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Abstract 
In most aspects of music—e.g., tempo, intensity, and rhythm—the emotional 

coloring of a melody is due at least in part to physical imitation of the characteristics of 

emotional expression in human behavior. Thus excited, happy melodies are fast and 

loud, with syncopated rhythms, whereas subdued sad melodies are slow and quiet, with 

more even rhythms. The tonality of a melody (e.g. major or minor) also conveys 

emotion, but unlike other aspects of music, the basis for its affective impact is not clear. 

This thesis examines the hypothesis that different collections of musical tones are 

associated with specific emotions because they mimic the natural relationship between 

emotion and tonality present in the human voice. To evaluate this possibility, I have 

conducted acoustical analyses on databases of music and speech drawn from a variety of 

cultures, and compared the tonal characteristics of emotional expression between these 

two forms of social communication. I find that: (1) the melodic characteristics of music 

and the prosodic characteristics of speech co-vary when examined across cultures; (2) 

the principal tonal characteristics of melodies composed in tonalities associated with 

positive/excited emotion and negative/subdued emotion are much the same in 

different cultures; (3) cross-cultural tonal similarities in music parallel cross-cultural 

tonal similarities in vocal expression; and (4) the tonal characteristics of emotional 

expression in the voice convey distinct emotions, thereby accounting for the specificity 

of emotional association in musical tonality. These findings, and the implausibility of 

alternative explanations that could account for them, suggest that the affective impact of 

musical tonality derives from mimicry of the tonal characteristics of vocalization in 

different emotional states. 

 

 



 

 v 

Contents 

Abstract ......................................................................................................................................... iv	  

List of Tables ................................................................................................................................. ix	  

List of Figures ................................................................................................................................ x	  

Acknowledgements .................................................................................................................... xii	  

1. Introduction ............................................................................................................................... 1	  

1.1. Musical Universals? ........................................................................................................ 1	  

1.2. Musical Tonality and its Common Features Across Cultures .................................. 2	  

1.3. Historical Attempts to Rationalize Musical Tonality, the Example of Consonance 
and Dissonance ....................................................................................................................... 3	  

1.4. A Possible Unifying Explanation .................................................................................. 6	  

1.5. A More Detailed Account of Tones and Tonality in Music ...................................... 8	  

1.6. Tonality in the Human Voice....................................................................................... 12	  

1.7. The Affective Impact of Music .................................................................................... 14	  

2. Co-Variation of Tonality in the Music and Speech of Different Cultures ...................... 19	  

2.1. Introduction.................................................................................................................... 19	  

2.2. Methods .......................................................................................................................... 21	  

2.2.1. Music Database .................................................................................................... 21	  
2.2.2. Speech Database................................................................................................... 21	  
2.2.3. Analysis of Music................................................................................................. 22	  
2.2.4. Analysis of Speech ............................................................................................... 23	  

2.3. Results ............................................................................................................................. 26	  

2.3.1. Slope Reversals..................................................................................................... 26	  
2.3.2. Interval Size .......................................................................................................... 27	  

2.4. Discussion....................................................................................................................... 28	  

2.5. Summary......................................................................................................................... 30	  

2.6. Supporting Information................................................................................................ 31	  



 

 vi 

2.6.1. Results Categorized by Culture ......................................................................... 32	  
2.6.2. Ascending and Descending Intervals ............................................................... 31	  
2.6.3. Analysis of Melodic Intervals in Pentatonic and Heptatonic Scales ............ 35	  

3. Major and Minor Music Compared to Excited and Subdued Speech............................. 37	  

3.1. Introduction.................................................................................................................... 37	  

3.2. Methods .......................................................................................................................... 39	  

3.2.1. Overview............................................................................................................... 39	  
3.2.2. Acquisition and Analysis of Musical Databases ............................................. 40	  
3.2.3. Recording and Analysis of Voiced Speech....................................................... 42	  
3.2.4. Comparison of Speech and Music Spectra....................................................... 44	  

3.3. Results ............................................................................................................................. 48	  

3.3.1. Tonal Differences Between Major and Minor Melodies ................................ 48	  
3.3.2. Comparison of F0s and iF0s ............................................................................... 51	  
3.3.3. Comparison of Formant and Musical Ratios ................................................... 53	  

3.4. Discussion....................................................................................................................... 55	  

3.4.1. Empirical Differences Between Major and Minor Melodies ......................... 55	  
3.4.2. Comparison of Speech and Music Spectra....................................................... 56	  
3.4.3. Melodic Seconds and Tonic Sevenths ............................................................... 58	  
3.4.4. Just Intonation Vs. Equal Temperament .......................................................... 58	  
3.4.5. Why Thirds are Preeminent in Distinguishing Major and Minor Music .... 59	  

3.5. Summary......................................................................................................................... 60	  

3.6. Supporting Information................................................................................................ 61	  

3.6.1. Statistics for Comparisons of Musical Intervals in Major and Minor 
Melodies .......................................................................................................................... 61	  
3.6.2. Statistics for Comparisons of Formant and Musical Ratios........................... 63	  

4. Expression of Emotion in Eastern and Western Music Mirrors Vocalization................ 65	  

4.1. Introduction.................................................................................................................... 65	  

4.2. Methods .......................................................................................................................... 67	  

4.2.1. Music Data ............................................................................................................ 67	  
4.2.2 Music Analysis ...................................................................................................... 68	  
4.2.3. Speech Data........................................................................................................... 69	  



