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I.P. Pavlov was led to conclude that "t ime" could, under certain conditions, act  as a conditioned stimulus; 
this view evolved on the basis of a number of works [9, 13, 14. P..5]. The question of time as a conditioned st im- 
ulus was studied In numerous subsequent investigations [1-7, !0, 1.5-17, 19, etc.]. It was es tabl i~ed that reflexes 
to "t ime" follow the same laws as reflexes to other experimental stimuli used in work with animals. 

The majority of  authors conducted their experiments with the use of secretory technique; there has not 
been an adequate amount of work on this important question employing the motor technique. It  must, moreover, 
be mentioned that fairly conflicting references are encountered in the literature [2, 7] concerning the dynamics 
of the formation of the motor Conditioned refiex to " t ime" in dog~ 

All this led us to the study of the appearance and course of  the reflex to "time" during the formation of 
defensive motor reactions in dogs, 

E X P E R I M E N T A L  M E T H O D  

A defensive reflex in the form of raising of the right fore-limb was developed in dogs to electrocutaneous 
reinforcement; if th e dog raised its .raw in response to the signal and kept it raised for a definite period of time 
no current Was applied to the limb (V.P. Petropavlovskii's technique [22]). 

The magnitude of the motor reaction was measured by special meters [23]. 

The reinforced stimuli Consisted of a bell (bl,)  and Light from a 40-watt electric b~alb (It+); the same stim- 
uli served as differentiation stimuli but were interrupted once per second (bl-, It-). The number of  positive and 
inhibitory stimuli in an experiment was about equa l  A total of  8-9 stimuli was used in an experiment. In o n e  

~ries  of experiments these stimuli were u ~ d  in no particular ~quence .  in another a stereoriped sequence was 
adopted: It-, lt§ bl-, bl+; lt- ,  lt+; bl- ,  b b .  The pau~s between the stimuli were maintained constant - 4  
minutes - throughout  the two series of experiments. The dmation of each conditioned stimulus was 2,5 seconds. 
The unconditioned stimulus (induction current) was applied on the 10th second of the action of  the positive srlm- 
ulus (bl+, It.). The experiments were performed during 1053-1055, always during Re fia-st half of  the day. The 
experimental material consists of  839 experiments. 

Five dogs were used in the experiments: Moriak, Chern.).sh, Wiunok, Sharik, belonging to the strong t)'lm 
of  higher nervous activity and Shtorm, whose higher nervous actix-ity was of  the  weak tylm. " 

~ type characteristics of all the dogs except Sharik were determined in de ta i l  Shatik has not ~b jec ted  to 
special investigations, and his type was judged ~ l e l y  on the ba~s of the dynamics of conditioned reflex formation 
and the results of observations of his behavior in the animal ~ - e  and during experiments. 
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EXPERIMENTAL RESULTS 

As reported earlier [2q]. the defensi~ reflexes develo~d t~ 1 m first became app~ent ~uring the intervals 
between the stimuli used (inte:signal reactions), and only later av-~,e~ed in response to t ~  direct action of them 
stimuli, It was shown in the same lm-e.~tigatiott t~at durit~g the Ftr, t few triats tt~ lntersignal reacttt,m were 
distributed almost uniformly throughout the whotc interval but soon began to undergo a rearrangement ippr 
lng more and more the time of presentation of the next stimulus. Reac~ora appearing txa earlier than 30 me- 
ends prior to presentation of the stimulus arc classed as reflexes to "time." It is the ch~u-actetistlcs of them re- 
flexes to time that for~ the subject of the present work. 

I 

Fig. 1. Change in respiration towards the time of application of u-he stimub~ts (inhabit- 
or)" be!l, application No. 9). Dog Shtorm, experiment 4/27/1.~4. Records from above 
down: respiration, mo~sment of the paw, conditiormcl stimulus marker, unconditioned 
stimulus marker, time marker (I second). 

