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In rhythmic muscular activity, in work or sports movements of a cyclic nature (running, walking, etc.),
stimull enter the cerebral cortex from almost all the analyzer apparatuses, This is true fn particular of those
stimuli to whose rthythm the individual must make the movements and which have the specific importance of
conditioned stimulf, and also those arising in the activity itself, in each motor act —~ kinesthetic, cutaneous,
auditory. etc. The significance of these stimuli in the chain of conditioned reactions is not all the same, and
{t calls for thorough study.

In the work described here we attempted to study the role of the auditory analyzer and the cutaneous ana=
lyzers inperception of rhythm of extemal stimulf and in the accomplishment of thythmic movements in the
healthy adult individual,

METHOD

We based the {nvestigation on measurement of the thresholds of conditioned motor reactions to increases
in the frequency of thythmic signals. For this purpose we used an electric metronome of our own construction,
consisting of a low-frequency relaxation cscillator, which permitted us to change the frequency of thythmic
electric signals eastly and with a high degree of precision (within 0.5% of the original value). We sent these
signals efther through an attenuator into a telephone (short auditory signals like metronome strokes) or through
an active elecuode to one part or another of the skin surface — usually the forearm (electrocutaneous stimult,
soli-like). The subject was placed in an isolation chamber and the stimuli were administered at a specific __
{original) frequency. After 7-10 seconds this frequency was increases somewhat. In accordance with fnstructiom,
the subject, on noting the increase in the thythm of the signals (sonic or electrocutaneous), notified us orally ot
pressed a special key. If the subject did not perceive the Increase in the frequency of the rhythmic signals (30-
40 signals), the original frequency was resumed after a pause of 15-20 seconds, and again its frequency was
stepped up "while underway", this time sorrewhat more than before. The minimum acceleration ‘of signals
evoking an oral or motor reaction was taken as the threshold of the conditioned reaction or, what amounts to the
same thing, as the threshold for perceptior of an {ncrease in the frequency.

In the second serles the subject was cirected to produce rhythmic movements (tapping with the finger on 8
contact surface) to the thythm of the sihgals and to correct the tempo of his own movements as the tempo of the
signals was stepped up. The minimum fnciease in the frequency of the signals (as in the first case) for which
the subject was able to correct the temp: ¢f his movements was taken as the threshold of correction, The thresh-
olds for perception of increased frequency and the thresholds of correctior were expressed by the rado of the
minimum increase in frequency to the original frequency in percent,
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The freguenctes nsed ranged from 360 to 24 per mburte, In a number of cases {n order 1o facilitate analysis
we cxpressed these frequencies by the intervals beiween thé thythmic signals, the length of these beiug inversely
proportienal to the frequency, The studies were made on 8 persons ranging in age from 20 1o 35,

RESULTS

Fig. 1 shows the change in the thresholds for perception of an Increase in the frequency of rhythmic signals
or, what is the same thing, of a decrease in the intervals between rhythmic electrocutaneous and sonfc stimuli,
expressed in percentage of the origlnal length of the intervals, As will be seen from the figure, all the curves
have a similar rend. For intervals of 0.3-0.5 scconds (frequency 200-120 per minute) the threshoids have the
smallest value, 1. e, a peculfar optimum for perception of an fncrease in the frequency of the thythmic signals
fs observed here. However. the same curves show that according to the character of the perception the frequencles
studied may be divided into two groups: more than 90 per minute (intervals less than 0.7 second), and less than
90 per minute (Intervals greater than 0.7 second). In the first group the outstanding feature is the superiority of
the avditery analyzer. The thresholds for the auditory signals are lower than for the electrocutaneous signals
throughout the whole range of frequencies employed, but for the fntervals of less than 0.7 second the difference
{s especially large; for intervals of more than 0.7 second {t levels out. The various subjects detected the increase
in the original frequency with approximately the same degree of precision for the electrocutaneous and auditory
stimull. )

