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Abstract

Indian music is primarily melodic. Appreciation ifis supposed to be mainly based on the
melodic content and rhythm, and not so much ortithkbral content. In north Indian classical
vocal music (also known as Hindusthani vocal musiga forms the base bone. The most
common style of performance is khayal. The first jrakhayal is known as alap, wherein one
tries to establish the image and emotional distieaess in slow tempo. The present study
concentrates on the alap part of professional Kh@gréormances. For each raga there are some
distinctive sequences known as chalans and pakadaga is said to elicit some specific
emotions from 8 categories referred to in India@atises aRasas

The database for the experiments consists of skegments extracted from khayal
performances from eleven most emotive ragas seléaim the archives of ITCSRA.

The first part of the study consists of identifyisignificant emotions evoked by the aforesaid
segments in western listeners as well as nativeamndisteners and the cross-cultural
differences, if any. This also includes an exanmatof to what extent theaga-rasa
relationship indicated in treatises matches withdhserved data.

The second part consists of the extraction of ikéndtive note-sequences in these segments.
The signal processing part performed here includggaction of pitch contour, and
segmentation of it into sequences of notes. Thdtrebthe examination of the relation of these
sequences with the perceived emotion is also preden

Thirty seconds long music segments were used inegperiments, to check what specific
emotion(s) they elicit. The listening tests showrat different segments from the same raga do
not generally correspond to the emotions prescribdddian treaties. The responses from the
two cultural groups are found to be similar.

Melodic sequences vaguely relate with emotiongloase.

INTRODUCTION

Emotions give meaning to our lives. No aspect af mental life is more important to the
quality and meaning of our existence than emotiofisey make life worth living, or
sometimes ending. The English word 'emotion’ isvedr from the French worémouvoir
which means ‘move’. Great classical philosophersate??| Aristotle, Spinoza, Descartes
conceived emotion as responses to certain sorgvefts triggering bodily changes and
typically motivating characteristic behaviolt is difficult to find a consensus on the
definition of emotion [4]. Most researchers wouldlpably agree that emotions are relatively
brief and intense reactions to goal-relevant changehe environment that consist of many
subcomponents: cognitive appraisal, subjectiveirfgelphysiological arousal, expression,
action tendency, and regulation. It therefore satgythat some part of the brain would be
selectively activated [10]. Origin of emotion mag traced back to 200,000 years ago to



semi-nomadic hunter—gatherer [11]. It is argued thair way of living, which involved
cooperating in such activities as hunting, avoidimgdators, finding food, rearing children,
and also competing for resources, could be relatdatie origin of emotion. Most emotions
are presumably adapted to living this way. Sevefdhe activities are associated with basic
survival problems that most organisms have in comnidhese problems, in turn, require
specific types of adaptive reactions. A humberuthars have suggested that such adaptive
reactions are the prototypes of emotions as sekarmans [13], [14].

If various emotions are cognitively differentiables is again likely to be publicly agreed
upon, there should be differences in sites of bibaing excited for different emotions. Bower
further suggested [1] that every emotion is assediawith autonomic reactions and
expressive behaviors. These expressive behaviamssponses to the same stimuli can vary
depending on many factors external to the stinfilké, the mood of a person [4], [8], memory
association of the person to the applied stimgli[®], etc.

Objects or a sequence of objects elicit feelingodlgh a sequence of psychophysical
processes. The sensory organs convert the sigmaisthe objects to neural pulses. These
pulse trains are processed in sub-cortical neurattsires, which are primarily inherited.
These processed signals produce perception in.braimugh the process of learning and
experience we cognize the objects or sequencejettskfrom these perceived signals. Again
through the process of learning we learn to astotieese with some emotive environment in
the past. This ultimately evokes emotion or feeling

The evaluation of emotional appraisals of stimuéiynbe done by having the person report
the emotions they perceive as reaction to the $timhis can be done in several different
ways such as verbal descriptions, choosing emdtienas from a list, or rating how well
several different emotional terms describe the a@ippl [4], [7]. The emotional terms used
should be limited in number and as unambiguousoasilple. It is also possible to represent
these terms in vector forms. The splitting of emotinto dimensions is consistent with
Bower’s network theory of emotion [3], [6]. Howeyé¢he number of components and the
type of components vary between studies [2], [H], [P].