 

 vii 

4.2.4. Speech Analysis.................................................................................................... 70	  
4.3. Results ............................................................................................................................. 72	  

4.3.1. Music...................................................................................................................... 72	  
4.3.2. Speech Prosody .................................................................................................... 74	  
4.3.3. Speech Spectra...................................................................................................... 75	  

4.4. Discussion....................................................................................................................... 77	  

4.4.1. Cross-Cultural Patterns in Music ...................................................................... 77	  
4.4.2. Specific Musical Intervals in Speech Prosody ................................................. 77	  
4.4.3. The Role of Speech Spectra................................................................................. 78	  
4.4.4. A Possible Explanation ....................................................................................... 79	  
4.4.5. Differences Between Past and Present Analysis of Speech ........................... 78	  

4.5. Summary......................................................................................................................... 79	  

4.6. Supporting Information................................................................................................ 80	  

4.6.1. Assessment of Emotion Expression in Speech Recordings ........................... 80	  
4.6.2. Statistics ................................................................................................................. 81	  
4.6.3. Fundamental and Formant Frequencies in Tamil and English Speech ....... 84	  

5. Vocal Tonality and Emotion in Music ................................................................................. 86	  

5.1. Introduction.................................................................................................................... 86	  

5.2. Methods .......................................................................................................................... 88	  

5.2.1. Recordings of Vocal Emotion............................................................................. 88	  
5.2.2. Verification of Emotional Expression ............................................................... 89	  
5.2.3. Assessments of Vocal Tonality .......................................................................... 89	  

5.3. Results ............................................................................................................................. 91	  

5.3.1. Verification of Emotional Expression ............................................................... 91	  
5.3.2. Assessments of Vocal Tonality .......................................................................... 92	  

5.4. Discussion....................................................................................................................... 95	  

5.5. Summary......................................................................................................................... 97	  

5.6. Supporting Information................................................................................................ 98	  

5.6.1. Statistics ................................................................................................................. 98	  
5.6.2. Analysis of F0 Perturbation and HNR in Musical Instruments.................. 101	  



 

 viii 

6. General Discussion ............................................................................................................... 103	  

6.1. Summary of Results .................................................................................................... 103	  

6.2. Alternative Explanations............................................................................................ 104	  

6.2.1. No Causal Relationship .................................................................................... 104	  
6.2.2. A Common Cause.............................................................................................. 105	  
6.2.3. Speech Mimics Music ........................................................................................ 106	  

6.3. Limitations of the Present Work ............................................................................... 108	  

6.3.1. Melody and Harmony, Prosody and Spectra ................................................ 108	  
6.3.2. Analysis of More Musical Traditions and Genres ........................................ 110	  

6.4. Other Relevant Research ............................................................................................ 111	  

6.4.1. Infant Studies...................................................................................................... 111	  
6.4.2. Non-Human Animal Studies ........................................................................... 112	  
6.4.3. Pattern Classification Using Functional Magnetic Resonance Imaging Data
........................................................................................................................................ 115	  

6.5. Implications for Auditory Aesthetics ....................................................................... 115	  

6.6. Conclusion.................................................................................................................... 118	  

7. References .............................................................................................................................. 119	  

8. Biography............................................................................................................................... 129	  

 



 

 ix 

List of Tables 
Table 1.1: Summary of Acoustic Cues Used to Express Emotion in the Voice and in 
Music............................................................................................................................................. 17	  

Table 2.1: Melodic Slope Reversals Categorized by Culture ................................................ 33	  

Table 2.2: Prosodic Slope Reversals Categorized by Culture ............................................... 33	  

Table 2.3: Melodic Interval Size Categorized by Culture...................................................... 34	  

Table 2.4: Prosodic Interval Size Categorized by Culture..................................................... 34	  

Table 3.1: Statistics for Tonic Interval Comparisons.............................................................. 61	  

Table 3.2: Statistics for Melodic Interval Comparisons ......................................................... 62	  

Table 3.3: Formant Ratio Statistics and Average Formant Values in Single Word Speech
....................................................................................................................................................... 63	  

Table 3.4: Formant Ratio Statistics and Average Formant Values in Monologue Speech  
....................................................................................................................................................... 64 

Table 4.1: Statistics for Musical Interval Comparisons.......................................................... 81	  

Table 4.2: Statistics for Prosodic Interval Comparisons ........................................................ 82	  

Table 4.3: Statistics for Spectral Comparisons ........................................................................ 83	  

Table 4.4: Fundamental and Formant Frequencies in Tamil and English speech ............. 85	  

Table 5.1. Statistics for Average F0 and Variation Comparisons ......................................... 98	  

Table 5.2. Statistics for F0 Change Over Time Comparisons................................................ 99	  

Table 5.3. Statistics for Timbre Comparisons........................................................................ 100	  

 

 



 

 x 

List of Figures 
Figure 1.1: Compilation of Consonance Rankings ................................................................... 4	  

Figure 1.2: Perceptual Consonance Vs. Roughness ................................................................. 5	  

Figure 1.3: Pure and Complex Tones ......................................................................................... 9	  

Figure 1.4: Musical Tonality in Different Cultures ................................................................ 11	  

Figure 1.5: The Source-Filter Model of Speech Production .................................................. 13	  

Figure 2.1: Example Monologues ............................................................................................. 22	  

Figure 2.2: Analysis of Melodies............................................................................................... 23	  

Figure 2.3: Analysis of Speech................................................................................................... 25	  

