important problem arose as to whether the discrep-
ancy between the two lines of investigation was due to the different 
techniques, or only due to the complexity of the presented task. In order 

http://rcin.org.pl



to solve this question it was necessary to present tasks of various com-
plexity to the animals in one and the same apparatus, and to see what 
relation there would be between the rate of the original and the reversal 
learning. The present paper is concerned with this problem. 

MATERIAL AND EXPERIMENTAL PROCEDURE 

Exper iments were carried out on 20 white rats at the age of 3 months. The 
appara tus used is shown in Fig. 1. It consisted of a p la t form wi th parallel par t i -
tions wi th two one-way doors. In each part i t ion one door was locked and the 

Table I 

Task presented for each group of rats 
Unlocked doors 

Par t i t i ons 

Groups ^ s . 

Original t ra in ing Reversal t ra in ing Pa r t i t i ons 

Groups ^ s . 
I II III IV I II III iv 

1 L L R R R R L L 

2 L R L R L R 

3 L R R L 

4 L R 

L — le f t door 
R — right door 

Each exper imenta l session consisted of 6 trials given with 20 second-intervals. 
The criterion was reached when the animal made 6 successive correct runs. 

The animals were divided into 4 groups, each containing f ive rats. The start-
ing point for the f i r s t group was si tuated before the four th parti t ion, that is, in 
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order to reach the goal, the rats had to pass only one door. The rats of the second 
group s tar ted f r o m before the third part i t ion which necessitated crossing two 
doors. For the third group crossing three part i t ions was required to reach the 
goal, and the four th group had to cross all four parti t ions. 

Af t e r the animals had reached the criterion, reversal t ra ining was carried out 
in which all the doors were changed. The tasks presented for each group of rats 
are shown in Table 1. 

RESULTS 

The results of our experiments are presented in Table 2 and sum-
marized in Fig. 2. 

Table II 

Number of runs to criterion in original and reversal learning 

Group l 2 3 4 
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OL RL RL/OL OL RL RL/OL OL RL RL/OL OL RL RL/OL 
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38 16 0.4 33 17 0.5 19 21 1.1 2 6 3 

N
um
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37 15 0.4 33 16 0.5 18 24 1.3 6 6 1 

N
um
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36 17 0.5 35 15 0.4 16 14 0,9 2 7 3.5 

N
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34 16 0.5 32 15 0.4 16 21 1.3 1 9 9 

N
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36 18 0.5 34 13 0.4 11 21 1.9 2 3 1.5 

Mean 36.2 16.4 0.5 33.4 15.2 0.4 16 10.2 1.3 2.6 6.2 3.6 

CL — original learning 
EL — reversal learning 
I L / O L — ra t io of reversal learning to original learning. 

It may be observed that in the original training the number of trials 
needed to reach criterion depended on the complexity of the task i.e. on 
tfe number of partitions the animal had to cross. This dependence, 
hcwever, is far from being linear, since the one-partition task requires 
or an average 6 times less trials than the two-partition task, and 13 times 
less than the three partition-task. On the other hand, the ratio between 
the number of trials with 4 partitions and those with 3 partitions is not 
4/5 but only 9/8. 
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As far as the reversal training is concerned the picture was more 
complicated. In the two easier tasks (groups 1 and 2) the reversal training 
required more trials than the original training, while in the two more 
difficult tasks (groups 3 and 4) the contrary was true (Fig. 2). In conse-
quence, the relation between the rate of reversal training and the com-

38 
36 
34 

30 

26 

§ 2 22 

| 18 

_L 
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10 

Groups 

Fig. 2. N u m b e r of r u n s t o c r i t e r i o n 
in o r i g i n a l a n d r e v e r s a l t r a i n i n g 

Dark blocks — number of runs in learning, 
white blocks — number of runs in reversal 

learning 

Fig . 3. N u m b e r of e r r o r s t o c r i t e r i o n 
in o r i g i n a l a n d r e v e r s a l l e a r n i n g 

Dark blocks — number of errors in learning, 
white blocks — number of errors in reversal 

learning 
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plexity of the task was disturbed, the third group of rats requiring more 
trials to reach criterion than the fourth group. 

The same picture is seen when, instead of the numbers of trials, we 
take into consideration the numbers of errors (Fig. 3). Here, too, we 
notice that in groups 1 and 2 the number of errors committed in the 
reversal learning is greater than that in original learning, while in 
groups 3 and 4 it is smaller. 

DISCUSSION 

Our results show that by using the same experimental procedure we 
can obtain either the higher or the lower rate of reversal training in 
comparison with the original training, and that this depends entirely on 
the complexity of the task the animal is confronted with. Thus, in the 
simple tasks reversal training is more difficult than the original training, 
in the complicated tasks, it is much easier. 

How are these results to be explained? 
To begin with, let us take into consideration the first group of rats 

which was confronted with the easiest task, namely with changing only 
one door. The results of experiments for this group were analogous to 
those obtained by other authors in experiments with simple tasks (see 
above). A physiological analysis of such results was given in papers by 
K. on o r s k i and S z w e j k o w s k a (1952, 1956). In the experiments 
of these authors the reversal training consisted either in transformation 
of the excitatory conditioned reflexes into inhibitory ones, and vice versa, 
or in the transformation of the defensive conditioned reflexes into ali-
mentary ones, and vice versa. The result showed that the original train-
ing was much quicker and more complete than the reversal training. 
On the basis of their findings the authors put forward „the principle of 
the primacy of first training" according to which the conditioned reflex 
to a given stimulus is most readily formed when this stimulus has been 
not engaged in any prior conditioning. According to the authors the expla-
nation of this principle is the following: when conditioned connections 
have been formed between two centres, they are not annihilated by re-
versal training. In consequence, if a new conditioned reflex is antagonistic 
to the old one, the old connections prevent its establishment. K o n o r s k i 
and S z w e j k o w s k a gave a number of examples from ordinary life 
to support this view. 

The same principle is easily applicable to our experiments with only 
one partition. As seen in Table 1, the animals almost immediately master-
ed the first task, while reversal training was more prolonged since they 
had to suppress the old habit. 
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When we turn to the more difficult task involving two partitions, we 
also see that the principle of the primacy of first training is valid, since 
in 4 animals out of 5 the reversal training was more prolonged than the 
original one. Therefore, it seems reasonable to believe that this principle 
is also valid, if we have to do with more complex tasks but, parhaps, 
in the latter, some other factor intervenes which changes the relation 
between the original and the reversal training. 

In our previous experiments, published elsewere, ( D ą b r o w s k a 
1959a, 1959b) a great body of evidence has been collected to show that 
in the course of mastering the complex four-partition task the rats tend 
more and more to integrate the whole task instead of splitting it into 
four separate tasks. This tendency will be even more clearly seen in the 
next paper of this series when it will be shown that change of the door 
in one partition destroys the whole habit. Thus, one may assume that 
with the course of training the whole run through the four-partition 
apparatus becomes more and more a unitary process and the reversal 
training is more and more reduced to the substitution of one unitary 
process by another. And so, the increased rate of reversal learning com-
pared with original learning is due to the fact that the animal, so to 
speak, acquires a new improved method of learning this habit. 

In consequence, the acquisition of a new pathway in a complex learn-
ing task is connected, on one hand, with the suppression of the previous 
habit which tends to prolong the reversal training, but, on the other 
hand, it involves an increased learning ability which tends to accelerate 
it. The actual learning curve is a resultant of these two tendencies. 

SUMMARY 

The present paper deals with the problem of the relation between the 
rate of reversal and original learning in respect to the varying complexity 
of the task presented to the animal. 

1. It is observed that if the task is composed of only one reaction or 
two successive reactions, the reversal training requires more trials and 
is accompanied by more errors than the original training. 

2. If the task is composed of three or four successive reactions, the 
reversal learning is much accelerated in comparison with the original 
learning. 

3. The reason for the difference between these two cases is discussed. 

I wish to express my sincere thanks to Professor Jerzy Konorski for his help 
in the preparat ion of this paper. 
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THE EFFECT OF MEDIAL LEMNISCAL LESIONS 

ON THE INSTRUMENTAL CONDITIONED REFLEXES IN CATS 

R. TARNECKI 

Depar tment of Neurophysiology, The Nencki Insti tute of Experimental Biology, Warsaw, Poland 

(Received January 11, 1962) 

In the recent papers by J a n k o w s k a (1959), and G o r s k a and 
J a n k o w s k a (1959, 1960, 1961) it has been shown that after a com-
plete deafferentation of a limb in dogs and cats the instrumental CRs 
involving movements of this limb are not abolished. Although the trained 
movements are much more clumsy and less precise than before opera-
tion, they appear already in the first sessions after operation, and their 
latent period remains more or less the same. The CR is also preserved 
in the further training in spite of the fact that the feedback from the 
given limb is absent. 

One of the possible explanations of these results is that the perfor-
mance of the instrumental movement is not necessarily based on the 
peripheral feedback, but on the feedback provided by connections within 
the central nervous system. 

In a number of papers (K u y p e r s et al. 1960, M a g n i et al. 1959, 
J a b b u r and T o w e 1961, T o w e and J a b b u r 1961) it has been 
shown that ramifications of the pyramidal tract reach neurones of the 
nucleus gracilis and nucleus cuneatus, and the impulses fired off to this 
tract by stimulation of the motor cortex produce facilitating or inhibiting 
effects on these neurones. Thus, it may be supposed that this very kind 
of shortened feedback may be the cause of the preservation of the instru-
mental CR when the feedback from the periphery is lacking. 

To test this hypothesis it is necessary to cut the afferent pathways 
above the nucleus gracilis and cuneatus and to see whether the pre-
viously established instrumental CRs will be preserved. The aim of this 
paper is to elucidate this problem. 
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MATERIAL AND EXPERIMENTAL PROCEDURE 

Experiments were performed on 12 cats weighing f rom 2,8 to 3,2 kg. A f t e r 
the animals had been habituated to the experimental situation, the CR t ra in ing 
was begun, the technique of conditioning being the same as in exper iments of 
J a n k o w s k a (1959). The cottonwool was put into the right ear of the cat, and 
whenever he started to perform scratching movements with his right hindleg, 
a piece of meat (1 cm.3) was immediately presented to him. Already a f te r two or 
three experimental sessions, each consisting of 30 trials, the ins t rumental scratch-
ing movements without the cottonwool in the ear appeared. Af t e r a few more 
sessions the animal, when brought to the experimental situation, began to scratch 
i n s t r u m e n t a l ^ so that stimulation of the ear was no more used. The ins t rumental 
response differed f rom the natural scratch response in such a way tha t the animal 
ei ther performed a few rhythmic movements without touching the skin, or simply 
l if ted his hindleg. 

In the subsequent sessions the instrumental ref lex was f i rmly established and 
was elicited with maximal f requency regulated only by the durat ion of the act 
of eating af ter performance of the movement. A session, which consisted of 30 
trials, usually lasted about 3,5 min. 

The operation was performed aseptically in nembutal narcosis in the stereotaxis 
instrument. It was attempted to destroy bilaterally the medial lemnisci by DC 
of 2.5 raA. The localization of the coagulating electrodes was determined by 
recording action potentials elicited by electrical stimulation of the right hindleg. 

When the animals recovered after operation the experiments with instrumental 
CRs were resumed. 

Af te r the postoperative testing had been completed, the animals were sacri-
ficed, and their brains were perfused with 10°/o formalin and removed. The loci 
of lesions were verif ied on sections cut at 25,u in the area of coagulation and 
stained with the Nissl technique. 

RESULTS 

With regard to the extent of lesion the cats may be divided into two 
groups. In group I (3 cats) the lesions were small and limited to the par-
tial destruction of the lemniscal structure (Fig. 1). In group II (9 cats) 
the whole medial lemniscus was destroyed as well as the following struc-
tures in the neighbourhood: the substantia reticularis mesencephalica, 
tractus segmentalis centralis, substantia nigra, the medial part of the 
corpus geniculatum mediale, and a small part of the nucleus paralemi-
niscalis (Fig. 2). 

Since the behaviour of these two animal groups was different, they 
will be described separately. 

G r o u p I. The postoperative disorder in these animals was very 
slight and short-lasting. It consisted in a transient decrease of reactions 
to the nociceptive stimuli in the caudal part of the body. The motor 
activity was not perceptibly affected; only the performance of skillful 
movements was somewhat awkward. Placing reaction was abolished 
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Fig. 1. Transverse sections through diencephalon illustrating small lesions in the 
medial lemniscus 

Black areas denote full destruction; hatched areas, degenerative changes 

(Fig. 3a). Immediately after operation the act of eating was strongly 
disturbed. The animals were not able to grasp food properly and displayed 
some difficulties in biting and swallowing. Sometimes the squint and 
a slight disorder of the movements of eyeballs were also seen. 

As it was said, all these disorders gradually disappeared, and usually 
after 10 to 15 days the operated animals virtually did not differ from 
the normal ones. 

The CR activity of this group was practically not changed. The charac-
ter of the instrumental movements remained the same as before the 
operation (Fig. 4). The only difference was that the frequency of move-
ments was reduced in the initial period of postoperative training, but 
this was due to the protraction of the act of eating following the presen-
tation of food (Fig. 5). 

G r o u p II. The postoperative condition of the cats with extensive 
lemniscal lesions was usually very severe. During a number of days the 
animals were neither able to take food nor to move around. They could 
not perform any, skillful movements, and their motor coordination was 
totally destroyed. They also displayed distinct visual and auditory 
disorders. 

Such a remarkable postoperative disability usually lasted 2 to 3 weeks. 
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Fig. 2. Transverse sections through diencephalon illustrating large lesions in the 
medial lemniscus 

Black areas denote full destruction; hatched areas, degenerative change 
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Fig. 3. D i s o r d e r s of m o v e m e n t s c a u s e d b y l e m n i s c a l les ion 
a — cat with small lesion, b, c — cats with extensive lesion. Note bizarre postures in cats 

with large lesions and dirtiness of cat in c 

After this period the animals were able to take food spontaneously, and 
the auditory and (later) visual disorders disappeared. In the majority of 
animals the spontaneous motor activity such as standing up, lying down, 
keeping particular postures, etc. was partially restored, but it was far 
from being perfect. Their walking was clumsy and their legs slided apart. 
They displayed a prominent ataxia. They often remained for a long 
period in bizarre positions which they changed very slowly beginning 
from the forelegs (Fig. 3b and c). 

In three cats the ability of spontaneous movements did not recover 
throughout the period of experimentation (3 to 4 months after operation). 
These animals were not able to stand up. When set on their legs they fell 
down, and, if sustained, they performed ambulatory movements. 

The reactions to nociceptive stimuli were completely abolished except 
for the region of the mouth and the upper surface of the neck (and in 
some animals also of the back), where the pain sensation was apparently 
not impaired. It was never observed that these cats performed any acti-
vities connected with cleaning the fur and skin. 
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In spite of a considerable impairment of the whole motor activity 
those cats, in which postural responses and walking in some degree reap-
peared, were able to perform the trained instrumental movement. This 
movement, however, was very different from that seen before operation. 

min. -

30 
A"' \ 

\ A 
24 - \ 

1 
V 

18 -

l 
X » 

12 • V \ v 

6 

1 1 1 1 < • ' 1 1 1 1 1 1 1 1 
6 12 18 24 3D 36 47 53 

Days. 

Fig. 4. D u r a t i o n of e x p e r i m e n t a l s e s s ions (30 t r i a l s ) b e f o r e a n d 
a f t e r l e m n i s c a l l e s ions 

Triangles — cats with extensive lesions, circles — cats with small lesions 
Each point denotes mean of three daily sessions 

Its most important feature was an utmost irregularity depending on 
various positions the animal took just before its performance. The ampli-
tudes changed from one trial to another in quite unpredictable manner; 
instead of high stereotypy of movements observed in normal cats, move-
ments in the leminiscal animals differed one from another and involved 
various joints. They consisted of some clumsy, uncoordinated flexion 
without any rhythmical component (Fig. 6a and b). Its frequency was 
much reduced because of the "technical" difficulties in finding the bodily 
position being the prerequisite for its performance (Fig. 5). 

As mentioned before, in 3 cats the coordinated motor activity did not 
recover at all, and these cats were not able to maintain the posture 
enabling them to perform the trained movement. However, if this po-
sture was imposed on them by the experimenter, the animal did perform 
the trained movement, and since his bodily position remained unchanged, 
it was even more regular than in less disabled cats (Fig. 6c). 

To make sure that the responses observed had a true instrumental 
character and were not caused by other factors the control experiments 
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Fig . 5. C h a n g e s i n i n s t r u m e n t a l C R a f t e r s m a l l l e m n i s c a l l e s i o n 
a, b — before operation; c, d — after operation. Note the normal posture of cats after operation 

aind slightly reduced amplitude of movements 

Fig. 6. Changes i n i n s t r u m e n t a l C R a f t e r l a r g e l e m n i s c a l l e s i o n s 
a, b — cat in which postural reactions partially recovered; c — cat with no postural reactions http://rcin.org.pl



were performed in which the same position was imposed on the animal 
outside the experimental box. In such different situations the cat was 
lying quietly and never performed any movement of such character. 

Our data show that the lesions of the medial lemniscus are not 
followed by the abolition of the instrumental CR established before the 
operation. When the lemniscal lesion was limited to the region corre-
sponding to the caudal part of the body, the instrumental movement was 
almost unimpaired. However, even in cats with extensive lemniscal 
lesions the trained movement was undoubtedly preserved in spite of the 
very profound impairment of the motor coordination. 

These data clearly demonstrate that the hypothesis according to which 
the instrumental movement depends on the shortened feedback provided 
by the connection of pyramidal tracts with the nucleus gracilis and 
cuneatus cannot de held. 

Moreover, our results also rule out another hypothesis claiming that 
the peripheral feedback from the whole body may play a decisive role 
in preserving instrumental CRs after deafferentation of the limb. The 

Fig . 7. T h e d i a g r a m s of t w o loops b e t w e e n t h e e f f e r e n t a n d a f f e r e n t p a t h w a y s : 
a ) p y r a m i d o l - l e m n i s c a l , b) c o r t i c o - c e r e b e l l a r l o o p 

VPL — nucleus ventralis posterolaterals, VL. — ventrolateral nucleus, NG — nucleus gracilis, 
NC — nucleus cuneatus, DN — nucleus dentatus, CST — cortico-spinal tract, TC — thalamo-
cort ical tract, LM — medial lemniscus, CP — Cortico-pontine tract, PC — ponto-cerebellar 

tract, DR — dentato-rubral tract, DC — dorsal column 
(After Hanbook of Physiology — Neurophysiology II. (1959) 819, slightly modified) 

D I S C U S S I O N 
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extensive lemniscal lesions in group II certainly precluded much of the 
information from the whole body to the cortex, and yet the trained 
movement was not abolished. 

However, it seems that the hypothesis of shortened feedback being 
the base of instrumental conditioning cannot be questioned in view of 
our experiments. We know that a great part of information from muscles 
reach the motor and premotor cortex through the spino-cerebellar tract, 
the nucleus interpositus (according to the most recent data of A p p e 1-
b e r g 1961), and the nucleus ventrolateralis thalami. On the other hand, 
as shown first by A d r i a n (1943), motor cortex sends impulses to the 
cerebellum through the cortico-pontine tract, thus securing another 
intercentral feedback which may play a role in instrumental condition-
ing. It is also possible that any of the two feedbacks described above may 
be sufficient for the preservation of the instrumental CR and only de-
struction of both will lead to its abolition (cf. Fig. 7a and b). 

These hypotheses should be tested by further experimentation. 

SUMMARY 

1) The effects of lesions in medial lemniscus on instrumental CR 
involving the movement of the hindleg were studied in cats. 

2) It has been found that the lesions limited to the projection of the 
caudal part of the body did neither impair the trained movement nor 
the general motor activity. 

3) The more extensive lesions affecting the whole bulk of the 
lemniscus and adjacent structures produced a remarkable deterioration 
of the whole motor activity; but the instrumental response was pre-
served, although it became very irregular and atactic. 

4) The significance of these results for the understanding of the 
mechanism of instrumental CRs is discussed. 

