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Abstract

The present study compared the rhythm perception abilities in Carnatic musicians (vocalists) and Bharatanatyam
dancers. Twenty Carnatic musicians and 20 Bharatanatyam dancers (aged 19-39 years), with experience of
5 years or more in the respective fields were recruited for the study. The testing was conducted in 2 parts -
(i) Synchronization with the rhythm of a musical excerpt (ii) Perceptual judgment of whether an imposed click
train follows the beat of a musical excerpt. For the first part of the testing the participants were asked to tap
the perceived rhythm of a given musical excerpt of average 30s duration. For the second part of the testing,

participants were made to perceptuallyA Judge whether a click track superimposed on a musical excerpt follows
the rhythm of the excerpt (on beat condition), or if the click tempo is faster or slower than the musical excer pt or
the clicks are not on beat of the excerpt (off beat condition). One way MANOVA was carried out for the statistical
analysis. Results of the statistical analysis showed that there is no significant difference between dancers and
musicians in the rhythm perception skills. Results also showed that experience correlated positively with rhythm

skills.
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Introduction

Rhythm is defined as an ordered recurrent alternation of
strong and weak elements in the flow of sound and si-
lence. The experience of rhythm involves movement,
regularity, grouping, accentuation and differentiation
(Handel, 1989). Rhythm perception and production is
-a basic skill which helps us to synchronize with music
like tapping, clapping, dancing, playing musical instru-
ments and synchronizing oneself with other perform-
ers. The perception of rhythm is a dynamic process
and it involves the synchronization of external musical
stimuli with internal rhythmic processes (Jones & Boltz,
1989). Anatomically, the correlates of rhythm percep-
tion are attributed to basal ganglia (Grahn, 2009) and
also to Supplementary Motor Area (bilaterally) and also
extending into regions of cingulate gyrus, basal ganglia
(Geisler, Zaehle, Jancke & Meyer, 2008).

Two important factors in rhythm perception are me-
ter and pulse or beat. Beat is a perceived pulse that
marks equally spaced points in time. Cooper and Meyer
(1960) define pulse as a series of regularly recurring,
precisely equivalent psychological events that arise in
response to a musical rhythm. It is because of beat
perception that we are able to relate the onset of tem-
poral intervals as multiple or subdivisions of the beat,
thus perceiving related intervals and not as unrelated
intervals which in turn help in rhythm perception and
production (Drake & Gerard, 1989; Ross & Houtsma,
1994; Patel, Iversen, Repp & Chen, 2005). Perception
of beats occurs when we synchronize the external stim-
uli with an internally generated temporal pattern. The
temporal properties which the listeners use to generate
the internal rhythm are not clearly known. One prop-
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erty that may be important for beat perception in rhythm
is the presence of simple integer ratio relationships be-
tween intervals in a sequence (Essens, 1986; Sakai et
al., 1999). Another factor that aids beat perception is
the perception of accents. Accents cause a particular
note to feel more prominent than its surrounding notes.
Previous research has shown that a listener’s attention
is attracted to accented events (Jones & Boltz, 1989).
In musical contexts, the accents are created by non-
temporal cues such as pitch, volume, and timbre, yet
even rhythms without these cues can induce listeners to
feel a beat internally (Brochard, Abecasis, Drake, Potter
& Ragot, 2003).

The terms meter and metrical structure refer to patterns
of regularly recurring stronger and weaker pulses (Ler-
dahl & Jackendoff, 1983). Lerdahl and Jackendoff’s
(1983) system, the fundamental pulse periodicity (the
rate at which one might spontaneously tap with a musi-
cal rhythm) would be notated as a single row of beats,
and the pattern of strong and weak pulses as additional
rows of beats at related frequencies. Metrical structure
or meter is temporal pattern created by the simultaneous
perception of beats by different temporal scales.

Most studies in rhythm perception have compared mu-
sicians and non-musicians. Though dancers are a pop-
ulation who also depend on rhythm perception for their
performance only few studies have pondered into the
rhythm perception abilities of dancers. Hence a com-
parative study of rhythm skills in musicians and dancers
would throw light onto which group have superior
skills. The Bharatanatyam dance form and Carnatic
music share similar musical compositions and are ex-
posed to the same rhythms and they are trained simi-
larly. But while performing and practicing, rhythm is
maintained in different manner by the two groups. The
Carnatic musicians maintain rhythm by tapping with the
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palm and Bharatanatyam dancers maintain practice by
stamping it on their feet. Understanding the perception
of rhythm in dancers and musicians will throw light on
which mode of rhythm maintenance could be utilized
for training rhythm to the speech and hearing impaired
individuals.

Beat perception is one factor expected to have an effect
on rhythm perception. But the role of beat perception in
rhythm is not studied much. Thus investigating the role
of beat perception in rhythm can help us understand as
to how to impart rhythm training for individuals with
poor rhythm skills.