While sound stimuli may cause general physiologid@nges ("arousal”), these changes
must be interpreted cognitively in order for a spe@motion to emerge. The listener does
not come to the listening experience as a blartk.sle or she already has existing musically
pertinent knowledge. Even for a musically untraifisgtner the general exposure to listening
to music since childhood is also learning, thoughfarmal.

Thus any emotional behavior, even habitual and segynautomatic and natural, is actually
learned. In case of music this behavior serves agans of communication, since often
emotional behavior is differentiable and intelliglbOne major problem that arises in the
study of the emotional power of music is that thmotonal content of music is very
subjective. A piece of music may be undeniably eomadly powerful, and at the same time
be experienced in very different ways by each pergloo hears it. The emotion created by a
piece of music may be affected by memories assatiaith the piece, by the environment it
is being played in, by the mood of the person tistg and their personality, by the culture
they were brought up in; by any number of factathlmpossible to control and impossible
to quantify. Under such circumstances, it is exglmdifficult to deduce what intrinsic
quality of the music, if any, created a specificogional response in the listener.

It seems that the listeners experience gross ematimugh the unfolding of successive
events. If the successive events are always peddiéstthe emotion is boredom, unless an
association of past evokes a specific emotion. Wgaitensive uncertainties are likely to lead
to apprehension and anxiety. These two emotiona¢mances may therefore be the robust
ones. As soon as the unexpected is experiencetistiiger attempts to fit it into the general



system of beliefs relevant to the theme. This mayplen in one of the following three ways:
(1) The mind may suspend judgment, expecting thatdubsequent event will bring in
clarity. (2) If no clarification takes place, iation will set in. (3) The expected consequent
may be seen as a purposeful blunder.

When we expect music to convey emotion, we acddpthe a language, as emotion is built
upon the meaning. In order to extract the right o it is essential that the listener is
acquainted with the grammar, and thus the extraealusvorld of concepts, actions,
emotional states, and character. Even if he do¢shane the appropriate grammar in his
mind, he can still extract some emotional meaning a¥ it, with some of his own stock
grammar In this sense emotion in music may be called eefigal. A piece of music can be
universally pleasant or universally irritating.

On the other hand, a musical stimulus or seriegtiofuli can be considered to indicate and
point to other musical events, which are aboutappen, rather than extra-musical concepts
and objects. That is, one musical event (be itret@a phrase, or a whole section) has
meaning because it points to and makes us exp@&thexnmusical event. Even then the
affective experience is still dependent on cognitianvolving a process of intellection,
conscious or unconscious) that cannot be restritbethe musical concepts alone. The
musical expectations and experience grow out ofirthate processes gfouping closure
andgood continuationn Gestalt psychology.

Hevner [12] studied as early as in 1936 groupingmbtions described by listeners using
adjectives through listening experiments. The expemts substantiated a hypothesis that
music inherently carries emotional meaning. Hewtiscovered the existence of clusters of
descriptive adjectives and laid them out in a eirdhese are: a) cheerful, gay, happy, b)
fanciful, light, c) delicate, graceful, d) dreamlgisurely, e) longing, pathetic, f) dark,
depressing, g) sacred, spiritual, h) dramatic, extiphi) agitated, exciting, j) frustrated, k)
mysterious, spooky, |) passionate, m) bluesy. Abtpaemotion detection in musical
information is better considered as_a ‘Multi-lali#hassification probleny’where the music
sounds are classified into multiple classes simelbaisly. That means that a single music
sound may be characterized by more than one lalgelboth “dreamy” and “cheerful.”