I wish to express my thanks to Professor Jerzy K o n o r s k i for his kind 
help in the prepara t ion of this paper. 

Also special appreciation is due to Mrs. Cecylia B o r k o w s k a for technical 
assistance. 
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According to a concept put forward by K o n o r s k i and M i l l e r 
(1933, 1936) and, K o n o r s k i (1948), later verified experimentally by 
S o ł t y s i k (1959, 1960a,b,c,) and S o ł t y s i k and K o w a l s k a (1960), 
a firmly established avoidance conditioned reflex (CR) consists of 
a chain of three acquired reactions: 

1° the first is a conditioned fear response (CRf) elicited by a positive 
conditioned stimulus (CS); 

2° the second, an instrumental motor response (Mav) terminating the 
action of the CS and thus protecting the animal from the nociceptive 
unconditioned stimulus (US); 

3° the third is the inhibitory effect of the afferent feed-back of the 
instrumental response cutting short the CRf. 

This latter effect is necessary for stabilizing the emotogenic role of 
the warning CS. because in well established avoidance reflex no US is 
applied (cf. S o ł t y s i k 1960a,b,c). 

The fact that the US is not used in a firmly established avoidance 
reflex makes the normal procedures of extinction and other inhibitory 
procedures impossible. Several other procedures of extinction were pro-
posed instead. They consisted in either repetitive presentation of the CS 
without US and the simultaneous prevention of the performance of the 
avoidant movement ( S o l o m o n , K a m i n, and W y n n e 1953, P a g e 
1953, 1955, B l a c k 1956, 1958), or in punishing the avoidant response 
with shock ( S o l o m o n et al. 1953, S o ł t y s i k and Z i e l i ń s k i 
1961), or else in delaying the termination of the CS beyond the moment 
of performance of the Mav ( B r e g a d z e 1953, B r e g a d z e and 
A k h m e t e l i 1953, F o n b e r g 1952, 1960, S o ł t y s i k and Z i e -
l i ń s k i 1961). 
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The same method of B r e g a d z e and F o n b e r g was effective 
in the differentiation training ( B r e g a d z e 1953, F o n b e r g 1960, 
Z b r o ż y n a - pers. comm., S o ł t y s i k 1960a,b). 

The question arises whether the other form of inhibitory training, 
namely the "conditioned inhibition" could be obtained by using the same 
method. This form of inhibitory conditioning consists in some new sti-
mulus (to be "conditioned inhibitor") being presented together or just 
before the CS and this compound not being reinforced, while the CS 
alone is reinforced regularly. After some time the conditioned inhibitor 
(CI) inhibits the CR so that no response is elicited by the CS presented 
in compound (simultaneous or successive) with the CI, though the same 
CS evokes a full CR when the CI is absent. 

The problem of whether or not this form of inhibitory conditioning 
could be effective in avoidance CRs seems to be important for further 
elucidation of inhibitory mechanisms involved in regulation of instru-
mental behaviour. 

MATERIAL AND METHOD 

8 adult male cats were used in this study. Experiments were carried out in 
a cage 65 cm. X 55 cm. X 40 cm. with a f loor-grid enabling us to apply electric 
shock to the paws of the animal. In the middle of the rear wall of the cage there 
was a bar 10 cm. X 2 cm. This bar was constructed so that it could be easily 
removed (through a slit in the wall) by pulling a nylon thread. Its automatic 
re tu rn was secured by means of a spring. 

This cage was placed in a sound-proof CR-chamber. 
An al ternat ing current of 50 c.p.s. and about 20 to 30 volts f rom a t ras former 

was used as unconditioned stimulus (US). The conditioned stimulus (CS) was 
a mild tone of about 60 db. and 1000 hz, applied through a loud-speaker f rom the 
tone-generator . The bar-pressing reaction served as an avoidance (and/or escape) 
response (MflV). The durat ion of the CS in a positive t r ial was 5 sec., then the 
US was switched on and both stimuli lasted unti l the animal responded. Pressing 
the ba r automatically terminated the CS or CS-US. 

Some cats remained sitting with the paw still on the bar a f te r the CS (or 
CS-US) had ceased; in those cases the bar was removed for a while and only 
replaced when the animal removed its paw away f rom the slit. 

Similarly as in our previous work (S oł t y s i k and Z i e l i ń s k i 1961) cats 
were f i r s t taught ei ther to escape f rom the shock (no CS was used during this 
kind of pre-training), or the classical defensive conditioning procedure (CS-US 
without bar) was applied. Af te r three sessions of this pre t ra in ing (i.e. escape 
learning or classical conditioning) the normal avoidance procedure was introduced 
dur ing which the cats were t rained to avoid the shock and to stop the CS by 
pressing the bar. Each daily session consisted of 10 trials. Af t e r meeting the cri-
ter ion of 90 correct responses in 100 consecutive trials the avoidance CR was 
extinguished during 10 sessions (cf. S o ł t y s i k and Z i e l i ń s k i 1961). Then 
the CR was retrained and beginning f rom the 11th session of this retraining the 
inhibi tory conditioning was started. As a so-called "conditioned inhibitor" (CI) 
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we used a rhythmic click, 5 per sec., delivered by an electromagnetic relay placed 
on the wall of the cage. This stimulus was ra ther strong and produced a definite 
orienting reaction in all cats. However, no avoidance responses, due to generaliza-
tion were elicited by this stimulus. This CI was presented in compound with 
CS in three d i f fe ren t combinations. 

(1) the tr ial s tar ted with the CI and 5 sec. later the CS was added for another 
10 sec.; thus the CS was presented for 10 sec. and was overlapped by the CI which 
had star ted 5 sec. earl ier . 

(2) Both the CI and CS were presented for 10 sec. in such a way that the CI 
overlapped the CS for only 5 sec., i.e. the CI was given f i rs t and a f t e r 5 sec. the 
CS was added; they acted together for 5 sec. and then the CI was stopped while 
the CS continued for a f u r t he r 5 sec. 

(3) Both the CI and CS were presented, for 5 sec, each, successively, so that the 
CS was applied at the exact moment of terminat ion of the CI. 

All these combination are also seen in Fig. 1. 
In all these cases the duration of stimuli was fixed independently of how the 

animal behaved. All animals were trained by using the f i rs t combination of CI-CS 
and then the two other combinations were tried. 

There were 10 positive (CS alone) and 10 inhibitory (CI-CS) tr ials in each 
daily session. The order of positive and inhibitory trials was irregular , changing 
f r o m day to day. The schedule for each daily session was prepared by the use 
of tables of random numbers of F i s h e r and Y a t e s (1948). 

As a criterion of the conditioned inhibition we took 4 consecutive sessions 
(i.e. 40 positive and 40 inhibitory trials) during which both the avoidance ref lex 
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5sec. 10 sec. 
: ÎCS "r 
I CI 

(CS_ 

• CI 

|CS r 

\C\ 

positive trial 

typ* t 

typ» 2 

type 3 

Fig. 1. Time relations between stimuli 
in the positive and inhibitory trials 

and its inhibition reached a 90 per cent level. In other words, 36 correct responses 
in 40 consecutive trials, both positive and inhibitory, were required. S y a cri terion 
number we mean the number of inhibitory trials (from the very beginning of the 
inhibitory training) necessary to meet the criterion excluding, however, the 40 
trials during which the 90 per cent level was reached; the latter tr ials we call 
criterion trials (cf. S o ł t y s i k and Z i e l i ń s k i 1961). 
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R E S U L T S 

1. I n h i b i t o r y t r a i n i n g w i t h t h e c o m p o u n d 1 
( 5 - s e c . C S — 1 0 - s e c . C I - C S ) 

The course of the inhibitory conditioning using the first combination 
of the CI and CS is shown in 7 cats in Fig. 2. It is seen that the condi-
tioned inhibition was trained quite easily and the criterion number 
ranged from 41 to 137 (of inhibitory trials). In the first period of this 
training considerable fluctuations in the percentage of responses to the 

Fig . 2. T r a i n i n g of c o n d i t i o n e d i n h i b i t i o n of t h e a v o i d a n c e r e f l e x ; i n h i b i t o r y 
c o m p o u n d 1 

Ordinates: percent of positive avoidance responses. Abscissae: experimental sessions. The solid 
line: performance level to the CS. The broken line: performance level to the compound CI-CS 

inhibitory compound were observed from day to day, whereas the per-
centages of responses to the CS alone remained practically unchanged. 
There were also no changes in general behaviour of the cats. 

It should be mentioned that the form of Mav was different in different 
cats. Some of them responded by a simple local foreleg response; it was, 
in some cats, pressing the bar always with te same (right or left) forepaw, 
while other animals used both forepaws simultaneously or alternately. 
In one cat (cat 27) it was a locomotor reaction during which the animal 
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stepped with both right extremities on the bar. Some animals performed 
only a "phasic" shortlasting pushing or pressing movement and immedia-
tely took the paw away; others responded "tonically" with prolonged 
pressing, so that it was necessary to take the bar away for a moment 
and replace it only after the animal withdrew its paw from the slit. 
Practically all the cats used to sit near the bar in a position enabling 
them to press the bar without any locomotor reaction; they remained 
in this position throughout the whole session. 

Also the behaviour during the CI-CS trials was different in different 
cats, even during the criterion sessions when all the cats inhibited their 
responses perfectly. Some cats dit not respond at all and sat quietly. 
Some others turned the head listening, apparently, to the CI or even 
walked to another part in the cage. Cat 27, the one that responded with 
the locomotor reaction, caught the floor-grid with its claws and remained 
in such a tense position throughout the 15 sec. of CI-CS compound. 

No statistically significant correlation was found between the speed 
of this inhibitory learning and the speed of acquisition or extinction 
of avoidance response in the earlier training. 

2. I n h i b i t o r y t r a i n i n g w i t h t h e c o m p o u n d 2 
(5- s e c . C I — 5 - s e c . C I - C S — 5 - s e c . CS) 

After the criterion of conditioned inhibition, using the inhibitory 
compound 1, was reached, we started in one cat (cat 8) inhibitory train-
ing with the compound 2. During the first 7 days there was about 80 per 
cent of positive responses in the inhibitory trials. No improvement was 
observed and while in the beginning the responses were seen mainly 
during the third phase of the CI-CS compound when the CS acted 
alone, afterwards the motor responses appeared in the second phase (CI 
and CS acting together) and even during the first 5 seconds of the CI 
acting alone. When, however, in the 8th session we returned to the 
inhibitory compound 1, the inhibition of Mav was again perfect. Hence, 
we concluded, that the CI preserved its inhibitory character but the 
inhibition of response in the compound 2 was too difficult a task for our 
animals. No other experiments with this compound were performed. 

3. I n h i b i t o r y t r a i n i n g w i t h t h e c o m p o u n d 3 
( 5 - s e c . C I — 5 - s e c . CS) 

This form of inhibitory compound was used in 3 cats just after they 
had reached the criterion of the inhibition in compound 1 and in cat 
8 after terminating the training of compound 2. This task was much 
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more difficult but all 4 cats reached the criterion (Fig. 3). During the 
training there were considerable changes observed in the percentages 
of responses both to the CS and to the CI-CS compound; no correlation 
between them was stated. 

It is worth mentioning, that despite a high proportion of inhibitory-
trials in each session, no changes in the performance level of responses 

exp. sess ions 

Fig. 3. Training of conditioned inhibition of the avoidance ref lex; inhibi tory 
compound 3 

Explanations as in Fig. 2 

to the CS were observed. Also no falling asleep was seen and the phe-
nomenon of the inhibitory after-effect was only very rarely observed, 
even after a series of inhibitory trials. There were no apparent changes 
in general behaviour during the training. During the CI-CS trials no other 
motor reactions were seen and if there was no bar-pressing response the 
animal remained quiet. 

DISCUSSION 

Our experiments have shown that the conditioned inhibition of the 
avoidance reflex is easily obtainable in cats by using the procedure pro-
posed originally by B r e g a d z e and F o n b e r g for extinction and 
differentiation, i.e., by prolonging the action of the CS beyond the res-
ponse. In all our cats the additional stimulus (clicker) quickly acquired 
the property of inhibitory stimulus, and the CS applied in compound 
with it failed to elicit the avoidance response. When the action of the 
CI terminated before the onset of the CS the inhibitory reflex required 
a much longer training. 
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What is the probable mechanism of this inhibitory effect of the CI? 
Keeping in mind the complex structure of the avoidance CR we may 

suppose at least three mechanisms of the conditioned inhibition of the 
avoidance C-R. They are exemplified in a sketchy form in Fig. 4. 

Scheme 1 represents the reflex-arc of the already established avoi-
dance CR constructed on the basis of our earlier studies ( S o ł t y s i k 
1960a,b,c, S o ł t y s i k and K o w a l s k a 1960). It is assumed that 
the CS through pathway a elicits a fear reaction (classical CR) and the 
excitation of the fear centre through the pathway b elicits in its turn 
the motor response Mav (instrumental CR). In addition this response is 

Fig. 4. Schematic representation of hypothetical intercentral relations in positive 
and inhibitory avoidance reflexes 

CS — centre of the positive conditioned stimulus; CI — centre of the inhibitory conditioned 
stimulus, CR — centre of the reaction of fear, M a v — centre of the avoidant movement, 

denotes: elicits (or excitatory connection), —| denotes: inhibits (or inhibitory connection); 
(The term „centre" is used here in its functional meaning; it may well be replaced by the 
term „central excitation"), a — conditioned connection through which the CS induces the 
fear reaction, b — conditioned connection through which the avoidant movement is instigated 
by fear, c — conditioned facilitatory connection through which the CS lowers the threshold 
in the centre of M a v , i — inhibitory conditioned connection. 

Scheme 1: positive avoidance reflex; Scheme 2: inhibitory reflex in which the CI inhibits the 
fear reaction preventing the perfornance of the motor response. This may be designated by the 
term: „classical conditioned inhibition of the avoidance response". Scheme 3: inhibitory reflex 
in which the CI inhibits the motor reaction. This may be designated by the term: „instru-
mental conditioned inhibition of the avoidance response". Scheme 4: double avoidance reflex 
in which one response M a v is elicited by the CS alone, and the second response M' a v is 
elicited by the compound of two stimuli CS—CI. It is shown how such a behaviour may be 
explained without considering special inhibitory connections; note the relations between the 
strength of the 3 facilitatory connections c^, c2 , and c3- In schemes 2, 3 and 4 the inhibitory 
feed-back from the response M a v is omitted as not essential in the inhibitory response. 
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facilitated by the direct connections c between the centres of CS and 
Mav. Since the instrumental response terminates the CS and prevents the 
shock, its feed-back becomes an inhibitory stimulus suppressing the fear 
state (pathway i). Two important consequences of this conditioned re-
current self-inhibition of the CRf should be stressed. First, it is an addi-
tional source of instrumental reinforcement of the Mav; this inhibitory 
feed-back supplements the passive drive reduction resulting from the 
cessation of the warning CS by the addition of the active drive inhibi-
tion. The second consequence of this inhibition is a protection of the 
fear-CR against extinction, which otherwise would develop since the CS 
in the established avoidance reflex is not reinforced by the noxious US. 

Taking this scheme into account it may be asked why the CI added 
to the CS suppresses the performance of the avoidance response. 

In scheme 2, the first possible mechanism of this suppression is shown. 
According to this mechanism the CI produces inhibition in the fear 
centre so preventing its activation by the CS. It may be added that such 
a mechanism was in operation in the original experiments of K o n o r -
s k i and M i l l e r (1936). in which differential inhibition was trained 
before the establishment of the avoidance reflex. Afterwards, when the 
animals were taught to perform an avoidant response, the inhibitory 
stimulus did not elicit either fear or the instrumental movement. 

It is clear that this mechanism is not directly responsible for the 
establishment of the inhibitory reflex to the compound CI-CS in our 
cats, since in this case both the CS and CI-CS were not reinforced by 
shock. However, the unsuccessful (in terminating the CS) response was 
quickly eliminated, probably through the mechanisms discussed below 
(Schemes 3 and 4). In this case the CS presented in compound with the 
CI is deprived of the inhibitory feed-back delivered by Mav, and there-
fore is exposed to extinction. Since, however, at the same time the CS 
presented alone (in positive trials) is reinforced by shock whenever the 
animal fails to respond, discrimination between the two modes of pre-
sentation of the CS should be acquired: in consequence the CS elicits the 
full avoidance reflex, while the CI-CS compound does not, because the CI 
neutralizes the CS in its emoto-genic function. Thus scheme 2 may be 
assumed as the final result of our procedure, but not as its direct con-
sequence. We may designate this form of inhibitory reflex as a "classical 
conditioned inhibition of the avoidance reflex"; the adjective "classical" 
stresses the fact that the classically conditioned component of the avoi-
dance reflex, i.e., CRf, is inhibited. 

Scheme 3 represents the hypothetical S-R inhibitory mechanism 
which in this context may be called "instrumental conditioned inhibition 
of the avoidance reflex". The CS applied in compound with the CI is 
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not terminated by the Mav, so this response is not reinforced (or at least 
not immediately reinforced) by the reduction of fear. In consequence 
it becomes inhibited. It should be remembered that similar ideas were 
put forwards by T h o r n d i k e (1911), T r o l a n d (1928), M i l l e r 
and K o n o r s k i (1928) and others, especially in explaining the effects 
of punishment. 

However, it is clear that this form of inhibitory response could exist 
only temporarily. If the animal fails to perform the Mav the extinction 
of the CRf should occur because the CI-CS compound is neither reinfor-
ced by US nor protected from extinction by the inhibitory feed-back of the 
Mav. So, the final result should be that the CI would inhibit both the CRf 

and the Mav. 
Scheme 4 shows another possibility of explaining the "inhibitory 

avoidance reflex" without assuming the formation of any new inhibitory 
connections. When the CS and the corresponding fear state continue in 
spite of the performance of the Mav the animal resorts to other move-
ments of his defensive repertory such as grasping, locomotion, crouching 
etc. Since some of these movements may happen to coincide with the 
termination of the CS they may be instrumentally conditioned and re-
place the original movement of bar-pressing. This is probable, especially 
in the case where the new avoidant response is of tonic character lasting 
thus up to the termination of the CI-CS compound. The possibility of the 
formation of two different avoidant responses based on the same rein-
forcement was shown by K o w a l s k a (unpublished experiment). In 
order to explain such a behaviour we may assume different direct 
facilitatory connections ci and C3 + C3. However, also in this case, the 
extinction of the CRf (Scheme 2) might occur after some training because 
failure to respond with this "private" avoidance movement is not pun-
ished by shock; thus the CS presented in compound with the CI gradu-
ally looses its emoto-genic value. 

An analogous mechanism of extinction of the avoidance response was 
proposed by P a g e (1955) who found that some new responses appear 
as a result of prevention of the original response. 

Which of these mechanisms might account for the behaviour of our 
cats? Certainly, the data at present are far from complete and as the 
fear is not measured along with the motor responses, all the mechanisms 
remained highly conjectural. The impression, however, we got from 
analysing our data, supported by observation of the animals, is that all 
three above mentioned mechanisms of inhibitory avoidance reflex are 
not so much alternative but rather represent different phases or com-
ponents of one complex reaction. In the beginning of the inhibitory train-
ing there occurred an elimination of the Mav while the CRf still was 
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present. In this stage of training some cats performed different move-
ments and when one of those movements was fixated (as in the cat 27) 
the scheme 4 might be suitable. In other cats which remained motionless, 
though seemed to be in fear, the scheme 3 was more fitting. But the final 
result was that all our animals seemed to be quiet in the presence of the 
CI-CS compound; here the inhibitory reflex of scheme 2 might come 
into play. 

SUMMARY 

Conditioned inhibition of the avoidance response was studied in 
8 cats. The avoidance response consisted in pressing the bar in response 
to the presentation of a 5-sec. conditioned stimulus (a tone), thus ter-
minating the tone and preventing the shock which followed the failure 
to respond within the 5-sec. interval. The conditioned inhibitor was 
a clicker, which acted before and during the CS; this compound was 
neither reinforced by shock nor terminated by pressing the bar. Such 
procedure was effective in making the clicker a conditioned inhibitor 
i.e., this stimulus inhibited the avoidant response to the CS presented 
together with it. 

