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IlP-llniErnuAfiuh  OF (111 MTIüillr S1.AC3 STIMULI 

uPolloning  ±B  the   translation of sri &rtie..U'   oy 
oh  o,  huge lev  end M. K.  Khans n.s shot. Id.  eat it led 
Dliferentsirovsniie Prostrans tverngguh thlovnyki 
Rordrtrrhiteley ir   (English version above}   in 
1 hurra 1 Vy s ehey her-vuoy Deyntelf aost .1   {J ourna 1 
of Higher Nervous Activity^,  Vol.  10,  No.   3.* 
Itoa c o'</ .5^ 6C),   p& Si e s   3 '11~3 1 <~ < /' 

hoy Eiologiofi.1 Department  imeni  1.   1.   hsviov  c 
tae  Institute  of Experimental Medicine.»  Ac&l 

öon 

cuody   ei'  tho  higher1  nervous  activity  in nnimels 
;rdor  leloratory  cond It ions  such  that   the  animals' motor 

1  -■-  i.e.«   under conditions 
vpv":  closftlv eooroyiriiotirp:  t'rrrir natur&i  freedom oi 

jootlvito   --•  aiace   it  possible  to  establish  thf   t'ect   too'; i 
\ 1, or  oehooior  of anltti&ls   la  determined   to a  gr,:/€d.   ex'tnoi   oy 

he  u.n&emt&nd   "the  space   factor"   to xat&.n  the  gg'.ntlfid 
&uoo-uir eoout  of  conditioned  and unconditioned  stimuli,   toe 
location, of  the   animals   in. relation  to  thes*  stimuli   *nd 
to  oihor  ;'•)j::■•;■ ounctup: objects.,   and,   in this  connection,   TOO 
KOveiiiencs   of  the errlmelE   in  space.     This  factor   is   oou~ 
■stoutly  ooerat ire  not   only  under  experiments 1  conditions 

.dor corid.it.Ions  of natural motor activity   oi' «niseis 
fand   nomons  ss  veil. 
J 

'l'H-ß        tl; 1- uu ,y   '.J A ; 1    t ne. ne  space  lac tor-,   oegun ■! rs L.I..I    ;..fi-- 

XV u :J~~t iOV 1 £"0 to  thn  f?stohlfshisont   of 

iits il ....       'Jiv*       U.I. yU3i.'iCA       l.".-ii.flViUi i-cm,V.LVU»        5..H.UWC:   ,. vv f^.,. .t.   j, .A.-..J'   J 

jFor  fxo.ooio.   it nes  demonstrated, that  if,   in too  section 
- •'"'*"'  tho  o;rO'':0'"lri:f'ntr 1   chcuabor vhftrc  tOf  oniics.. 

lavs vnich are  important  in ravesiiao  top 
)f  eonrolex hehavior  reactions   (Kuprlnv   /11/.'''■-'■'> 

U.: S    .10 C h X 0 0. , 

|a poslt-tve conditioned, stinoii Is Introduced, that section 
becomes o positive conditioning agent end. a factor vbieoi, 
together with other conditioning stimuli, determine the 
conditioiied.-r-e.flex motor activity of the anisal in toe 
experiment«! chamber.  If ve combine the prosence of the 
anioßl In o definite section of the experimental chamber 



with an inhibiting conditioning stimulus, or if ve effect 
a damping of s spatiel positive conditioned reflex, then 
this section of the chamber ecquires for the animal a 
negative, inhibiting significance (Yakovleva £lb"/>  Voyevo- 
dine and Kupelov /jßjt  Gordeladze £jJJ)> 

The significance of the spatial arrangement of 
conditioned sound stimuli in the experimental cheraber was 
demonstrated, and certain conditions were elicited which 
lead to the impairment of higher nervous activity upon^ 
spatial transference of these stimuli (Kudryashova ßÖJ > 

Experimental date which indicate ehe importance of 
the spatial factor in conditioned-reflex motor activity^ 
were obtained also in the studies of V. M. Kes »ysnxrv/9j7, 
I. M, Apter /2 7,   1* S. Beritov ß 7, E . Sh. Ayrepet'-- 

1 _/» 
In-order to effect further studies of the spatial 

factor> we have investigated, the physiologies! significance 
of the conditioned, space stimulus for various spstial 
orientations of an animal in en experimental chamber. 