Figure 1: Possible descriptions of emotion using valemzkaousal [22].
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Emotions recognized in music can be representadwo-dimensional space (Figure 1), with
valence (positive vs. negative feelings) and aro(isgh—low) as principal axes [17]. These
are the dimensions suggested by Russell to desenimion [15]. Valence refers to the
happiness or sadness of the emotion and aroudhkisctiveness or passiveness of the
emotion [16]. A positive valence corresponds witlsiive emotions such as joy, happiness,
relaxing and a negative valence corresponds witjathee emotions such as fear, anger and
sadness.

Emotions are denotative signs. When a listenerrtemn emotion, particularly in case of
ragas in Indian Music, he may actually be descglonly what he believes the passage is
supposed to indicate, not anything he has expertety himself. Even when a genuine
emotional experience is reported, it is liable éwdme garbled and perverted in the process
of verbalization. Some emotional states are muchensabtle and varied than are the few
crude and standardized words which we use to dethet®. In such cases reports may
contain a large amount of what psychiatrists adilitortion".

In India, music §ee}) has been a subject of aesthetic and intelledisaburse since the times
of Vedas (samaveda)Rasawas examined critically as an essential part efttteory of art

by Bharata in Natya Sastra, (200 century BC). iidsa is considered as a state of enhanced
emotional perception produced by the presence aficalienergy. It is perceived as a
sentiment, which could be described as an aesthgperience. Although unique, one can
distinguish several flavors according to the emotizat colors it. Several emotional flavors
are listed, namely erotic lovesr{ngarg), pathetic karung, devotional bhakt), comic
(hasya, horrific (bhayanak® repugnantlfibhatsg, heroic yira), fantastic, furiousrpudra),
peaceful $hantg. Italics represent the corresponding emotion ivethe Indian treatises.
The individual feels immersed in that mood to thelesion of anything else including
himself. It may be noted that during the musicglezience, the mind experiences conscious
joy even in the representation of painful eventsalbige of the integration of perceptual,
emotional, and cognitive faculties in a more exmahdnd enhanced auditory perception,
completed by the subtle aesthetic of sensing,fgeluinderstanding and hearing all at the
same time. The Eastern approach to emotional aesttend intelligence treatasa as a
multi-dimensional principle that explains thorouglthe relation between a sentiment, a
mood, the creative process and its transpersoraditiga. This transpersonal domain includes
the super-conscious or spiritual state and thegedots as an interface between individual and
collective unconscious states. This transpersonality is a germinating power hidden
behind aspects of great musical creation that eaeal it, and is able to induce the complete
chromatic range of each emotidRasaconveys the idea of an aesthetic beauty knowable
only through the feeling. This aesthetic experieisca transformation of not merely feeling,
but equally of cognition, a comprehensive undeditaq in the mode of ecstasy of the
intellect, itself inscrutable and illuminating. the Vedas the experience rasais described

as a flash of inner consciousness, which appeanston the knowledge of ideal beauty is
innate and intuitive.

Rasais not the unique property of the art itself. hites the art with the creator and the
observer in the same state of consciousness, apdree the power of imagination and
representation and therefore a kind of intellecseasibility.

Indian musicological treaties since Bharata holdt teven notes bear the potential of
producing emotional effects. Tembe listed eighthem (Table 1). However no rational or
scientific scrutiny was provided. It seems that fls was drawn from the proposals
presented in Natyashastra.



Table 1 Emotional attributes of notes according to G.Snlbe [21]

Notes Emotional attribute

Shadja like ayogibeyond any attachment
Rishabha (komala) rather sluggish

Rishabha (shuddha) | reminding of indolence of a person waking up freleep
Gandhara (komala) | bewildered, helpless and pitiable
Gandhara (shuddha) | fresh and pleasant

Madhyama (shuddha)| grave, noble and powerful
Madhyama (tivra) sensitive, luxurious

