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In rhythmic muscular activity, in work or sports movements of a cyclic nature (running, walking, etc.), 
stimuli enter the cerebral cortex from almost all the analyzer apparatmet. This is true in particular of those 
;tlmull to whose rhythm the Individual must make the movements and which have the specific Importance of 
conditioned stimuli, and also those arising tin the a6tivity itself, in each motor a c t -  kinesthetic, cutaneoul, 
auditory, etc. The significance of these stimuli in the chain of conditioned re~.cdons is not all the same. and 
It calls for thorough study. 

In the work described here we attempted to study the role of the auditory analyzer and the cutaneous ana- 
lyzers in perception of rhythm of extcmall stimuli and In the accomplLshment of rhythmic movements In the 

healthy adult individual. 

METHOD 

We based the investigation on measu!rement of the thresholds of conditioned motor reactions to Increase* 
in the frequency of rhythmic signals. For rials purpose we used an electric metronome of our own construction, 
consisting of a low-frequency relaxation c~clLlator, which permitted us to change the frequency of rhythmic 
electric signals easily and with a high degree of precision (within 0.5~ of the original value). We sent these 
signals either thiough an attenuator into a telephone (short auditory rlgnaL~ like metronome mokeO or through 
an active elecuode to one part or another of the skin surface - usually the: forearm (electrocutaneou~ stimuli, 
~-:flt-llke). The subject was placed in an Isolation chamber and the stimuli were administered at a_spoctflc _ 
~original) frequency. After 7-10 seconds this-frequency was increases somewhat. In accordance with Instructions, 
the subject, on noting the increase in the rhythm of the signals (sonic or electrocutaneous), notified us orally or 
pressed a special key. If the subject did no,~ 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 sor~ewhat more than before. The minimum acceleration of signal* 
evoking an oral or motor reaction was takea as the threshold of the conditioned reaction or, what amounts to the 

same thing, as the threshold for percepti~ of an Increase In the frequency. 

In the second series the subject was ~lrected to produce rhythmic movements (tapping with the finger on a 
contact surface) to the rhythm of the singals and to correct the tempo of his own movements as the tempo of the 
signals was stepped up. The minimum incJease in the frequency of the signals (as in the fiat case) for which 
the subject was able to correct the temp2 c,f his movements was tal~en as ~e threshold of correction. The thresh- 
olds for perception of increased frequency ~md the thresholds of correcti~ were expressed by the ratio of the 
minimum Increase In frequency to the orlghlal frequency in percent. 

"Read at the cc~fference of the Leningrad ~ cientific Research Institute of Physical Culture, 1949. 
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The ftcquvitt'tt~, u.~ed rauged fro11~ 360 to 24 i~'r mlm~te. In a nllmber ,~l cases In order to facilitate analyxis 
~ee expressed these Itequenvics by' the lnler~als beiween tht ~ rhythmic signals, the h-nglh of these behlg lnve~ely 
prot'~,rttonal 1o the lrequen~-y. The sludlc.~ were inade on 8 [~'r.~,~ls ranging tn age from 20 to ~5. 

R E S U L T S  

Fig. 1 shows the cha,~4e tn the thresholds for perception of an Increase tn the frequency of rhythmic slgnall 
or. what Is the same thing, of a decrease In the Intervals between rhythmic electrocutaneous and sonic stimuli, 
expre~ed In percentage of the original length of the intervals. As will be seen from the figure, all the eurve~ 
have a stmt2ar tzend. For Intervals of 0.3-0.5 seconds (frequency 200-120 per minute) the threshoids have the 
smallest value. 1. e. a peculiar optimum for perception of an Increase In the frequency of the rhythmic signals 
Is obsereed here. ltowever, the same curves show that according to the character of the perception the frequenetel 
studied may be divided Into two groups: more than 90 per minute (Intervals less than 0.7 second), and le~s than 
90 per minute (intervals greater than 0.T second). In the first group the 6uutandlng feature ts the superiority of 
the audltt:ry a,lalyzer. The thresholds for the auditory signals are lowe~ than for the electrocutaneous slgnah 
throughout the ~hole range of frequencies employed, but for the Intervals of le~ than 0.T second the difference 
ls especially large; for Intervals of more than 0.7 second It levels out. The various subjects detected the Increase 
In the original frequency with approximately the same degree of precision for the electrocutaneous and audit .c~ 
stimuli. 