The conditioned reflex to the time of application of the stimulus ma~fests itself ~trst of all by a change 
in respiration (Figure 1) and in some dogs by a vocal reaction (loud barking, squealing, whiPJ.~g) toward: the 
end of the Interval The conditioned reflex in the form of the mo~ment being elaborated appears ~mewhat 
later. 

In the abmnce of a definite sequence of positive and i:khibitory stimuli during the experiment the reflex 
to the time of their presentation appears at the end of each pause, i.e., before each stimulus, irrespective of 
their position in the experiment. The Intensity of tI-Js reflex, detmnding on the t)'l~ ~ a c t c r i s t i c s  of the dog, 
may be either the same throughout the r decrease towards ~,e end of  the ex~drtmnt,  or undergo ir- 
regular changes during the eXperirr~ntal day. 

When the sequence of positive and inhibitory stimuli is fixed, definite INCases in the establlshm~,nt, of the 
reflex to "time ~ can be observed (Table I). 

Table 1 shows that during abe ~--t few experiments (C-~oups I and 11) a conditioned motor reflex appears 
before each stimulus, both Positiv~ and inhibitory. However. the. conditioned reaction~ precedfng the dlffe~nt* 
iation stimuli begin gradually to diminish in magnitude as compared ~-it~ reficxes appea~ing before the positive 
stimuli (Groups ILI and VI} and become completely inhibited <)n ~i~ffc~'~ment of the ~'stematic arrangement. 
Subsequently the conditioned reflexes to the time of presentation off positive stimul~ also begin to be inhibited; 
they are observed mostly at the beginning of the experiment only. 

In expetirrmnts with a comtant stereotyped pattern of stimuli a remazl~ble mobility of the conditioned 
reflex to the time of their premntation was noted. In indivi'dual experiments the c o a ~ n t  4-minum intervals 
were intentionally replaced by 1-. 2-. 6- and 7-minute ones and in ~ ~ . ~  expe~'~cnts it was observed that 
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T A B L E  1 

Change in the Reflex to Time of Presentation of Secces~ivr Stimuli With Reinforcement 
of  the Stereotyped Pattern (Mean values of groups of l0 experiments) Dog Chernysh 

C~ups of ['"-7 I 

:=::' P"--' i 

Sequence of stimuli in th_e expeflment 

= I 3 _ _ : . _ _ 1  = t 7 I ' 
stereotyped pattern of stimuli 

1 
11 

Ill  
IV 
V 
VI 

VII 

it+ 

-- 108 1 

- -  892.4 
556.2 

-- 1~8 
- -  fi7.4 
- -  66.1 
-- 75.5 

(bl-) 

I09 3 84.1 
700.I ! 914.1 
261.91 402.0 

23.9 255.2 
24.6 52. l 
5.4 79.5 
0 86.5 

bl. or-) I It+ (bl-') bl§ 

59.9 I 

679.4 t 
117.8 ! 

78.0 i 9.1 
14.6 

o I 

31.5 40.8 34.1 
404 0 283.0 296 2 
820. I 67.6 P.~.. 2 
145.6 0 71.5 
45.s o 4o.o 
0 0 0 
1.4 0 7.5 

the dog was able to switch over to the new time relationships in the course of a single experiment. 

In tl-,is variant of the experimental procedure the stimulus used was summated and consisted not only of the 
distant s t imuli t icn but ale0 of the constancy of the time of its presentation. This created optimal conditions for 
a more definite formation of cortical functional mosaic with the appearance of definite positive and inhibitory 
foci, positive and inhibitory "positions" in ~he experiment. 

T A B L E  2 

The Influence of Intervals Between Stimuli on 
Conditioned Reflexes to Time 

Pauses between [Reflexes during the pauses 
stimuli in ] preceding application of 
minutes { stimuli 

]positive [ inhibi to~ - -  
](average vaiue during the -- 
/experiment) ~ _ __ 

I 221 0 
2 652 0 
4 180 0 

B 514 86 

V 78 0 

Marked stability of elaborated systcmatlc arrange- 
ment was noted in all the experiments with alteration in 
the pauses between the stimuli but preservation of their 
sequence: the reaction during the intervals appeared, as 
a rule, only before ihe positive stimuli. This arrange- 
ment was not impaired when the constant 4-minute Inter- 
vats were r e p u t e d  either by equal or by unequal intervals 
(2. 4, 6. 1. 3.7, 5 minutes) in the course of the experi- 
ment (Table 2}. 