It was also possible to obtain the trace conditioned inhibition of the 
avoidance response, but this required a much longer training. 

The probable neural mechanisms of this inhibitory reflex are 
discussed. 
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PROPERTIES OF TRANSFORMED CONDITIONED STIMULI 
I. DEFENSIVE CONDITIONED STIMULUS TRANSFORMED 

INTO FOOD CONDITIONED STIMULUS 

J. WOJTCZAK-JAROSZOWA 

Depar tment of Animal Physiology, Universi ty of Lodz, Lodz, Poland 

(Received December 1, 1961) 

It has been shown ( V a t s u r o 1948, R i k m a n 1949, K o n o r -
s k i and S z w e j k o w s k a 1952, 1956) that a food conditioned stimulus 
(CS), which has been transformed from a defensive CS, clearly differs 
from the regular CS which has been associated with food reinforcement 
throughout the entire training. 

First, it has been found that a food conditioned reflex (CR) to a pre-
viously defensive CS generally does not attain the level of the reflex 
elicited to the regular CS (RCS). Secondly, if the transformed CS (TCS) 
is again followed by the nociceptive unconditioned stimulus (UCS), its 
defensive conditioned significance is immediately restored. Moreover, 
when the TCS is used against its previous experimental background, 
it elicits a defensive response even after a prolonged food training. 

All these data indicate that the TCS preserves in a latent form its 
previous defensive character which is revealed if the defensive excita-
bility is increased. However, in the course of our experiments we have 
observed that the defensive response to such a stimulus may also be 
displayed under certain food conditions. The aim of the present paper 
is to deal with this problem. 

MATERIAL AND EXPERIMENTAL PROCEDURE 

Experiments were carried out on four male dogs in a semisoundproof CR 
chamber. At first, an instrumental food CR to intermittent light in dogs Nos. 1 
and 2, and to a soft buzzer in dogs Nos. 3 and 4 was trained. The CR consisted 
of placing the r ight foreleg on the foodtray, whenever the CS was applied. The 
response was immediately followed by the presentation of food. 
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After about 30 experimental sessions with food re inforcement an avoidance 
CR to intermittent light in dogs Nos. 3 and 4, and to a soft buzzer in dogs Nos. 1 
and 2, was trained in the same experimental situation. In order to avoid an elec-
tric shock delivered to the right hindleg, dog No. 2 was trained to bark in res-
ponse to the CS, whereas dogs Nos. 1, 3, and 4 were required to f lex this leg. 
The barking CR was established in such a way that whenever the animal barked 
during the application of the CS, the stimulus was discontinued and the electric 
shock was not given. Within about 40 experimental sessions the avoidance CR was 
well established. 

Following the avoidance training, the food CR was retrained in about 60 ses-
sions. Next, the defensive CS was introduced, but f rom then on, it was always 
reinforced by food, independently of whether or not the response was performed. 
Both CSi were applied in random order in 8 trials a day. 

In two dogs (Nos. 3 and 4) the defensive CS was very easily t ransformed 
into the food CS. Already af te r one presentation of food the animals stopped 
performing the avoidance response and, instead, they performed the food response 
to light. However, in two other dogs (Nos. 1 and 2), in which the defensive CS 
was a buzzer, the t ransformat ion of the stimulus was more diff icult and it was 
necessary to re turn to the passive movement training. 

In the end, however, the t ransformat ion of the defensive CS into the food CS 
was quite successful in all four dogs, and to all presentations of the stimulus the 
dogs displayed a pure food reaction, not contaminated with any sings of a de-
fensive one. 

RESULTS 

A. A c u t e e x t i n c t i o n of C R s . In intervals of about 3 weeks, 
special experiments were performed in which CSi were applied without 
reinforcement. Experiments were conducted in 2 ways. Either the sti-
mulus was presented for a period of one minute ("continuous extinc-
tion"), or it was repeatedly applied for 6 sec. in intervals of about one 
minute ("intermittent extinction"). In the latter form of extinction, both 
the RCS and the TCS were applied in various sequence. In some sessions 
the RCSi were presented first, and after a number of trials, the TCSi 
were given; in others, TCSi were applied from the very beginning. 
Typical trials of the first type of extinction are presented in Fig. 1. It is 
seen that whereas the RCS elicits only the food instrumental response 
which disappears after some time, the TCS evokes first the food response 
which is then replaced by the instrumental defensive response. 

Similer results were obtained when intermittent extinction was 
carried out. When a session began with repeated application of the RCS. 
a regular food instrumental response was elicited which tended to 
disappear (Fig. 2a,b). Only in some dogs after many repetitions of this 
stimulus was the defensive response occasionally observed (Fig. 2b). On 
the other hand, when the session began with application of the TCS, it 
first evoked the food response, but after its disappearance always the 
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Fig. 1. Acute continuous extinction of food CR in dog No. 4. 
RCS — regular food CS; TCS — tranformed food CS; I — instrumental defensive response 
(movement of the right hindleg); II — instrumental food response (movement of the right 
foreleg); III — conditioned stimulus (1 minute); IV — food reinforcement (no food was pre-
sented). The RCS elicits food instrumental responses which tends to decrease. The TCS evokes 

the food response which is subsequently replaced by a strong instrumental response 
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Fig. 2. Acute intermittent extinction of food CR (a — dog No. 2; b, c — dog No. 3) 
White columns — instrumental responses to RCS; black columns — instrumental responses to 
TCS; up — food response; down — defensive response. The height of each column denotes the 
strength of the instrumental response: 3 — full response (placing the leg on the foodtray), 
2 — high lifting of the leg, 1 — abortive movement; a, b — experimental sessions which begin 
with application of the RCS; c — experimental sessions which begin with application of the 
TCS. It is seen that the RCS elicits the food response which tends to disappear, whereas 

TCS evokes the defensive response 
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defensive response was displayed (Fig. 2c). In some trials the TCS evoked 
both responses one after another (Fig. 2a). In those sessions in which 
the TCSi were applied after a series of RCSi, the defensive response was 
usually displayed even at the first application of the TCS (Fig. 2a). 

i ^ . n i fl • i i v 1\ i v 
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Fig. 3. Acute intermit tent extinction in dog No. 1 (part of the record) 
Numbers 7, 8, 9... denote successive trials. Other explanations as in Fig. 1. Note that the TCS 

elicits a defensive response, whereas the RCS continues to elicit the food response 

A fragment of the record of an extinction session is presented in Fig. 3. 
We see that in the later period of extinction the TCS evokes the de-
fensive response, while the RCS continues to elicit the food response. 

The extinction sessions were repeated many times during a period 
of about a year. It was observed that the defensive response elicited by 
TCSi became less and less frequent and finally disappeared. 

B. S a t i a t i o n of t h e a n i m a l . Some experimental sessions 
were performed after a complete satiation of the animals. In these 
sessions both the RCS and the TCS were applied for 6 sec. and were 
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Fig. 4. Ins t rumental responses to TCS and RCS during satiation (a — dog No. 2. 
b — dog No. 3) 

Numbers denote successive trials; I — instrumental defensive reaction (barking in dog No. 2, 
movement of the right hindleg in dog No. 3), II — instrumental food response (movement of 
the right foreleg). Other explanations as in Fig. 1. It is seen that the RCS evokes neither the 
alimentary nor the defensive instrumental response, whereas the TCS elicits the defensive 

instrumental response which in dog No. 2 tends to increase 
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followed by food, regardless of whether or not the food movement was 
performed and the food in the preceding trial was taken. Typical protocols 
of experiments with satiation are presented in Fig. 4a, b. It is seen that 
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S ! I 2 

i £ 3 " I T ' l l l l l M i l 
Fig. 5. A typical session af ter satiation in dog No. 3 

Explanation as in Fig. 2. Note that the instrumental defensive reaction 
is a response to the TCS, whereas the RCS evokes neither food nor 

defensive response 

while the RCS elicits neither the food nor the defensive instrumental 
response, the TCS regularly evokes the defensive instrumental response 
(see also Fig. 5). 

C. A p p l i c a t i o n of C S i d u r i n g t h e a c t of e a t i n g . 
In some trials food was presented without being preceded by any CS, 
in which case either the RCS or the TCS was applied during the act 
of eating. The RCS applied under these conditions sometimes evoked 
the instrumental food response although the dog did not interrupt the 
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Fig. 6. Application of CSi during the act of eating in dog No. 1 
I — instrumental defensive response (movement of the right hindleg), II — instrumental food 
response (movement of the right foreleg), III — conditioned stimulus, IV — duration of the 
act of eating, V — food reinforcement. Note that the RCS evokes either the instrumental food 
response (b), or no response (a); the TCS elicits either the food response which is immediately 
followed by the instrumental defensive response (a), or it evokes only the defensive instru-

mental response (b) 
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act of eating. The TCS in dogs Nos. 1 and 2 also occasionally evoked 
the instrumental food response but then the animal stopped eating 
and performed the avoidance response (Fig. 6a, b). 

The appearance of the defensive instrumental response to the TCS 
applied during the act of eating was not observed in dogs Nos. 3 and 4. 
In dogs Nos. 1 and 2 it was transient and after 6 trials was no longer 
observed. 

DISCUSSION 

The above results indicate that a food CS, which had been transform-
ed from a defensive CS elicits an instrumental defensive response instead 
of a food response in the following experimental situations: 

a) during extinction, 
b) after satiation of the animal, 
c) if the TCS is applied during the act of eating. 
Under the first two conditions, the occurrence of the defensive in-

strumental response may be explained on the basis of earlier data con-
cerning the structure of the TCR. It has been shown by K o n o r s k i 
and S z w e j k o w s k a (1952, 1956) that when the food CR is trans-
formed from the defensive CR, the conditioned connections between the 
"centre" of the CS and the defensive "centre" are preserved, and con-
nections between the CS-centre and the feeding-centre are additionally 
formed. It follows from this assumption that, whenever the connections 
between the CS-centre and the feeding-centre are blocked, the connec-
tions with the defensive centre may take the upper hand and become 
manifested. According to the data obtained by K o n o r s k i (1939), 
W y r w i c k a et al. (1959, 1960), and S o ł t y s i k and K o w a l s k a 
(1960), the given instrumental response is "guided" by the appropriate 
unconditioned centre, i.e. the excitation of the defensive centre elicits the 
earlier established instrumental defensive response (avoidance movement), 
while the excitation of the feeding centre elicits the instrumental food 
response. Now, both the satiation of the animal, and the non-reinforce-
ment of the CS leads to a temporary blocking of the food CR. While 
with the RCS this blocking is manifested simply by the disappearance 
of the instrumental food response, application of the TCS is followed 
additionally by the performance of the defensive response. 

We have seen that, with repetition of the extinction sessions, the 
defensive instrumental response tends gradually to dissapear. This effect 
may be easily understood in the light of the results obtained by F o n -
b e r g (1958) and B r e g a d z e (1953). These authors have shown that 
if a defensive CS is not discontinued immediately after the performance 
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of the avoidance movement, the movement gradually disappears. Since 
in our extinction experiments the CS always lasted for 6 sec., the con-
ditions leading to disappearance of the avoidance movement were pre-
sent. An explanation for the appearance of the defensive movement 
to TCS applied during the act of eating is less obvious. 

The possibility of elicitation of quite different responses to CS applied 
before the presentation of food from that applied during the act of 
eating was demonstrated by Z b r o ż y n a (1953). The author has shown 
that when the food CS is presented during the act of eating and signals 
the withdrawal of food, the animal stops eating in response to the CS, 
while the CR to the same CS is preserved when it precedes the presen-
tation of food. 

The problem arises, why is it that under our experimental conditions 
the act of eating released the defensive response to the TCS which had 
not occurred when this stimulus preceded the presentation of food. 
According to our previous consideration the defensive response to the 
TCS is manifested when the excitation of the hunger centre is decreased, 
which would mean that the excitation of this centre is lower during 
the act of eating than in the intervals. Now, according to an assumption 
of S o ł t y s i k (unpublished) it is possible that antagonistic relations 
exist between the "hunger centre" and the "consumption centre". In 
consequence, during the act of eating the "hunger centre" would be 
inhibited and thus the defensive aspect of the TCS could be again 
revealed. Such an explanation may be either corroborated or disproved 
if additional evidence concerning the velidity of S o 11 y s i k's hypo-
thesis is brought forth. 

SUMMARY 

1. The present paper is concerned with the properties of the instru-
mental food CS which has been transformed from the instrumental 
defensive CS. 

2. It has been found that the transformed CS elicits the defensive 
instrumental response instead of the food response under the following 
conditions: 

a) during extinction of the food CR, 
b) after satiation of the animal, 
c) during the act of eating. 
3. When the regular food CS is used under the same conditions, 

the defensive response does not occur. 
4. A tentative mechanism of these findings is discussed. 

I wish to express my thanks to Professor Jerzy Konorski for his help in the 
preparat ion of this paper. 
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PROPERTIES OF TRANSFORMED CONDITIONED STIMULI 
II. FOOD CONDITIONED STIMULUS TRANSFORMED 

INTO DEFENSIVE CONDITIONED STIMULUS 

J. WOJTCZAK-JAROSZOWA 

Depar tment of Animal Physiology, University of Lodz, Lodz, Poland 

(Received December 1, 1961) 

In the previous paper of this series ( W o j t c z a k - J a r o s z o w a , 
1962) it has been shown that a food conditioned stimulus (CS) trans-
formed from a defensive CS produces again the defensive response when 
it is subjected to acute extinction. 

The present paper deals with the question of what happens when the 
defensive CS, which was transformed from the alimentary CS, is subject-
ed to acute extinction. 

MATERIAL AND EXPERIMENTAL PROCEDURE 

Exper iments were performed on three dogs in a semisoundproof CR chamber. 
In the f i r s t exper imental series an instrumental food CR was trained to one of 
the following CSi: a tactile stimulation of the animal's side in dog No. 1, an 
intermit tent light in dog No. 2 and a buzzer in dog No. 3. The animal was taught 
to place his right foreleg on the foodtray, whenever the CS was presented. The 
second series consisted of the establishment of an inst rumental defensive (avoi-
dance-type) conditioned reflex (CR) to a buzzer in dogs Nos. 1 and 2 and to a bell in 
dog No. 3. The animal's task was to bark (dogs Nos. 1 and 3) or to f lex the right 
hindleg (dog No. 2) to avoid an electric shock applied to the leg. 

Af te r both kinds of ins t rumenta l reflexes had f i rmly been established, a new 
series of experiments began in which both CSi were applied and the food CSi 
was t ransformed into the defensive CS. The t ransformat ion was carried out in 
the following way. When the animal placed his foreleg on the foodtray in res-
ponse to the food CS. an electric shock was delivered. If however, the animal 
performed the avoidance movement, which had been trained to the defensive CS, 
the food CS was discontinued and no shock was applied. Using this procedure, 
the animal started to pe r fo rm the avoidance movement in response to the food 
CS, and dit it as regularly as to the original defensive CS. 
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Extinction sessions, carried out once every two weeks were of two types. In 
some, "continuous extinction" was used, that is, the CS lasted for many minutes 
till the defensive instrumental movement totally disappeared. In others, "inter-
mittent extinction" was conducted. This procedure was as follows. The CS was 
used for a period of 6 sec. at intervals of about 30 sec. instead of discontinuing 
it immediately af ter the performance of the trained movement. In both methods 
only the transformed CS was subjected to extinction. 

RESULTS 

When the transformed defensive CS was continuously used, extin-
ction of the avoidance response took place after 15 to 45 minutes, while 
intermittent extinction lasted from 30 minutes to 1.5 hours. But despite 
the difference in time, the course of both extinction sessions was iden-
tical. Initially, the CS elicited a marked avoidance response which was 
associated with general restlessness. Only from time to time did the 
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Fig. 1. Acute continuous extinction of the defensive CR to the transformed CS 
in dog ¡No 1 

a — the beginning of the experimental session; b — after 2 minutes; c — after 20 minutes; d — 
42 minutes after the beginning of the experimental session; I — movement of the right foreleg 
(food CR type II), II — barking (defensive CR type II), III — Conditioned stimulus, 

IV — food reinforcement (no food was presented) 
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Fig. 2. Acute intermittent extinction of defensive CR to the transformed CS 
in dog No. 1 

Numbers; 5, 6, 80..., denote successive trials. Others explanations as In Fig. 1 
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food response occur as well in a rather abortive form (Fig. 2 trial 6, 
Fig. lb). While continuing extinction, the avoidance response diminished, 
and, finally, it was abolished. However, the animal was still very excited 
and irritated. Towards the end of the extinction period the restlessness 
subsided and was followed by a remarkable food behaviour: the animal 
looked into the dish and, after a while, a noticeable instrumental food 
response was elicited (Fig. 1). This response was not displayed to every 
presentation of the transformed defensive CS, and usually after a few 
trials tended to decline. 

With repetition of the extinction sessions the instrumental food res-
ponse occurred irregularly and finally ceased to appear. 

DISCUSSION 

The above results show that if a defensive CS, which was primarily 
associated with food reinforcement, is submitted to extinction, it elicits 
again the instrumental food response. The explanation of this finding 
may be the same as that put forward in connection with a reverse 
situation in which a food conditioned stimulus transformed from a de-
fensive CS elicited a food response during extinction (W o j t c z a k -
J a r o s z o w a 1962). According to K o n o r s k i and S z w e j k o w s k a 
(1956) it may be assumed that the centre of the transformed CS is con-
nected with both the food and defensive unconditioned centres. While 
blocking the connections with the defensive (fear) centre during extinction 
of the transformed defensive CS, the connections with the food centre 
prevail. Behaviourally, this results in abolition of the defensive CR and 
elicitation of the food CR. 

It is interesting to note the difference between the character of the 
food CR during the extinction of the defensive CR, and that of the de-
fensive CR while extinguishing the food CR. It was found that extinction 
of the transformed food CS was followed by an immediate performance 
of the instrumental defensive response (W o j t c z a k - J a r o s z o w a , 
1962). On the other hand, after extinction of the defensive response the 
animal continued to be excited and irritated. Only when irritation 
subsided did the food response occur but it was never regular and 
rapidly tended to decline. It is likely that the very late elicitation of the 
food response during extinction of the transformed defensive CR is due 
to the preservation of certain classical components of the defensive CR 
which is manifested by irritation and restlessnes. Only when the latter 
symptoms are depressed, may the food response occur. The irregularity 
and transient character of the reoccured food response might be suposed 
to be due to the absence of food reinforcement during extinction sessions. 
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SUMMARY 

1. The transformed defensive CS, which had originally been rein-
forced by food presentation, was subjected to acute extinction. It has 
been shown that after extinction of the defensive (avoidance-type) CR 
and suppression of defensive excitation the transformed defensive CS 
elicited the food CR instead of the defensive CR. 

2. The difference between the character of food CR during extinction 
of the transformed defensive CR and that of defensive CR during extinc-
tion of the transformed food CR is discussed. 

I wish to express my thanks to Professor Jerzy Konorski for his help in the 
prepara t ion of this paper. 
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STUDIES ON THE AVERSIVE CLASSICAL CONDITIONING. 
2. ON THE REINFORCING ROLE OF SHOCK IN THE CLASSICAL 

LEG FLEXION CONDITIONING 
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Pruszków, Poland 

(Received January 10, 1962) 

The term "reinforcement" introduced into behavioural sciences by 
P a v l o v (1951-1954) is now used in two different meanings. One of 
them, applied originally by P a v l o v himself, is used in classical con-
ditioning. Here, we understand by reinforcement a stimulus eliciting 
a definite response applied in association with another stimulus originally 
neutral in respect to this response. As is well known, after repeated 
application of such a combination the latter stimulus elicits t h e s a m e 
response as that produced by the reinforcing agent (substitution 
principle). We shall denote this type of reinforcement: "classical rein-
forcement". 