Method

Participants

Twenty individuals trained in Carnatic music and 20
others trained in Bharatanatyam dance were recruited
for the present study. Age range of the participants var-
ied between 19 years and 29 years. The participants
were otologically and audiologically normal with hear-
ing thresholds not exceeding 20dB at any frequencies
between 250 to 8000Hz. The participants were also
ruled out of any middle ear infections and any history
of neurological disorders. All the recruited participants
had received 5 years or above 5 years training in music
or dance.

Instrumentation

A calibrated audiometer with TDH 39 headphones was
used for Air Conduction testing and radio ear B-71 was
used for bone conduction testing. GSI Tympstar was
used for ruling out middle ear infections. Audacity soft-
ware was used for generating the test stimuli and for
recording the responses.

Procedure

The testing consisted of 2 parts; Synchronizing with the
rhythm of a musical piece and Perceptual judgment of
imposed rhythms on a musical piece.

Test 1: Synchronizing with the rhythm of a musical
piece

Each participant was given 5 stimuli, (Carnatic instru-
mental pieces) one at a time. The musical excerpt had
duration in the range of 25 to 30sec. The participants
were made to listen to the stimuli twice and were asked
to tap and report about the perceived rhythm of the
piece. The participant’s taps were recorded during the
recording trail (3'¢ trail) and were mixed with the origi-
nal composition using the Audacity software. Informa-
tion on the participants’ tapping and about the meter of
the composition as perceived was noted. The taps were
compared with the original rhythm of musical excerpt

and were also checked for the presence of any tapping
errors in terms of phase or tempo. The participants were
also asked about the familiarity of the musical compo-
sition.

The different rhythms selected were such that
they formed the frequently taught and most com-
mon rhythms in both Carnatic music as well as
Bharatanatyam dance.

Test 2: Perceptual judgment of imposed rhythms on a
musical piece

For this part of the experiment, the participants were
presented with a musical composition upon which a
click train had been imposed. The click trains are su-
perimposed in 3 conditions; hence there are three varia-
tions of the same composition. The three conditions are
on beat and off beat (tempo error) and off beat (phase
error).

On beat condition: For generation of this condition, the
click train was generated with the same tempo as that of
the compositions. The original tempo of the song was
calculated by computing the beats per second (BPS).
BPS was calculated by tapping to the song and calcu-
lating the number of taps per second. A click train gen-
erated with the same BPS was aligned to the composi-
tion in such a way that, the first click coincided with the
original beats of the composition. Thus, the clicks fell
exactly on the points where we expect the composition’s
beats to fall. A musically trained listener was made to
judge whether the tempo was matching the composi-
tion’s tempo. '

Off beat condition (tempo error): For this condition the
click train was generated in such a way that tempo of
the click train was either greater or lesser than the ac-
tual tempo of the composition. For this condition, the
original tempo of the song (BPS) was found out and was
aligned with the composition for checking matching of
the tempo. Once both the tempo matched, then the par-
ticular click train was removed and another click train
was generated with a tempo which is 20% lesser than
(slower tempo) or 20% faster than (faster tempo) that of
the original tempo of the composition. This click train
was aligned to the composition in such a way that, the
first click of the composition falls on beat with the beat
of the composition, but the tempo being different from
the composition’s original tempo.

Off beat condition (phase error): For generation of this
condition, the click train with the same BPS as that of
the song was generated, but the click train was aligned
in such a way that, the first click fell either before or
after the point where the actual beat of the song falls
such that every time the clicks fell either before or after
the intended beat.
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The above mentioned three conditions were randomly
mixed and the participants were required to report
whether the click train imposed on a musical piece (Car-
natic composition) follows the rhythm of that particular
composition. The participants were exposed to 3 itera-
tions of a stimuli such that in one falls in on-beat, in one,
there is a off-beat in terms of phase error (early or late)
and in the third one, there is a off-beat in terms of tempo
error (slow or fast). Each subject was exposed to 5 stim-
uli, twice during testing. The participants were asked to
report whether the clicks were falling on-beat with the
composition or off beat with the composition. If the
clicks are falling off -beat, the participants were asked
to report whether there was an error in terms phase or
tempo. If the error was reported to be phase, then par-
ticipants had to report whether the clicks were early or
late with reference to the beat of the composition and
if the error was reported to be in tempo, then the par-
ticipants had to report whether the beats were faster or
slower when compared with the original composition.
The participants were also asked regarding the years of
experience with music or dance and familiarity with the
musical compositions included in the study.