Panchama brilliant, self composing

Dhaivata (komala) grief, pathos

Dhaivata (shuddha) | robust, lustful

Nishada (komala) gentle, happy, affectionate
Nishada (shuddha) piercing appeal

However, he agrees that only fo@sas,namely Karuna, Shanta, Shringarand Vira may
actually be experienced from a single noke further proposes that wheBhuddha
madhyamadominates a melody, it creates a serene and subldimm®sphere, while a
dominantPanchamacreates an invigorating and erotic feeliRgndit V.N. Bhatkhande [24]
in his worksuggested the inadequacy of vadi svara (i.e. thie malodic tone of the raga) in
determining therasa of ragas. However, he mentions thRagasemployirg Shuddha
(Rishabha, Dhaivatand Gandharg emote Shringara rasaand those employin¢gtomala
(Dhaivata and Nishad emoteVira rasa This view is contradicted by Ratanjankar [21].
According to him, individual notes cannot produeeogon, and they may do so only in a
specific context. This implies that expression @asrbby the melodic content. Konishi et.al
[27] reported that listeners can correctly decod®teons like anger, fear, happiness, and
sadness from single notes from vibrato effect irsi&fien music.

Having noted all these, it appears that the notbra single note conveying emotion in
general may be somewhat contrived particularlynoidn music. In Indian music, a note does
not have a specific frequency. It is related togbale where the base n&acan be assigned
any arbitrary frequency.

Kamani [22] noticed inconsistency between thea of a raga traditionally prescribed and
experienced. He holds that since a raga represerdsmplex set of feelings, a simple
relationship between a raga aedais unlikely.

Some empirical studies on the relationship of raga rasa in Hindustani music are
available. Deva [25] and Virmani reported consisteigment of Indian listeners on the
mood, color, season, and time of day for excerpts Hindustani ragas.

Gregory and Varney [28] used both Western and indigteners to assess the emotional
content of Hindustani ragas, Western classical cpasid Western new-age music. He used a
list of mood terms taken from Hevner for the assesg of the emotional contents. Both the
Western and Indian listeners were reported to bsitee to intended emotions in Western
music, but not in the Hindustani ragas. Also thelteok descriptions of ragas did not always
reflect the mood intended in a given performancaetii@ other hand, Balkwill and Thompson
[26] reported high ratings in respected categooiesorrect emotion detection by Western
listeners for joy, sadness and anger in Hindustagas. They believe that listeners can
appreciate affective qualities of unfamiliar mubic attending to acoustic cues. Consciously
or intuitively, composers and performers draw upoaustic cues too. When cultural-specific



cues are absent, listeners may still attend tostmocues such as tempo and loudness. These
cues provide listeners with a general understandiirtige intended emotion.

In Hindustani music, ragas are said to be assatiatih different rasas (emotions).
However, one particular raga is not necessarilypo@ated with one emotion. Moreover,
opinion varies; a comprehensive summary is avalabSemiosis in Hindusthani Mugit8].

For the present study we have selected 11 ragable(T2) to represent different
rasas/emotions residing therein. Of the eight emotilisted in the opinion score sheets, only
six representasas. These are Heroic (Vira), Anger (Raudra), Seye(ftanta), Devotion
(Bhakti), Sorrow (Karuna), Romantic (Sringara). @thtwo emotions namely Joy and
Anxiety have been considered additionally.

Table 2. Selected ragas and correspondagps

Name of the Raga | Rasas

Adana Vira

Bhairav Raudra, Santa, Bhakti, Karuna
Chayanat Sringara

Darbari Kannada | Santa

Hindol Vira, Raudra

Jayjayvanti Sringara

Jogiya Karuna, Sringara, Bhakti
Kedar Santa

Mian-ki-Malhar Karuna

Mian-ki-Todi Bhakti, Srigara, Karuna
Shree Santa

The objective of the present study was to find Wwhet
1) An oral music segment of short length extractedioanly from a raga elicit any

emotion,

2) The elicited emotion from an oral music segmentlarspecified into prescribed
categories,

3) The elicited emotion from different segments frohe tsame raga has some
specificity,