Figure 2.4: Slope Reversals in Music and Speech................................................................... 26	  

Figure 2.5: Interval Size in Music and Speech ........................................................................ 27	  

Figure 2.6: Interval Size Sorted into Descending and Ascending Intervals ....................... 31	  

Figure 2.7. Comparison of Melodic Intervals Arising From Pentatonic Vs. Heptatonic 
Scale Structure ............................................................................................................................. 36	  

Figure 3.1: Western Musical Modes ......................................................................................... 38	  

Figure 3.2: Distributions of Key Signatures ............................................................................ 41	  

Figure 3.3: Examples of Excited and Subdued Monologues. ............................................... 44	  

Figure 3.4: The Harmonic Structure of Voiced Speech Sounds and Musical Intervals .... 46	  

Figure 3.5: Occurrence of Tonic and Melodic Intervals in Major and Minor Melodies ... 50	  

Figure 3.6: F0s in Excited and Subdued Speech ..................................................................... 51	  

Figure 3.7: iF0s in Major and Minor Music ............................................................................. 52	  

Figure 3.8: F2/F1 Ratios in Excited and Subdued Speech .................................................... 54	  

Figure 4.1: Musical Intervals in Carnatic Music. .................................................................... 66	  

Figure 4.2: The Ragas Examined............................................................................................... 68	  

Figure 4.3: Method of Voiced Speech Extraction.................................................................... 71	  



 

 xi 

Figure 4.4: Distributions of musical interval sizes in Carnatic and Western melodies 
associated with different emotions........................................................................................... 73	  

Figure 4.5: Distributions of Prosodic Interval Sizes in Tamil and English Speech 
Expressing Different Emotions. ................................................................................................ 75	  

Figure 4.6: Average Normalized Spectra in Tamil and English Speech Expressing 
Different Emotions...................................................................................................................... 76	  

Figure 4.7: Assessment of Emotion Expression in Speech Recordings. .............................. 80	  

Figure 5.1: The Problem Addressed. ........................................................................................ 87	  

Figure 5.2: The 5 neutral sentences in English, Chinese, and Tamil read by native 
speakers in each emotional condition...................................................................................... 88	  

Figure 5.3. Accuracy of Emotion Recognition. ....................................................................... 92	  

Figure 5.4. Average F0 and Variation. ..................................................................................... 93	  

Figure 5.5. F0 Changes Over Time. .......................................................................................... 94	  

Figure 5.6. Timbre. ...................................................................................................................... 95	  

Figure 5.7: F0 Perturbation and HNR in Musical Instruments and Voice........................ 102 

Figure 6.1: Photograph of an Adult Western Gull…………………………………………117 

 

 

 

 

 

 

 

 

 

 

 



 

 xii 

Acknowledgements 
I offer my deepest thanks to: 

My Advisor, Dale Purves, whose insistence on asking big questions gave me the 

opportunity to take on a deeply interesting problem. His clarity of thought, incisive 

criticism, creativity, guidance, and friendship have been invaluable.  

The members of the Purves lab, past and present. Particularly Shui’er Han, Janani 

Sundararajan, Joey Prinz, and Kamraan Gill, for their support throughout this work. I 

am also indebted to Shui’er and Janani for their skills in Mandarin and Tamil 

respectively, and their connections to those communities in Singapore. Shui’er, Janani, 

and Joey also deserve credit for the countless hours they spent amassing databases of 

music and speech. This work would not have been possible without them. 

My colleagues at the Center for Cognitive Neuroscience and Department of 

Neurobiology at Duke, as well as the program for Neuroscience and Behavior Disorders 

at Duke-NUS Graduate Medical School. For friendships and for fostering a wonderful 

atmosphere in which to pursue interdisciplinary work. I would like to acknowledge the 

guidance of Mckell Carter and Joost Maier in particular, two influential post-docs early 

in my graduate experience. Thanks also to Mckell and Dave Bulkin for teaching me the 

basics of computer programming. 

My professors at UCSD. Eric Watkins for philosophical inspirations. William Bechtel for 

exposing me to the joys and rewards of studying scientific history. Patricia Churchland 

for helping to fuse my philosophical and scientific interests. 

Harvey Williams, an old friend whose interest in my work has served as a much 

appreciated reminder of its value from the real world. 



 

 xiii 

Matthew Nelson, another old friend whose musicianship and appreciation for detail 

have served as a check on my scientific enthusiasm.  

Michael Hogan, for his many insights. 

To my brother, Ben Bowling, for being a strong role model, for his sense of humor, and 

for inspiring me to be creative. 

My mother, Lan Liu Bowling, for her love and support, for seeing to it that I learned to 

play the piano, and for taking it to the max in general.  

My wife and dearest friend in the world, Rebecca Arnow, for her love and support, and 

for enriching every aspect of my life. May our adventures continue! 

And most of all to my father, Douglas Bowling. Without him, this and much else in my 

life simply would not have been possible.  

 

 

 

 

 

The research reported here was funded by a grant from the National Science Foundation 

(BCS-0924181) and a block grant to Dale Purves from Duke-NUS Graduate Medical 

School. 



