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THE RELATIONSHIP BETWEEN THE STRENGTH OF THE
CONDITIONED STIMULUS AND THE SIZE OF THE
RESULTING CONDITIONED REFLEX.

BY P, 8, KUPALOV, M.D, (LENINGRAD),
ARD
W. HORSLEY GANTT, M.D.

(From the Physiological Laboratory of Professor I. P. Paviov, at the
Tustitute of Kaxperimenial Medicine, Leningrad.)

Froum any indifferent stimulus it is possible to form a conditioned
salivary reflex (‘‘food reaction ') in the dog. Such a stimulus must be
above the threshold of excitation for the brain, and it must not give
rise to any innate (unconditioned) reaction of greater potency than the
unconditioned food reflex, e.g., a pain or a sexual reflex.”

When the conditioned reflex has been established, saliva begins to
flow after a latent period of from two to ten seconds following the
application of the stimulus. The measurement of the salivary flow is
made as follows: A small glass balloon is fastened with wax to the
salivary fistula. It has two outflow tubes, one of which is connected to
a manometer outside the dog's cabinet, while the other and lower tube
remains closed except when opened to allow of the syphoning off of the
collected saliva.

The flow of saliva into the balloon increases the pressure in the
system and causes a movement of the fluid in the horizontal manometer,
one graduation of which corresponds to 001 c.c. of saliva, The °
quantity of saliva secreted is the measure of the potency of the
conditioned stimulus.

STRONG AND WEAK STIMULI.

In the early investigations upon conditioned reflexes it was found
that in a dog showing a salivary reaction to several conditioned stimuli
one of the latter was more potent than the others. For example,

1 Read before the Scientific "Haemhljr of the Institute of Experimental Medicine,
Leningrad, May, 1926,

*To supplant psychological by physioclogical terminology, it is the cmmm in Pavlev's
laboratory to speak of a reflex to pain as a * reflex to destructive stimuli.’
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auditory stimuli: a metronome, an electric bell, or various musical tones,
elicit a more speedy and abundant salivary response than do optical or
cutaneous stimuli, such as flash-lights, images, scratching, &c. Least
potent are thermal stimuli. On this basis laboratory stimuli were
divided into strong (auditory) and weak (optical and cutaneous).
- it Y led : . (
dintepsitiessaf-stiwales. One may assume that in the case of
sound stimuli t.here is a greater amount of external energy transported
to the peripheral receptors than in the case of cutaneous or thermal
stimuli, and that as a result a nervous impulse of greater intensity is
sent into the central nervous system in the former case. That the
conditioned reaction depends upon the strength of the acting stimulus
receives direct confirmation in the laboratory. Thus, it has been shown
(Tichimirov and Zelony [6], [8], [9]), that in the response to a certain
tone there is a greater reflex effect when the strength of the tone is
increased, the pitch remaining constant, and a correspondingly smaller
effect when the tone is weakened. This is true for other stimuli in the
same analyser. Kasherinova [2] proved this for tactile and Orbeli [3]
for optical stimuli. Zelony found that if a conditioned reflex be formed
on a chord of several tones, a single tone of the chord elicits a weaker
response than the whole cord. In the case of a chord composed of two
tones of unequal strength, of the two tones tried separately the stronger
is the more potent as a stimulus. Thus there are a number of observa-
tions which indicate that the size of the conditioned reflex depends
upon the physical strength of the stimulus. There are, however, other
observations which suggest a relationship between stimulus and response
of greater complexity than that outlined above. In the first place the
application of weak stimuli, more particularly tactile and thermal,
evokes a state of drowsiness in the animal. It is now possible to assert
that the process of *‘internal inhibition " is the basis of the process of
sleep, and, proceeding from this, we may suppose that the nervous
elements of the skin and the thermal receptors of the cerebral cortex
possess special functional properties. They cannot remain long in a
state of excitation and pass quickly over into one of inhibition. Upon
what factors this depends is too complex a question for discussion here.
On what does the difference in the size of the reflex reaction to
stimuli belonging to different analysers depend ? This difference was
formerly explained as an expression of individual functional properties
of the nervous elements of the different analysers in the cerebral cortex.
It might be supposed, for example, that the nervous elements of the