The second meaning of reinforcement stemming from an early work 
of T h o r n d i k e (1911) was later developed by K o n o r s k i and 
M i l l e r (1928, 1933,1936), T r o l a n d (1928), H u l l (1943) and others. 
Here the reinforcer is any agent or event which influences the S-R con-
nection (or the probability that S will elicit R), where S is any stimulus 
(or sensory situation) and R is a skeletal muscle reaction. The reinforce-
ment is called positive when, after its application, the S-R "action po-
tential" ("strength of connection") is increased, and negative, when the 
tendency of S to elicit R is diminished. In contrast to the classical rein-
forcement, this reinforcer (let us call it "instrumental") is used for rein-
forcing the required motor response, but does not elicit it by itself. 

Although a number of authors based all learning processes on a single 
principle (e.g. P a v l o v 1951-1954, G u t h r i e 1952, H u l l 1943, 1952, 
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M i l l e r N. E. 1948 and others), the general opinion is that certain 
types of learning are based on the first kind of reinforcement ("condi-
tioning type I" of K o n o r s k i and M i l l e r 1928, K o n o r s k i 1948, 
or "classical conditioning" of H i l g a r d and M a r q u i s 1940) while 
in others the Thorndikian "law of effect" is in operation ("conditioning 
type II" or "instrumental conditioning"). 

Most authors agree that autonomic and emotional responses are 
classically conditioned, while learning of motor acts is governed by the 
laws of instrumental conditioning ( M i l l e r and K o n o r s k i 1928. 
S k i n n e r 1935, S c h l o s s b e r g 1937, R a z r a n 1939, M a i e r and 
S c h n e i r l a 1942, T u t t i e 1946, M o w r e r 1947, and many others). 

There are, however, such forms of conditioning in which the exact 
nature of reinforcement is not clear. For instance, the leg flexion condi-
tioning based on shock reinforcement is a case in which different authors 
found either classical (e.g. B e r i t o f f 1927, A s r a t i a n 1941, and 
others) or instrumental ( B r e g a d z e 1953, G i b s o n 1952) or both 
classical and instrumental ( S c h l o s s b e r g 1937, B r o g d e n 1939) 
conditionings involved. 

It was the aim of this work to establish the exact character of the 
conditioned flexion response in dogs. Therefore in a group of animals 
the classical conditioning procedure was applied and after establishing 
a stable conditioned flexion response, two alternative hypotheses were 
tested. 

The first hypothesis was that the flexion is a classical defensive con-
ditioned reflex (CR) which was developed and is maintained due to shock 
reinforcement. 

The second hypothesis was that the flexion is an instrumental res-
ponse; it might be reinforced by cessation of fear and/or pain; it seemed 
also quite probable that the conditioned flexion is performed because 
the shock is somehow more tolerable when applied to the flexed leg 
than when applied to the extended leg. The suggestion that the flexion 
response obtained in classical defensive training might be an instru-
mental CR was recently supported by P a k o v i c h (1961) who observed 
an immediate increase and fixation of a particular form of flexion when 
shock was withdrawn. 

To verify the above presented hypotheses the shock was omitted or 
prolonged in a single trial; The changes of latency of the CR in the two 
consecutive trials (normally reinforced) were measured and compared 
with some standard. Lengthening of latency of the flexion response was 
interpreted as a weakening of the CR, while shortening was considered 
as an increase of the CR. 
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MATERIAL AND METHOD 

14 dogs were used in this study and conditioned defensive reflexes were 
trained in all (cf. J a w o r s k a et al. 1962, J a w o r s k a and S o l t y s i k 1962), 
Exper iments were performed in the CR-chamber. The CS was a buzzer operat -
ing for 3 sec. and regularly reinforced by a single shock f rom the condenser; 
the wet silver electrodes were fixed between the toes of the right hindleg. The 
shock was applied at the moment of termination of the CS. Much attention was 
paid to secure a stable contact between the electrodes and the skin to avoid the 
possibility of any, even partial , escape f rom the shock. Therefore the resistance 
between electrodes was frequent ly controlled during each session; no changes 
in this resistence during the movements of the animal were observed. 

Two polygraphs were used for observing the behaviour of the animals. The 
high speed one was used for recording latencies of the motor CR, the hear t rate 
and respiratory movements, while on the low speed polygraph the course of the 
motor response was registered. 

Each session consisted of 10 to 12 trials. In two of them, henceforth denoted 
as test- tr ials , certain modifications of CS—US relations were introduced. Four 
kinds of such modifications were used: 1° applications of the CS for 3 sec. wi th-
out shock; 2° application of the CS for 6 sec. without shock; 3° application of the 
CS and discontinuing it without reinforcement a f te r the performance of the 
motor act (i.e. the duration of the CS was equal to the latency of the flexion 
response as in avoidance training), and 4° application of the CS for 3 sec. and 
reinforcing it by multiple shock (5 shocks in 0.2 sec. intervals). The two test tr ials 
were randomly distributed among 10 normal trials, however, they were inter-
spaced by at least 3 normal trials. 

The effect of modification introduced in a given test-tr ial was observed in 
the two succeeding trials; we shall denote them as post-test-tr ials. 

The latencies of the motor CRs in the test- tr ials did not d i f fer f r o m the 
mean latency in the other t raining sessions or in the pre- tes t - t r ia ls (i.e. tr ials 
just preceding the test-trials), and we took the latencies in the test- t r ials as 
control for comparison with the latencies in the post-test-tr ials. Two procedures 
of this comparison will be described later. 

The cardiac CRs were also compared in the test- tr ials and post-test-tr ials. 
As a measure of cardiac CR we took the pulse rate in the 2nd sec. of the CS 
as compared with the pre-s t imulus hear t rate (in 10 sec. before the onset 
of the CS). 

RESULTS 

Two groups of 7 dogs each with newly established CRs were tested. 
In one group the tests 1 and 2 were applied while the second group 
served for tests 3 and 4. Also the first group was used for tests 3 and 4, 
but only after a long period of training (6 months); this was done in 
order to find out whether or not the overtrained reflexes differ from 
the newly established ones. As the effects of tests 3 and 4 were the 
same in both groups of dogs we shall consider them as a single group. 

Table 1 shows the results of our experiments. It is seen in the first 
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row, that in the first 3 tests, in which no shock was used, an increase 
of mean latency was found, while in the 4th test with the prolonged 
noxious stimulus there was a small shortening of latency. Plus and 
minus refer to the increase or decrease of mean latency; results are 
expressed in seconds. The second row shows the statistical reliabilities 
of these changes in latencies: the lengthening of the latency in all tests 
without shock is statistically significant, while the effect of the prolonged 
shock did not reach a 0.05 level of confidence. 

Table I 

Changes of motor and cardiac CRs in the post-test trials 

T E S T 
Test 1 Test 2 Test 3 Test 4 

T E S T 
without shock multiple 

shock 

Duration of CS 3 sec. 6 sec. latency 
of flexion 

3 sec. 
3 sec. 

Change of latency 
(comparison of 
arithm. means) 

+ 0.163 + 0.252 + 0.255 — 0.084 

Risk level by t-test 0.024 0.0006 0.00001 0.11 

Change of latency 
(frequency analysis) 

+ 17.1% + 16.4% + 14.3% —15.3% 

Risk level by X2-test 0.005 0.001 0.005 0.001 

Change of cardiac re-
sponse (frequency 
analysis) 

- 4.6% - 8.1% 1.4% + 4.7% 

Risk level by X2-test 0.5 0.2 0.8 0.3 

Unfortunately, the application of the t-test to our data was not fully 
justified because the assumption of normality was not fulfilled. However, 
a very high level of confidence in tests 2 and 3 allows us to assume that 
these results would remain reliable also after some normalizing trans-
formation. 

Nevertheless we used another measure of changes in the CRs, which 
enabled us to apply Chi Square Test. 

We calculated the frequencies of increased, decreased and unchanged 
latencies in post-test-trials as compared with the latencies in the preced-
ing test-trial. In other words we measured what is the probability of 
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increased, decreased or unchanged latency of the CR, compared with 
the latency in the preceding trial. The frequencies of increased and de-
creased latencies were nearly equal both in the test-trials (compared with 
the pre-test-trials) and in trials taken from those sessions in which no 
tests were applied. The number of unchanged latencies was negligible 
since the accuracy of our method was up to 0.05 sec. 

Then a comparison was made between the test-trials (compared with 
pre-test-trials) and the post-test-trials (compared with the test-trials). 
The third row in Table 1 shows changes in proportions (expressed in 
percent) of the CRs with increased latency. It is clear that there was 
a considerable rise in the tendency to respond with a longer latency after 
a single non-reinforcement and a definite drop in this tendency after 
a single trial with the multiple shock. In all cases the confidence level 
of these changes is very high (fourth row in Table 1). 

We also tried to establish whether the changes in latency, as well as 
in frequency of response with longer latencies, were the same in the 
first and second post-test-trials. It was found that the mean latency was 
more influenced in the first than in the second post-test-trial, but in 
neither case was this difference significant. In the frequency analysis 
of lengthened and shortened latencies, on the other hand, no such dif-
ference was found. This means that in the second post-test-trial the 
tendency to respond with a longer (or shorter) latency remained the 
same as in the first post-test-trial, but the latencies were less changed 
in the second than in the first. 

As far as cardiac responses are concerned, no change in their ampli-
tude was found in post-test-trials. However, the changes of frequencies 
of increased and decreased responses, though statistically insignificant, 
were in agreement with those observed in motor responses: omitting the 
shock produced a slight decrease in the number of responses with larger 
amplitude, while the application of a repeated shock produced the re-
verse effect (row 5 and 6). 

It should be stressed here that the changes of CRs in post-test-trials 
were more or less similar in all our dogs, though in some of them they 
were quite negligible. 

D I S C U S S I O N 

The first point to be emphasized in discussing our results is the pro-
cedure we adopted for securing the formation of the pure classical CRs 
without any admixture of an instrumental response. With this aim, the 
hindleg was chosen for conditioning as being probably much less "instru-
mentalized" during the life of animals than the foreleg. Then, a shortlast-
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ing discharge of a condenser was used as an US so that the animal could 
not try to escape from and to "stamp-in" some accidental response which 
might coincide with the termination of shock. Furthermore, the accurate 
fixation of electrodes eliminated the possibility of reducing the strength 
of the shock by displacement of electrodes caused by the movements 
of the animal. No blind trials (i.e. without shock) were ever given dur-
ing the preliminary training of the CR, which might enable the animals 
to develop some avoidance responses. And finally, by keeping the dogs 
during the sessions in the Pavlovian frame, we restricted their locomotor 
and other responses, which might, otherwise, replace or mask the 
flexion CRs. 

However, the possibility was not excluded that the shock delivered 
to the flexed leg was less painful or discomforting than that to the ex-
tended leg. In consequence, the flexion of the leg could play the role of 
an instrumental response attenuating the annoying character of the shock. 
In such a case one should expect an increase of the strength of the 
response (i.e. a shortening of latency) in all tests in which the shock 
was omitted. This increase should be most conspicuous in test 3 in which 
the CS was terminated at the very moment of performing the flexion, 
and weaker in "3-sec." and "6-sec." tests. 

On the other hand, if the motor conditioned response is not instru-
mental but purely classical, then the nonreinforced trials should cause 
the decrease of the conditioned responses manifested by prolongation 
of latency. 

As seen in Table 1 our results unequivocally support the latter con-
clusion. Thus, we may infer that in our experiments we had to do with 
purely classical conditioning not only of the autonomic but also somatic 
responses. This view is further supported by our test 4, in which an 
increase in the amount of noxious stimulation caused strengthening of 
the conditioned response in post-test-trials. 

The cardiac CR showed no significant changes in the post-test-trials. 
This finding is in agreement with our earlier observation ( J a w o r s k a 
et al. 1962) showing that the motor and cardiac CRs are relatively in-
dependent, the motor CR being more plastic in both acquisition and 
extinction. 

The problem arises as to what are the reasons for the conflicting » 
opinions of various authors concerning the character of the CR in ques-
tion. The first possibility is that the methods used by these authors 
differed slightly from ours so that they could obtain both classical and 
instrumental CRs. 

That the classical flexion may be transformed into the instrumental 
avoidance response was illustrated a long time ago by P e t r o p a v -
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1 o v s k i i (1927). However, this author did not recognize the non-
-classical nature of his procedure, which consisted in omitting the shock 
whenever the flexion CR was performed. From his results it is clear 
that he had, in the beginning to do with the classically conditioned 
flexion, which was later transformed and fixed as an instrumental act. 
More recently a similar method was used by B r e g a d z e (1953), B r e -
g a d z e and A k h m e t e l i (1953), S h i r k o v a (1956), V a s i l ' e v a 
(1957), M a r k a r i a n (1960) and others. The general feature of these 
methods is that the noxious agent used for punishing the incorrect res-
ponses, itself elicits a reaction identical or similar to that required for 
avoiding the shock. We criticized this method elsewhere ( S o ł t y s i k 
1960a) since it does not show for certain when the flexion CR ceases to 
be a classical and becomes an instrumental CR. It is possible that both 
components, classical and instrumental are always present in such a re-
flex, since any incorrect response and the subsequent application of shock 
should restore the classical flexion CR *. 

This mixed character of the flexion CR should also appear in the 
classical defensive CRs if no special attention is paid to exclude the in-
strumental conditioning. Thus, such minor differences in training pro-
cedure as using the foreleg response, application of the prolonged shock, 
leaving the animal unrestrained, using the blind trials (without shock), 
and inaccurate fixation of electrodes, might be favorable factors for 
changing the character of the motor CR. 

Our results have shown that it is possible to establish the purely 
classical motor response and that this response may preserve its clas-
sical character even in a much overtrained CR. We did not observe any 
definite changes in the form of the flexion throughout the training. 
Therefore we cannot agree with either of the opinions expressed by 
C u l l e r (1938) and G i b s o n (1952) concerning the classical defensive 
conditioning. C u 11 e r's view was that "the CR begins as a copy of the 
UR and then grows into something different" ( C u l l e r 1938). G i b s o n 
on the other hand stated the reverse: "... the greatest resemblance 
between the CR and the UR comes in the late stages of training when 
singlelimb flexion develops. The early reactions to the signal take the 
form of rapid backing or running and are not copies of the UR" (G i fa-
s o n 1952). When we study the differences in their training procedures 

* On the contrary, the method used by K o n o r s k i and M i l l e r (1933, 
1936) consisting in tha t the dog avoids, by the flexion movement, the noxious 
stimulus applied to the mouth (acid) or ear (jet of air), similarly as the modif ica-
tion of the P e t r o p a v l o v s k i i ' s method so that the animal avoids, by the 
f lexion of one leg, the shock applied to the other one, both these methods seem 
to be proper for establishing the pure instrumental CRs (cf. S k i p i n etc.). 
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it becomes clear that in C u 11 e r's experiments some form of instru-
mental response has replaced the classical flexion CR ("CR differentiates 
into a specific preparation for the oncoming US" stated the author), 
while in the experiments of G i b s o n the animals were unrestricted 
and responded to the shock with "the repertory of emergency reactions", 
i.e., with some natural instrumental escape and avoidance reactions; 
G i b s o n observed at least 10 different reactions which gradually 
disappeared (as unsuccessful in protecting from shock) and the flexion 
response developed. Probably the conditions of free movement in the 
experimental room facilitated the transfer of all motor defensive instru-
mental CRs, already established during life, so masking the classical 
flexion response. We do not agree either with G i b s o n's final con-

r. foreleg 

Ami 
Exp. 36 

Fig. 1. Motor defensive conditioned responses in dog 
Two kymograms of defensive CRs are presented. From top to bottom: 
movements of the right foreleg, movements of the right (shocked) hindleg, 
shock, conditioned (CS) and differential (DS) stimulus, time (1 sec.). Upper 
record: dog Ami; lower record: dog Lai. Note the tonic slow responses 

preceding the flexions 

elusion that the electric shock "does not act to reinforce a withdrawal 
movement"; even in her experiments, the flexion movement was ob-
tained after eliminating the other "emergency reaction". Our results 
have shown that the shock is a real reinforcer of the c l a s s i c a l l y 
c o n d i t i o n e d flexion movement. 

There is, however, another point which needs some comment. We 
observed practically in all our dogs, both by simple inspection and by 
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analysing the records, that besides the flexion response there were also 
other motor responses in our dogs. This was a slow "tonic" adjustment 
of the body so that the right hindleg was relieved from supporting the 
trunk. This is seen on the kymogram as a small deflexion of the tracing 
just preceding the flexion responses (see 1st and 3rd response of dog 
Lai in Fig. 1). Sometimes the flexion was performed at once without 
any visible preparation (see 2nd response in dog Lai) and very rarely 
we observed an opposite reaction, i.e. the dog pressed the leg to the 
stand thus hindering the flexion movement (see kymogram of dog Ami 
in Fig. 1: upper record). Against this background of an increased extensor 
tonus the shock produced either flexion (2nd and 4th responses in Fig. 1) 
or merely a jerk without lifting the leg (1st and 3rd responses). 

The origin of this tonic CR accompanying the flexion response seems 
to be the following. The flexion produces the postural tonic readjust-
ment for securing the equilibrium of the body. This is not a defensive 
response but a reflex to labyrinthine and proprioceptive stimuli gene-
rated by flexion. After a number of CS—US trials this postural response 
becomes a classical CR to the CS and could appear even before the 
flexion CR, though it comes after the flexion when the shock alone is 
applied. This means that these two reactions are conditioned indepen-
dently. Such binary CRs, in which one CS is reinforced by two different 
USs (simultaneously) were thoroughly investigated by K h o d o r o v 
(1955) and more recently in Asratian's laboratory A s r a t i a n 1961 — 
personal communication), who also stressed their relative independence 
from one another. 

Such conditioned "secondary reflexes" (not "secondarily conditioned" 
which implies using the CS as a classical reinforcer of some new neutral 
stimulus) may influence the form of the flexion response. It was often 
argued that the response to the CS, not being the exact copy of the UR, 
needs some other explanatory principles (e.g. "expectancy"), the substi-
tution principle being not sufficient for explaining it. In our experi-
ments, however, we did not find this necessary. 

SUMMARY 

The effect of an increase or a decrease in the amount of noxious 
reinforcement was studied in 14 dogs, in which classical defensive 
flexion CR was established. 

It was found that omitting the shock in one trial produced the 
lengthening of the latency of the flexion response in the following 
trials, whereas the prolongation of shock had the reverse effect. The 
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accompanied cardiac CRs were not changed significantly. The results 
obtained are considered as an evidence for the classical conditioned 
character of the flexion CR. The problem of binary flexion-postural CR 
and resulting dissimilarities of the motor UR and CR were also discussed. 

Authors are deeply indebted to Professor Jerzy K o n o r s k i for his kind 
help in wri t ing this paper. 

Authors also wish to express their grat i tude to Mrs. A. B o g u s ł a w s k a 
for her effect ive help during experiments. 
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STUDIES ON THE AVERSIVE CLASSICAL CONDITIONING 
3. CARDIAC RESPONSES TO CONDITIONED AND UNCONDITIONED 

DEFENSIVE (AVERSIVE) STIMULI 
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Pruszków, Poland 

(Received January 10, 1962) 

In this paper we present some data concerning the form of the car-
diac response to conditioned (CS), differential (DS), and unconditioned 
(US) stimuli in classical defensive conditioning situation. The need for 
a more exact knowledge of autonomic ("diffuse" or "unspecific") res-
ponses to noxious stimuli and their conditioned substitutes arises from 
the notion that these responses represent a peripheral counterpart of the 
central emotional processes which, in turn, are closely related to the 
hypothetical motivational variables ("drives"), influencing behaviour in 
both performance (i.e. vigor of responding) and learning. In fact the view 
that emotional discharge is not merely a by-product of "instincts", but 
a peripheral effect of central activity which impels and directly influences 
behaviour, is shared by an increasing number of contemporary authors 
(e.g. L e e p e r 1948, M o w r e r 1950, 1960, H e b b 1949, W e n g e r 
1950, M c C l e l l a n d 1955 and others). 