 

 1 

1. Introduction  

1.1. Musical Universals? 

The question of universals in music has been considered from two major 

perspectives. One is focused on the diversity of human musical systems and seeks to 

establish that there are no features held in common by all music (Herzog, 1939).  The 

other focuses on commonalities across human musical systems and seeks to establish 

foundational principles from which all major musical systems are derived (Wallin, 

Merker, and Brown, 2000; Patel, 2008). Comparative musicology, the study of music 

across cultures, has its origins firmly in the first camp. Rising against the Western 

ethnocentrism that dominated much of ninetieth-century thought, early twentieth-

century musicologists argued that music needed to be understood relative to the culture 

that produced it, rather than in comparison to Western music (Nettl, 2005). This new 

approach was largely successful and by the 1950’s the idea that all music was essentially 

the same and that non-Western forms were different only in reflecting more primitive 

stages of societal development was defeated. In its place there was widespread 

agreement that the diversity of musical form and expression defied definition, i.e. there 

was no such thing as musical universals (op. cit.). The spirit of the times was perhaps 

best captured by John Cage’s famous 1952 composition 4’33”, which comprises four 

minutes and 33 seconds of silence wherein the listener contemplates the aesthetic value 

of ambient environmental sounds (Patel, 2008). 

The mood changed in the following decades. With the acceptance of non-Western 

musical forms on their own terms came liberation from the need to defend their value. 

The emphasis on diversity inherent in comparative musicology from the beginning was 

challenged by renewed interest in the topic of universals and the prospect of biological 
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determinants, fueled in part by the undeniable similarities that could be observed in 

much of the cross-cultural data that had been collected (Nettl, 2005). At the broadest 

level it was evident that all human cultures engaged in some form of sound 

communication outside the scope of spoken language. At a more specific level it was 

recognized that particular features, e.g. the perceptual similarity of tones related by a 

doubling of frequency (octave equivalence), were widely appreciated. 

Comparative musicology today takes a decidedly more practical approach to the 

question of universals, recasting it in terms of “features shared not by all but by a 

healthy majority of musical systems” (op. cit., p. 48), or even more narrowly as systems 

“widely disseminated in their native culture” (Patel, 2008, p. 12). The present work 

proceeds along these lines, focusing on widely accepted features of music held in 

common across diverse traditions with the goal of understanding the biological bases for 

how and why we create and perceive such commonalities in the ways that we do.  

1.2. Musical Tonality and its Common Features Across Cultures 

Echoing the argument that no features are common to all music, music is 

notoriously difficult to define. Nevertheless, a practical approach requires a definition 

and the following is suitable for my purposes: music is “that one of the fine arts which is 

concerned with the combination of sounds with a view to beauty of form and the 

expression of thought or feeling” (Oxford English Dictionary). The present work is 

focused on one particular aspect of music, namely its tonality. The tonality of a piece of 

music is defined as the set of musical tones and tone-relationships it uses. Musical tones 

are sound stimuli with regularly repeating structure that are perceived as having pitch 

(Randel, 1986).  
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There are many similarities in the use of musical tones across different cultures and 

traditions. Some of the most robust include: (1) the emphasis of fundamental frequencies 

between ~30 and ~4000 Hz (Pierce, 1983); (2) octave equivalence (Patel, 2008); (3) the use 

of discrete frequency intervals to define tones (op. cit.); (4) the popularity of frequency 

intervals defined by small integer ratios (Randel, 1986; Burns, 1990); (5) the use of a 

stable reference tone from which other tones are tuned (Krumhansl, 1990; Carterette & 

Kendall, 1999); (6) the use of a limited number of tones per octave in a composition or 

performance (Patel, 2008); (7) the use of different tone collections in different cultural 

and emotional contexts (Randel, 1986; Hevner, 1935; Crowder, 1984; Touma, 1996; 

Sambumurthy, 1999; Aldwell and Schachter, 2003; Miller and Williams, 2008; Patel, 2008; 

Chelladurai, 2010). These common features of musical tonality call for explanation.  

1.3. Historical Attempts to Rationalize Musical Tonality, the 
Example of Consonance and Dissonance 

The history of thought on prominent features of musical tonality is best considered 

by an example. The topic of musical consonance and dissonance has a long history and 

has received the most attention. A combination of tones is called consonant if it sounds 

pleasant, and dissonant if it sounds unpleasant. Over the years many studies have 

investigated the perceived consonance of two-tone combinations with reasonably 

consistent results (Figure 1.1). In general, people tend to prefer tone combinations in 

which the fundamental frequencies are related by ratios of small integers, e.g. 2:1, 3:2, 

and 5:4. Although the majority of consonance studies have been conducted with western 

listeners (although see Kameoka and Kuriagawa, 1969), musical intervals defined by 

ratios of small integers are widespread (Burns, 1990).  
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Figure 1.1: Compilation of Consonance Rankings. Higher ranks indicate greater perceived 
consonance. Intervals on the x-axis are in order of decreasing median consonance rank from left to 
right. See Figure 1.4A for unabbreviated interval names and frequency ratios. (Source: adapted from 
Schwartz, Howe, and Purves, 2003). 

Prior to the sixteenth-century, virtually all attempts to explain consonance focused 

on the numerical properties of the ratios themselves (Keislar, 1991). In Western culture, 

this treatment was attributed to Pythagoras and persists even today, for example, in 

ideas regarding the role of prime numbers in just intonation tuning (Makeig, 1982). Most 

modern perspectives, however, are informed by the physics of sound and the 

physiology of the ear. The prominent theory today originated with the work of 

nineteenth-century German polymath Herman von Helmholtz, who attempted to 

explain consonance in terms of rapid amplitude fluctuation (called auditory beating or 

roughness) generated by the physical interaction of sound waves (Helmholtz, 1885). 