46 ORIGINAL ARTICLES AND CLINICAL CASES

tactile and thermal analysers cannot produce so strong a process of
excitation as those of the auditory analysers, and that they more readily
pass over into a state of inhibition. Such a view lacks experimental
verification. _

Certain observations suggest that the difference depends solely upon
the strength of the stimulug, upon the amount of energy sent into the
cortex. To investigate this problem we employed complex stimuli
affecting several analysers. It was already known that in the reaction
to a complex of two simultaneous stimuli the chief effect was produced
by one of the components, that of the other being suppressed, so that
the latter did not produce the reaction which it would have done had it
been employed alone. If we assume that the magnitude and stability
of the conditioned reflexes to auditory stimuli when compared with the
responses to cutaneous and optical stimuli depend, not upon a qualitative
difference in the nervous processes concerned, but upon quantitative-
factors, then we may experimentally vary the latter, comparing, for
example, the effect of weak auditory and strong optical stimuli. If
quantitative factors govern the response, then we should obtain a greater
response to strong light than to weak auditory stimuli. Further, if our
supposition is true, these two stimuli might be so adjusted as to
produce equal reflex responses.

The observations recorded in the present paper were based upon
such an hypothesis.

Observations had already been made in the laboratory relating to
this problem, but being directed to other purposes, did not provide the
facts which were of primary interest to us. Thus, Palladin [4] formed
a conditioned reflex by the summation of stimuli (simultaneous thermal
——cold—with scratching stimuli). When each component was separately
employed it was found that a response equal to that obtained on eombina-
tion of the two resulted from scratching, while eold alone gave either no
response or a minimal one. However, the continued use of cold as a
stimulus finally evoked a constant response, but one less than that
elicited by scratching. Thus in a complex of qualitatively different
stimuli the response depends upon the more potent stimulus.
Perlzweig [5] confirmed these observations. We have extended them
to include auditory and optical, auditory and thermal combinations.
In one dog we formed a conditioned reflex to a faint sound (Galton’s
whistle) applied simultaneously with a strong light (400 candle-power), o ur

LTJC.;Jj the sound of the whistle being muffled by placing it in a large bottle so
that it was scarcely audible to the human ear at 40 cm. distance from
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thE bottle. a In m&% dégg‘:reﬂemwx'matahlisheﬂ to an electric bell
and a metronome 160, and a negative conditioned reflex to the
metronome 90, and then a reflex to the tone *“ Do of a pitch-pipe. -
All these reflexes were built upon the unconditioned food reflex (feeding
with a moist meat-bread powder). LSS

Bbservetron—l.—Using the ¢ (4 © g L,f’ the fﬂ]]DWng GGD:IPI.EK
conditioned stimulus was employed: thirty flashes per second of a
400 candle-power lamp with a tone of Galton’s whistle (1,500 vibra-
tions). A reflex was established after the second trial and rapidly
became stable, that is, it gave constant manometer readings. After the
thirteenth combination of this stimulus with feeding, the light stimulus
alone unaccompanied by feeding was tried. It gave the same response
as the complex light-sound stimulus. On the following day, the
complex stimulus having retained its potency, the tone stimulus alone
was emploved. It gave a secretion of six divisions on the manometer,
that is, a response 12'3 per cent. of the response to the light-sound
complex.

These observations are recorded in the following table :—

Tasce I.—Doa * Rosois."