Methods 1 
Experiments were conducted on the dogs Buyen and 

Pal'ras' in. a large experimental room in which were pieced 
two tables with feed boxes. The floor of the experimental 
room was divided, into squares which were numbered to 
facilitate observation of the movements of the animels 
(see scheme). 

The animals were observed through a window in the 
well resr 

adjecenl 
of the experimental chamber from a small room 

to the experiments! chamber. 
'During the experiment the animsl was completely 

isolated from the experimenter and the entire conditioned- 
reflex activity we® developed only by means of conditioned 
end unconditioned stimuli switched on by the experimenter 
from his observetion point. 

The conditioned, reflexes were developed, as follows; 
st. the start of the test, pieces of meat were scattered on 
the floor, making ft peth leading to the table with the 

sed oox. The dog picked up the pieces of meat and, folio' 
ing the "meat route/' climbed the table to the feed box 
where he ate a meat-biscuit powder pieced in the feed-box 
cups. Raving finished eating, the d.og usually went down 
to the floor.  As e  result of several trials combining 
the clatter of the feed box became a conditioned stimulus 
censing the dog to run to the feed box.  By combining 
various conditioned stimuli with feeding we created 

,f 
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con d ItiOi led reflexes   i.o corresponding  s t; Lnul 1 . 
A r-> s  coMItlorjing sound, stimulus vc   cmplopud e 

■ffi?- t:r ODOS? '; uhich wfis   placed  on a  shelf on the  right veil  of 
the expo" .-'Iiaeatal  chamber.     As  s  conditioning optical 
s t in ulus 'wo   employed a   pi  vatt  electric  lamp which vos 
plac €:Q     01 ?, o  sis.ad" in front  of  the fe^d 'box.    Heinforce- 

vas produced  with the feed  box on  the  second   tebie 
(see sch .-.me). 

Results  o f S t ud. i <■ s 

first»   folio-wing  the  development  of o  reflex 
rosu »cnse to   fur'Round of   the  metronome,   the  dog 3uysn  in 
the ä'V "\"   i "! £■.''! rdiaentel  chamber behaved  in a   confused manner?     in 
r v-, e intc f-va.ls between conditioned stimuli   the dog  veined 

nuep' 
jail'/ 

.dip 
i nO 0* 

JO iron ia the  room without  stopping  fenpwoero   for 
hh of  time«     Subsequent!;)■,   the  conditioned   ^iiauiluß 

L~ i ..he )n v'i.ronotie   -»  vss   switched, on  severs!  times   uho n the 
jordr . .;..  "1           ,;, ":eihentslly  crossed  square  22,     After  s.   few   trie Is 
lot"   1 0 O    :: 1 rtrooooie  in conjunction wilh   the   presence  of  toe 
1 d °2 on  c hi a  squcroj   one  could  observe  that  during the lr~ 
i tc r\ 7 & 1    0 utuoer  thf.   stimuli  the  animal  sot tied h drift rlf most i 
jfrrc (uent 1A   on  jipuare   22.     Whoxij   in further  tests,   tr.ur             j 
joum uonon; ■j'   oss  evitcind  oa,   the  dog  rsn  10  the   feed box   on 
I the second riddle, ste a portion of aeat-bincult powder anc 
jwaited „ovord. squsre 22 where it remained (upright» or 
Isittioq, oi' Ipixip) till, the next sounding of the rnetrononif. 
(Thus o''deidnito area of the experimental floor (squere 22) 
von trenn home 0. into B.  seq/neru of specs vouoce the dog 
Isfttlnd in the intervals betweeu the conditioned niinuii, 
|     iowc\u-r.t in a number of instences the dog did not 
I rot urn to spucro 22 efter e&ting, but commenced, to walk 
jou various squares for 30 to 60 seconds, end onlp then 
jreturoed to square 22.  One dev the metronome was switched 
(on. precisely at the moment when the: arifmel, having es ten 
jits usual portion of taeoi powder, did not go directlj to 
in.n.ior« 22 but started to walk: on different squares,  The 
'Eietroooan was switched on when the dog was crossing square . 
46. At the sound of the aetronome the dog stopped, at     j 
once, sod turned his head in the direction of the raetronoKej 
sound; s distinct orientation reaction 'was observed.  At  j 
thin point, despite the continued sounding of the metro-  j 
none, too dog felled to respond with the conditioned_     ) 
reflex of running to the table and feed box (Table 1). 