As s evident from the same figure, the intensity of the rhythmic signals is also of great importance in the
perception of an Increase In the original frequency. The less the intensity, the higuer the thresholds and the mare
difficult it is to perceive an Increase in the frequency. However, this relationship appears only for intervals of
less than 0.7 second, and ft is much less pronounced for auditory than for electrocutaneous signals. Thus, when
the intervals are 0.2 second (frequency 300 per minute), for weak, barely supraliminal electrocutaneous sumull,
the threshold for perception of a change in their frequency is 32%, and for strong signals 9.5%. With the same
interval, when the loudness of the auditory signals is 0.3 neper above the auditory stmulus threshold, the thresh-
olds for pei.eption of an increase of the frequency are only 3-4% higher than for loud stimull (40 nepers above
the threshold).[1 neper = 8,686 decibals].

More detailed study showed that when the loudness of the auditory signals Is increased to only 0.5-0.7 neper
above the absolute threshold (when they are still barely audible) the thresholds for perception of an increase in
frequency reach a conctant value, and they do not change with a further increase in the loudness of the signals,
For elecaocutaneous stimuli, however, the thresholds donotreach a constant level until the intensity has risen to
3-5 times the absolute threshold, by which time these stimuli have the character of strong jolus.
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Fig. 1. Ctange in the thresholds for perception of a decrease in
fntervals between rhythmic signals, expressed as percentage of
original léngth of the Intervals. Average data for 21l subjects,

a) Barely supraliminal electrocutaneous stimull; b) strong electro-
cutaneous stimull; c) barely supraliminal auditory signals; d) loud
sonic signa’s,



For stmmltancons, synchronized sthiinlatton of the entancons and anditory analyzess the threshoif Jex per-
ception of an tnerease i the eriginal frequeney correspond 1o the thresholds for the andltory sipmals. i e, they
ate at thefr lowest  In other words, the <tromyrest component in snch 3 complex stinmtuc {x the avditory stinnlus,
even at frs slightest {ntensity. '

The above relatlonships wete established Tor intervals of less than 6.7 second between signals. Fex greater
intervals, however (wiih frequencles of less than 90 per minute) the dependence of the thresholds on e fotensity
of the stimnlation fully levels ont. The degree of preclsion in perception of an increase in the original freguency
is {dentical for both cutaneous and auditory stimulf, regardless of their Intensity.

We also undertock to determine how many rhythnile siinals of a new frequency (Increased over the <riginal
by the threshold magnitnde) were required for perception of tals change. In other words, we sought to fixd whether
there Isany speclal  sunmiation of stimalation from several signals at an fncreased tempo, or whethez ooe signal
coining at a shorter Interval than the original fs enough to bring about a motor reaction (pressing on = parricular
key).

Number of Cases of Appearance of Motor Reactions (In percent) After Indicated Number of Rhythmic Sig=als at
Shoiter Intervals (Data for all subjects)

Original Nature of rhythmic Number of thythmic signals after increase of original frequency by

frequency | stimulus threshold magnitude
(per min)
1 {2 3|45 |67 }8]9 |10 )11}12 }13 f2& |35
y
300 [ cutancous 2 | 7115 12| 10|11j11|e]le | 46| 3]2}x]1
Auditory 33 261151 14} 6} 6 ;
120 Cutaneous 32 421 9] 91 3] 4] 1
Auditory 54 22 117 ‘
60 Cutaneous 15 5
Auditory 84 16
30 Cutaneous 100
Auditory 100

It will be seen from the table that summation of the process of stimulation s required for percepricm
change in the original frequency, but only when the frequency is _greater than 60 (more exactly, 90) pes mimne
At these frequencies the motor reaction arises In most cases not at the first signal with the new intecwal. but at
the second, third, etc., the serfal number being higher with the frequency rise.. Under these conditlons the
superiority of the auditory analyzer shows {tself again: the motor reaction to a change in the thythm «f the
auditory signals comes much faster than to & change in the electrocutaneous signals. However, for frexpencles
less than 90 per minute (60 per minute) this reladonship fully levels out. The motor reaction appears afiex the
very first signal (both avditory and electrocutanzous) with a shorter interval.