T Number Conditioned l Duration of | Lateney of Manometer | With feeding = +
of trials stimulos atimulas T T it reading Without ,, = -

{Dect. 22, 1925) | [

4.33 35th | Bell o . 30 sec. | 16 sec. | 28 -}

4.40 | 48rd | Metronome 160 80 ,, [l 58 o=

4.50 18th | Light and tone 1 R o 47 e

5.03 d4ith | Metronome 160 50, g 48 e

510 [ 1at Light alone .. o B 48 —

5.13 §8¢h fBelE .. 1| BG ) BT +

5.17 45th | Metronome 160 | 30 ., Bt i A B
(Oct. 23,1925) ' |

3.40 46th | Metronome 160 e R 5 22 -+

3,46 | 14th |Lightandtone | 30 ,, | 4 ,, | a8 e

3.56 | 47th | Metronome 160 | 30 ., R R =

4.04 | st |Tonealone ..| 30 ,, P s i —

T i P TR N i

4.15 20th | Metronome 90 30 ,, 28 ., 1 —

4,19 | 48th | Metronome 160 80 ., 0 28 -

4.25 49th | Metronome 160 | 80 | 50 | +

The strength of the tone was then slightly increased and the new
complex stimulus tried fifteen times, and then the tone alone unnacom-
panied by feeding. The complex gave a manometer reading of 50, the
tone alone one of 8 (16 per cent.).

The tone was again increased so that it became clearly audible
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outside the dog’s cell through the open door in the next room. The
strengthened complex was repeated eighteen times, and then the two
components tried separately, this time accompanied by feeding.

Taprr 1I.—Doe * Rogmr."

|
Time | N b Comditioned Duration of | Lateney of [ Manometer | With  feeding = +
| of trials stimulus | stimulns FESPRIISS vl i Withont ., = -
{Hov. 5, 1925) !
4.02 Blst | Mabroncme 160 30 sec. b sec, T o+
4,10 30th | Light and tone B . A 1] e
4.28 62nd | Metronome 160 B0 = L T 47 e
4,80 2nd | Tone alone . a0 |, ;R | A it
4.85 | 24th | Metronome 90 80 ,, Al : a =
4,36 44t | Bell B e R 80 +
TasLe III.
|
Time Number | Conditioned | Duration of | Latency of | Manommater | With  fewding =
| of trials | atimulus | atimunlus FeRpONEE reading Without |, = -
[How. 20, 1925] i I
.20 80th | Metronome 160 | 30 sec. 3 sec. | 52 4+
9.95 Glst I Bell .. {80, T SR B3 -+
9.33 49th | Light and t.mle L g I o4 =
0.41 | &2nd | Bell .. .s Bl P e R &0 -+
q.47 1st |Tonealona .. | 80 ., B bt 12 -
9,57 | 8Tih | Metronome 90 | 80 ,, - TR 18 -
10,02 81st | Metronome 160 | 30 .. TR A i
TanLe IV,
| | i
Tline i Number | Comditioned : Duration of | Latency of Manometer | With  feeding =
luf trinla | stimuluz i stimulus eEponse reading Without ,, = =
| = |
(Nov. 23, 1925) |
10,00 63rd Bﬁ“ e a0 seo, 4 sec, Afi =
10,06 82nd | Metronome 160 | 30 s L Eie 62 o+
10,14 | 2nd | Tone alone [ e | 12 S
10,19 | 64th | Bell .. a0 s e fiti +
10.26 Srd | Light alone 80 ,, & 85 +
10.80 gsth | Metronome 90 80 = — i £
10.88 | Brd | Tone glone .. | 30 ,, 6 ., 20 o+
10,43 | 83rd | Metronome 160 80 ., i e G0 L
10.48 4th | Tone alone B ., g . 20 +
(Mov. 28, 19..5}
10.10 8Tth | Metronome 160 | 30 ,, i GO 4
10,18 | 69th |Bell .. | [ T R G2 -+
10,24 | 9th | Tone alone ao B 26 -+
10.80 | 7th | Light alone 30, - i 43 s
1040 | 42nd | Metronome 90 2 - — -
10.48 70sh | Bell I+ 6 . 42 o
{Dec. 8, 1925}
10.15 96th | Metronome 160 | 30 8 ., 58 +
10.20 i 11th | Light alone .. | 80 A 62 ' =+
10,98 THEh | Ball .. o W R d 78 e
10.85 16th | Tone .. 20, B G0 n
10.42 i8th | Matronome 60 | 80 R e =
10,52 97th | Metronome 160 | 80 ,, | 8 ,, | | +
11.040 78th | Bell .. BOU o lias 80 | -+
11.07 l‘ 13th | Light alone 80 -, | gl 53 | +
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In Table;! II] ety is seen that when the light and tone
stimuli are separately employed, in spite of the increase in strength of
the latter, at first the predominant effect was obtained from the light,
the tone prodncing a very small increase in response. Thus, in the
first experiment the light alone gave a manometer reading of 25, that
is, 71 per cent. of the response to the complex stimulus on the same
day of observation. The tone gave a reading of 12, or 22 per cent., of
the response to the combined stimuli.