Subsequently the metronome was switched on vithout 
food reinforcement es eh time the dog passed ovf.r . square 
if.  Alre&b.v In the second trial vith the metronome when 
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^Continued from page £jf 

1, Interval between stimuli, nln. 
2, lumber of trials« 
3, C onditioxied s t imulus. 
\.    Duration of the isolated action of conditioned stimulus, 

see ♦ 
5. Latest period of the conditioned refleo, sec. 
6. Behavior of dog'in relation to the conditioned stimu- 

lus during the'Interval between, conditioned stimuli, 
7. Metronome 
8; Dog inms to the feed box, end after eating stands on. 

square 22. 
9. Dog runs to feed box, and after eating walks slovlj 

all over the room.; when dog stands on square 4-6, the 
BsetrOB.ome is switched on. 

10. Orientation reaction; dog looks In the direction of 
sound end in various other directions. A minute later- 
he stands on square 22. 

■til. R«ns to feed "box* After eating, walks all over the 
room» Metroiiojöe switched on when, dog crosses square 46* 

12. Weak orientation reaction, runs to feed box. Does not 
e&t* Steads near feed box for 10 seconds, then goes 
to square q.q. 

13. Buns to feed box. After eating, goes to ®m&VB  22» 
14. Kote: The number of metronome signals vhen the dog 

wes on square 46 is indicated in parentheses. 

Subsequent!;? the metronome vaa switched on without 
i food reinforcement each time the dog passed over square 
}46. Already In the second trial with the metronome when 
"the dog v&s'on square 46, there was & weakening of the 
orientation reaction; subsequently the dog w&s observed 
to run to the feed box every time the metronome sounded 
when he was on square k6t  even though no reinforcement 
'was employed. 
I     Subsequently the metronome was switched on once or 
I twice during each clay of the experiment, when the dog hap- 
ipeiied. to be on square 46. It always induced the dog to 
I run to the feed box« Ste.rting with the 13th trial of the 
iaetrocoae with the dog on square 46, there was observed, an 
jincrease of the latent period before the run to the feed 
[box.« At the 18th trial of the metronome there was observed 
I for the first time a complete absence of movement toward 
{the feed box; the dog stopped, looked for three second» et 
I the feed'box or in the direction of the Metronome, and then 
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fegend continued from page jj 

1.  interval between stimuli, min. 
a, Ifiiaiber Of trials 
%,.    Conditioned stimulus 
5. Dur*tion of isolated action of the conditioned 

stimulus, sec 
*>.    Latent period of conditioned reflex, sec 
6. Behavior of dog In relation to the conditioned 

stimulus srxd in the Interval between conditioned 
stimuli 

7* Metronome 

.9. Metronome 
10-, Dog runs to the feed box, and after- eating stands 

I on square 22. 
111. The  same 
112. Do« runs to feed box., and after eating v&lks in 
|   various sections of the rooa?. When he crosses square 

46, the metronome is switched on» 
13, Dog looks at feed box, at netronca&e, and after three 

seconds valks to square 22 vis. squares 47-48-^9-37-36- 

14» Dog runs to feed box. After eating, stanas on square 

- ir 

]15. the ssise 
i 

I (Table 2).    With the 22nd trial of the metronome & complete 
differentiation of the spatial ©.ret 46 from are® 22 took 
place: The dog upon hearing the conditioned sound stimulus^ 
.ran to the feed box if he was standing on square 22 but not 
iif he ¥&s OB square 46» 

In further tests ve toegen to induce differentletion 
of e. new  location., as related to square 22. This time 
the metronome v*u switched on without reinforcement es 
soon as the clog passed square 52. At the very first use 
of the metronomej, the dog vent at once to the feed, box 
but, then having'received no food, went an<5 stood on 
square 22* 1 similar reaction was observed during nub-*- 
!sequent experimental days, when, the metronome was switched 
Ion »s the dog was crossing square 52, Starting with the 
[10th, use of the isetronoae* there was &n increase In the 
'latent period before running to the feed box when the 
dog was'on square 52 and, starting vith the 11th trial of 
the aaetroiiOBie, the conditioned reflex of running to the 
feed box v&s completely absent. At the seme time the dog 

8 



upon hearing' the metronome when he VM OB. square 22, ran 
at once to the feed box, _   ^^ 

Our next task vss to induce the dog to differentiate 
another spatial ares — square 1.8 — from »qusre 22. 