As ts 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 higher the thresholds and the more 
difficult It Is to perceive an Increase In the frequency. However. this zelatlonshlp appears only for tntervalt of 
les~ than 0.7 second, and It is much le~ pronounced for auditory than for electrocutaneous signals. Thus, when 
the Intervals are 0.2 second (frequency 300 per minute), for weak, barely suprallmtnal electzocutaneous stimuli, 
the threshold for perception of a change In their frequency Is 32o~ and for strong signals 9.5~/,. With the same 
Interval. when the loudness of the auditory signals Is 0.3 neper above the auditory stimulus threshold, the t/u.esho 
olds for pe.~eption of an Increase of the frequency are only 3-4% higher than for loud stimuli (40 neperz abo~n~ 
the threshold) [I  neper = 8 .686  declbeh]. 

More detailed study showed that when the loudness of the auditory signals is Increased to only O.5*O.T neper 
above the absolute threshold (when they are still barely audible) the thresholds for perception of ~=n increase in 
freqt;ency reach a corctant value, and they do not change with a further increase in the loudness of the signals. 
For elect~ocutaneous stimuli, however, the thresholds donor reach a constant level until the intensity has risen to 
3-5 times the absolute threshold, by which time these stimuli have the character of =trong Joltl. 
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Fig. I. Ctange In the thresholds for perception of a decrease In 
intervals be tween rhythmic signals, expres.~ed as percentage of 
original ler~th of the Intervals. Average data for ~I subJectt. 
a) Barely suprallmlnal electrocutaneous stimuli; b) strong electro- 
cutaneous .,tlmull; c) barely suprallmlnal audlto~ stgnalz; d) loud 
sonic slgna~. 
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For dl,tultam:,.u% sy.q'|=rtmtzed ~t|mulalitm oi tile (:tttancotts and a.dltory a.;tlyzers the t~resh,ff~[ get- l;~r- 
t'eptit~l ,if .Ill iu,'rcage |t! I|R~ ort~.inal freqllCllVV corrcsl~md In the thn'.qlolds for the a,tdltoty tlj:qals. L t-. t~bc.y 
all- at their lows.st lu ~,l|let Wold.% the t i t ,m-t-s t  t'Olll~ltlellt in Stlt'|l a ,'Otltp|t~X .~t|ltltllllt i t  t|t(" allditcZ~"~.; ,~"ll1*~'l]IJ~. 
eve. at lt~ .~Iightest intensity. 

The above rclatlomidps were es'ab|ished f~  lmervals of less than 0.7 second between signals. ~ gl, eatct 
Intervals. however (whh [rcq,eucles of le~ than 9n l-a:r minute) the dependence of the tt;resbolds cm ~ t~-mdty  
of the sthnMar fully levels olit. The degree of precision In perception tff an increase In the origL, r ~  . ~ / u c m ~  
is identical ft,r both elttanet~= aud auditory stimuli, regardless of their Intensity. 

We also Imdertoc, k to t!etennilm how many rhythmic s(~Inals of a new frequency (increased over ~ ca'lglnal 
by the threshold magnitude) were required for perception of u'.h change In other words, we sought to  ~ l  whether 
there lsany special summation o[ stimulation from several signals at an Increased tempo, or whether ~ca~ signal 
coming at a shorter Interval than the original Is enough to bring abt,at a motor reaction (pressing ta~ --- ~a_q:lcttlat 
key). 

Original 
frequency 
(per rain) 

Number of Cases of Appearance of Motor Reacrtom (in percent) After Indicated Number of Rhythmic ~ at 
Sholter Intervals (O,~ia for all subjects) 

Nature of rhythmic 
stimulus 

300 

120 

60 

30 

Cutaneoul 
Auditory 
Cutaneous 
A udltory 
Cutaneous 
Auditory 
Cutaneous 
Auditory 

Number of rhythmic signals after increase of original frequenter 
threshold magnitude 

21 I 32 
54 

100 i 
100 I 

It will be seen from the table that summation of the process of stimulation L, required for perc~r~_cm of a 
change in the original frequency, but only when the frequency lsgreater than 60 (more exactly, 90) ~ tmtt_m~. 
At these frequencies the motor reaction arises In most cases not at the first signal with the new lntm'=aL lint at 
the second, third, etc., the serial number be:~ng higher with the frequency rise,. Under these conditlcam 
superiority of the auditory analyzer shows Itself agaIn: the motor reaction to a change in the rhythnz ~f dm 
audlto,-y signals comes much faster than to �9 t~ange in the electrocutaneom signal=. However. for ~ c t e ,  
less than 90 per minute (60 per minute) this relatlomhtp fully levels out. The motor reaction appea~ ~ - ~  tim 
very first signal (both auditory and electrocu~tan~-ous) with a shorter interval 