Helmholtz devised a way to calculate the degree of interaction and showed that the two-

tone combinations (dyads) we hear as consonant exhibit little or no roughness, whereas 

those that we hear as dissonant exhibit more roughness. In the twentieth-century, 

Helmholtz’s ideas were successfully married to physiological work, suggesting that 
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perceived roughness depended on distances between loci of stimulation along the 

basilar membrane (Bekesy, 1960; Greenwood, 1961; 1991; Plomp and Levelt, 1965).  

Despite its reasonable success with dyads, Helmholtz’s roughness theory of 

consonance performs less well for three and four tone combinations (triads and tetrads). 

Comparison of roughness measurements based on a modern synthesis of the roughness 

theory with physiology (Setharas, 2001) and perceptual ratings of consonance, show the 

correlation drop from r =-0.60 for dyads, to r =-0.56 for triads, and r =-0.46 for tetrads 

(Figure 1.2). The problem is that some chords (e.g. a dominant-seventh tetrad) sound 

more consonant than other chords (e.g. a major-seventh dyad) despite being 

considerably rougher (Nordmark and Fahlen, 1988). Even if the roughness theory 

succeeded in predicting the consonance of triads and tetrads, however, it would still fail 

to explain why auditory roughness is undesirable, and thus also fail as an explanation of 

consonance. 

 

Figure 1.2: Perceptual Consonance Vs. Roughness. Comparison of perceived consonance ratings 
(N =15) on a four-point scale (1 =Quite dissonant, 4 =Quite consonant) with measurements of 
auditory roughness using the algorithm described by Setharas (2001) for dyads (left), triads 
(middle), and tetrads (right). The red dot in the right panel (a dominant-seventh tetrad) is heard as 
twice as consonant as the red dot in the left panel (a major-seventh dyad) despite being more than 
twice as rough (see text). A total of 298 tone combinations were evaluated, representing every 
possible dyad (12), triad (66), and tetrad (220) that can be formed using the chromatic scale. 
Consonance ratings were based on chords of synthetic piano notes, the fundamental frequencies of 
which were adjusted to keep a consistent mean frequency of 262 Hz (middle C) across all chords.  
Roughness measurements were based on chords of notes with the same F0s, modeled as 16 



 

 6 

harmonic complex tones with an amplitude fall-off of 1/n2 (where n =harmonic number). All intervals 
were justly tuned according the ratios listed in the first column of Figure 1.4A. 

Attempts to explain perceptual phenomena solely in terms of physics or physiology 

often fail to acknowledge the role of evolution and development in shaping our 

perceptions. Without a biological rationale, understanding why, for example, we 

perceive auditory roughness as unpleasant is not possible. Physics and physiology, right 

or wrong, simply do not address this type of question. The basis of consonance and 

dissonance thus remains a mater of debate.  

1.4. A Possible Unifying Explanation 

The hypothesis underlying the present work is that the way in which we create and 

perceive tones in music is best understood in terms of the behavioral significance of 

tonal sound stimuli in a natural environment. Over the course of evolutionary and 

developmental time the human auditory system has become adept at associating various 

patterns of acoustic energy with their significance for behavior. Thus, in order to 

understand our perceptual response to tones in music, one must first consider tonal 

sound stimuli in nature and their behavioral relevance.  

In nature, tonal sound stimuli are relatively rare. Most sound energy, such as that 

generated by the wind rustling leaves or by flowing water, has no periodicity. 

Occasionally, inanimate forces do create periodic vibrations (e.g., whistling winds), but 

the vast majority of tonal sounds are produced by animal species that have evolved to 

produce them for social communication and ultimately reproductive success (e.g., 

stridulating insects, frog calls, birdsong, and the vocalizations of many mammals). 

Although all of these tonal stimuli are present in a natural auditory environment, it 

seems reasonable to assume that the most biological relevant and frequently experienced 

tonal stimuli for humans are those that occur in the vocalizations of other humans. In 



 

 7 

support of this point, the human auditory system exhibits a remarkable capacity to 

generate perceptions of behaviorally relevant information from the sound of a speaker’s 

voice. For example, one need only listen to a second or two of speech to form an 

impression of the speaker’s gender, age, and emotional state (Ptacek and Sander, 1966; 

Banse and Sherer, 1996; Gelfer and Mikos, 2005). This perspective implies that the 

structure and function of the tonal sounds produced by the human vocal apparatus is 

key to understanding how and why we create and perceive tonality in music in the way 

we do. 

Bringing this perspective back to the problem of musical consonance, several recent 

studies either explicitly consider this hypothesis or are easily interpreted in this 

framework. For example, by normalizing and averaging the spectra of a large number of 

speech sounds Schwartz, Howe, and Purves (2003) showed that the voice concentrates 

sound energy at popular musical ratios in approximate proportion to their perceived 

consonance. Thus there is more power at the octave (2:1) than at the perfect fifth (3:2), 

and more energy at the perfect fifth (3:2), than at the major third (5:4), etc. (see also Ross, 

Choi, and Purves, 2007). Even more recently McDermott, Lehr, and Oxenham (2010) 

found that subjects with stronger consonance preferences also exhibited stronger 

preferences for harmonic content, whereas they did not necessarily exhibit stronger 

preferences for absence of auditory roughness. These results suggest that consonance 

depends on harmonic content, a principal feature of the voice, rather than roughness.  