1    fha" very first trial of the metronome with the dog 
ton »q«w 13' caused ft definite orientation, reactions the 
[fioe.  looked iSBeäiately in the direction of the metronome 
«ound. 'ttum at the feed box, made two steps towaM the 
■feed hox* and stopped» A  similar reaction was observed 
In the second trial when the dog was crossing square lo. 
Hpv«sv*r, startIna vith the third metronome sound, the dog 
bei?*n to run to the feed box despite the fact ttet the 
stimulus of the metronome with the dog on siu&i-e Id vas not 

■reinforced vlth food«. However, already at the 10th use of 
the metTQnomB.  the dog ces.sed running to the feed box when 
[the POUDö resched fatai on square 18, la this case* too, 
I the positiv« eoQdi.tioD.ed reflex to the Metronoms sound 
j'when the dog was on square 22 was preserved without al- 
teration* Thus, Buyaa learned to differentiate toetveen 
fidentic«! sound stimuli given when he occupied two differ- 
l*tnt'Rp«tial positions In the experimental-chamber. 
|     It v»s observed during the development of differen- 
tiation between various sections of the room that switch- 
ins? on the metronome while the dog was In the "negative1 

lapstiel «re« caused him to cross over to the "positive^ 
isquare 22; i.e., if the dog vas on Bewares 46,52 *nä lö, 
jhe crossed to square 22 1B. response to the metronome 
! sound«. At first this reaction w&s irregular «ma slov, 
(but with the strengthening of differention the dog quickly 
llftft the iiesrsti^e ares &nd. r&n  to square 22« 
\""~    Another phenomenon vas observed following the develop- 
Ittftiit »riÄ strengthening of different i&tioiis As soon as the 
läos" found himself on the "negä.tive"square, he did not vait 
!foy the »etroncaoe sound hut left the area and crossed to 
!square 22$ i.e., the very location of the dog in "negative 
Ur'fcss tocuded hi» to cross to the "positive" &ree.« 
I     Ti3«R, following the development of positive and 
negative conditioned'reflexes, the experimental chamber 

■jbpOSE^ for the öoe « region consisting of "positive and 
| wBs*%tli?e8 areas,"a fact vhich has laiportant (significance 
|5P t'hr. he&s.vioip of the gni»al» 
I * XR the dog Pal«ms there was developed a positive 
cor.attioHß-ä reflex'of running to the feed "box in re- j 

I sponge to the lighting of an electric l*mp and to the j 
Uounä et A' metronome." Following the strengthening of a j 
lpr*?viOaB eondltioned stimulus with oteftt-blscuit. powder» j 

■|the ih')g v©nt-.e«oh time to square 39 &nd remained there   j 



I    Iteviap strengthened this activity, ve set about to 
jelSßjlcate the conditioned reflex to light sDd thus to 
Knöij^e £ marked  change of the entire behavior of the 
Qimn in the experlroent&l chamber. At the beginning of 
Uft>»piTi(r the eoaöttioneä reflex to light, the animal cosmeno» 
ied'"to"ft'void «auere 39 end stopped not fsr frost this squ&re; 
S(5ftfir repesteö light stimuli without reinforcement, the 
id off' bes'«s to run from the front to the rear of the roo© or 
(to"'ttafe>"€lo0i*5. or climbed the second table end stood o& it 
Stllf the conditioned sound, stimulus was given. Prior to 
[the damping of the conditioned light reflex, the dog had 
Ine-fer  eliiabed the second table, 
i 

I    If ¥g reinforce a conditioned Ecmiwl stimulus with an 
4,5 Lmul'u.s et a definite location of the 

laaiffisl in the experimental chamber and do not reinforce t 
[the seme stimulus at another location of the animal, we csnj 
finduce the &n±m.&l to differentiate between, identical sounds j 
iäepeiiöiisg on Ms location in. the experimental chsmbsr. I 
! The first stage of differentistion consists of the | 
{dog's orientation reaction to the use of s conditioned j 
jsound stimulus vhen he Is st aa "unusual" location in the j 
(experiments! chamber« After repeated use of the sound. I 
(stimulus at the unusual locations, the ori.eata.tion reaction; 
Weakens and the second, stage of differentiation takes j 
Ipleces tfee s,B.iisal runs to the feed box fro® the "usual** i 
las veil from  the "unusual" location, j 
j The second stage of differentiation is characterised j 
jby a generalisation, of the spatial conditioned reflex* £8 | 
\e-.~ rz-snli  of which, the location of the aiilsjal in B rmv j 
bpatia.1 sree acquires the s&n» alliaeiitarj physiological j 
jslgsiifleaj&ce* After several trials of the metrQ&osae with- j 
[out petafopeeKest, at the Runusual* location, of the aalmslf j 
1the third imd final stage of differentiation takes places ! 

