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  Abstract 
A raga, in Indian classical music, be it Hindustani or Carnatic, is a melodic struc-
ture with fixed notes and a set of rules that characterize a particular mood con-
veyed by performance. Ragas have well acknowledged rich emotional content (the 
so called raga rasa) but a common man generally lacks the aesthetic sense to un-
derstand these ragas and hence cannot derive their therapeutic benefits complete-
ly. Accordingly when it comes to music medicine and music therapy, a nice idea 
would be to first render songs based on a particular raga one by one with gradual-
ly increasing raga content in them and then render this specific raga itself whereby 
determining the raga content in a song becomes an interesting and intriguing re-
search problem. In an earlier work, we proposed a technique relying on correla-
tion coefficient (based on pitch that characterize a musical note) of melodic 
shapes, as a measure of melodic similarity, to address the issue. Considering the 
limitations of correlation coefficient, in the present work, we propose an improved 
method by incorporating more features into our analysis. These additional features 
include note duration, inter onset interval and pitch movements between the notes. 
The experimental results are encouraging. 
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1. Introduction 

Music may be defined as an emotive, acoustical and cooperative communication, universal in nature [1]. The tacit usage 
of the word universal separates music from speech. For speech, which primarily conveys a message unlike music which 
primarily conveys emotion, it is important to know the language. While music also has its language and alphabets (the 
musical notes or beats), one can still enjoy music without knowing them thereby rendering it a universal appeal.  

Indian classical music (ICM) has two broad components: North Indian or Hindustani and South Indian or Carnatic forms. 
In either form, the nucleus is the raga. A raga, in Indian classical music, be it Hindustani or Carnatic, is a melodic structure 
with fixed notes and a set of rules that characterize a particular mood conveyed by performance [2]. For a sound literature 
on Hindustani ragas, we recommend the book [3]. Ragas have well acknowledged rich emotional content (the so called raga 
rasa) but a common man generally lacks the aesthetic sense to understand these ragas and hence cannot derive their the-
rapeutic benefits completely. Accordingly when it comes to music medicine and music therapy, a nice idea would be to first 
render songs based on a particular raga one by one with gradually increasing raga content in them and then render this 
specific raga itself whereby determining the raga content in a song becomes an interesting and intriguing research problem. 
In an earlier work (see section 2), we proposed a technique relying on correlation coefficient (based on pitch that charac-
terize a musical note) of melodic shapes, as a measure of melodic similarity, to address the issue. Considering the limita-
tions of correlation coefficient, in the present work we propose an improved method by incorporating more features into 
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our analysis. These additional features include note duration, inter onset interval and pitch movements between the notes. 

2. Measuring raga content using correlation coefficient 
Two melodies of equal length are statistically similar if the correlation coefficient of their shapes is statistically found 

significant, using a standard t-test. To understand this definition, we need to understand a melody, its length and shape, 
correlation coefficient and its importance and limitations in the context and the standard t-test to test the significance of an 
observed sample correlation coefficient. Melody is that part of music which is pleasant and rhythm is that part of music 
which is periodic. But this definition of melody does not allow statistical analysis directly. So we alternatively define 
melody as a sequence of notes (characterized by pitch) which is complete to be a musical sentence or at least a musical 
phrase. For example each line of a song being complete is a melody. A Segment is an incomplete sequential subset of the 
melody. By length of a melody or its segment, we simply mean the total number of notes in it [4]. Indian music is mono-
phonic implying a single melody line in which the significance of a melody (or its segment) is evaluated by multiplying its 
length with the number of times (frequency) it occurs in the musical piece [5] while for polyphonic music (multiple melody 
lines) this significance is evaluated using the method given in [6]. By the shape of a melody, we mean the difference of 
successive pitches of the notes in it. The correlation coefficient r of the shapes for two melodies of equal length is a measure 
of similarity between the corresponding melodies in the sense that if the value of r = 1, -1 or 0, the two melodies will be in 
translation, in inversion or different respectively. 

For computing the raga % in the song, segments and melodies of equal length will be compared with those from a 
standard database of the raga concerned [7]. 

Significance of an observed correlation coefficient can be tested using t-test. Thus, we are testing the null hypothesis H0 
that the population correlation coefficient is zero against the alternative hypothesis H1 that it is non zero. Let r = sample 
correlation coefficient and n = number of pairs of observations (here successive differences of pitch). Then our test statistic 

is 𝑡𝑡 = 𝑟𝑟 �(𝑛𝑛−2)
�(1−𝑟𝑟2)

 which follows Student’s t distribution with (n – 2) degrees of freedom. If calculated |t|≥ table value of t at 
5% level of significance (say) and (n-2) degrees of freedom, then the value of r is significant at 5% level, in which case H0 
is rejected at 5% level, otherwise insignificant in which case we may accept H0. Here it is assumed that the n pairs are 
coming from a bivariate normal distribution. The formula for r is 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑟𝑟𝑐𝑐𝑐𝑐𝑛𝑛𝑐𝑐𝑐𝑐 (𝑥𝑥 ,𝑦𝑦)