Attempting to rationalize musical tonality in terms of the human voice has also 

achieved success with respect to other common features. For example, Gill and Purves 

(2009) asked why, given the enormous number (literally billions) of possible ways to 

divide octaves into discernable frequency intervals, a relatively small number of the 

same five and seven tone collections are commonly found in traditional music 
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worldwide. Examining millions of possible scales, they showed that many of the most 

popularly used scales around the world are those with maximal similarity to a uniform 

harmonic series.  

Ultimately, however, the success of this biological approach to understanding 

musical tonality will be judged on how well it can account for the full range of 

phenomenology in tonal music. My thesis thus extends previous work by seeking to 

explain another common feature of tonality: why various collections of tones are 

associated with particular emotional states.  

1.5. A More Detailed Account of Tones and Tonality in Music 

The simplest case of a periodic sound is the pure tone, i.e. a single frequency 

produced by the vibration of a source in a single mode. The prongs of a tuning fork, for 

example, are constrained to vibrate mostly in the plane of the fork, and thus induce 

pressure waves at the frequency of that mode only (Figure 1.3A). The vast majority of 

musical tones, however, are more complex. Musical tones are typically generated by 

sources that are free to vibrate in multiple modes simultaneously and thus comprise 

multiple frequencies. In many cases these frequencies are related by a characteristic 

pattern called a harmonic series. Each frequency in a harmonic series is related to the 

lowest (or fundamental) frequency by an integer multiplier. Consider, for example, the 

principal modes of vibration for a string stretched between two fixed points (Figure 

1.3B). When plucked, the greatest movement is up and down over the string’s full 

length. The frequency generated by this movement is called the fundamental frequency 

(F0), and is the lowest and most powerful vibration produced by the string. The next 

greatest movement splits the string in two, with one half moving up as the other half 

moves down. This is the second harmonic (F0 is also called the first harmonic), its rate of 

vibration is twice that of F0 and its amplitude is approximately half. The next greatest 
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movement splits the string into 3, with two parts moving up as the other part moves 

down, this is called the third harmonic, its rate of vibration is three times F0 and its 

amplitude is approximately one third. This pattern continues, dividing the string by 

larger and larger integers with less and less power until the amount of energy in a mode 

is so small that it can be ignored.  

 

Figure 1.3: Pure and Complex Tones. (A) The vibration of a tuning fork in its fundamental mode 
produces a pure tone comprised of a single frequency.  (B) A plucked string vibrates in multiple 
modes simultaneously (only the first four are shown) producing a complex tone. In both cases the 
waveform and spectrum of the resulting sounds are shown in the middle and right panels 
respectively.  

The characteristics of a harmonic tone are most easily displayed in its spectrum, a 

representation of amplitude as a function of frequency (see Figure 1.3B, right). Spectra 
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are typically derived by sampling a sound over some period of time and calculating a 

Fourier transform to obtain the amplitude in each of a number of frequency bins. 

Harmonic structure is characteristic of musical tones generated by the vibration of 

stretched strings and air columns (such as in guitars, pianos, violins, flutes, etc.). Other 

instruments which generate tones using vibrating bars, membranes, or plates (such as 

xylophones, drums, gongs, bells, etc.) generally do not produce harmonic spectra, 

although many are shaped so as to make the frequencies of powerful modes correspond 

to harmonics of F0 (e.g., Indian tabla drums, Carribean steelpan drums, and Carillon 

bells) (Rossing, 1990). Both types of instruments are found all over the world. 

The relationship between two musical tones (called a musical interval) is typically 

defined by the ratio of their F0s. Many musical intervals are approximately or exactly 

the same in different cultures, especially those comprising small integers. Figure 1.4A 

compares the ratios used to define 12-tone systems in traditional Western, Indian, and 

Chinese music (Chen, 2002; Rossing, 2002; Chelladurai, 2010). In many cultures there is 

some controversy over what ratios are “correct” (Capwell, 1986), and in performance the 

exact ratio of a given interval used may vary (Jairazbhoy and Stone, 1963; Levy, 1982; 

Morton, 1976).  In modern Western music, as well as much popular non-Western music, 

intervals are tuned using 12-tone equal temperament (Figure 1.4B). This system ensures 

equal size intervals between all 12 notes of the chromatic scale by deviating from the 

simple ratios defined by “just” tuning (e.g. column one of Figure 1.4A). This sacrifice has 

the advantage of permitting easy modulation between keys and transposition (e.g. to 

accommodate vocal range) (Johnston, 2002). Despite the widespread acceptance of equal 

temperament, conflict over how it has affected modern music (for better [Isacoff, 2001], 

or for worse [Duffin, 2010]) and other arguments over fine points of tuning systems 

continue today. What seems clear, however, is that people tend to like musical intervals 
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defined by ratios of small integers, but are in most cases willing to tolerate substantial 

deviations from these ratios in music. 

 

Figure 1.4: Musical Tonality in Different Cultures. (A) Frequency ratios (and there equivalent size in 
cents) used to tune musical intervals in 12-tone musical systems from traditional Western, Indian, 
and Chinese cultures. Note the similarities of interval size across cultures. (B) Names, 
abbreviations, sizes in cents, and locations on a piano keyboard for musical intervals in the Western 
chromatic scale tuned using 12-tone equal temperament. Cents are a unit of frequency interval size. 
One cent is 1/100 of an equally tempered semitone. An octave thus comprises 1200 cents. The 
formula for converting a frequency ratio R, into cents C, is C = 1200 x log2(R). 