stinsult now have a positive or negative 1 
aiioe depending on the location of the «mintl« ^ j 
purestiy,, differentiation. i«? effected on the basis j 
'Inhibition developing In response to a complex j 
wMeb includes sound and spatial factors, the 1 
factor playing the determining role under the \ 
.anoes, j 
e development of differentiation of spatial . j 
lias Kuoh in CöMMOS, with the development of differeiH 
ef other stimuli studied In the I» P. Pavlov j 
ry /T47« ffeaSj for Instance, the stages of      j 

iü 



development of differentiation of areas coincide with 
those observed in work with other stimuli {Belyakov /J>/}. 

following the development of differentiation of 
;are»s, the use of e conditioned sound stimulus at an. 
"unusual" loestion causes the anttaal to run sway-from a 
giwen are** iß the room. An analogous phenomenon was oß- 
sfivved by P. S» Kupalov fl2j during the development of 
differentiation of two different sound stimuli; upon the 
use; of a differentiated sound, the dog would quickly leave 
the occupied, section of the room end run to another section. 
A simSlAi» reaction va* observed during the differentiation 
of conditioned, optical stimuli into an. inhibition stimulus 
(Kupalov and Khananaahvill ££'£/)*  The biological signifi- 
cants© of this reaction is apparently that the quintal 
{defends itself from the nervous reaction vhich develops in 
[the central nervous system in response to an inhibition 
latimulus connected with the absence of food. 
I    Regarding the nervous mechanism of this reaction, 
lit is of"interest that very often running avay from a 
1 "negative" section of the room is connected with crossing 
jto the ^positive** section of the roosa, vhich has a. positive! 
j&liment&ry value. This phenomenon, observed also by other 
(authors (lakovleva, Gordel&dze), indicates definite indue» 
jtion relationships between spatial conditioned, r-efiexes 
ideveloped under given experimental circumstances. 

Following the development of a stable differentiation 
of arems  the mere location of the dog in "negative** ar-ens 

>tor reaction directed toward transfer 
i.e., location in definite areas, 

leads to purposeful 

sometimes induced a 
to a "positive" area 
without any supplementary stimuli, 
TOO tor sctivity. 

She factual data accumulated thus far enable us to 
assume that very  complex and lengthy nervous processes, 
involving many components, constitute the complex condi- 
[tioned-reflex activity of animals. These components, 
[determined by the conditioned stimuli employed as well as 
'by the location of the animal in space, its posture, 
motions, etc., are naifled into a complex, organized, 
functional structure in the 'higher centers of the- cerebraiis 
and, in their interaction, determine one or another ex- 
teriaa.1 re-motion. One may assume, in particular, that the 
inhibition of one area in the functional structure of a 
nervous process induces, by means of positive induction* 
the excitation of other links functionally connected with 
the inhibited point. One concrete example of such nervous 
«otlvity is the crossing of the animal from the negative 
s^cs of the room into an avea  which ha® positive 

11 



alimentary value. '  -—  - 
For'further study of the spatial factor and its 

■ importance in. the behavior of animal», it is'essential to 
ascertain which nervous structures participate in th* 
ai&velopaeat of apatiel conditioned reflexes, 

I« S« Berltov /5 J feas demonstrated the ;fatpm>ta,«'j' 
part played hj  optical" aM especially labyrinthine ' 
stjusult XB.  the orientation, of animals ©Hfl hunum* in 
space, A. I. Yemohenko ßj  points out the importance 
of the ^aesthetic factor in the evaluation of'spatial 
relationships. " 
-^   }^  the studies of Keff, Fisher, Diamond «nd Jel« 
Z1©/ caere is noted the impairment in  cats of a correct 
spatial perception of sound stimuli after the removal o^ 
tue auditory area of the cortex. Obviously the leading 
yoie in, the spatial orientation of aniaaals belongs to *!b* 
cortcx of the large hemispheres. "  J  " *  " 

The spatial factor participates constantly 5a *-h*> 
conaltloaed motor reflex activity bj virtue^f formetion 
t*<i spärial«temporax connections and, togetbei» with ooadi- 
tioseci sM unconditioned stimuli it'determines th** 
?^iJliy* ,?hl? *iQt0S  /^ould ** the7 subject ßf7  phyiio- 
logical analysis based on the general lavs of hfgKer ner- 
vcua activity* 
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