4) To what extent the emotional responses from thenseats of a raga correspond to
those given in table 2,
5) Whether the elicited response have any cross-alikimilarity,
6) To what extent the melodic sequence (sequence aicalunotes) relate with
emotional response.
For the purpose of this research, we selectedapasrfrom ITC Sangeet Research Academy
archive, and after signal processing we continugdwork in order to find the sequences for
listening experiments. These sequences would ealheiie the fragments of ragas. In order to
find which sequences evoke particular emotions,ymasssible sequences of various lengths
can be taken into account (considering the granohé#ne raga). We decided to extract about
30-seconds long sequences from the sound signahwiight evoke emotions, and use them
for perceptual tests. The tests were performeddbly Wwestern and Indian listeners, in order to
observe and compare emotions evoked by each sexjugimce each raga has a specific set of
notes and sequences used, we could assign shoaersss of notes to particular emotions
evoked in both Indian and western listeners.



EXPERIMENTAL DETAILS

There are different styles for executing a ragadcal music. The most common is khayal. The
performance of khayal has two distinctive partse Tinst one is known as alap wherein one
tries to establish the image and emotional distieoess in slow tempo. The second part is
known as bistar where the tempo is faster andrfasig the performer tries to expose his skills
through use of various embellishments (alankardmslevkeeping the mood and emotion of the
raga intact.

The present study concentrates on the alap pagptaiéssional khayal performances as this
really establishes the characteristics of raga. ihkestigated excerpts represent vocal music
(with some accompaniment). Songs by eminent singedise ragas mentioned in Table 2 were
selected from the archives of ITC Sangeet Reseacelllemy. From the alap portions of the
ragas, segments of about 30 seconds were takeforothte audition test. From each song, 4
segments were collected. The collection of thegensats was then randomized. The listeners’
opinions were collected in the score sheet, presemt Table 3. There were two groups of
informants: western listeners (24), and nativedndi(12), as we wanted to investigate whether
the perceived emotions and the required minimajtlerof audio segments to listen to were
coincident, and also conforming to the theory pmese in treatises on ragas.

For western listeners, this music was very differdran what they were used to listen, as
Indian and western music and melodies are baselifferent scales. Each raga has specific set
of notes used, sequences, prolonged notes, etee S@stern listeners reported difficulties in
perceiving emotions when listening to this music.

Initially, the test set consisted of 124 segmehits,this test was too long and difficult for all
listeners, even educated in music. Therefore, vogddd to limit the test to 44 excerpts. The
listeners were asked to assign each excerpt to @myemotional category if possible. Two
choices were also allowed, but the listener haokder them and mark the first and the second
choice. Statistical elaboration of results in tieisearch was performed taking into account only
the first choices.

Table 3. Opinion Score Sheet

Name of the informant: Age: Sex: M/F Knowledge
of Music: y/n
No.AngerJoy|Sorrow|HeroicRomantic|Serenity [Devotion|Anxiety |Any other,mention [Nil Emotion
1
2
3
42
43
44

The correlation matrix was obtained using a Peapsoduct-moment correlation coefficient
between different types or category of emotion. Hearson product-moment correlation
coefficient is a common measure of the correlatibnear dependence) between two
variables. In our experiment, each category of @notwas compared to every other
category, yielding a value in a range [1, -1] dmel @btained correlation between the two was
plotted in a matrix. The statistics is defined las $um of the products of the standard scores
of the two measures divided by the number of degoddreedom. If the data comes from a
sample, then



where

u, X, and sy
Sx

are the standard score, sample mean, and samptiasiadeviation (calculated using- 1 in
the denominator).
The matrix we derived was obtained by comparindneategory of emotion with every other
category, e.g. Joy (a particular category of enmtiwas compared with all the nominated
categories (Romantic, Serenity, Devotion, SorrowpxiAty, Anger, Heroic), and the
respective correlation value was obtained for eatbgory.

Product moment correlation has also been calculdtetiveen different categories of
emotions as perceived by people of Indian origiairggf those of non-Indian origin.

The t-test used in the analysis here was ‘One samst’ in which the observed sample
mean X) with the population mean). t value is given by

T —
- Ho

N
wheres is the standard deviation of the sample and the sample size. The number of
degrees of freedom used in this test is1.This is sometimes referred to as a sigma Fest.
each segment, t-test was run between ‘Obtainedtcaumd ‘Expected count’ for each
category of emotion.