Scoring

Test one: Test one consisted of 5 compositions. For
each composition, a maximum score of 3 was given,
which was consisted of the scores for the three domains
tested. The three domains tested are: Identification of
the rhythm of a composition, synchrony of the partici-
pant’s tapping phase with the phase of the composition
and synchrony of the participant’s tapping tempo with
the tempo of the composition. A correct response in
each domain was awarded 1 point. Thus, each composi-
tion gets a maximum of 3 points. Hence, the maximum
total score in the Test one is 15.

Test Two: The stimuli in Test two was composed of 5
compositions each iterated 3 times (3 different condi-
tions), thus making a total of 15 presentations of the
stimuli. Identification of offbeat condition was awarded
with 0.5 point. A score of 1 was awarded when the par-
ticipant identified the exact offbeat condition in terms
of whether it is a tempo error or phase error. The max-
imum score of 2 was awarded when (i) participant cor-
rectly identified whether in tempo error i.e. The click
tempo as fast or slow than the composition’s beats or
(ii) participant correctly identified whether in phase er-
ror, the clicks were early or delayed with reference to
the original composition. Hence the maximum score
for each stimulus is 2. Thus, a total score of 30 is the
maximum score in Test 2.

Results and Discussion

The data from 40 participants (20 dancers and 20 mu-
sicians) was subjected to statistical analysis. The data
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was tabulated and analyzed using SPSS (17.0). In order
to compare the rhythm skills in dancers and musicians,
a one way MANOVA was carried out between both the
groups for the test scores obtained in the two tests, an-
other one way MANOVA to compare the skills across
the domains tested in each test, and correlation of var-
ious parameters of the two tests and correlation of the
rhythm skills and experience of the participants.

Comparison of Scores Obtained in each domain
tested in Test 1 between Musicians and Dancers
(Musicians: Group A, Dancers: Group B)

The main aim of the study was to compare the rhythm
skills of dancers and musicians. Thus the scores ob-
tained for each domain in Test one was compared across
the two groups using a one way MANOVA. The do-
mains tested were (i) identification of the rhythm (ii)
tempo synchrony (iii) phase synchrony. The mean, stan-
dard deviation, F value, significance level are shown in
Table 1.

The p values for identification domain is p= 0.596, for
tempo synchrony domain is p= 0.771 and phase syn-
chrony domain is 0.912. Hence the statistical analysis
showed that there is no significant difference between
the two groups across any of the domains tested in Test
one.

The results of the statistical analysis imply that the
rhythm perception abilities in dancers and musicians
are comparable. Participants in both the groups could
identify the rhythm; synchronize with the musical com-
position according to its phase and tempo to the same
extent. The reason for getting no significant difference
between the two groups in the test can be attributed
to factors like similarity in training imparted to both
the groups, the rhythms selected for testing. The two
groups considered under the study i.e. dancers and mu-
sicians would have both been exposed to the same kind
of music during learning i.e., Carnatic Music since the
rhythms and compositions used in the Carnatic music
are commonly used in Bharatanatyam dance training.
Also the rhythms used in the tests were common to both
Carnatic music and Bharatanatyam dancers.

Table 1: Mean, Standard Deviation, F value,
Significance for the two groups for the Test 1

Domains Group Mean SD  F value p
tested
Identification A 370 1.52

B, .. 345 143" s 039
Tempo A 425 1.06
synchrony B 415 108 008 077
Phase A 390 1.48
synchrony B K i i i
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Comparison of the Scores Obtained for the Identifi-
cation of the Three Conditions in Test Two between

Musicians and Dancers

Further to compare the rhythm skills under Test two, a
one way MANOVA was carried out. The two groups
were compared for their ability to identify 3 conditions
of imposed beats on a musical composition namely- on-
beat condition, off beat-tempo error condition and off
beat-phase error condition. The mean, standard devia-
tion. F value, are given in Table 2. Hence, the statistical
analysis has shown that there is no significant difference
between the 2 groups for identification of different con-
ditions in the Test Two.

The results of the statistical analysis showed that both
dancers and musicians have similar abilities in percep-
tion of beats. The perception was similar for percep-
tion of on-beat condition, off beat phase error condition
and off beat tempo error condition. Previous study on
general population (untrained in rhythm) by Iversen and
Patel (2008) had indicated that on-beat conditions were
identified more correctly than the tempo error or phase
error condition. Such a pattern is not observed in musi-
cians and dancers i.e. they identified off beat condition
and on beat conditions easily. This could be attributed
to the training effect and similarity in training rhythm in
both the groups. The study of Iversen and Patel (2008)
was carried out on general population who received no
training in rhythm, hence the authors could not find out
the similarity in perception of rhythm in their partici-
pants.

Comparison of the Total Scores for Both the test be-
tween the 2 Groups

For comparing the rhythm skill for the two tests (total
score) for the two groups, the total scores obtained for
each test were calculated and were compared using one
way MANOVA.