.As was stated above, in the second serles we requested the subject to tap rhythmically with his fivper 10
the rhythm of the stmulations. In the case of auditory signals the subjects were able 10 make movermez=s immed-
fately to the thythm of these signals throughout the whole range of frequencies used (up to 360 per mfuzzte) and
to change the tempo of their movements to correspond exactly to the change in the rhythm of the sigr=1. Under
these conditions the thresholds for correction of the tempo of the inovements comesponded accurately o the
thresholds for perception of a change in the thythm of the auditory signals. When rhythmic electrocutzmeom
signals were applied at the same frequencies (higher than 90 per minute) the subjects were unable to prodnce
movements to the thythm of the signals (regardless of thelr intensity). The tempo of thelr movemenss w3as some=
times considerably above the frequency of the signals, sometimes below; they wculd stop and “attune™ themnelves
to the rhythm of the cutaneous stimulations and then would try again unsuccessfully to “get on® it, Hese the
thresholds for perception of a change in the original tempo doubled or tripled. The greater the frequency of the
signals, the more marked this phenomenon 1ras.



Adling the anditory signals to the electrocutaneous signals fully restored ability to work at the given
riythnm. The thresholds were lowered accordingly. Thus, at freguencies above 90 per minute even in these
fnvestizanions the auditory analyzer proved to be superfor, and the anditory signals, being the strongest componen
of the cox.plex, proved to be inore adequate for perception of the fhythm of the extemal stimull.

Significanty, however, at intervals of more than 0.7 second between rhythmic electrocutaneous signals
(frequencics of less than 90 per minute) disruptions in the rthytiim of movements were not observed. The sub-
jects were able to perform moverments accurately to the rhythm not only of the audirory but also of the cutaneow
stimuli and 1o maodify the tempo of thelr movements to carrespond fully to changes in the rhythm of the signals,

In these cases the thresholds for correction of the tempo of movements corresponded exactly to the thresholds for
perceptice of a change in the thythm of the signals.

In the last series of studies we undertook to determine why the rhythm of movements was disrupted in the
case of electocutaneous stimuli. We conjectured that there was a complex interaction here of our conditioned
electrocuzzneous stimuli and of the stimuli arising from each movement — kinesthetic, cutaneous (tapping the
contact platdform surface with the finger), and auditory (on closing the contacts). In order to determine the role
of these scimuli a special method was used which made it pos:ible to eliminate them practically altogether ox
ot change their inténsity at will. A very light lever was fastencd to the last joint of the subject’s finger and an
active electode, also very light, was included in the Bourguignon chronaximeter circuit. As the finger moved
down.the lever — through a mercury cup ~silently closed the relay circuit, and discharged the sclected capacity
of the ckronaximeter, whereupon the current entered either the above-mentioned electrode or the microphone,
Thus, each movement of the subject’s finger was accompanied either by a mainly kinesthetic stimulation (with-
out elecwocutaneous and auditory stimulation) or by an electrocutaneous stimnulaticn of any intensity (in i
charactesr 2lmost {ully imitating the touching of the finger to the contact surface) or an auditory stimulation
(a cracki~g sound), Finally, all these stimull could be sent together, {mitating the circumstances of the preced-
ing experiments. Here, as previously, thresholds for perception of changes in the thythm of electrocutaneous
stimulations (administered to the other arm) and thresholds for correction of movements were determined.