At the level of melody, a given performance or composition typically uses a small 

collection of musical tones per octave (called a scale or mode in Western music). The 

number of tones in a scale typically ranges between 5 and 7, but other numbers like 2, 4, 

and 6 also occur (Patel, 2008). Cross-cultural similarities are also apparent with respect 

to scales. For example, pentatonic (5 note) scales without semitones are widely 

distributed historically and geographically, occurring in European and Anglo-American 

folk music, Native American music, the music of Finno-Ugric and Altaic peoples in 

Eastern Europe and Asia, music in the Far East and South-East Asia, as well as music 

from West African and South America (Randel, 1989; see also Gill and Purves, 2009). 
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1.6. Tonality in the Human Voice 

If the human voice is indeed the most biologically relevant and frequently 

experienced source of tonal sounds in the human auditory environment, the structure 

and function of the tonal sounds it produces should be central to investigations of 

tonality in music. A broad distinction between the many different types of sounds 

generated by the human vocal apparatus is whether they are voiced or unvoiced. All 

voiced sounds involve vibration of the vocal folds in the larynx, and are characteristic of 

vowels and most consonants (Crystal, 1990). Like musical tones, voiced sounds are 

periodic and have rich harmonic structure. Unvoiced sounds are more complex in that 

they involve a variety of very different mechanisms, each characterized by the manner 

and place of articulation, e.g. an /f/ sound is produced by forcing air through a 

constriction formed between the upper incisors and the lower lip (op. cit.). Unvoiced 

sounds are characteristic of many consonants (e.g. /f/, /p/, /t/, /s/), and are neither 

periodic nor harmonic. Voiced and unvoiced sounds are evident in every spoken human 

language. The following discussion focuses on voiced sounds because of their acoustic 

similarity to tones in music. 
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Figure 1.5: The Source-Filter Model of Speech Production. The left side shows the anatomical 
structures involved in the source and filter, as well as the waveform of a voiced speech sound. The 
right side shows the spectrum of vocal fold vibration, the filter function of the supralaryngeal vocal 
tract, and the spectrum of a voiced speech sound. 

The production of voiced speech sounds involves the lungs, the larynx, and the 

supralaryngeal vocal tract (the pharyngeal, oral and nasal cavities) (Figure 1.5). The 

source of vibration is the elastic tissue of the vocal folds in the larynx. In a process called 

phonation, air from the lungs is forced through a narrow opening between the vocal 
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folds (the glottis) setting them into motion (Fitch, 2010). Vibration occurs in a series of 

harmonic modes with a F0 determined by the length, density, and tension of the vocal 

folds. The shape and tension of the vocal folds are under neural control, but the 

vibration itself is neurally passive in that no periodic muscular contraction or neural 

firing at F0 is required to sustain it (op. cit.). The harmonic vibrations produced by the 

vocal folds then pass through the cavities of the supralaryngeal vocal tract, where they 

interact with resonant frequencies called formants that arise from the variable shape of 

these cavities. Formants act to filter the source signal, attenuating certain harmonics 

more than others, and thus determining the atmospheric disturbance that exits the 

mouth and nose. The shape of the supralaryngeal vocal tract, and thus the peak 

frequencies of its formants, is under neural control and can be changed by moving 

various articulators (e.g. the tongue, the velum, the pharynx, etc.). The effect of changing 

formant frequencies is what differentiates vowel sounds. 

The average F0 of an adult male is about 120 Hz, the average F0 of an adult female 

is about 220 Hz (Crystal, 1990). Considerably lower and higher F0s (from ~65 Hz to 

~1100 Hz) occur under conditions of lessened or heightened arousal, or with effort 

(Pierce, 1983; Banse and Scherer, 1996). Formants are numbered from lowest to highest; 

depending on the vowel, they range from about 300-900 Hz in adults for the first 

formant (F1), 900-2800 Hz for the second formant (F2), and 1700-3300 Hz for the third 

formant (F3) (Hillenbrand et al., 1995).  

1.7. The Affective Impact of Music 

The affective impact of music is obvious, but difficult to study for a variety of 

reasons. One problem is the controversy within the field of emotion research over how 

emotions are organized, and how best to approach them experimentally (Purves et al., 

2008). Although considerable progress has been made in understanding behavioral, 
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physiological, and neurobiological aspects of emotion, the inherently subjective 

component continues to challenge meaningful empirical analysis. With respect to music, 

these difficulties are compounded by the facts that emotional expression in music 

changes dynamically over time, involves the complex interactions of multiple acoustic 

variables, and varies as a function of performance and listener interpretation. For these 

reasons, the task of identifying the expression of specific emotions in music and the 

prototypical acoustic features associated with them is extremely difficult.  

Focusing on musical tonality however, goes a long way to overcome these obstacles. 

Unlike other aspects of music, associations between specific tonalities and basic 

emotions (e.g. joy and sadness) are clearly defined, formally documented and widely 

disseminated in a variety of musical traditions. The foremost example in Western music 

is the association of the major and minor modes with positive/excited and 

negative/subdued emotions. Although Plato wrote about the association between 

different modes and emotions over 2000 years ago (Patel, 2008), the first record of the 

modern emotional associations comes from the sixteenth-century writings of Italian 

music theorist and composer Gioseffo Zarlino (Zarlino, 1558). Modern experimental 

work has confirmed that the associations are made by Western listeners with and 

without musical training (Hevner, 1935; Crowder, 1984). Experiments with listeners who 

have little or no experience with Western music, such as young children and people 

from remote parts of the world, have also confirmed the consistency of these 

associations (Kastner and Crowder, 1990; Gregory and Varney, 1996; Fritz et al., 2009).  