{𝑠𝑠𝑠𝑠 (𝑥𝑥)∗𝑠𝑠𝑠𝑠 (𝑦𝑦)}
 where sd = standard deviation. Covariance 

(x, y) can be computed easily as �∑(𝑥𝑥∗𝑦𝑦)
𝑛𝑛

� − {�̅�𝑥 ∗ 𝑦𝑦�};𝑠𝑠𝑠𝑠(𝑥𝑥) = +���∑�𝑥𝑥∗𝑥𝑥
𝑛𝑛
�� − {�̅�𝑥 ∗ �̅�𝑥}� and similarly sd(y) replacing x by y 

in the formula for sd(x). �̅�𝑥 = ∑(𝑥𝑥)
𝑛𝑛

 and 𝑦𝑦� = ∑(𝑦𝑦)
𝑛𝑛

, the summation extending over all the n values of x or y. Since the t statistic 
has (n-2) degrees of freedom, we must have n > 2. This means melodies of lengths at least 4 (whose shapes will have at 
least n = 3 successive pitch values) can be compared for similarity [5]. 

In our study, we have compared melodies and segments of lengths 4, 5 and 6 only and a separate % of similarity is ob-
tained. Then a weighted mean of this raga % is taken, the weights being the corresponding lengths. The algorithm being 
used picks up melodies or segments of a specified length from the song, one at a time, and compares with every melody or 
segment of similar length from the raga note sequence in the data base [7].  

A counter initialized at zero is used. If a single comparison yields similarity we would increase the counter by one, stop 
any further comparison of this melody or segment and pick up the next one from song sequence. However, if the next 
melody or segment, or any other from the song note sequence picked likewise, turns out to be identical to a previous one in 
the song that was found similar with that in the raga, then we agree to increase the counter by one as we have already 
considered the number of times a melody or segment is repeated as an important factor in assessing its significance. In short, 
all repeated song melodies or segments, if found similar with the raga, will contribute towards raga %. While ragas are 
very rich in their emotional content, a common man may not have the receiving (understanding) capacity and hence cannot 
derive its therapeutic value fully. So a good idea is to render raga based songs first in gradually increasing order of raga 
content and then render the raga itself. The strategy has been successfully implemented in the context of patients with 
cerebrovascular accident and diffuse head injury [8]. Therefore, evaluating the raga content in the song becomes a research 
problem [9]. 

3. Moving towards an improved measure of raga content 
Since correlation coefficient considers only pitch values of notes and neglects several other features, to be discussed and 

incorporated now, it is limited in measuring melodic similarity. It is quite possible that two statistically similar melodies 
will be dissimilar musically (as found by listening to them) just as two musically similar sounding melodies could be 
statistically dissimilar. 
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The discrepancy arises by other musical features neglected in computing the correlation coefficient. These other features 
comprise of note duration, pitch movements between the notes, inter onset interval. Let us briefly describe them one by one. 
Note duration is important as herein lies the concept of psychological stability of a note. If we stay on a note, it gives a sense 
of rest or psychological stability. Why we are calling this pitch stability psychological is to distinguish it from another 
concept of pitch stability which is called statistical pitch stability based on the stability of relative occurrences of pitch over 
the instances of their realization in the musical pitch [5]. Pitch movements between the notes is important because how we 
are moving from one note to another-whether ascending or descending-and in either case whether the pitch movement is 
linear, convex or concave which will determine the contrasting emotions [10]. Finally, a set of successive notes are in 
rhythm if they have the same inter onset interval (IOI), i.e., the time interval between the occurrences of two successive 
notes is equal [5]. Observe that note duration and IOI are not the same. Note duration is the difference between departure 
time and arrival time of the same note. IOI for two successive notes is the difference between the arrival time of the next 
note and the arrival time of the present note.  

Additionally, it is always wise to have the songs graded by a musician also, in which the musician will be asked to 
provide only the order of the songs rather than give any subjective value of raga content measures, and then test the sig-
nificance of the rank correlation coefficient between the musician’s ranking and the scientific ranking since, from a the-
rapeutic angle, it is the order ultimately rather than the raga content measure that is of interest. The doctor treating the 
patient only needs to know this order. We must bear in mind the limitation of the correlation coefficient which only 
measures the degree of linear relationship and that too for melodies of equal length. Assuming that no two songs in the list 
are ranked equal, let X and Y denote the ranks given by a scientist and a musician respectively to a particular song (X and Y 
can be equal). X and Y both can take values (ranks) 1, 2….n for a list of n raga based songs (all based on the same raga). 
Spearman’s rank correlation coefficient is calculated by the formula ρ = 1 - 6∑d2/n(n2 – 1) where d = X – Y. The signi-
ficance can be tested in the same manner as in the case of r replacing r by ρ and performing a t-test as described previously 
[9].  