Results from the statistical tests revealed no significant
difference between the 2 groups for the two tests. The
reasons for the non-significant difference between the
tWo groups are because of similar training and rhythms
chosen for testing. The rhythms chosen were present

Table 2: Mean, Standard deviation, F-value,
Significance for the two groups for Test Two

Conditions  Group Mean SD  F value p
- A 830 188 o o

B 8.90 1.51

Off beat

o T

B 6.30 1.88

Off beat ) A 5.82 2.3
_Phasceror  p  ays 5, 060 043

Table 3: Mean, Standard deviation, F value for total
scores of the two tests for the two groups

Test Group Mean SD  Fvalue p
A 11.65 3.963
Test 1 B 1145 3720 002 0.88
21.97 5.861
2
Test 2 B 2045 4695 0.75 0.38

in both Carnatic music and Bharatanatyam dance. The
compositions were also selected in such a way that it
is not very common, so as to remove prior knowledge
of the rhythm. It was noted during the testing that for
those participants who had been exposed to the compo-
sitions before i.e. those who were trained in that partic-
ular composition had better scores than for those partic-
ipants for whom the compositions were novel.

Computation of the Correlation between the Two
Tests)

The second aim of the study was to find whether,
perception of beat influences the synchronizing to a
rhythm. To study this, correlation between the two
tests used in the study was carried out. Correlation was
found by considering the total 40 participants as a sin-
gle group. The results of the analysis showed significant
correlation for the two tests [Pearson’s correlation coef-
ficient: 0.690 at 0.05 level of significance]. Correlation
results are shown in Table 4.

Previous work on general population by Iverson and Pa-
tel (2008) on the correlation of beat perception and syn-
chrony with a composition’s rhythm showed weak cor-
relation (correlation coefficient = 0.38; p<0.03). But in
the current study, there is a positive correlation between
the two indicating the enhanced abilities in dancers and
musicians, owing to training effects and better exposure
and familiarity with the compositions.

For each domain, the influence of Test one over Test
two was found out by finding out the correlation be-
tween domains tested in Test one with the correspond-
ing condition in Test two. Thus off-beat phase error
condition in Test two was checked for correlation with
phase synchrony in Test one. Similarly off beat tempo
error condition in Test two was checked for correlation
with tempo synchrony domain in Test one. The analy-
sis resulted in significant correlation between detection
of tempo error and the tempo synchronization abflity
(Pearson’s Correlation Coefficient: 0.383 at 0.05 level
of significance) and significant correlation between de-
tection of phase error and phase synchronization ability
(Pearson’s correlation coefficient: 0.571 at 0.01 level of
significance). Correlation results are shown in Table 4.

Thus, the positive correlation results between domains
of Test one and Test two indicated that correct detection

w
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Table 4: Results of correlation

Variable one Varablis twe Correlation
Coefficient
Test one Test two 0.690 **
Tempo error Tempo synchrony 0.383*
Phase error Phase syﬁchrohy 0.571*
Experience Test one 0.679**
Experience Identification of rhythm 0.710"

* Correlation is significant at the 0.05 level (2-tailed).

of an off-beat tempo error aids in better synchrony with
the tempo and a correct detection of an off-best phase
error aids in better synchrony with the phase.

The third aim of the study was to find whether expe-
rience plays a role in rhythm perception. Thus corre-
lation of the participants’ test scores and the subject’s
experience was calculated using Pearson’s Correlation
coefficient. Results of the analysis have showed that
experience was positively correlated significantly with
test one scores [Pearson’s correlation coefficient: 0.679
at 0.05 level of significance|. Correlation was calculated
between identification scores in test one and experience
of the participants. Results of the analysis, showed Sig-
nificant correlation between the two [Pearson’s corre-
lation coefficient: 0.710 at 0.01 level of significance].
Correlation results are shown in Table 4.

Thus, results of statistical analysis have showed that ex-
perience plays an important role in rhythm perception.
In both the groups, participants with greater years of ex-
perience got better scores in rhythm. Thus experience
is a factor which affects rhythm perception.

Previous study by Batalha and Macara (2008) had also
got similar results. Their study has shown that when
compared to dance students, professional dancers have
better rhythm perception abilities. This is owing to
better experience and exposure to the rhythm. In the
present study, both dancers and musicians showed a
positive correlation with experience. Thus confirming
the fact experience plays an important role in rhythm
perception.

Conclusions

Thus, the results of the present study indicated that
dancers and musicians perform similarly on the iden-
tification of rhythm, tempo, synchrony and phase syn-
chrony. Also, the performance of dancers and musicians
was similar in on beat, off beat tempo error condition
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and off beat phase error condition. Further, beat per-
ception has positive correlation with identification and
synchronization with the rhythm.
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