On the basis of the foregoing experiments we may, cccﬂclude that
dsmiie light (400 candle-power lamp) and=eold=(0 6. 110re potent
stimulis than every faint soundy. Thus, auditory stimuli are not
essentially and qualitatively prepotent. The larger reflex secretory
effect obtained on such anditory stimuli as the metronome and the bell
depend solely upon their relatively greater strength than light and
thermal stimuli. Rikman found the same to be true of tactile
stimuli.

Further, our experiments showed that the effect of a stimulus 1s
not entirely dependent upon its quality, that is, upon whether it affects
cutaneous, aunditorv or optical analysers. Cold, the weakest of all
stimuli, was combined with a very faint sound (vibration of the metallic
disc of a telephone receiver) which could be dfereased to threshold
value, and since thermal stimuli are prone to induce a state of drowsiness
in the animal, the complex was employed for a short time only (ten to
fifteen seconds). The results were comparable with those obtained by
a light-tone complex.

The faint telephone vibration is a weaker stimulus than the applica-
tion of cold (0° C.). In the first observations cold gave a manometer
reading of 21, telephone of 7 only. After the separate application of
each stimulus, the relative strength of the response to the telephone
alone increased, but remained less than that to the eold stimulus.

In the experiment shown for March 15 (Table V), cold gave a reflex
corvesponding to 34 divisions of our scale, and the telephone a reflex
corresponding to 22, and this relation between the two persisted until
the end of our work.

We should like to call attention to the following fact in the
mechanism of the reflex to complex stimuli. When we tried for a
long time separately the light and the tone, the effect of the tone was
seen gradually to increase, nntil ﬁnally the tone began to give almost
the same effect as the light. Pak {,L"l"u"

BRAIN—YOL. L. I
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Tasre V.
Latent
, : R . period of | noaieter:| wi
Time 2!!‘2:?1':}; “Emhll:;::*_ﬂﬂfj ,:3;2}:?;:;;{' ““;:E_I':':I’.’;_M H:-':r-::t::uéﬁ i#illt]?uullud.!..!m
secration '

(Feb. 10, 1926) |

544 Sth Du [piteh- Etpe] 80 sec 4 seo. TG +

3.24 | 24th Gold telephone 18 4 B 12 +

3.81 Bith Da[pmch ipe) 80 s o &0 +

3.36 25th | Uold-telephone 20 7 e 23 | -

3.42 69th | Metronome 90 B0 | 8 [ -

83.48 hdth | Bell .. i (B ) (P e 46 -+

8,53 a6eh | Cold-telophone B0 L. s 34 -
(Fab. 18, 1926) |

4,30 35th | Cold telephone | 10 ,, B 2 +

4.40 5th | Bell .. w B £ 57 +

4.47 A6th Lrnld t-elaphﬂna a0 -, B 23 | +

4.52 T2nd | Metronome 90 i) 20 4 a8 l -

5.02 120th | Metronome 160 | 80 ,, Bl b2 ’ +

5.07 8th | Do |pitch-pipe) | i Bl 48 | -
(Fab. 19, 1926)