However, there are only a few papers presenting systematic investiga-
tions on the autonomically mediated responses accompanying the simple 
behavioural acts. An extensive program of research on the measure-
ments of autonomic functions in human beings has been carried out in 
W e n g e r's laboratory ( W e n g e r et al. 1957). On dogs, however, tradi-
tionally used as subjects in experimental studies on the nervous mecha-
nisms of behaviour, there are no papers showing the time course of car-
diac responses; also the statistical method is present only in a few papers 
dealing with the amplitude of cardiac responses (E h r 1 i c h and 

http://rcin.org.pl



F r o n k o v a 1959, some recent papers from G a n t t's laboratory, see 
G a n t t 1960). 

In this paper we intend to analyse the pulse curves of classical de-
fensive CR. The results obtained are hoped to be a step in studying the 
role of emotional responses in relatively complex situations of instru-
mental learning (cf. S o ł t y s i k 1959, 1960a, b, S o ł t y s i k and K o -
w a l s k a 1960). 

MATERIAL AND METHOD 

Exper iments were performed on 16 adult, male mongrel dogs. All the dogs 
were well habituated to the experimental situation and recording devices. II each 
dog a carotid loop was prepared for the registration of hear t beats. Exper iments 
were carried out in a CR-chamber (for details see S o ł t y s i k et al. 1961, and 
J a w o r s k a et al. 1962). 

The US used was a single shock f rom a condenser 1—2 iiF fed f rom a bat tery 
of 70—120 volts. Stimulating electrodes were placed between the toes of the 
right hindleg. 

The CS and DS were the same buzzer-like tones of 60 db. and 3-sec. dura-
tion delivered f rom two loud-speakers. A tone f rom the loud-speaker placed in 
f ront of the animal was regularly reinforced by shock and became a positive CS, 
while the same tone f rom the loud-speaker placed aside the dog was not re in-
forced and became a DS. 

The hear t ra te was recorded on a high-speed polygraph by a piezoelectric 
t ransducer connected with an a.c. amplifier and the EEG ink wri ter . The move-
ments of both right extremities and respiratory movements were recorded on 
a slow kymograph. 

The animals were taken every day for experiment . Each daily session con-
sisted of 10 trials. The intertr ial intervals varied f rom 1—2 min. When both the 
positive and inhibitory conditioned stimuli (CS and DS) were used, each of them 
was presented 5 times in the session in random order. 

In every t r ia l the pulse ra te was measured in one-second intervals (second-
-by-second method) including 10 sees, before and 10 sees, a f te r presentat ion of 
conditioned, unconditioned or different ia l stimuli. The regular pulse curves were 
obtained by the superposition and averaging a number of records; each point 
in the obtained curve was an ari thmetic mean of at least 125 measurements . This 
method seems to be very effective in eliminating some accidental deflections 
which are found in individual records and result f rom respira tory activity and 
other uncontrolled factors. Next, by the use of analysis of var iance, the smallest 
significant d i f ference (at the risk level of 0.05 and sometimes even at 0.001) was 
calculated to enable a comparison of: (1) any two points on the curve, and (2) any 
point dur ing the stimulus and a f te r its terminat ion wi th the pre-s t imulus level 
of pulse ra te (see, for instance, Fig. 2). 

The method gives maximum information in a simple graphic form, thus 
saving the need to study the numerical data collected in tables. 

Since some doubts might arise as to the normality, we must add that in our 
subjects, t aken both individually or collectively, the distr ibution curve had 
a single peak, but suffered f rom some skewness. This, however , was never as 
extreme as to rule out applying the normal tests. 

http://rcin.org.pl



RESULTS 

1. C a r d i a c r e s p o n s e s t o b u z z e r p r i o r t o c o n d i t i o n i n g 

Fig. la shows the cardiac reaction to the buzzer of 60 decibels and 
13 sec. duration applied through the loudspeaker placed in front of the 
animal. Data obtained on 16 dogs are presented. In each dog this sti-
mulus was applied 10 times in one session, the intervals between succes-
sive presentations ranging from 1—2 min. The dogs were divided et ran-
dom into two groups of 8 dogs. In the first group the buzzer was presen-
ted soon after the animals were well accustomed to the experimental 
situation *. This group is referred to as "experimentally naive" and the 
cardiac responses of these dogs are presented in Fig. la by a thin con-
tinuous line. The dogs of the second group were given 150 shocks to the 
right hindpaw in 15 daily sessions (10 trials in each session), and only 
then was the buzzer applied 10 times in the 16th session. This was done 
for two reasons. First, we wanted to know the shape and amplitude of 
the pulse curve representing the response to the shock (the future US 
reinforcing the buzzer) and its possible modifications during this series 
of shock sessions. Secondly, we wanted to know whether or not the 
cardiac responses to the buzzer depend somehow upon the character of 
the experimental situation. In the first, that is in the "naive" animal 
group, the situation was neutral, while in the second group the 
experimental situation became aversive, due to the repeated application 
of shock. 

The response to the buzzer in the shock-group (a thin broken line 
in Fig. la) did not differ from the response in the naive group. This 
means that no sensitization of cardiac response to the buzzer was pro-
duced by the repetitive application of shock. It is worth mentioning, 
however, that the dogs of the shocked group were markedly excited only 
in the first shock sessions; the dogs performed the flexion of the shock-
ed leg in the intertrial intervals, barked and frequently tried to escape 
from the Pavlovian frame. Also the pre-stimulus heart rate was high. 
These symptoms of generalised excitement diminished gradually and 
at the end of this series of shock-sessions the animals were almost as 
quiet as the dogs of the "naive" group. They performed the flexions only 
in response to the shock, except for dog Car, which performed this mo-
vement also during intertrial intervals. In the 16th session, in which the 
buzzer was 10 times applied, the dogs responded to its presentation with 

* In addition, this group of dogs was used in a 10-day study on cardiac res-
ponses to the presentation of acoustic stimuli (see: S o ł t y s i k et al. 1961) wi th-
out, however, any conditioning. 
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Fig. 1. Cardiac response to a buzzer and to a shock 

a) Cardiac response to a 3-sec. buzzer of 60 decibels in 16 dogs is shown (a solid dotted curve). 
A thin continuous line shows the response in 8 experimentally naive dogs. A thin broken line 
represents the cardiac response in 8 dogs which had previously been given a series of 150 shocks 
to the right hindleg. No differences between these curves are seen, that of naive dogs showing 
a slightly higher acceleration during the action of the stimulus. 

The pre-stimulus level of heart rate is taken as zero level, but it should be mentioned that 
the shock group of dogs had a much higher pre-stimulus pulse rate (120 b.p.m.) than the 
naive group (96 b.p.m.). Ordinates: heart rate in beats per minute; the pre-stimulus pulse 
rate is taken as zero. Abscissae: time in seconds. 

b) Cardiac response to a single shock from the condenser (1 or 2 nF, 70—120 volts) applied 
through the electrodes placed between the toes of the right hindleg. The shock was so adjusted 
as to produce a definite jerk and flexion of the leg. 8 dogs were used. In each dog the shock 
was presented 150 times in 15 daily sessions. Ordinates: pulse rate in beats per minute. Abscissae: 
time in seconds. 
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a moderately pronounced orienting reflex. No flexion was seen during 
the 3 sec. of buzzing, except for the dog Car, which performed this 
movement in three (out of 10) trials with the buzzer. 

The cardiac responses to the buzzer in all 16 dogs is shown in Fig. la 
as a solid dotted line. It is seen that during the action of this stimulus 
there is a small but definite increase of heart rate, amounting to about 
5 beats per minute (later denoted as b.p.m.), statistically, however, not 
significant. Just after the termination of stimulus the pulse rate dropped 
to about 10 b.p.m. below the initial level; this decrease is significant 
at the 0.001 level. 

2. C a r d i a c r e s p o n s e s t o t h e s h o c k 

Quite a different picture is seen in Fig. lb, in which the cardiac 
response to a single electric shock is presented. We see an immediate 
increase of pulse rate which is statistically significant already in the 
first second and still accelerates in the 2nd sec. However, it should be 
noticed that the amplitude of the response amounts only to about 8 b.p.m.; 
The high statistical significance of this increase in pulse rate is due to 
a great number of measurements: each point of the curve is an arithme-
tic mean of 1,200 measurements (8 dogs X 150 trials), and the pre-
-stimulus level (observed during 10 sees.) is an average of 12,000 
measurements). 

After reaching its maximum, the curve drops to the prestimulus level 
and subsequently in the 7th or 8th seconds it rises again significantly. 
This second "wave" is a stable component of cardiac response to shock 
and is seen in nearly all our dogs (cf. Figs. 3 and 5). 

The most striking difference between the responses to buzzer and 
shock is that the curve representing the response to the shock does not 
decrease below the pre-stimulus level. 

3. C a r d i a c r e s p o n s e t o t h e b u z z e r t r a n s f o r m e d 
i n t o t h e c o n d i t i o n e d d e f e n s i v e ( a v e r s i v e ) s t i m u l u s 

In Fig. 2 we present the cardiac conditioned responses to the buzzer. 
The data are taken from 7 dogs belonging to the "naive" group; the 8th 
dog was not tested as it was too excited and aggressive. The pulse curves 
represent the responses in the first 15 conditioning sessions, i.e. each 
curve is calculated from 150 records. The 8th curve (the last curve) is the 
averaged curve from all 7 dogs. 

Let us consider at first the averaged curve and compare it with the 
curves in Fig. 1. It is quite evident that the response (pulse rate) dur-
ing the CS is much increased compared with the response to the buzzer 
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Fig. 2. Cardiac conditioned response to the buzzer signalling the shock 
Individual curves of 7 dogs are shown. The 8th curve represents the average cardiac curve 
of all 7 dogs. In order to show the reliability of the obtained results, the minimal significant 
difference between any two points of the curve was calculated by analysis of variance (ver-
tical line on the right side of each picture), and also the minimal significant difference 
between any of the points d u r i n g and a f t e r the CS and the pre-stimulus level (ho-
rizontal broken lines) are shown at the two levels of risk: 0.05 and 0.001. Note the consi-
derable differences in the form of curves in individual dogs. Ordinates: pulse rate in beats 

per minute. Abscissae: time in seconds 
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sees. 
Fig. 2. — continued 
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Fig. 2. — continued 
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prior to conditioning (Fig. la) but its general character is unchanged. 
On the other hand, the form of the curve after the termination of the 
CS (and after application of the US which coincided with the cessation 
of the CS) is a resultant of the aftereffects from the response to buzzer 
(Fig. la) and the response to the shock (Fig. lb). First of all, there is 
an immediate drop in the pulse rate in the first second after termination 
of the CS (and application of the US). However, in the next two seconds 
the pulse rate again increses. Then the pulse rate decreases, but in the 
6th, 7th and 8th sees, a secondary wave of cardio-acceleration is seen. 
Thus the over-all picture of the pulse curve following the CS—US trial 
resembles the response to the shock, except that the pulse rate drops 
in the 1st second and the peak of the curve is shifted to the 3rd sec. 

If, however, the responses of individual animals are taken into ac-
count, considerable differences are seen. In fact every dog possesses its 
own curve which differs from those of other dogs. Analysing similarities 
and differences of all 7 curves, we see that the reactions during the 
first 2 sees, of the CS are in all the dogs quite similar: there is a small 
increase in the pulse rate in the first second and a remarkable increase 
in the 2nd sec. The response during the 3rd sec. is not so uniform: in 
3 dogs (Ami, Bob, Tuz) a further increase of pulse rate was observed, 
whereas in 3 other dogs (Bar, Lai, Max) there was no change of pulse 
rate and in one dog (Rud) a steep drop was seen. 

In the first second after the termination of the CS and the shock 
a drop in pulse rate was seen in all dogs. Afterwards, the curve ascended 
for 2 to 3 sees, except for two dogs (Tuz and Bar). The secondary wave 
was seen in the 7th to 9th sec. in all the dogs except one (Bob). 

The relations between the amplitude of the cardiac CR and Ur are 
also different in different dogs. In three dogs the amplitude of the UR is 
definitely smaller than that of the CR (Bar, Bob, Tuz), in three others 
no difference is seen (Ami, Max, Rud), and only in one (Lai) does the 
UR evidently exceed the CR. 

4. C a r d i a c r e s p o n s e t o t h e b u z z e r t r a n s f o r m e d 
i n t o d i f f e r e n t i a l s t i m u l u s (DS) 

After the CR to the buzzer had firmly been established, the training 
of differentiation was started. The DS used was the same buzzer present-
ed from another place. In the first session this "to be DS" was presented 
25 times without reinforcement. The cardiac response did not decrease 
during this session (in spite of non-reinforcement of the stimulus) so the 
average pulse response from all the 25 trials is exactly the same as the 
pulse rate response to the positive CS (Fig. 3a). 

Fig. 3b shows the response to the CS (full circles) and DS (open 
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Fig. 3. Differentiation of the cardiac defensive conditioned reflex 
a) Cardiac response to the CS, i.e. a buzzer acting in front of the animal (full circles) and 

cardiac response to the same stimulus applied in another place (aside the dog) w i t h o u t 
reinforcement (open circles). Data concerning the non-reinforced buzzer are taken from 7 dogs. 
The curve represents the average of 25 consecutive trials. 

Both curves are presented in such a way that the pre-stimulus level of each lies on the same 
horizontal line, so that the amplitudes of both curves are easily comparable. It is seen that 
the nonnreinforced buzzer (the future differential stimulus) produced at the beginning the 
same cardiac response, both in form and amplitude, as did the positive CS. It is also clear 
that the drop in heart rate in the first second after termination of the CS is not caused by the 
shock, as this drop is even greater in the case of the non-reinforced stimulus; on the contrary, 
it seems that the rise in the heart rate seen in the 2nd and 3rd sees, after the application 
of the shock (applied at the moment of cessation of the CS) is the response to this US. 

b) Cardiac response to the CS (full circles) and to the DS (open circles) after establishing the 
differentiation of the motor reaction. Data are taken from the sessions 16th — 40th (each ses-
sion consisted of 5 positive and 5 inhibitory trials randomly scheduled), counting from the 
session when the DS was introduced. The third curve (thin line) represents the cardiac CR in 
the first 15 sessions (cf. Fig. 2) i.e. 6 months earlier. It is seen, first, that the response to the 
CS remained exactly the same (cf. form of the black dotted curve with the thin line curve) 
though the pre-stimulus level fell significantly. 

Cardiac response to the DS is much smaller than to the CS or to the DS in the first 25 trials 
(see A). It also differs from the original response to the buzzer (cf. Fig. 1A) and may be 
described as a partially extinguished conditioned response. 
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circles) following the 15 sessions of differentiation training in which 
all the dogs reached a high level of differentiation of the motor response. 
It is seen that the cardiac response to the DS differs markedly from both 
the response to the CS and the original reaction to the buzzer before 
conditioning (cf. Fig. la). It differs from the cardiac CR in amplitude 
and from the original response to the buzzer by the lack of deceleratory 
after-effect. Thus the cardiac response to the DS may be characterized 
as a strongly diminished response to CS. 

A similar picture is obtained when the pulse curves of indivi-
dual animals are surveyed. In all cases except one (Tuz) the response 

Fig . 4. C a r d i a c r e s p o n s e s t o t h e c o n d i t i o n e d a n d d i f f e r e n t i a l s t i m u l i in 7 dogs 
The results presented in Fig. 3b are here shown separately for each dog. Note the smaller 

amplitude of responses to the DS and the persistence of the form of cardiac CRs 
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Fig. 4. — continued 
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Fig. 4. — continued 

to the DS is much smaller than that to the CS, but its form remains 
roughly the same. It is worth mentioning that the one dog (Tuz), in which 
the response to the DS remained the same, as that to the CS, was 
exceptionally fearful in comparison with the others and never established 
friendly relations with experimenters. The general emotional hyper-
reactivity observed in Tuz was thus reflected in the cardiac responses 
to the CS and DS. 
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5. P e r s i s t e n c e of t h e s h a p e of p u l s e c u r v e s 
i n c a r d i a c C R s 

Since our experimental animals remained under the CR training more 
than 6 months it seemed to be interesting to compare the amplitude and 
the form of the cardiac responses in the early and late periods of train-
ing. For this purpose the pulse curve of the newly established CR, taken 
from Fig. 2, was reproduced in Figs. 3b and 4 (thin line). As seen in 
Fig. 3b the curves representing a new and a well overtrained cardiac 
CR are exactly the same in shape. The only difference is seen in the 
absolute level of the pre-stimulus pulse rate and in the amplitude of 
the response; the firmly established CR has a lower pre-stimulus level 
and higher amplitude. The same picture is seen in Fig. 4 where the car-
diac responses of individual dogs are presented. By examining each curve 
we see that in every dog the same difference between the early and the 
late stage of conditioning is observed. 

6. C a r d i a c r e s p o n s e a c c o m p a n y i n g t h e i n t e r t r i a l 
f l e x i o n m o v e m e n t 

While the previous data concern the responses to definite stimuli, now 
we wish to show the pulse curve of the cardiac reaction observed dur-
ing the "spontaneous" or intertrial response. It was observed in one dog 
(Rud), which during the acquisition training, frequently performed 
flexion movements of the shocked leg. The curve calculated from 100 
records, including 10 sees, before and 10 sees, after the movement is 

Fig. 5. C a r d i a c r e s p o n s e s a c c o m p a n y i n g t h e s p o n t a n e o u s ( i n t e r t r i a l ) m o v e m e n t s 
The motor defensive response (flexion of the hindleg) occurring spontaneously during inter-
trial intervals is here considered. The cardiac curve is obtained from 100 records. It is seen 
that cardioacceleration preceded the movement and that an immediate suppression of this 

cardiac response occurred after the movement was displayed 

<1 
à 

1 

p«0i05 
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shown in Fig. 5. Two main features of the curve should be stressed. The 
first one is the increase of the heart rate resembling the cardiac CR 
both in amplitude and shape (cf. Fig. 2, dog Rud) which p r e c e d e s 
the movement, and the second one is the steep drop of pulse rate observ-
ed immediately after the performance of the movement. 

DISCUSSION 

A thorough analysis of the pulse curves, such as presented in this 
paper, has never before been performed in dogs. In human beings, 
C h u c h m a r e v (1926) found the specifity of the pulse curves in differ-
ent emotions and highly appreciated this method in experimental ana-
lysis of emotional reactions. 

More recently a group of American authors used the pulse curves for 
analysis of the mechanism of learning ( Z e a m a n , D e a n and W e g -
n e r 1954, Z e a m a n and W e g n e r 1954, 1957). Since, however, these 
authors used a different technique from that of ours (trace conditioning 
and beat-by-beat method of reconstruction of the curves), it is not pos-
sible to make any reasonable comparison between their results and ours. 

To begin with, let us discuss some general properties of the cardiac 
response. 

First of all the promptness of this response and the apparent lack 
of inertia, so unusual in autonomic reations, should be emphasized. The 
explanation of this fact is that the cardioacceleratory reaction is effec-
tuated by the "release" of spontaneously beating pacemaker from the 
tonic vagal inhibition (cf. H u n t 1899, R o s e n b l u e t h and S i-
m e o n e 1934, B e e b e - C e n t e r and S t e v e n s 1937, B o n d 1943, 
R o h s e and R a n d a l l 1955, and others). All these authors stress the 
role of diminution of the tonic activity of the vagi as a chief factor in 
acceleratory response. Sympathetic nerves are said to control rather the 
strength of cardiac contractions (R o h s e and R a n d a l l 1955, M u r -
p h y 1942), while their acceleratory action is extremely slow — the 
peak of acceleration occurring only after about 20 sec. ( R o s e n b l u e t h 
and S i m e o n e 1934). Also the effect of adrenaline is much delayed — 
here the peak comes after about 12 sees. ( B o n d 1943). 

It is supposed, therefore, that most of the cardiac responses to exter-
nal stimuli (except for strong emotional reactions with adrenalinemia) 
are mediated by inhibition of the vagus centres (W i g g e r s 1949). 

According to our view this sensitivity and promptness of the cardiac 
response justify its utilisation as a proper indicator of central proces-
ses like emotional states and drives. There are, however, some factors 
which argue against the uncritical approach to this problem. 
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The main objection is that the pulse rate is an unspecific response 
and one could never be certain what kind of central state is actually 
represented by it. Indeed, inhibition of the vagus centre seems to be 
involved in any alerting responses, such as orienting reflexes, conditioned 
food reflexes, and many others. If, however, we do not train several kinds 
of CRs simultaneously in the same situation, the question of unspecifi-
city is not so important. On the contrary, the fact that the cardiac res-
ponse is unspecific may help in a comparison of quite different CRs (cf. 
S o ł t y s i k 1960c). 