In the litter case the reactions in the intervals m- 
fleeted, understandably, the sequence of presentation of 
the stimuli rau~er than the conditioned time. 

"Ihe magnitude of the reflex to "time" was different 
in the experiments with and without a stereotyped pattern. 
This was judged by the formation of delayed inldbition, 
on the grounds of the common featurcs in the mechanism 

of the formation of delay and reflex to " t ime"  (Parley). Thus, in  the presence of a stereotyped pattern of st im- 
ul i  no delaying inhibi t ion could be achieved (25"/combinations), ~.'hereas in experiments with variable signi f i -  
cance of  each 4-minute interval of time,delay d~velope d very rapidly - a f t e r  12 combinations. Evidently, ex-  
altation elicited constantly by time as a conditioned stimulus was of considerable strength in the former cass 
and hindered the development of the inhibitory process. The facts described below are probably associated 
with delaying inhibition. 

At the beginning of the experiments all the dogs showed the following curious picture: having raised the 
paw during the first few seconds of the action of the positive conditioned stimulus, the dog lowered the paw on 
the 10th second (towards the moment of its re inf~cement  by the current) i,e., produced a reaction opposite to 
the signal _-ignificance of the stimulus (Figure 2). This fact was observed during reactions both to the auditory ~ 
and light-positive conditioned stimuli, but in the case of the bell, inhibition towards the moment of  application 
of the unconditioned stimulus appeared earlier than inthe case of the light., and disappeared later. Chernysl~ 
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Fig. 2. Inhibition of conditioned r~action on 
the 10th second of stimulus action. Dog Cher- 
nysh, experiment 5/27/1954, Records the same 
as in Figure 1.~k )t imeofpresentation of uncon- 
ditioned stimulus. 

for example, lowcr~d the paw towards the moment of 
file usual reinforcement of ~e  bell by electric current 
(10th second) for the first time during the '2rid experi- 
mental.day and this reaction persisted for 10 days. The 
reflex to light, on the other hand; was Inhibited on the 
10th second beginning ~Suh d~e 4th day (with the given 
stimulus) and disappeared by the 7th day. Later such a 
pictttre was only observed w~ren the experimental condi- 
tions were vet), difficult. It would appcat that during 
the early stages, when the proprloceptive stimulation 
had not yet  become a signal, the pain character of the 
unconditioned reinforcemem determined the overpower- 
ing character of the conditioned stimulus at the moment 
of application of the unconditioned stimulus - uansient 
"overswing" inhibition then appeared: the dog. having 
raised its paw to the signal, lowered it on the lOth s e c -  

ond (time of application of  current). 

The same relationsl~dps, but opposite in sign. were 
noted also during the formation of the inhibitor)' reflex: during tile first lO seconds of the action of the differ- 
entiation stimulus there was an inhibitor)' reaction; on the lOth second (moment of reinforcement bl+) a pod-  
tire reaction occurred either in the form of a single raising of the paw (Figure 3a) or in the form of a tonic re-  
action (Figure 3b,c); later this manifestation was only discernible in the change of the pneumogtam. 