Generation of sequence of notes [19]
In order to generate a sequence of notes for eagphent, the following procedures were
adopted:

1) Pre-processing of the acoustic signal,

2) Pitch detection,

3) Detection of pitch of the tonic for each song,

4) Labeling of each pitch-profile into notes usingri®e western scale intervals using

standard grammar for the raga.

The musical notes in Indian system are not frequapecific; instead, they are interval-
specific [20]. Additionally, signers often sing Wwiglissando effect.
Our goal was to extract melodies for each segnibentwe decided to keep information about
pitch only, and temporal structure of the extractequences (i.e. rhythm) was not taken into
account in further processing.
There are seven pure notes, nam8kg(Do), Re (Re), Ga (Mi), ma (Fa), Pa (Sol), Dha (La),
and Ni (Si). The five altered notes are re, ga, tta, and ni; re, ga, dha, and ni are flat, and
Ma is sharp. In the result section, notes in segeemvere denoted by the first letter of each
of the aforesaid notes. The abbreviated sequencete$ used thereinare S, r, R, g, G, m, M,
P, d, D, n, and N.

RESULTS

Figure 2 contains eleven plates. Each plate shiog/prioportion of responses for each of the
four segments of a raga. Horizontal axis represietsategory of emotion, namely: anger
(2), joy (2), sorrow (3), heroic (4), romantic (Sgrenity (6), devotion (7), anxiety (8), and nil



(9). One can see that most of the ragas exhil@tg8eté emotions. In the following pages we
shall use different statistical tests to deal it queries posed in the introduction.

Figure 2. Proportion of categotical responses for diffesegments arranged raga-wise
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Table 4 presents the pair-wise correlation coefits of eight emotions organized in such a
manner that the best correlated pairs come conigjyoA shaded cell represents the highest
negatively correlated emotion for the emotion repreed by the row. Using this table we

tried to organize the emotions in the emotion eifmlesented in Figure 3.

Table 4. Pair-wise Pearson’s Correlation Coefficients

Anger ‘Heroic Romantic‘\]oy ‘Devotion |Serenity |Anxiety Sorrow
Anger 1 0.211529 [-0.17939 -0.20863 0.06554 -0.22597 0.221503 -0.02729
Heroic  ]0.211529 1 -0.13986 -0.17421 -0.11075 -0.0915 -0.07588 -0.25846
Romantic|-0.17939 -0.13986 |1 0.141939 |-0.18612 0.066252 -0.21185 -0.39698
Joy -0.20863 -0.17421 |0.141939 1 -0.41156 -0.28621 -0.50181 -0.02176
Devotion |0.06554 -0.11075 -0.18612 -0.41156 |1 0.072079 |-0.02176 -0.01121
Serenity |-0.22597 -0.0915 0.066252 -0.28621 (0.072079 1 -0.10248 -0.15363
Anxiety ]0.221503 -0.07588 -0.21185 -0.50181 -0.02176 -0.10248 |1 0.363925
Sorrow  |-0.02729 -0.25846 -0.39698 -0.02176 -0.01121 -0.15363 |0.363925 1

Figure 3. Circle representing emotions correspondintptass reflected in Indian Ragas
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The valence axis represents the usual arousal diorenThe color axis represents dark
(negative) to bright (positive) emotions. It camdeen that each quadrant contains emotions
which are positively correlated in Table 4. Moregvwgenerally each emotion the circle is
positively correlated with the neighboring emotidie exceptions occur only when the two
neighboring emotions are in different semicirclasthe color axis. Again, in general, the
emotions which are oppositely placed in the emotiocie are also negatively correlated. In
fact, most of them show highest negative correteatio

Table 5 has been obtained by calculating a t-testvden the count of each category of
emotion for the sample, for listeners of Indiargoriand those of non-Indian origin.