Another objection is that cardiac response may be a "secondary" 
reflex from reacting organs, especially muscles. If this were true, the 
value of cardiac response as an index of central processes would be 
doubtful. However, there are data indicating that the cardiac response 
is by no means a mere effect c»c proprioceptive stimulation. This is best 
proved by the fact that epileptic seizures may occur without concommit-
tant cardiac acceleration (E r i c k s o n 1939); F u l l e r and C h r i s -
t a k e (1959) observed conditioned motor responses without concommit-
tant cardiac reactions; we also found that there is no parallelism between 
classical motor and cardiac CRs in dogs ( J a w o r s k a et al. 1962). On 
the other hand, curarisation does not eliminate the cardiac CR in dogs, 
although their muscles are paralysed ( B l a c k 1956). P e t e r s and 
G a n t t (1948) concluded that "an increased heart rate... is much more 
a result of central excitation than of any accompanying peripheral mus-
cular tension". Of course, only such simple and effortless motor acti-
vities are here implied which do not produce "oxygen deficit", hyper-
capnia, or other shifts in the internal milieu. 

Yet, another objection is that cardiac response is so much influenced 
by the self-regulatory mechanisms through the aortic, carotid sinus, and 
other moderator nerves, that the resultant pulse rate is by no means 
a direct index of central activities (cf. D a r r o w 1943). However, it 
should be remembered that if the cardioacceleration is caused by the 
suppression of vagal centres, the compensatory deceleration initiated by 
the possible rise in blood pressure is also suppressed. Thus, at the time 
of the cardiac acceleratory response, the deceleratory reflexes are cer-
tainly blocked, or at least partially suppressed. 

All these considerations compel us to think that, at least in dogs, the 
cardiac response is a very profitable method for physiological and psy-
chological research. It is difficult, however, to be sure whether the same 
applies to other animals, in which, unlike dogs, cardiodeceleratory (e.g. 
cats; J a w o r s k a 1958, S a n t i b a n e z 1961) or complex accelera-
tory — deceleratory (human beings; Z e a r n a n et al. 1954, 1957) res-
ponses were found in aversive conditioning. 

http://rcin.org.pl



Let us now proceed to a more detailed discussion of some of our 
results. 

First, the difference in the form of the cardiac response to the buzzer 
and to shock needs some comment. Present results concerning the car-
diac response to the buzzer confirm our earlier findings ( J a w o r s k a 
and S o ł t y s i k 1960, S o ł t y s i k et al. 1961), in which we have 
shown that the deceleratory aftereffect (called by us "off-response") 
was seen even after very short auditory stimuli. In contrast, the re-
sponse to shock is characterized by the lack of negative phase and the 
pulse rate after the initial peak in the 2nd sec. and secondary wave 
in 6th to 8th sec. returns to the initial level. This fact may serve as 
evidence to show that the bi-phasic form of the cardiac response to the 
acoustic stimulus is not an inherent property of this response as such, 
but depends somehow on the modality of stimulus. Auditory analyser 
is well provided with inhibitory mechanisms moderating both the initia-
tion ( G a l a m b o s 1956) and conduction (J o u v e t and D e s m e d t 
1956) of afferent impulses, so that a sharp cutting off or even inhibi-
tory aftereffect in the afferent pathway might be considered as a result 
of cessation of the stimulus. The pain stimulation, in contrast, is charac-
terized by long afterdischarge in peripheral fibers C ( A d r i a n 1928) 
which may last well up to 20 sees. 

These well known functional differences between the acoustic and 
nociceptive analysers may be responsible for the observed differences 
in cardiac responses to corresponding stimuli. 

The next problem for discussion is the nature of the conditioned 
cardiac response to the buzzer. Its true CR character and not just a mere 
sensitization of acoustic-cardiac reflex (see S o ł t y s i k et al. 1961) is 
proven by the following fact. First, the response to the CS differs 
markedly from the original response to a buzzer (cf. Figs. 1 and 2). 
Secondly, the hypothesis of potentiated startle response is disproved by 
the fact that there was no enhancement of the cardiac response to the 
buzzer in 8 dogs which had been given a series of 150 shocks*. Thirdly, 
the DS elicited much smaller cardiac responses, despite its physical iden-
tity with the CS. Since no difference in the vigor of orienting reflexes 
(movement of eyes, ears, and head) elicited by these two stimuli was 
observed, the increase of the cardiac response to the positive CS cannot 
be atributed to increased attentiveness to it. 

Let us pass now to the shape of pulse curves representing cardiac 
CR in individual dogs. 

* It should be noticed that this result is in disagreement with the observation 
made by B r o w n et al. 1951, that the practicizing of the pa infu l st imulation 
in rats increased startle response to clicks. 
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While the shape of the CR pulse-curve is more or les similar in all 
our dogs, small differences occurring only in the third second (except 
the unusual drop of the curve in dog Rud) the pulse curve to the shock 
following the buzzer exhibits much more variations in different dogs. 
Since, however, the cardiac responses in particular dogs are strikingly 
persistent even during the long period of training (cf. Figs. 2 and 4) 
they certainly represent definite central processes characteristic for 
each animal. 

According to the general belief concerning the ratio between the 
amplitude of conditioned and unconditioned classical response (based 
mainly on the salivary reflexes) we should expect that: 1° the conditioned 
response will smoothly pass into the unconditioned response, and 2° the 
response to the shock will be always larger than, or at least the same 
as, that to the CS. What actually happened was quite the reverse: im-
mediately after the termination of the CS accompanied by shock there 
was a distinct and statistically significant drop of the pulse curve which 
in some animals (Rud, Bar, Bob, Max) was quite considerable. Then in 
most of our dogs (except Tuz and Bar) the curve rose again, but the 
second peak was usually lower than, or sometimes equal to, the CR 
peak; only in one dog (Lai) did it definitely surpass the CR peak. 

How is this to be explained? 
The depression in the curve immediately following the termination 

of the buzzer may be a reflexion of a much deeper depression observed 
in the same moment when the buzzer was an indifferent stimulus (cf. 
Fig. 1A). Thus the rather shallow drop in the pulse curves of Figs. 2 and 
4 may be considered as a resultant of that depression and the rise of 
the curve produced by the shock. The correctness of this explanation may 
be tested by using, instead of an auditory stimulus as a CS, a visual 
stimulus which does not give such a depression. 

But then one may ask why the succeeding rise of the curve is so 
small and in some dogs does not exist at all (Tuz, Bar). This question 
cannot be answered without many controll experiments which are now 
in progress. However, a tentative explanation which is a point of de-
parture for further experimentation is the following. It should be noticed 
that in our experiments the noxious reinforcement consists of a simple 
condenser shock. In consequence the three events, namely the termina-
tion of the CS, the shock accompanying it, and the flexion of the leg 
beginning usually one second earlier (as a conditioned response) and 
terminating just after the shock, signal the cessation of fear produced 
by the buzzer, and cause the quieting down of the animal for at least 
one minute. It should be remembered that the inhibitory character of 
the stimuli closely preceding the termination of either the conditioned 
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( S o ł t y s i k and K o w a l s k a 1960, S o ł t y s i k 1960a, b) or un-
conditioned (K o n o r s k i 1960, Z b r o ż y n a 1957, S e g u n d o et al. 
1961, A s i a n o v a 1960, S o ł t y s i k and Z i e l i ń s k i 1961) stimulus, 
was shown by several authors. And so, all specified agents acting in 
common, or may be some of them in particular, might become inhibi-
tory stimuli suppressing the fear reaction and thus reducing the ampli-
tude of the cardiac response to shock. The special observation made on 
dog Rud showing the immediate drop of the pulse curve after the animal 
has performed the intertrial defensive movement (cf. Fig. 5) seems to 
indicate that this inhibitory role is played, at least in part, by the per-
formance of the movement. So, in this respect the inhibitory character 
of the motor response may be similar to that shown in avoidance con-
ditioning ( S o ł t y s i k and K o w a l s k a 1960, S o ł t y s i k 1960 a,b). 
However, it may appear that the same role is played also by the ter-
mination of the CR, or even by the application of the US, which in such 
a case would play a double role, namely that of eliciting the defensive 
reaction and that of terminating the state of fear. 

The last point to be stressed is the persistency of shapes of the pulse 
curves in individual dogs. This finding is, as we believe, of great im-
portance. The cardiac response is usually thought of as very feeble and 
unstable; and this is true, indeed, when individual trials or records are 
taken into consideration. Our experience with the pulse rate in dogs is 
the following. The variability in individual records is due to a high 
':noise level" in the baseline of pulse rate, so that the relatively small 
reactions are masked and distorted by concurrent accidental reactions. 
According to our impression, this noise does not result from some spon-
taneous oscillations in the nervous stabilizing system, but is due chiefly 
to the lack of "screening" from the internal environment; therefore, 
even in a perfectly isolated experimental situation, there is a lot of un-
controlled excitations from respiratory movements, labyranthine and 
interoceptive stimuli, which all influence the pulse. The fortunate cir-
cumstance is, that these uncontrolled agents are not related to the "con-
trolled" external stimuli presented by experimenter. In consequence it 
is possible to diminish the effects of this "noise" simply by averaging 
a sufficient number of records. Under the latter conditions the regular 
and perfectly reproducible in shape pulse curves may be obtained. 
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SUMMARY 

Four types of cardiac responses were analysed in this study: 
1. the response to buzzer prior to conditioning, 
2. the response to shock, 
3. the response to buzzer transformed into the conditioned stimulus 

signalling the shock, and 
4. the response to a buzzer sounding from a different place trans-

formed into the differential stimulus. 
It has been found that the cardiac response to a neutral acoustic sti-

mulus (a buzzer of 60 db.) of 3 sees, duration consisted in a small cardio-
-acceleration during the action of stimulus and in a profound decelera-
tory off-response which occurred in the first 3 sees, after the termination 
of this stimulus. 

The electric shock (a single discharge of condenser) to the hindleg 
produced a shortlasting increase of the pulse rate with the peak in the 
2nd sec., without, however any deceleratory aftereffect. 

After repeated pairing of the buzzer with the shock (the latter hav-
ing been applied at the moment of termination of the buzzer), the buzzer 
elicited a cardiac response characterized by a higher amplitude than that 
obtained both to the buzzer acting alone and to the shock, and by the 
much diminished deceleratory aftereffect. 

The differential stimulus elicited a response similar in form to that 
produced by the CS, but of much smaller amplitude. The cardiac res-
ponses of each experimental animal exhibited their own particular 
characteristics, which remained stable throughout the period of experi-
mentation. 

Authors are deeply indebted to Professor Jerzy K o n o r s k i for his kind 
help in wri t ing this paper, and to Dr. S. B r u t k o w s k i for his assistance in 
the English translation. 

Authors wish to express their grat i tude to Mrs. A. B o g u s ł a w s k a for her 
effect ive help during experiments and elaboration of data. 
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In early papers by K o n o r s k i and M i l l e r (1933, 1936) it was 
shown that the type II (instrumental) conditioned reflexes (CRs) obeyed 
the Pavlovian rule of "strength of conditioned stimuli" (CS) in the same 
way as did the type I (classical) CRs. According to this rule, the CRs 
established to different CSi and reinforced by the same US may differ 
in strength, depending on the character of the CS applied. Thus, audi-
tory CSi generally produce a stronger effect than tactile and visual stimu-
li, rhythmic stimuli have a stronger effect than continuous stimuli, 
and the stronger the intensity of the CS, the stronger, up to a certain 
limit, is its effect (cf. P a v l o v 1927, K o n o r s k i 1948, chapt. II). 

However, according to the observation made by K o n o r s k i and 
W y r w i c k a (1950), under certain conditions stimuli of the same 
strength (i.e. eliciting the same classical conditioned response) may pro-
duce instrumental responses of different strength, as measured by their 
latent periods and/or amplitudes of movement. This used to occur when 
different stimuli were used in different training procedures. When the 
instrumental CR was trained to a given stimulus from the very beginn-
ing of its application, the motor response to it was strong, but if the 
instrumental CR had been transformed from the classical CR, the motor 
response to the CS was weak. On the basis of these findings the authors 
concluded that various instrumental CSi might possess various m o t o -
g e n i c p r o p e r t i e s depending on the previous training. 

The supposition was put forward that the motogenic properties of 
the stimuli might also depend on their intrinsic character; in particular, 

http://rcin.org.pl



it was suggested that the tactile stimulus applied to the distal part of 
the leg involved in the performance of the trained movement might appear 
to be more motogenic than other CSi. 

The aim of this paper is to compare the motogenic properties of the 
tactile stimulus applied to the leg involved in the trained movement 
(henceforth called "specific tactile stimulus") with ordinary stimuli 
applied in instrumental conditioning. 

Exper iments were carried out in a regular sound-proof CR chamber . Ins t ru-
mental food CRs were trained to tactile and auditory stimuli. Tactile stimuli 
consisted of the rhythmic touching of the skin, applied once par second and 
delivered by a device attached to the skin (Fig. 1, P o d k o p a e v 1952). The 

Fig. 1. The apparatus used for tactile stimulation 
a — the rubber capsule extended by pressing the rubber 
bulb by the experimenter; each pressing contacts the blunt 
pins with the skin of the animal, b — the metal frame of 
the capsule attached to the skin, c — the whole apparatus 

Ins t rumenta l response consisted of placing the right foreleg on the foodtray si t-
uated in f ron t of the animal. The presentat ion of food (pieces of bread or minced 
biscuits wi th broth) was accomplished by moving the bowls into position one by 
one by an electric device controlled by the experimenter . In some animals saliva-
tion f r o m the parotid gland through a fistula with a shortened duct ( S o ł t y s i k 
and Z b r o ż y n a 1957) was recorded by K o z a k's method (1950). 

In the experiments in which the sal ivary-motor method was used the CS 
action was followed a f te r 10 seconds by the presentation of food; the intertr ial 
intervals were 3—4 minutes. In purely motor experiments the performance of the 
t rained movement was immediately followed by food re inforcement and the 
in ter t r ia l intervals were about 1 min. Usually 9 trials were given in every daily 
session. 

The f i r s t ins t rumental CR was t rained by the K o n o r s k i and M i 11 e r 's 
method (1933, 1936). According to this method food re inforcement followed the 
compound composed of a given stimulus and the passive placing the animal's 
leg on the foodtray, whereas the stimulus applied separately was not reinforced. 
In order to establish the ins t rumental CR to subsequent stimuli the method 
described by W y r w i c k a was used. W y r w i c k a (1952a, b) found that if an 
ins t rumenta l CR has been f i rmly established to a given stimulus, and a new 
st imulus is applied with immediate food reinforcement , the t r ans fe r of the ins t ru-
mental response to this new stimulus occurs a f te r a few trials. 

METHODS 
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R E S U L T S 

1. C o m p a r i s o n of t h e f o r m a t i o n of i n s t r u m e n t a l C R s 
t o s p e c i f i c t a c t i l e s t i m u l u s 

a n d t o o t h e r s t i m u l i 

In the first series of experiments, carried out on 6 dogs, the first 
instrumental CR was trained to the tactile stimulus applied to the an-
terior surface of the wrist of the right foreleg. As seen in Table I, the 
instrumental CR was formed after a few trials. When the CR was firmly-

Table I 

Speed of f o r m a t i o n of i n s t r u m e n t a l CR to specif ic t a c t i l e s t i m u l u s 
a n d of i t s t r ans f e r t o buzzer 

Nos. of dogs 1 2 3 4 5 6 

F i r s t t r a i n i n g t o spe-
c i f ic t a c t . s t i m . 

16 6 11 6 15 14 

T r a n s f e r t o buzzer (56) (66) (61) (22)*) (51) 25 

Figures denote the numbers of trials necessary to establish the CR. Figures 
in brackets show that instrumental CR was not established after a given num-
ber of trials. 

•) Experiments were discontinued because of severe neurosis. 

established, an auditory stimulus, the buzzer, was introduced and rein-
forced by food. It was applied 2 or 3 times in every session among the 
tactile CSi. In 5 dogs out of 6 the instrumental response failed to appear 
to this stimulus in spite of more than 50 applications of it with random 
changing the moment of reinforcement from 2 to 10 seconds or longer. 
The buzzer elicited merely a direct food reaction toward the food-tray 
and salivation. Only in one dog (No. 6) did the instrumental response 
occur to the buzzer after 25 trials, but its latent period was longer than 
to the tactile stimulus, and from time to time it failed to appear. How-
ever, no matter whether the instrumental CR to the buzzer was delayed 
or absent the salivary response to it was much more conspicuous than 
that to the specific tactile stimulus, as seen in Fig. 2. 

In view of these results, in the second series of experiments, which 
was performed on 3 other dogs, the procedure was reversed, namely, 
the instrumental CR to the buzzer was established at first, and there-
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after the specific tactile stimulus was introduced. As seen in Table II, 
the transfer of the instrumental response from the buzzer «to the tactile 
stimulus occurred in all dogs very rapidly. 

In order to see whether the lack of transfer of the instrumental CR 
from the touch of the leg to the buzzer is dependent on the specificity 

Fig. 2. The mean salivary conditioned responses 
in two dogs to buzzer (hatched columns) and to 

specific tactile stimulus (white columns) 
Note that salivation to tactile stimulus is much smaller 

than that to buzzer 

No 12 
No 6 

M 

of the leg stimulation, the third series of experiments was performed on 
2 dogs in which the first training of the CR was carried out to the 
tactile stimulus applied not to the leg but to the side of the body, and 
then the auditory stimulus was introduced. In this case the transfer of 
the CR from the first to the second stimulus occurred again quite 
easily (Table II). 

Table II 

Speed of formation of the instrumental CR to buzzer and tactile stimulus to the body 
and of its transfer to the specific tactile stimulus to buzzer respectively 

Nos. of dogs 7 8 9 10 11 

First training to buzzer 21 *) *) 
First training to tact, 

stim. of the body 24 31 

Transfer to specific 
tactile stimulus 

11 5 8 transfer to buzzer 6 4 

Figures denote the numbers of trials necessary to establish the CR. 
*) Since the first training was accomplished not by reinforcing the passive movements, but by 

active manipulative movements (method not described here), the numbers of trials are not presented. 

To summarize, we have found that if an instrumental CR to the spe-
cific tactile stimulus is established in the first training, it prevents 
a transfer of the instrumental response to other stimuli. Such a transfer 
is readily obtained if other stimuli (buzzer or touching the body) are 
used in the first CR training. 
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2. C o m p a r i s o n of c h r o n i c e x t i n c t i o n a n d r e s t o r a t i o n 
of i n s t r u m e n t a l C R s t o s p e c i f i c t a c t i l e 

a n d a u d i t o r y s t i m u l i 

Experiments of this kind were performed on 4 animals. In one, the 
chronic extinction and restoration of CRs was carried out twice, in the 
others, once. The experimental procedure was the same in all series and 
ran as follows: 

In all the dogs the instrumental CR was established to the metro-
nome, the buzzer, and touching of the right wrist. The number of appli-
cations of the buzzer and touch was equal, and amounted up to 400. Then 
in the extinction series the metronome was applied with reinforcement 

Fig. 3. Mean salivary conditioned responses to buzzer (hatched columns) and specific 
tactile st imulus (white columns) during chronic extinction (a) and restoration (b) of CR 
Nos. of dogs and number of trials in extinction and restoration series are indicated. Note 
that both in extinction and restoration series the salivary responses to buzzer are larger 

than to tactile stimuli 

7 times in a session, while the buzzer and the tactile stimulus were 
applied only once per session without reinforcement, in the 3rd or 4th 
trial, and in the 6th or 7th trial. Their sequence alternated from day to 
day, so that if in a given session the buzzer came first and the touch 
second, in the next session their order was reversed. 

After the extinction of the instrumental CRs to both stimuli was 
completed, a restoration series followed with reinforcing the extin-
guished CSi by food. As known from W y r w i c k a's studies (1952a, b) 
the re-reinforcement of an extinguished instrumental CS by food leads 
to the re-establishement of the instrumental response to it. 