Thus~ in both cases, the adequate reaction on the lOth second passed into a reaction opposite to the sig- 
nal significance of the stimuli, 

Fig. 3. Disii~',ibiti0n of the motor reaction on the 1Oth second of ~r  
action of the differentiation stimulus in the dog V'iunok: a).expezi- 
ment 5i10/19.~4; b, c) experiment 511711954. Records are the same 
as in Figure 1. In trace a) re.~piration was not recorded. 
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It seems to us that the~ experiments indicate that not only the time of application of the stimulus pot- 
tesses strong signal properties [18] but also the time of application of the reinforcement of this sflmulu~ (under 
our experimental conditio.~q acquires a distlnctiv~ signal role. This is particularly vividly demot~trated bythe 
appearance of a motor conditioned reaction on th~ 10th second of the action of the lnhibito~ (dif.r~tentiation) 
stimulus; the reflex to the time of reinforcement Of the positi~,e stimulus proved to be gcncralJzed to auditot~ 
stimuli, and to a greatcr extent than the reflex to the signal stimulus: the dog distinguished continuous sound 
flora an interrupted one and only on the 10th second reacted similarly tO both. This phenomenon should, e v i -  
dently, be regarded as a peculiar manifestation of the reflex to *time." Alongside the reflex to the time of the 
pr~sentatl0n of successive conditioned stimuli a reflex to the time of presentation of the unconditioned stimulus 
also develops in the case~ described. 

While the signal role of time from the beginning 0[ the action of a poflrivc stimulus to the moment of its 
reinforcement'has long been known from work on trace and delayed food reflexes [8, 11, 12, 22], the fact that 
the increase in the stimulating process at this moment could also be transferred to the inhibitory stimulus was 
new to us and particularly interesting. 

The present investigation leads to the following conclusions. 

The reflex to "time" is revealed first in the vocal and respiratory components and only later in the motor 
component 0f the conditioned defensive reaction being elaborated. As training of the conditioned motor refkx 
to positive and inhibitory stimuli proceeds, a gradual concentration of the stimulating process towards the me- 
ment of presentation of the conditioned stimulus occurs: a) with constant pauses, but in the absence of a deft- 
nite sequence of stimuli, the conditioned reflex to the time of their presentation occurs before each successive 
stimulus irrespective of its signal significance (positive, inhibitory); b) with constant pauses and a fixed sequence 
of positive and inhibitory stimuli th~ reflex to "time" (with reinforced stereotyped pattern) appears only before 
the positive stimuli. 

The conditioned reflex to the time of presentation of podtive conditioned stimuli hinders the development 
of delaying inhibition. During the formation of motor defensive reflexes with 10-second lags a conditioned xe- 
flex to the time of application of the unconditioned reflex is observed in the first few combinations. It is ex- 
pressed in inhibition of the respiratory and motor reflexes on the 10th second of the action of the positive stimu- 
lus. The conditioned defensive reflex to the time of reinforcement of the stimulus which is positive during the 
first few combinations occurs also during the reaction to the inhibitory stimulus: disinhibition is teen on the 10th 
second of the. act.ion of the differentiation stimulus; it is expressed in the form Of a transient or prolonged motor 
reaction. As the positive and inhibitory reflexes are strengthened the reflex to the time of application of the 
unconditioned reflex is extingMshed and becomes only infrequently discernible in the respiratory component. 
This reflex.becomes prominent under difficult experimental conditions, The conditioned reflex to "~Im e= ob- 
served by us during the formation of artificial motor reflexes arises as the result of constant coincidence of given 
segments of time with a definite functional state of the cortical cells regularly evoked by the action of the 
Stimuli used. 

SUMMARY 

Experimental investigation of reflex to the time of presentation of defensive signal stimuli (sound and 
light)was carried out by V.P. Petropavlovskii's method. Experiments wele performed on 5 dogs over a period of 
3 years. It was established that the reflex to "time" was revealed at first in the vocal and respiratory comDon* 
ents and only then in the motor component of the conditioned reactiOn (the raiflng of the right forepaw), 

In the absence of a definite sequence of signal stimulations, but with fixed intervals between them, the 
conditioned reflex to the time of their presentation appeared irrespective of the position of the stimuli in the 
experiment, With fixed sequence Of the positive and inhibitory stimuli the reflex to "sirra" appeared only be- 
fore the positive stimuli. 

It was established that not only the time of presentation of the stimuIus had a signal action, but also time 
of the reinforcement (current) acted as a signal 
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