4.44 58th [ Bell .. B e e 42 1 1

4.48 87th | Cold- telﬂphnnﬂ T S (B : -+

5.05 1218t | Metronome 160 = 80 ,, T 60 | -+

5.10 | 88th | Cold-telephone 80 g - 8 | <L

5.18 1st | Cold (alone) Bl i M 21 | -+

5.49 1lst | Telephone(alone) 30 ,, g, T ! -
(Feb. 26, 1926) |

4.40 45th | Cold-telephone 15 - = i

4, 48 125th = Metronome 160 B 100 - 37 4

4.53 d¢th | Cold [alone) B0 [ 29 +

4.58 | Tath | Metronome 90 a0 . B 6 -

5.04 11th | Do (pitch-pipe) | 30 ,, o 40 +

5.10 ! 46th | Cold-telephone by VA R (I - e @ +
{Feb. 27_1926)| |

4, 34 : 47th | Cold-telephone 15 20 B s G -

4.42 12th | Do (piteh-pipe) = 80 ,, 6 ., 50 +

4.50 4th | Telephone(alone} 30 ,, e 11 +

4.59 20th | Light (alone) .. | 30 ,, B 42 -
(Mar. 15, 1926) |

4.47 17th | Ido (pitch-pipe) BT, R AR ad 0

4.53 134th | Metronome 160 | 30 ,, it 78 +

500 11th |Cold (alone) ..| 80 B a4 [ +

5.08 135th | Metronome 160 | S0 e [l Sl 63 | Sl

5.14 | 13th | Telephr:um{n.luue}l 80, v i ! +

2p

From these observations we may conclude that in the complex
stimulus the weaker component cannot exert its own full effect because

it is in a state of partial suppression by the stronger component.

Such

an inhibition of the weaker by the stronger component is in all proba-
bility a general rule when two or more stimuli are combined in a
There is, as a consequence, a constant struggle or conflict
between different points of excitation in the cerebral cortex.

There may be not only a suppression of the weaker componznt, but
also a mutual influence of one on the other, the weaker stimulus may

complex.

|
i
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in some measure diminish the influence of the stronger. Observations
made by Yakovleva [7] and by ourselves incline us to this view. We
found that when the strength of a tone was greatly increased the
response to a complex stimulus of which it is a component becomes for
the next few days irregular and smaller. Evidently new relations are
set up between the components, and a certain length of time is
necessary to establish a new equilibrium between light and tone.

These experiments do not afford a conclusive answer to the question

- of the specificity of function of different parts of the brain, bnt they

suggest that all parts of the cerebral cortex funetion in the same way
and are subject to the same factors. The possibility of differences of
functional activity is not excluded, but if such differences exist they
are of a quantifative order only. In reality the determining factor is
the energy which acts upon the nervous elements of the cortex.
Further and more exact observations are necessary for a final decision
of the question. For example, we must have exact quantitative esti-
mations of the energy which acts upon the various peripheral receptors
on stimulation, the extent to which this energy is transformed into the
nervous impulse, and its strength when it reaches the cerebral cortex.
If it could be demonstrated that there is an exact correspondence
between the size of the reaction and the intensity of the nervous
impulse which reaches the cortex, we might conclude that cerebral
activity is conditioned entirely by external factors.

SUMMARY.

(1) Separate employment of the components of a complex condi-
tioned stimulus is a reliable method of determining their relative
strengths.

(2) In a complex of two stimuli, the main effect is produced by the
stronger stimulus, and this may even inhibit the weaker component.

(3) A strong light (400 candle-power lamp) and cold (0” C.) are more
potent stimuli than a very faint sound.

(4) The size of the conditioned reflex reaction depends upon the
strength of the stimulus, that is, upon the energy transmitted to the
cerebral cortex.

(5) The comparative effects of different stimuli depend upon the
intensities of these stimuli, regardless of the analyser to which they

(6) Our observations incline us to the view that the various regions
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