Table 5. Results of T-test showing cross-cultural similari

Category of | T-test of Indian Level of Level of Remarks about

Emotion and Non-Indian Significance | Significance | the significance.
origin perception | 0.05 0.01

1. Anger 0.05284118

2. Joy 0.09924301

3.Sorrow 0.1685246

4.Heroic 0.86375077

5.Romantic | 0.983095

6 Serenity 0.4438216
7.Devotion 0.0629127
8.Anxiety 0.00103316
9.Any other | 0.1253069
10.Nil 0.94685096

2.31 3.36 Not Significant

The results obtained reveal that none of the cagegioemotion shows significant difference
in perception between the listeners of Indian arignd Non—Indian origin. Therefore, these
results indicate that culture does not play anyiigant differentiating role in the perception
of emotion in music. E.g. segments, which were gigexl by Indians to evoke ‘devotion’,
also evoked the same emotion (devotion) in liseradrnon-Indian origin. This result is
further confirmed by its high Product-Moment coatedn value 00.9954.

Table 6 presents the results of T-test, showingifstgnt preference of emotions for all
respondents for each music segment. The segmentgreuped with respect to the ragas.
Blank cells represent non-significant values. Thesnsignificant expressed emotion is given
in bold values. While a segment may exhibit morantlone significant emotion, a close
examination of the results reveals that in mosegsaglues for the most significant emotion
are ways higher than the others. This signifies, imageneral, a particular segment can be
thought of as provoking one emotion only. Higheghificant emotion revealed is anxiety,
next comes devotion. It may be noted that the ematif anxiety does not find a place in
Indianrasas



Table 6 Results of T-test showing emotional preferenceawh segment

Seq.
Raga No Anger Heroic Romantic Joy Devotion Serenity Anxiety Sorrow
1 15.6608
44 6.988 3.404441 10.57169 1.61263
30 14.11648 3.01363
Adana 39 6.131 7.702846
21 4.207 6.421611 10.85031
14 9.274855 10.84686
Mia-ki- 13 1.577 1.576749 13.84036 1.576749
Malhar 37 13.64 5.37472
31 1.576749 12.08841 3.328693 5.080637
18 14.51458 3.098617
Mia-ki- 12 14.44331 2.517641
Todi 42 12.76 6.300541 1.453971
33
29 2.044736
43 2.053277
Chayanot 36
20 4.334 13.30181 2.839713
3 5.663 13.75244
5 4.442 13.63331
Bhairav 7 4.729469 12.88373 3.098617
40 1.390392
8 133 1.345127
26
Hindol 9 1.478265
35 9.720197 1.785342 3.769056 7.736483
32 14.46216 2.309084
23 15.29446
Jaijayanti 15 14.84 2.185332
19 2.935 12.20455 6.025033
28 133 1.345127 5.828885
2 1281 3.528429 3.528429 1.671361
Jogia 27 1.926 4.066746 8.347531 8.347531
10 5.947 12.04588 2.897111
17 8.975132
4 3.223991 13.40502 1.527154
Kedar 38 14.7674
25 15.34946
34 15.12
22 15.21361 2.079558
Darbari 16 7.283 5.415706 3.548221 7.283191
6 8.957 6.65997 4.363429 4.363429
41 5.709 2.704365 8.714066 5.709216
24 4.845 2.295176
Shree 11 6.485 13.13662

Table 7 shows the comparison between the emotixpscéed to be expressed by each raga
(S) and the observed emotion (O). The two agreg amlseven cases as against non-
agreement in 31 cases.