As was stated above. In the second series we requested the subject to tap rhythmically with his ~ to  
the rhythm of the stlmulati~ns. In the case of auditory signals the subjects were able to make m o v e ~  immed-  
Iately to the rhythm of these signals throughout the whole range of frequencies used (up to 360 per t ~ )  and 
to change the tempo of their movements to conespond exactly to the change in the rhythm of the t t ~ :  Under 
these conditions the thresholds for correction of the tempo of the movement* corresponded accurate, I y  ~ thr 
thresholds for perception of a change in the rhythm of the auditory signals. When rhythmic e l e c t r ~  
signals were applied at the same frequencle:~ (higher than 90 per minute) the subjects were unable m 
movements to the rhythm of  the signals (regardless of the1/intensity), The tempo o[ their movement= ~ some~ 
times considerably above the f~equency of the slgnah, sometimes below; they w,-uld stop and "attune" ~em~elves 
to the rhythm of the cutaneous stimulations and then wot~Id try again unsuccesshdly to "get on" it. ~ the 
thresholds for perception of a change In the original tempo doubled or tripled. The greater the freq~-"~'7 d the 
signals, the more marked this phenomenon was. 
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Addi.,~g d~e andiloty signals to the elecrtocutanet~ls slguals fully restored ability to work at the given 
rhythm. ,'Fhc thresholds vcew lowercd accordingly. Thus, at ficq.enctcs above 90 per minute even in these 
investiganc~s the auditory ~nalvzcr proved to be s,petlor, and flw auditory signals, being the strongest componen 
of the cex.:plcx, proved to be more adequate for perception of the rhythm of the external stimuli. 

$ig-:aificantly. however, at intervals of more than 0.7 second between rhythmic electrocutaneous signals 
( f requenci~ of le= than 90 per minute) disruptions In the rhyflml of movements were not observed. The sub- 
jeers we."e able to pedotm movements accurately to the rhythm not only of the auditory but also of the cutaneom 
stimuli a_-x~ to modify the tempo of  their movements to correspond fully ~o changes in the rhythm of the signals. 
In these cases the thresholds for correction of the tempo of movements ~o~responded exactly to the thresholds f ~  
percepdtx: of a change in the rhythm ,,f the signals. 

In ~ e  last series of studies we undertook to determine why the rhythm of movements was disrupted in the 
ca~  of dectrocutaneous stimuli. We conjectured that there was a complex interaction here of our conditioned 
electroc-a:-~neous stimuli and of the stimuli arising from each movement -k ines thet ic .  cutaneous (tapping the 
contact t'la~form surface with the fingerL and auditory (on closing the contacts). In order to determine the role 
of these ~. :nul i  a special method was used which made it poszlble to eliminate them practically altogether or 
ot change zheis intensity at will. A very light lever was fastened to the last joint of the subject 's finger and an  
active ele-cuode, also very light, was included in the Bourgulgnon chronaxlmeter ci:cult .  As the flnge: moved 
de~,m,the lever - through a mercury cup - silently closed the relay circuit, and discharged the selected capaci ty  
of the ck.-onaximeter, whereupon the current entered either the above-mentioned electrode or the microphone.  
Thus. each movement of the subject's finger was accompanied clasher by a mainly kinesthetic stimulation (with-  
out elec~ocutaneous and auditory stimulation) or by an elecuocutaneous stimulation of an)" lntemlty (in its 
cha rac t~  ~mo~t  fuUy imitating the touching of the finger to the contact surface) or an auditory st imulation 
(a cracking sound). Finally. all these stimuli could be sent together, imitating the circumstances of the preced-  
ing expe-~.-'nents. Here. as previously, thresholds for perception of changes in the rhythm of e lectrocutaneom 
stimulations (administered tO the other arm) and thresholds for co:~tection of movements were determined. 
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Fig. 2. r in thresholds for perception 
of f t e q u ~ c y  of rhythmic signals in re la t ion  
to stimuli accompanying the mot~x reaction. 
a) Usual xhresholds for perceptior~ O f increase 
in fretr.~e'mcy (without any movements); b) for 
movem,'---~ not accompanied by ,:ither c u t a ~ -  
o ~  or a~ditdry stimuli; c) for inovements 
accompzzfied Ix/electrocutanec~ stimuli; 
d) with a~ddititm of auditor ' /st im ,11 to e l ec -  

trocuta.ac:~t,~ stimuli. 