As seen in Table III, the results obtained in all the extinction series 
were the same. The resistance to extinction of the instrumental CR to 
the specific tactile stimulus was much stronger than that to the buzzer. 

b 

20 
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28.X.60r 

d i ' i ' ' i | ' — i — 

Fig. 4. The f ragments of records of experimental sessions in the second extinction-
-restoration series in dog No. 6 

A — 2nd sess ion of the ext inct ion series, B — 7th sess ion of ext inct ion series, C — 12th sess ion 
of e x t i n c t i o n series , D — 5th sess ion of restorat ion series. 

In each record only f i v e success ive trials are presented inc luding two ext inc t ion trials, a — 
c u m u l a t i v e curve of sa l ivat ion; perpendicu lar l ines denote the outset of CS and presenta t ion 
of food respec t ive ly ; b — putt ing the right fore leg o n the foodtray; c — CSi: M — m e t r o n o m e , 

B — buzzer, T — spec i f i c tact i le s t imulus ; d — presentat ion of food . 
In A, both buzzer and tact i le s t imulus el icit s trong motor and sa l ivary react ion. In B, tact i le 
s t imulus sti l l e l ic i ts motor response , w h i l e buzzer fai ls to do so. In C, both buzzer and tact i le 
s t imulus do not produce m o t o r re sponse ; note the considerable sa l ivat ion to B. In D, on 5th 
day of restorat ion tact i le s t imulus produces motor response, whi l e buzzer does not. Note the 

gradual decrease of motor responses to metronome in the course of ext inct ion series 

4. XI. 60r 

M 

l4.XI.60r 

M 
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Table III 

Speed of e x t i n c t i o n a n d r e s t o r a t i o n of i n s t r u m e n t a l C R s to buzzer and spec i f ic t a c t i l e 
s t i m u l u s 

Nos. of dogs 12 6/1 6/ 2 9 8 

E x t i n c t i o n to 
buzzer 

7 7 3 7 6 6 8 8 5 8 

E x t i n c t i o n t o 
speci f ic t a c t , 
s t i m u l u s 

27 31 8 22 11 11 31 32 10 13 

R e s t o r a t i o n to 
buzzer 

(20) (20) (5) (5) (20) (20) 7 9 — — 

R e s t o r a t i o n 
t o spec i f ic 
t a c t . s t i m . 

2 2 2 2 2 2 2 2 

The first column for each dog denotes the first trial in which the instrumental response was absent 
in the extinction series, or the first trial in which the instrumental response reappeared in the resto-
ration series. The second column denotes the same for three consecutive trials. The figures in brackets 
denote that after a given number of trials the instrumental response did not reappear. 

On the contrary, in the restoration series, the reappearance of the 
instrumental movement in response to the touch occurred already after 
a few reinforcements, while to the buzzer it occurred much later, or even 
failed to appear. 

The extinction and restoration of the salivary reflex took a quite 
opposite course, namely, its resistance to extinction and promptness 
of restoration was greater to the buzzer than to the touch (Fig. 3). 

In Fig. 4 representative fragments of records of the second extin-
ction-restoration series in dog No. 6 are shown. It is seen that the motor 
reaction to the buzzer disappears sooner than that to the tactile stimu-
lus, while the salivary reaction drops ealier to the latter stimulus. It is 
also seen that during the extinction series there is some impairment of 
the instrumental CR to the positive CS (metronome), which either elicits 
a less vigorous motor response, or even fails to elicit it. 

D I S C U S S I O N 

Our results demonstrate that the association between the CS and the 
instrumental response is particularly strong when the CS is represented 
by a tactile stimulus applied to the distal part of the leg involved in 
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this response. These results are supported by other tests, such as acute 
extinction of the CR or satiation of the animal, as reported in another 
paper (W y r w i c k a and D o b r z e c k a 1960). Here, also, the instru-
mental response to the touch of the leg was much more persistent than 
the same response elicited by either the auditory stimuli, or tactile sti-
muli applied to other parts of the body. Similar results were obtained 
independently by Z e w a l d (1959). 

Thus, the old and well documented Pavlovian principle of the de-
pendence of the CR strength on the CS strength should be reformulated 
by stating that for different types of CRs there exists a different hie-
rarchy of strength. According to our present evidence, for the classical 
salivary CR the auditory CSi are stronger than the tactile CS applied 
to the leg, whereas for the instrumental CR the opposite is true. Thus 
a noticeable discrepancy exists between the type I salivary CR and 
type II motor CR, which is seen even in regular CR experiments, and 
may be even more clearly manifested by special tests, such as satiation 
of the animal, acute or chronic extinction, etc. 

The problem arises what is the explanation of this peculiar moto-
genic potency of the specific tactile stimulus in comparison with other 
stimuli to which an instrumental CR is established. 

In an attempt to approach the physiological mechanisms of CRs and 
their properties discovered by the Pavlov school K o n o r s k i has 
suggested that in the course of conditioning "actual" connections are 
formed between the respective centres on the basis of "potential" con-
nections developed in ontogeny (cf. K o n o r s k i 1948, chapt. IV). Thus, 
the maximal strength of the given CR and its relative resistance to 
extinction depends on how powerful are the innate connections between 
the given centres. 

On the basis of an ample experimental evidence, W y r w i c k a (1952a, 
b) has shown that the "arc" of an instrumental food CR consists of two 
components. The connections between the centre of the CS and the centre 
of the instrumental response run both through the feeding centre *, and 
directly (Fig. 5a). The first connections (S -> F ->- R) are responsible for 
the fact that the instrumental food response is "driven" by the excitation 
of the feeding centre, and is reduced or abolished by satiation. The direct 
connections (S -> R) are responsible for the selection by the animal of 
the appropriate instrumental response out of many in dependence of 
which CS is operating in a given moment. 

* In this paper, we unders tand by "feeding centre" the whole system of 
"centres" situated in the diencephalon and telencephalon related to food intake 
without going into its anatomical substrate and functional organization. 
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Now, one may suppose that the exceedingly strong motogenic potency 
of the specific tactile stimulus is due to the powerful direct connections 
existing between the centre of this stimulus and the relevant motor 
centre (Fig. 5b). The presence of such connections is manifested, among 
other things, by the innate cortical placing reaction to the touch applied 

Fig. 5. Schematic representation of the instrumental CR arc to the auditory stimulus 
(a) and to the specific tactile stimulus (b) 

SA — centre of auditory stimulus, S?* — centre of specific tactile stimulus, F — feeding 
centre, R — centre of instrumental response. The number of lines between centres denote 

the strength of particular connections 

to the anterior aspect of the wrist. These very connections are "utilized ' 
in the formation of the instrumental CR involving the movement of the 
touched leg. 

This hypothesis seems to explain all properties of the instrumental 
CR to the specific tactile stimulus described in this paper. 

First, as seen in Table I and II, and as confirmed by many other 
experiments not described in this paper, the instrumental CR to the 
specific tactile stimulus is established with great speed, and sometimes 
even after a few trials. It happens that in response to the first touch 
applied to the rostral side of the leg the animal raises this leg, and if 
this movement is reinforced by food, the instrumental CR is formed 
almost immediately. This result is self-evident in view of our previous 
considerations. 

The finding indicating that the instrumental CR to the specific 
tactile CS is stronger than the CR to other stimuli is also obvious. 

In addition, we have found that if the given instrumental CR is 
formed at first to the specific tactile stimulus, the transfer of this reflex 
to other stimuli is very slow or even impossible. This fact may be 
explained by the preponderance of the S R connections over F R 
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connections in the structure of the respective CR arc (cf. Fig. 5b). In con-
sequence, when a new stimulus, "neutral" in this respect, is introduced 
and reinforced by food, it cannot utilize the direct pathway S R, 
while the established pathway F -> R may be to weak to secure a proper 
transfer. Since the new stimulus is simply reinforced by food without 
the performance of the learnt movement, the classical food CR is readily 
formed to this stimulus, as evidenced by the conditioned salivary res-
ponse elicited by it. According to the ample experimental evidence pro-
vided by K o n o r s k i and M i l l e r (1930, 1933, 1936) and K o n o r -
s k i and W y r w i c k a (1950), the classical food conditioned response 
established to a given stimulus inhibits the instrumental response. This 
makes the transfer of this response to a new stimulus even more 
difficult. 

Now, we have to explain the increased resistance to extinction of the 
instrumental CR to the specific tactile stimulus and its prompt restora-
tion in comparison with the CR to other stimuli. 

Extinction of the instrumental CR may theoretically occur along two 
pathways. First, the inhibitory process may affect the pathway S F 
owing to the fact that the CS is not reinforced by food; since centre F is 
no longer stimulated by the CS, the connections F R are not put into 
action. The evidence of the operation of this mechanism is provided by 
the fact that usually the extinction of the instrumental response occurs 
pari passu with the diminution of the salivary response to the CS (K o-
n o r s k i and M i l l e r 1936, K o n o r s k i and W y r w i c k a 1952). 
Secondly, inhibition may also occur along the pathway S -> R, i.e. the 
movement R, no longer leading to food reinforcement, is "stamped out". 
The fact that the extinguished instrumental response immediately re-
appears as soon as the stimulus is again reinforced by food (W y r-
w i c k a 1952a, b), provided that extinction was not overtrained, ( S z w e j -
k o w s k a 1959) shows that the first and not the second of these two 
mechanisms is actually in operation, since otherwise the re-reinforcement 
of the CS should lead to the formation of the classical and not instru-
mental CR to this stimulus. 

In view of these considerations we may assume that extinction of the 
instrumental response to ordinary CSi occurs as soon as conditioned 
excitation in centre F becomes too weak to produce a superthreshold 
excitation in centre R. On the other hand, the instrumental response to 
the specific tactile stimulus still persists, since it is facilitated by power-
ful connections existing between S and R. 

However, this does not fully explain all the events observed in the 
course of extinction-restoration experiments. We noticed that in the 
course of extinction the positive CS (metronome) also became less moto-
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genie than it was before, and often failed to elicit the trained movement. 
It was also observed that the restoration of the extinguished instrumen-
tal response to the auditory CS was strongly defective (see Table III) 
in spite of the fact that the restoration of the salivary conditioned res-
ponse was prompt and complete (cf. Fig. 4d). One should stress that these 
effects have never been observed in any other chronic extinction-res-
toration experiments performed in our laboratory, and they are cer-
tainly connected with the general weakness of the instrumental CRs 
to the auditory stimuli trained side by side with those to the specific 
tactile stimulus. The evidence supporting this view will be provided in 
the next paper of this series. Anyhow, the deterioration of the instru-
mental CR to the positive CS in the extinction series, as well as a de-
fective restoration of the instrumental response to the extinguished audi-
tory stimulus, would suggest that in the course of extinction the direct 
pathway S -> R has also been partially affected by inhibition. This in-
hibition could easily attenuate the instrumental CR to the auditory 
stimuli, leaving their salivary effects undisturbed. 

In another paper, which is now in preparation, we shall provide evi-
dence showing that the physiological connections dealt with in this paper 
have in fact a definite anatomical basis. It will be shown that by cutt-
ing the fibers connecting the sensory and motor cortex of the contra-
lateral hemisphere all the extraordinary properties of the specific tactile 
stimulus are abolished and this stimulus does not differ from other instru-
mental CSi. 

SUMMARY 

1) Instrumental food CRs consisting in placing the right foreleg on 
the platform situated before the dog were trained to various stimuli, 
and among them to the tactile stimulus applied to the anterior side of 
the wrist (specific tactile stimulus). 

2) If the instrumental CR is trained first to the specific tactile sti-
mulus, its transfer to auditory stimuli is prevented. If, however, the tac-
tile stimulus applied to the body is first used in the instrumental CR 
training, the transfer to other stimuli occurs without difficulty. 

3) The instrumental response to the specific tactile CS is stronger 
than that to the auditory CS, while the salivary conditioned response 
is stronger to the auditory CS. 

4) When the specific tactile CS and the auditory CS cease to be rein-
forced by food, the resistance to extinction of the instrumental response 
to the former stimulus is much greater than to the latter, while in res-
pect to the salivary response the reverse is true. The re-reinforcement 
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of the stimuli leads to a much more prompt restoration of the instru-
mental response to the specific tactile than to the auditory stimulus, 
while the restoration of the salivary response is more prompt to the 
auditory stimulus. 

5) The peculiar motogenic potency of the specific tactile CS in com-
parison with other instrumental CSi is discussed. 
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It was reported by R y b i c k i and L u b a n s k a (1959) that the 
anterior sections of the alimentary tract (ingluvies, proventriculus) of 
geese fed chiefly on a green plants diet differed from those of geese 
reared on a non-green diet. It might be expected that the structural 
diversities of the alimentary tract of geese living on different diet would 
be reflected in the character of its functions. 

The present work was aimed at investigating the amount of food 
consumed and the defecations of geese living on green plants compared 
with those kept on a diet lacking this component. 

MATERIAL AND METHODS 

Exper iments were conducted on two groups of Anser anser L. geese, marked 
K and D. Each group of 5 geese was kept on a d i f fe rent diet f r o m that when 
they were goslings to the beginning of the experiment . 

The geese in D group were fed on green plants with the addition of wheat 
bran (5—44 g. a day, depending on the age of the goose), sometimes meat and 
bone meal (3—20 g. a day) and, f r o m time to time, small amounts of grated carrot. 
The geese in K group were fed on a non-green diet; they were given instead 
such food as: potatoes, wheat bran, wheat, barley corn, cheese, bread, oatmeal, 
meat and meal, oats, eggs, minerals, carrot, juice. Detailed data on their living 
conditions and diet composition were presented earl ier ( R y b i c k i and L u b a n -
s k a 1959). 

Once a month, f rom June through to October, one goose out of each group 
was subjected to a 24-hour investigation. The resulting data are shown in Table I. 

As is seen, each pair was older than the preceeding one. 
During the exper iment the geese were kept singly, in wooden boxes with 

glass bottoms, and were fed only with the green plants Lolium perenne L., Sonchus 
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oleraceus L. The amount of food, both green plants and water , and t imes of 
feeding were recorded. 

The geese were given green plants and water ad libitum for the f i rs t 12 hours 
of the experiment . The weight of the green plants eaten by each goose may 
therefore be regarded as the maximum amount of food taken in during this time. 
Goose K2 of the second pair was an exception because with still one hour to go 
to the end of the ful l 12-hour feeding cycle it did not receive f u r t h e r food even 
though it had already eaten all that was given previously. 

Table I 

Date of the experiment, weight and age of the goose 

Date of 
experiment 

Symbol 
of 

goose 

Age of 
goose 
/days/ 

Body 
weight 

/kg/ 

Symbol 
of 

goose 

Age of 
goose 
/days/ 

I 
Body 

weight 
/kg/ 

4/VI 20; 20 0.38 Kx 20; 20 0.42 

25/VII D2 20; 36 0.61 K2 20; 36 1.21 

29/VIII D3 55; 71 1.08 K3 55; 71 1.77 

25/IX D4 82; 98 2.14 K4 82; 98 2.35 

15/X D6 102;118 2.60 K5 153; 153 3.18 

Numbers in columns 3 and 6 refer to the (lays during which the geese were kept 
on a particular diet (first row of numbers) and the number of days of their age (sec-
ond row of numbers). 

The t ime of every defecation was recorded in the 24 hours start ing f rom 
the beginning of the f i rs t food intake. The portions of feces were collected in 
crucibles and weighed. 

RESULTS 

F o o d a n d W a t e r i n t a k e 

The amount of food and water taken during the experiments changed 
proportionally to the age of geese and length of time they were under 
breeding conditions. 

Plant intake was as follows: 
Di —120 g., D2 —300 g., D3 — 730 g., D4 — 1170 g., D5 — 1700 g. 
Ki — 120 g., K2 —320 g., K3 —450 g., K4 — 455 g., K5 —100 g. 

Consumption of green plants by geese of D group increased as the 
birds grew older. The K group reached its maximum earlier with a subse-
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quent decrease according to the age of the goose so that consumption 
of plant food by the oldest goose, K5, was at the same level as that 
of the youngest goose Ki. 

Water intake was: 

Di — 180 g., D2 —98.0 g., D3 —460.1 g., D4 — 686.9 g., D5 — 926.0 g. 
Kt — 102 g., K2 — 39.2 g., K3 —276.6 g., K4 — 532.1 g., K5 —205.6 g. 

The total amount of water intake by the geese in D group is higher 
than that of corresponding geese in K group. 

Frequency of water intake (in number of times per hour): 
D2 —4, D3 —7, D4 —12, D5 — 11; K2 — 2, K3 — 7, K4 — 11, K5 — 6 

In both groups the frequency of water intake (up to the 4th pair 
inclusively) increased with age. But, it should be emphasized that, 
although the frequency of water intake in older geese of both groups 
is very similar, the ratio between the plant intake and that of water 
is dissimilar. 

Table II 

Consumption rate of 10 g. of green plants in series D and K (in minutes) 

Feeding periods Feeding periods 

Symbol 
of goose 

From 
start 
to 12 

o'clock 

12—4p.m. 

4p.m. to 
the end 
of feed-

ing 

Daily 
average 

Symbol 
of goose 

From 
start 
to 12 

o'clock 

12—4p.m. 

4p.m. to 
the end 
of feed-

ing 

Daily 
average 

1 2 3 4 ô 6 7 8 9 10 

DX 83 82 62 76 KX 54 83 104 80 
D2 29 30 30 30 K2 21 22 21 21 
D, 10 8 11 10 K3 15 13 39 22 
D, 15 5 7 9 K4 16 68 21 35 
D6 7 3 5 5 K5 70 68 69 I 

The speed of intake of green plants (10 g.) in each of the enumerated periods is the mean value 
computed on the basis of the speed of consuming the successive feeds by the geese. 

Goose K s ate only two portions of food during the experiment. 

The D group drank larger quantities of water, but in comparison to 
the amount of plants consumed, the requirement of water was higher 
in the K group (Table III, Fig. 1, 2). 

The experiments show a relation between plant and water con-
sumption in older geese of each group (3nd, 4th, 5th pairs). It was found 
that periods of more intense feeding (Table II) were accompanied in 
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most cases by an increase in water intake (Fig. 1). The exceptionally 
low plant consumption in goose K5 is matched by a similarly small water 
intake. There was some relation between the amount of plants eaten 
and the quantity of water drunk. 

Observations showed that geese of both groups fed with varied in-
tensity during the day. 

There was a very distinct rhythm among the older geese of D group 
(D3, D4, D5) of diurnal feeding. 

Comparing the average speed of plant consumption in the geese of 
the two series (cols. 5 and 10) it was noted that in group D the speed 
increase was dependant on age and on how long the goose was on a green 
plant diet. There was a wide speed range. Goose D5 consumed 10 gram-
mes of plant food about 15 times as fast as goose Dj. The rate of food 
intake of Ki, the youngest goose of K group (20 days old) reared on 
a completely non green diet, does not differ from that of goose Di. The 
rate increases with the older specimens (K2, K3) but clearly diminishes 
in the oldest geese (K4, K5). 

For a more exact estimation of the changes in plant and water intake 
during their growth period it is necessary to take into account the chan-
ges in body weight during the experiments (Table III). 

Table III 

Plants and water consumption per 1 kg. of body-weight during the 24 hour experiment 

Symbol 
of goose 
and its 

body 

Amount of food consumption Symbol 
of goose 
and its 

body 

Amount of food consumption! Symbol 
of goose 
and its 

body g. % 

Symbol 
of goose 
and its 

body g- % 
weight g. plants water total plants water weight g. plants water total plants water 

1 2 3 4 5 6 7 8 9 10 11 12 

D R 380 315.8 284.0 599.8 52.6 47.4 420 285.7 242.0 527.7 54.1 45.9 
D2- 610 491.8 160.5 652.3 75.4 24.6 KJ-1210 264.5 32.4 296.9 89.1 10.5 
D3-IO8O 675.9 425.3 1101.2 61.4 38.6 KA-1770 254.2 156.1 410.3 62.0 38.0 
D4-2140 546.7 320.8 867.5 63.0 37.0 K4-2350 193.6 226.3 419.9 46.0 53.9 
D 5-2 600 653.8 356.0 1009.8 65.0 35.0 K 5-3180 31.4 64.7 96.1 32.7 67.3 

We would like to draw attention to the young geese. The first pair 
was very young, at an early stage of development, and since they were 
only a short time on different diets, their food requirements and reaction 
to the food were similar. The 2nd pair, contrary to Di and Ki, differs 
as to the quantity of plants eaten per 1 kg, of body weight and as to 
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body weight. They were on a different diet for the same number of 
days as the first pair but they were older goslings and therefore at 
another stage of development. This shows the great plasticity of the goose 
organism in the early stages of development, up to the 20th day of life. 