Table 7. Comparison between source-directed emotion andwadxdemotion

Anger | Heroic | Romantic | Joy | Devotion | Serenity | Anxiety | Sorrow
Raga
Adana S O ®) ®)
Mia-ki- ) o) S,0
Malhar
Mia-ki- @) S SO
Todi
Chayanot S @)
Bhairav S S0 S O S
Hindol 5,0 S @) O
Jaijayanti @) S0
Jogia O S S O S0
Kedar 0] S0
Darbari @) S ®)
Shree @) ®) S @)




Table 8. Number of occurrences of sequences in segments tamgke
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mSN
RgM

SgR

GMmP
Pmd
SND

DPmP

rGrS

GMR

MGR
NDP

NDm

mPmG
mGr

dPMG
oS

PmMG

RGM
oRS

GMP
DPm

MdP

M PdP
GrS

PMGM
MPd

NSR

PMG
dPM




In the present study, sequences consisting of tereeven notes have been considered. The
total number of such distinct sequences in all 4hesegments is 5943. Of these, a large
number of the sequences did not occur more thae oma segment. These were excluded
from consideration. The remaining 556 sequences veatamined with respect to their
abundance in all the four segments of a partiqaga. As a result of this examination, it was
found that usually the most abundant sequencesstedf repetitions of only two notes.
These were considered as not significant for tlesgmt purpose. After all this sieving out,
there were 57 sequences in which at least thrediffexent notes. Of these, only those
sequences which elicit responses at least for 6cnsegments are presented in Table 8. The
numbers shown in bold or italic fonts represenesashere the four segments of one raga
elicit at least a total of 6 responses. The itahies represent the highest number of responses
for a sequence in a raga.

Table 9 shows the results yielded from matchingld 8and Table 6, presenting whether a
particular sequence may be associated with sontieydar emotion or emotions.

Table 9. Relationship between note sequences and emotion

Note Sequence | Major emotional Response
mSN Anger, Devotion, Anxiety
RgM Heroic, Anxiety

SgR Heroic, Romantic

GMmP Romantic, Serenity, Anxiety
Pmd Heroic, Anxiety, Sorrow
SND Anger, Devotion

DPmP Romantic, Serenity

rGrs Heroic, Devotion, Anxiety
GMR Devotion

MGR Devotion

NDP Heroic, Anxiety, Sorrow
NDm Anger

mPmMG Heroic, Devotion, Anxiety
mGr Heroic, Devotion, Anxiety
dPMG Heroic, Anxiety, Sorrow
arS Heroic, Devotion

PMG Heroic, Devotion, Anxiety
RGM Devotion

gRS Romantic, Serenity

GMP Anxiety

DPm Romantic, Serenity

MdP Heroic, Anxiety, Sorrow
M PdP Heroic, Anxiety, Sorrow
GrS Heroic, Devotion, Anxiety
PMGM Anxiety

MPd Heroic, Anxiety, Sorrow
NSR Devotion

PMG Devotion

dPM Anxiety

As we can see, short sequences of 3-4 notes, ispéaif ragas, can

evoke particular



CONCLUSIONS

In our experiments, we extracted meaningful emati@equences of sounds from ragas, and
tested what emotions were evoked by these sequertedistening tests were performed on
two groups of listeners: on Hindustani listenersg an Western listeners not familiar with
Hindustani music. For both groups, we investigaidtht emotions were evoked, for the
audio segments used in listening test, and foreserps of notes of minimal length, specific
for each raga.

The results of the experiments described in thigepaan be summarized as follows.

1) An oral music segment of length 3 seconds (a fet@g)licit specific emotion,

2) The elicited emotion can be assigned into presdrdagegories,

3) The elicited emotion from different segments frohe tsame raga has some
specificity, i.e. the segments of a raga have shawpecific emotion; it might be
that four segments from the same raga show diffenertions,

4) The emotional response from the segments of a @wes not generally
correspond to those prescribed in Indian treaties,

5) The cross-cultural similarity of the elicited resge is significant,

6) The melodic sequence (sequence of musical notgsjelarelate with emotional
response.

Since the number of listening experiments we peréat is not really large, these outcomes
can be considered as a coarse estimate. Stills-cudsural understanding of emotions in
music seems to be quite clearly visible, becausesdme excerpts evoked similar emotions in
both western and Indian listeners. Also, evokedtems may differ from those described in
treatises. However, one piece of music usually iste1f many phrases and motives,
evoking sometimes a variety of emotions. We findtéresting to observe that short excerpts
(a few seconds, a few notes) are sufficient to ewerkotions which can be shared by people
of different culture and place of living.
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