Remark: Other statistical features include statistical modeling and pitch velocity implying the rate of change of pitch 
which has been used recently to distinguish restful and restless ragas [11]. Statistical modeling has also been used by other 
researchers (see e.g. [12], [13], [14].) 

4. Experimental Results 
The following six songs were selected in our analysis. 
Song 1: Chingari Koi Bhadke 
Singer: Kishore Kumar 
Movie: Amar Prem 
Music composer: R. D. Burman 
Lyricist: Anand Bakshi 
Song 2: Mere Mann Ki Ganga 
Singer: Mukesh 
Movie: Sangam 
Music composer: Shankar Jaikishan 
Lyricist: Shailendra 
Song 3: Jyot se JyotJagataChalo 
Singer: Mukesh/Lata Mangeshkar (independently) 
Movie: Sant Gyaneshwar 
Music Composer: Laxmikant-Pyarelal 
Lyricist: Bharat Vyas 
Song 4: Khilona Jan Kar 
Singer: Mohammad Rafi 
Movie: Khilona 
Music composer: Laxmikant-Pyarelal 
Lyricist: Anand Bakshi 
Song 5: LagaChunari Mein Daag 
Singer: Manna Dey 
Movie: Dil Hi To Hai 
Music Composer: Roshan 
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Lyricist: SahirLudhianvi 
Song 6: PhoolGendwa Na Maro 
Singer: Manna Dey 
Movie: Dooj Ka Chand 
Music Composer: Roshan 
Lyricist: Sahir Ludhianvi 
We would calculate the rank correlation coefficient for the following data and also test its significance (lowest rank in-

dicates highest raga content). 
Song:     Chingari Koi  Mere Mann Ki  Jyot se Jyot  Khilonajankar  LagaChunari  Phool Gendwa 
 
Rank:            6               4                  3              5                1             2 
(scientific)  
Rank:            5               3                  4              6                1             2 
(musician A)  
Rank:            6               5                  3              4                1             2 
(musician B) 
 
Let us first calculate the rank correlation coefficient between the scientific ranking and the ranking of musician A. Our 

calculations are shown in Table 1. 
Table 1. Calculation of rank correlation coefficient for the scientific ranking and the ranking of musician A 

Song Scientific Ranking = x Ranking of Musician A = y d = x-y d2 

Chingari Koi Bhadke 6 5 1 1 

Mere Mann Ki Ganga 4 3 1 1 

Jyot Se JyotJagateChalo 3 4 -1 1 

Khilona Jan Kar 5 6 -1 1 

LaagaChunari Mein Daaag 1 1 0 0 

PhoolGendwa Na Maro 2 2 0 0 
Ʃd2 = 4 

As there are six songs we have six pairs of ranks (x, y) and hence n = 6 
Rank correlation coefficient = 1- 6 Ʃd2/(n3-n) = 1- (6x4)/(216 - 6) = 0.885714 
Calculated t = 0.885714 x √(6-2)/√(1-0.784489) = 3.815833 
Table t at 5% level of significance and 6-2 =4 degrees of freedom =2.78 
Result: The calculated │t│ is greater than the table t and hence significant at 5% level of significance. This meansthe 

calculated (sample) rank correlation coefficient is significant implying that the scientific ranking is sufficiently close to the 
ranking of musician A.  

Next we would calculate the rank correlation coefficient between the scientific ranking and the ranking of musician B. 
Our calculations are shown in Table 2. 

Table 2. Calculation of rank correlation coefficient for the scientific ranking and the ranking of musician B 

Song Scientific Ranking = x Ranking of Musician B = y d = x-y d2 

Chingari Koi Bhadke 6 6 0 0 

Mere Mann Ki Ganga 4 5 -1 1 

Jyot Se JyotJagateChalo 3 3 0 0 

Khilona Jan Kar 5 4 1 1 

LaagaChunari Mein Daaag 1 1 0 0 

PhoolGendwa Na Maro 2 2 0 0 
Ʃd2 = 2 

Rank correlation coefficient = 1- 6 Ʃd2/(n3-n) = 1- (6x2)/(216 - 6) = 0.942857 
Calculated t = 0.942857 x √(6-2)/√(1-0.888979) = 5.659440 
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Table t at 5% level of significance and 4 degrees of freedom = 2.78 
Result: The calculated │t│ is greater than the table t and hence significant at 5% level of significance. This means the 

calculated (sample) rank correlation coefficient is significant implying that the scientific ranking is sufficiently close to the 
ranking of musician B.  

5. Concluding remarks 
In both the experimental studies, our null hypothesis that the rank correlation coefficient is zero in the population is 

rejected at 5% level of significance as the sample rank correlation coefficient turned out to be significant. Thus, the 
scientific (logical) ranking and the musician’s (intuitive) ranking are not significantly different. Hence our improved 
proposed technique of raga content measurement seems to be working. However, our research team is working on further 
improvements by incorporating more musical features in our analysis. It should be understood that the ultimate aim of our 
study is to provide therapeutic benefits of music to the patients in some optimum sense.              
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