Figure 2 shows the results of such experlmentz. 
typical for all the subjects. As will be evident from the 
figure, the lowest thresholds are those for perception of  a: 
increase in the frequency (a). The kinesthetic and e l e c -  
trocutaneous stimuli (b and c) somewhat raise the thresh- 
olds, i. e. they disrupt perception of the rhythm of the 
electrocul:aneous stimuli (the more so as the frequency 
raised), floweret, adding auditory signals to them raised 
the thre-shotds so much that the whole system of rhythmic 
activity L; highly disorganized. Here the same picture 
ts observed as was described a b o v e :  the subjects were 
unable to produce movements to the rhythm of the 
electrocumneoas signals administered. It  was shown that  
under the~e conditions the intensity of the stimuli a ccom 
panylng f~e movement iue,-f is of great importance.  Fec 
example, when the strength of the electrocutaneous ~lrm 
lation of the finger was increased, imitat ing the tapping 
on the contact surface with the finger, the thresholds 
could be raised so much that the same picture of dtsorga~ 
lzarion of the rhythmic activity was observed here as 
with the auditory stimulations. However. fec this a con -  
siderable strengthening of the electrocutaneous s t imula-  
tions was required, whereas in the application of the aud! 
tory stim Jli the same effect was achieved with a barely 
supralimlnal hat.entity. 
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Thus. tills d~La shows the importance of dm stlnml[ a(-conT)anying a motor ct~Jdltloned reaction for analysis 
of external stimulli,(In our case. o~ their rhythm), a consldcratior, lhat is usually given little altendon in studies 
of a s|milar so~L. lilt rhythmic cc~lllios)cd reactions fllese sthnuli lmerwcave them)elves Into the s)stem of ex- 
ternal coudiHoned~):siguals, formin?, with thehl a compound complc• stimulus, In vfldch the components may 
d[[fcr in hul~rtam~*c. Thus. when the frcq.cncics of the external sdmnlatlons arc more than 90 per minute the 
auditory, analyzer:|is stronger and s.,bordluates the whole rhythm of the movements to Itself. although the auditory 
stimulus is a results,of 0he move.n~ut itself. 

The data gii'(elt here show that perception of rhythmic sdmull with a frequency of more than 90 per minute 
Is based on certain!~physlologlcal mechanisms different from the mechanisms for perception of lower frequencies. 
For the higher freq~mnclet there emerges clearly not only the dominant importance of the auditory analyzer. 
insuring the great~st precision in the production of rhythmic conditioned reactions and differentiation of the 
frequencies, but ~li.~o dependence of perception of rhythm on the Intensity of the conditioned sdmnli. On the 
other hand, for Icr~er frequencies the importance of the analyzer to whic~ the rhythmic stimuladom axe dlrecte~! 
and the tmpottan.---j~ of  their Ln~.~_.ity are leveled ont. 

It may be s tu~e i ted  that the dominant importance of the auditory analyzer for frequencte* greater thsn 
90 per minute IS d~termtned by the law of the strength of conditioned stimuli. However, there IS some peculiax- 
lty in this manifesttation of the law. We must cor~ider the rhythmic sdmulatiom which we employed as a 
rhythmic )erie, clffiidentieal conditioned signals following each other at a set interval. Ufider theseoconditiot~t 
each signal (auditu0ry, cutaneous, etc.)  proves to be not only a conditioned stimulus evoking a reaction (f~. 
example,  touching.the contact .~mface with the finger) but alto a strengthening of the following condition of the 
cortical cells aftetr:the preceding conditioned signal. This strengthening contributes to the elaboration of the 
condltlcmed teactl~on time, which as we have shown prevloudy [1, 21 Is mo~e Clearly observable for relatively 
short intervals ben~een rhythmic conditioned slgnal~ (less than 1 second). On the other hand, for intervals greater 
than I second the.cconditioned reaction to f lme  plays a relatively minor tale. 

It may be stu~gested that all  the relatiom1,ilm which we have described here axe determined to a condderable 
degree by the inte2rrelatlon.~im of these two factors - ~ e  conditioned reaction to time and the conditioned reaeo 
tion to the ext~nall-slgnal.  It IS quite posstb ~ -- that the auditory signal being a FthysiologicaUy stronger stimulus 
at the same t ime ih atso a greater strengthener for the conditioned reaction to time and. consequently, contri- 
butes to its speedlmr and more stable elaboration. It, by itself, determines the most complete flow of rhythmic 
conditioned reactiixxts and the mast accurate perception of the rhythm of external stimulatiom. 
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