Figure 2 shows the results of such experiments,

% d typical for all the subjects. As will be evident from the
x 1 figure, the lowest thresholds are those for perception of a:
z1 increase in the frequency (a). The kinesthetic and el=c-
ol trocutaneous stimuli (b and ¢) somewhat raise the thresh-
¥ H olds, 1. e, they disrupt perception of the thythm of the
:. ¥ electrocutaneous stimuli (the more so as the frequegcy &
2 d. ) raised). However, adding auditory signals to them raised
F b c the thresholds so much that the whole system of thythmic
24 b ¢ g o § actviry is highly disorganized, Here the same picture
£F4 2 7 13 a 3 % {s observed as was described above: . the subjecs were
L REER % é' § E unable to produce movements to the thythm of the
x - : E é & N | electrocutaneous signals administered. It was shown that
120 200 under these conditions the intensity of the stimuli accom
Frequency of electrocutaneous panying tie movement {se is of great importance. Foar
stimuli per minute example, when the strength of the electrocutaneous sdm
lation of the finger was Increased, imitating the tapping
Fig. 2. Change in thresholds for perception on the contact surface with the finger, the thresholds
of irequency of thythmic signals in relatlon could be raised so much that the same picture of disorgal
to stimeli accompanying the motor reaction, ization of the shythmic actvity was observed here as
a) Usual thresholds for perception: of increase with the auditory simulatons, However, for this a con-
in frequency (without any movements); b) for siderable surengthening of the electrocutaneous stimula -~
movemess not accompanied by cither cutare~ tions was required, whereas in the application of the aud
ous of auditory stimuli; c) for inovements tory stinuli the same effect was achieved with a barely
accompanied by electrocutaneour stimuli; supraliminal intensity, '

d) with addidon of auditory stimuli 1o elec-
wwocutacesus stimuli,
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Thus, this ditta shows the fimportance of the stimull acconpanying a motor conditioned reactfon for analysis
of external stimullf, (fn our case. of their thythm), a conslderatior that is usually given little attention in studies
of a shinilar sort,. lin rhythmic conditioned reactions these stimuli interweave themselves {nto the system of ex-
ternal conditioned!:sighals, fonning with thewn a compound complex stimulus, in which the components may
dilfer {n tmportanece. Thus, when the {requencies of the external stimulations arc more than 90 per minute the
auditory. analyzer:iis stronsier and sabordinates the whole rfythm of the movements to itself, although the avditary
stimulus is a resultroof 1the movement {tself.

The data giiven here dhow that perception of rhythinic stimuli with a frequency of more than 90 per minute
{s based on certaim physiological mechanisms diffcrent from the mechanisms for perception of lower frequencles.
For the higher freqmuencier there emerges clearly not enly the dominant importance of the auditory analyzer,
insuring the greatesst precision in the production of rhythmic conditioned reactions and differentiation of the
frequencies. but alise dependence of percepton of thythm on the intensity of the conditioned stimuli. On the
other hand, for lowver frequencies the importance of the analyzer to which the thythmic stimulations are directed
and the importancee. of thelr Intencity are leveled out.

It may be suggested that the dominant importance of the auditory analyzer for frequencies greater than
90 per minute is dictermined by the law of the strength of conditioned stimull. However, there is some peculiar-
ity in this manifesszation of the law. We must consider the thythmic smulations which we employed as a
thythmic series of?iidentical condidoned signals following each other at a set interval, Usder these conditions
each signal (auditeory, cutaneous, etc.) proves to be not only a conditioned stmulus evoking a reaction (for
example, touching:the contact surface with the finger) but also a strengthening of the following condition of the
cortical cells afterr:the preceding conditioned signal. This strengthening conuibutes to the elaboration of the
conditioned reactiion time, which as we have shown previously {1, 2] is more clearly cbservable for relatively
short intervals berween thythmic conditioned signals (less than 1 second). On the other hand, for intervals greater
than 1 second the cconditioned reaction totime plays a relatively minoe role,

It may be suggested that all the relatonships which we have described here are determined 1o a considerable
degree by the interrrelationships of these two factors — the conditioned reaction to time and the conditoned reac-
tion to the externail signal, It s quite possibtz that the auditory signal being a physiologically stronger stimulus

at the same time iis also a greater stwrengthener for the conditioned reaction to time and, consequendy, contri~
butes to its speediézr and more stable elaboration, It, by itself, determines the most complete flow of thythmic
conditioned reactitons and the maost accurate perception of the thythm of external stimulations.
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