Based on the preceding data the total food intake by both groups 
is as follows. 

The geese that had been on an intensive food diet (group K) and 
were then transferred to a green-plant diet, display a diminution in plant 
consumption as they grow older. The amount of plant food consumed 
per 1 kg. of body weight steadly decreases so that the older geese of 
this series eat smaller quantities of plant food than those permanently 
living on green plants. Water requirements increase with a green plant 
diet. It seemed as if the green plants became something of an "alien" 
food, compulsorily consumed by the geese in K group especially by the 
older ones, which had lived longer on an intensive food diet. This limi-
tation in green-plant consumption became increasingly noticable in 
geese — K2, K3, K4, and was most prominent in K5 which stopped eat-
ing altogether. This wide range between the consumption of K4 and K5 
can be explained by the difference in length of their previous diet: 
K4 — 82 days, K5 — 153 days. 

With the geese on a green-plant diet, the increase in plant con-
sumption per 1 kg. of body weight connected with the age of the bird, 
reached its maximum in goose D3, and was established within certain 
limits, starting from goose D3. It follows that in D group, from the 71st 
day of life and 55th day of the green-plant diet, the increase in plant 
consumption was proportionate to the increase in body weight. Starting 
from this goose (D3) the percentage of plants eaten and water drunk 
during a feed, became stabilised as did the diurnal rhythm of food 
intake. A considerable increase in body weight was observed between 
goose D3 and D4 (see Table I). This may mean that for geese living on 
green plants, the period of adaptation of their organisms to that kind 
of food is of great importance. 

D e f e c a t i o n 

The increase in food intake with the age of the goose was reflected 
in defecation, and the increase in the rate of food consumption with 
age corresponds to the frequency of defecation. 

Total amount of feces: 

Dx — 212.4 g., D2 — 334.5 g., D3 — 1038.4 g., D4 — 1483.8 g., D5 — 2238.7 g. 
Kx —198.2 g., K2 — 354.1 g., K3 —548.8 g., K4 — 744.0 g., K5 — 229.4 g. 
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Table IV 

Maximal, minimal and average defecations of geese 

Sym. 
of 

goose 

Minim, 
defeca-

tion 
g-

Maxim. 
defeca-

tion 
g. 

Average but 
most frequent 

defecation 

% of defe-
cation of 

weight gre-
ater than 
average 
(column 
No. 4) 

Sym. 
of 

goose 

Minim, 
defeca-

tion 
g. 

Maxim, 
defeca-

tion 
g-

Average but 
most frequent 

defecation 

% of defe-
cation of 

weight gre-
ater than 
average 
(column 
No. 10) 

Sym. 
of 

goose 

Minim, 
defeca-

tion 
g-

Maxim. 
defeca-

tion 
g. 

g. % 

% of defe-
cation of 

weight gre-
ater than 
average 
(column 
No. 4) 

Sym. 
of 

goose 

Minim, 
defeca-

tion 
g. 

Maxim, 
defeca-

tion 
g-

g- 0/ /o 

% of defe-
cation of 

weight gre-
ater than 
average 
(column 
No. 10) 

1 2 3 4 5 6 7 8 9 iO 11 12 

0.94 9.4 1 — 2 55.4 41.9 K, 0.27 3.5 1.0—2 53.3 34.4 
D2 0.24 7.4 1—3 63.1 19.7 KA 0.45 16.6 2.0—4 42.9 37.4 
D3 0.18 15.4 3—8 71.3 16.0 K3 0.44 12.2 3.0—5 42.2 25.6 
D4 0.37 23.4 5—9 43.4 31.9 K, 0.35 12.4 3.0—5 35.8 40.8 

0,77 29.1 2 - 4 18.3 K 8 0.10 9.8 0.5—2 50.0 33.0 
10-13 31.4 19.1 

The increase in quantity of feces with age in D group was accom-
panied by an increase in the weight of a single defecation (Table IV). 

From among all the geese D3 and K2 were especially interesting. 
In D group, the conspicuous increase in the weight of a single feces 
began from goose D3. In K group the maximum weight of a single feces 
was that of K2. Considering the size and percentage of an average and 
maximum excreta it may be supposed that the excreta of the older 
geese in K group do not differ to a greater extent than those of Ko. 

From time to time among the older geese in D group a single de-
fecation of exceptional weight occurred during the night, or at dawn. As 
this was several hours after feeding, it may be presumed that it came 
from the caeca. This is shown by its somewhat different appearance and 
smell of rotten matter. A greater quantity of this type of defecating 
occurred in group D than in K, which leads to the supposition that their 
occurrence is connected with a permanent diet of green plants. 

Nos. of defecations in 24 hours: 

D i —73, Do —152, D3 — 181, D 4 — 196, D 5 — 245 
Kx — 122, K2 — 91, K3 —136, K4 — 154, K5 — 112 

In D group the quantity and number of defecations increased with 
age. This was not so obvious with K group. 

In D group on a green plant diet the intervals between defecations 
decreased with age (Table V). This is seen most clearly in the percentage 
occurring at intervals of 1—5 min. 
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Table V 

Percentage of defecations at various intervals of time 

Intervals between 
excretions 

Symbol of goose Intervals between 
excretions D 1 1>2 d 3 d 4 135 | K, K 2 K 3 K 4 K 5 

0 1 . 3 2 .8 5 .6 4 .9 3 . 4 0 3 .6 7 .2 1 .8 
2 ' 1 .4 4 .6 7 .7 6 .7 8 .2 1.7 1.1 5 .2 8 . 5 4 . 5 
3 ' 0 5 . 3 11 .6 16 .0 20 .6 4 . 2 1.1 8 .2 8 . 5 9 . 0 | 
4 ' 0 9 .2 11 .4 17.5 23 .5 7 .6 3 .4 8 . 8 1 1 . 3 9 . 0 
5 ' 2 . 7 10 .5 14 .1 16 .0 16.1 8 .4 3 .4 11.1 10.0 9 . 0 

1 ' — 5 ' 4 .1 30 .9 47 .6 

33 .8 

6 1 . 8 7 3 . 3 2 5 . 3 9 . 0 36 .9 4 5 . 5 3 3 . 3 j 

6 ' — 1 0 ' 2 6 . 0 40 .2 

47 .6 

33 .8 27 .7 19 .5 4 0 . 3 43 .4 32 .0 3 0 . 3 2 9 . 8 

1 1 ' — 1 5 ' 30 .1 2 1 . 0 8 . 8 6 . 5 3 . 2 16 .8 25 .5 18.7 12 .5 13 .5 

i 16 ' — 
1 

39 .8 7 .9 9 . 8 4 . 0 4 . 0 17 .6 22.1 12.4 11 .7 
• 

23 .4 

Table VI 

Average number of defecations per hour during 24 hours 

Symbol Hours of observation Symbol Hours of observation 
of 

goose 1 - 4 5—8 9 — 12 13 —1G 17 — 2o 21—24 
of 

goose 1—4 5 — 8 9—12 13—16 17 -20 21 — 24 

1 2 3 4 5 6 7 8 9 10 . 11 12 13 14 

]>i 3 3 .5 4 5 .5 1 .5 1 Ki 7 7 5 5 .5 5 4 1 
D , 6 9 6 9 5 2 K 2 5 6 5 5 2 1 

Da 9 1 3 12 4 4 2 K 3 6 11 6 5 3 2 

8 14 13 9 2 3 K 4 6 9 10 6 5 2 
11 17 15 12 4 2 K 6 8 6 5 5 2 2 

The geese of K group which lived on a non-green diet, showed a less 
obvious regularity of rhythm in defecation. 

Among the older pairs, the percentage of defecations with the shor-
test intervals (1—5 min.) was always higher in D group than in K group 
which means that a permanent diet of green plants accelerated de-
fecation. 

The intervals between defecations became so short with increasing 
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age that the older geese of D group defecated almost permanently as 
shown in Table VI. 

Among the older geese of D group the number of defecations was 
considerably greater during intensive feeding, between the 5th and 12th 
hours of the experiment (12—16 days), than at any other time. Geese 
of K group showed an increase in the number of excretions during the 
feeding period (1—16 hour of the experiment) in comparison with the 
period of rest (17—24). 

It follows from Tables II and VI that the number of defecations at 
various times during the experiment depends on the feeding period; and 
therefore on how full the alimentary tract is. This dependence is more 
distinct in D group than in K. 

It follows from these observations that defecations increased with 
age among geese of both groups although it was more obvious with those 
on a green-plant diet. 

C o m p a r i s o n of F o o d C o n s u m p t i o n a n d D e f e c a t i o n 

A. The Course of Consumption and Defecation. The course of the 
daily consumption of food and defecation in older geese of both groups 
is shown by the curves in Figs. 1 and 2. 

The curves (Fig. 1) show that the quantity of water drunk during 
feeding increases or decreases in proportion to the plant consumption. 

A comparison of the two curves (total food, defecation) shows that the 
speed of consumption varied, sometimes being higher than the rate of 
defecation. Since the rhythm of food intake fluctuated and the rhythm 
of defecation only increased and decreased gradually, it might be expect-
ed that greater amounts of food, consumed periodically, are stored for 
some time in the anterior part of the alimentary tract, but that the 
food mass passes steadily through the intestine without a break. 

It may be deduced (Fig. 2) from the course of the water-and plant-
-intake curves that a steady plant intake is accompanied by a periodically 
increased water consumption. 

As can be seen (Figs. 1, 2) during the first 3—4 hours of feeding, the 
course of feeding and excretion were identical in geese of both groups. 
The differences in plant consumption and defecation occurred among 
the older geese of both groups, after the first 3—4 hours. During this 
period the geese of D group showed an increase in plant consumption 
but in K group it remained at a lower level than during the first hour 
of the experiment. 

As the examples (Figs. 1, 2, Tables II, VI) show, the diurnal rhythm 
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Fig. 1. Food (green plants + water) consumption and defecation in goose D5 during 
its feeding period 

1 — plant-stuff consumed, 2 — water drunk, 3 — total food (green plants + water) consump-
tion, 4 — defecations 

Fig. 2. Food consumption and defecation in goose K 4 during its feeding period 
1 — plant-stuff consumed, 2 — water drunk, 3 — plants+water consumed, 4 — defecation« 
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of plant consumption and defecation differ among the older geese of 
both groups. 

B. Utilization of Food Consumed by Geese o f Both Groups. On the basis 
of the figures showing total food intake during the experiment and de-
fecations, the percentage of food retained in relation to that consumed 
was computed for geese of both groups. 

Di — 7%, D2 — 16%, D3 — 13%», D4 — 20°/o, D5 — 15%, 
K^ —11%, K2 —1%, K3 — 24%, K4 —25%, K5 — 25%. 

A comparison of the percentage of food retained by the older geese 
of both groups (3nd, 4th and 5th pairs) shows a considerably greater food 
utilization by geese on an intensive diet (group K) than by those on 
a permanently green plant diet (group D). 

In considering food utilization it should be taken into account that 
there are probably in the feces, together with particles of indigested 
food and some products of metabolism, various quantities of sand. All 
these ingredients influence the weight of feces and therefore figures on 
the utilization of food should be considered as approximate only. 

Because of the very great consumption of plants by geese of D group, 
the calculations presented above, do not show the true degree of green-
-plant utilization by geese of both groups during a day. 

Table VII 

The quant i ty of retained food in % of body-weight, 

Symbol of goose 
and its body 

weight 

Food con-
sumed 

g-

Defeca-
tions 

g. 

Quantity 
retained Symbol of goose 

and its body 
weight 

Food con -
sumed 

g. 

Defeca-
tions 
g-

Quantity 
retained Symbol of goose 

and its body 
weight 

Food con-
sumed 

g-

Defeca-
tions 

g. 
g. | % 

Symbol of goose 
and its body 

weight 

Food con -
sumed 

g. 

Defeca-
tions 
g-

% 

1 2 3 5 6 7 8 10 

D , - 380 g . 228.0 212.4 15.6 4 K x - 420 g. 222.0 198.2 23.8 6 
D2— 610 g. 398.0 334.5 63.5 10 Ka—1210 g. 359.2 354.1 5.1 1 
Dj—1080 g. 1190.1 1038.5 151.6 14 K8—1770 g. 726.6 548.8 177.8 10 
D4—2140 g. 1856.9 1483.8 373.1 17 K 4—2350 g. 987.1 744.0 243.1 10 
Di—2600 g. 2626.1 2238.7 387.4 15 Kj—3180 g. 305.6 229.5 76.1 3 

As is shown in Table VII, the geese of D group consumed great quan-
tities of food (cols. 2—7)). the weight of which, during a 24-hour period, 
often exceeded their body weight: therefore in older birds the amount 
of food retained, both the actual amount (cols. 4—9) and the amount in 
percentage of their body weight (cols. 5 and 12) was greater in D group 
than in K. 
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DISCUSSION 

In geese living on a diet with green plants as the main component 
(D group), the daily consumption of food as well as the total and single 
defecations were considerably greater than in geese living on non-green 
diet, (see: Tables III, IV, VI.) 

The differences in the degree of consumption were clearly shown by 
the proportion of the amount of food consumed to the body weight of 
the geese in both groups. They are: 

D( — 0.60, D2 — 0.65, D3 —1.10, D4 — 0.87, D5 —1.01 
Ki — 0.53, K2 —0.30, Ko —0.41, K4 — 0.42, K5 — 0.10 

In D group the relation in the size of the daily food-consumption to 
the body weight distinctly increased in older birde, beginning with 
In K group this relation, from K2 onwards was very small. 

A great increase in food consumption, as revealed in goose D3, fed 
on green plants for 55 days, permits us to assume that it results from 
the adaption of the organism to a diet of this kind. After the adaptation 
period, lasting for about 50 days, the weight of the daily food mass ap-
proaches, and even exceeds, the body weight of the goose. Such a con-
siderable food-mass passing though the organism in one 24-hour period 
must correspond to the size of the alimentary tract capacity. 

It might be supposed that the amount of food consumed and the size 
of defecations are an indication of the capacity of the alimentary tract. 
In the geese of group D the amount of food consumed, the quantity of 
feces as well as the size of single defecations increase with age. The 
hypothesis of an enlarged capacity of the alimentary tract in geese living 
permanently on a green plant diet is supported by the fact that their 
maximum defecation weight reached 29 gm., whereas that of geese living 
on a non-green diet did not exceed 16 gm. (Table IV). 

The differences in the increase of the alimentary tract capacity dur-
ing the growing period of geese living on various diets may be estimated 
by the quantity of food consumed. Geese living on intensive food 
(series K) ate, on the days preceding the 24-hours experiment, the 
following amounts of food: 

Ki — 218 g„ K2 —342 g., 378 g., K4 — 490 g , K5 — 450 g. 

Supposing the intake by the youngest geese, Ki, to be 100 units of 
consumption, in the geese of group K it was as follows: 

K t — 100°/o, K2 — 157%, K3 — 173%, K4 — 225%, K5 — 206%. 

Analogous computations for the geese of D group reveal a conside-
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rable increase in consumption in the group living on green plants from 
the gosling stage: 

Di — 100%, D2 — 250%, D3 — 608%, D4 — 978%, D5—1416%. 
A considerably greater increase in the capacity of the alimentary 

tract among geese of group D than among those of group K, as postulated 
on the basis of the preceding data, was confirmed by measurements of 
the length of the alimentary tract made by R y b i c k i and L u b a ri-
s k a (1959). In goose K5 it was 265 cm., in goose D5 — 368 cm. 

The mass of maximum defecations and their frequency seem to in-
dicate a greater elasticity of the alimentary tract among the older geese 
in D group than among those of K group (Tables IV, VI, VII). 

On the basis of observations on the frequency of defecations, the 
rate of the passing of food through the alimentary tract may also be 
estimated. 

A comparison of the intervals between defecations by geese of both 
groups shows that they are of shorter duration among geese of D group. 
The shorter intervals between defecation and the longer alimentary tracts 
of the geese of this group (D) seem to support the statement that the 
food mass passes more quickly through the alimentary tract of the geese 
of D group. The data presented in Tables V and I show that in D group 
the speed of passage of the food through the alimentary tract depends 
on the age of the goose and on the period preceding the experiment, 
during which they were fed on green plants. Among K group the shor-
tening of the intervals between defecation decreased, but only slightly, 
with age (Table VI.) 

The time of retention of food in the alimentary tract was estimated 
from the moment of consumption of the first plants to the defecation 
of this feed (Table VIII, cols. 2, 3, 5, 6). A first feces of a different colour 
(green) from the previous ones, was acknowledged as that of the morn-
ing feed. 

Table VIII shows that in both groups the time of the retention of 
food in the alimentary tract was shortened with increasing age. It was 
always shorter in geese of D group. 

It should be noted that among geese of group D both the maximum 
speed of food consumption and the greatest frequency of feces occurred 
in the middle of the day (Table II, VI). This points to the existence of 
a relation between the degree of filling of the alimentary tract and the 
speed of the passage of the food down the alimentary canal, i.e. the 
retention time of the food in it. This would indicate that the time of 
retention of food in the alimentary tract of a goose, as shown in Table 
VIII, could not be treated as stable throughout the whole, 24-hour 
experiment. 
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Table VIII 

Time of food retention in tlic alimentary tract 

[Symbol 
of goose 

Pood retention period (from giving 
the food to the time of its excretion) 

in hours 
Symbol of 

goose 

Food retention period (from giving 
the food to the time of its excretion) 

in hours 

1 | 4 5 1 6 

» i 
D2 

»3 

»5 

yo7 ._ i 3 37 
7 5 5 _ 1 0 5 8 
Q15 \ [00 

820— 935 

853_10»9 

4 h.30 mill. 
3 h.03 min. 
1 li.45 min. 
1 h.15 min. 
1 h.16 min. 

K2 

K3 

K4 

9 1 0 —12 2 2 

7 5 5 _ 1 1 2 2 

91 5—ll3 8 

822—1014 

3 h.12 min. 
3 h.27 min. 
2 h.23 min. 
1 h.52 min. 

The different utilization of food by geese of both groups is probably 
due to the speed of the passage of the food and to the length of time 
it remained in the alimentary canal. 

SUMMARY 

From experiments on the green-plant consumption and defecation of 
geese living permanently on a green plant diet, and others on a non-
-green diet, the following conclusions can be drawn: 

1) Geese kept for a longer period of time on a non-green diet lose 
their faculty to consume this kind of food (Table III). 

2) Geese fed chiefly on green plants from the gosling stage undergo 
an adaptation period to this kind of food, which lasts for about 50 days. 
A considerable increase in green-plant consumption then occurs fulfilling 
the needs of the growing organism (Tables I, III). 

3) The speed of the passage of food down the alimentary canal in-
creases as the geese grow. Green plants, provided as basic food, stimulate 
the process (Table V). 

4) The speed of the passage of food down the alimentary canal de-
pends on how full the alimentary canal is (Tables II, VI; Fig. 1). 

5) The capacity of the alimentary tract of geese fed on green plants 
is greater than that of geese living on an intensive diet lacking this com-
ponent (Tables III, IV). 

6) The walls of the alimentary tract of geese living on green plants 
are more elastic than those of geese living on an intensive diet, without 
green plants (Tables IV, VI). 

7) The length of time it takes for consumed plants to pass through 
the alimentary tract shortens as the geese grow older. It is shorter in 
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birds living permanently on a green plant diet than in those living on 
a non-green diet (Table VIII). 
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