Some of these results however, are difficult to interpret in terms of tonality alone 

because of the confounding influence of other musical variables in the experimental 

stimuli. Associations between tonality and emotion are also found in other musical 

cultures (e.g. Indian and Indonesian; Patel, 2008), as well as other musical genres (e.g. 
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blues scales are central the emotional character of blues music). Given these facts, 

analyses of melodies composed in specific tonalities should provide insight into the 

acoustic features associated with specific emotions in music. This approach of relying on 

formally documented tonalities with clearly established emotional associations thus 

avoids many of the difficulties inherent in studying the affective impact of music. 

The notion that emotional expression in music is linked to emotional expression in 

the voice also dates to Ancient Greece (Kivy, 2002). In the modern era the idea is 

articulated best in Herbert Spencer’s 1857 essay The Origin and Function of Music. On the 

basis of “the general law that feeling is a stimulus to muscular action” (p. 400), Spencer 

argues that physiological changes associated with emotion influence the character of the 

human voice, which is in turn mimicked and exaggerated by music to express the same 

emotions. Fifteen years later, Charles Darwin weighed in on this issue. Although 

Darwin disagreed with Spencer over whether the early progenitor of modern language 

was more music-like or speech-like (Darwin favored the former, Spencer the latter; see 

Chapter 6), he too was impressed by the strength of association between emotion and 

voice, writing that “with many kinds of animals, man included, the vocal organs are 

efficient in the highest degree as a means of expression” (Darwin, 1890, p. 88). In the 150 

years since Spencer’s essay, much data on how emotions are expressed in music and the 

voice have been collected. In 2003, a comprehensive review of 104 studies of vocal 

emotional expression and 41 studies of musical emotional expression provided 

unequivocal evidence of acoustical similarity between these domains of auditory 

communication (summarized in Table 1.1; Juslin and Laukka, 2003).  Despite arguing in 

support of Spencer’s hypothesis for acoustic qualities such as tempo, intensity, timbre, 

pitch register, and voice onsets/tone attacks, the authors of the review stop short at 

tonality, arguing that it “reflects to a larger extent characteristics of music as a human art 
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form that follows its own intrinsic rules and that varies from one culture to another” (op. 

cit., p. 744). The idea that associations between musical tonality and emotion are 

somehow exceptional, being determined more by exposure to a particular tradition’s 

tonal system(s) than biology is characteristic of much modern thinking on the subject 

(Blacking, 1973; Feld and Keil, 1994; Walker, 1996). 

Table 1.1: Summary of Acoustic Cues Used to Express Emotion in the Voice and in Music. (Source: 
Juslin and Laukka, 2003). 

 

The present work examines the association between tonality and emotion in music 

and the voice in detail. Large databases of melodies composed in tonalities from 

different cultures with well-established emotional associations are collected and 

compared with large databases of multilingual speech uttered in different emotion 

states. As with other aspects of music, the results indicate similarity in the use of tonality 

to express emotion in these two domains, providing evidence in support of Spencer’s 

hypothesis with respect to tonality. In Chapter 2, the tonal characteristics of music and 

speech are found to co-vary in different cultures, establishing an intimate relationship 

between these two modes of social communication. In Chapter 3, the spectral 

characteristics of major and minor music are compared to the spectral characteristics of 
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speech expressing positive/excited and negative/subdued emotion, indicating that the 

spectra of major music are more similar to positive/excited speech, whereas the spectra 

of minor music are more similar to negative/subdued speech. In Chapter 4, the use of 

tonality to express emotion in Western and Eastern musical traditions is compared, 

showing what aspects of tonality are consistently used across cultures and establishing 

their relation to prosodic and spectral features of emotional speech. In Chapter 5, the 

tonal characteristics of emotional expression in the voice are found to be sufficient to 

account for the specificity of emotional associations in musical tonality. Finally, Chapter 6 

is a general discussion of the main results and what they imply for the hypothesis that 

the affective impact of musical tonality derives from mimicry of the human voice.  
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2. Co-Variation of Tonality in the Music and Speech of 
Different Cultures 

2.1. Introduction 

Whereas the use of discrete frequency intervals is characteristic of most musical 

traditions, the degree to which particular intervals and sets of intervals (i.e. scales) are 

preferred is culturally specific (Patel, 2008). Tonal differences between music from 

different cultures are readily heard; consider, for example, the difference between 

Western classical and traditional Chinese music. Explanations of cultural differences in 

musical tonality typically refer to underlying differences in scale preference (Helmholtz, 

1885; Haviland et al., 2011). Thus Western classical music uses heptatonic (7-note) scales 

(Aldwell and Schachter, 2003), whereas traditional Chinese music uses pentatonic (5-

note) scales (Ho and Han, 1982). While such explanations are technically correct, they 

beg the question of why different sets of intervals are preferred by different cultures in 

the first place. The hypothesis we examine here is that the tonal characteristics of a 

culture’s music are related to the tonal characteristics of its speech.  

There are several reasons for entertaining this idea. First, the tonal characteristics of 

music and speech have much in common (cf. Section 1.5 and 1.6). Second, several 

aspects of musical tonality—such as preferences for intervals defined by small integer 

ratios, and the preference for scales comprising harmonically related notes—can be 

understood in terms of similarity to the tonal characteristics of speech (Schwartz, Howe 

and Purves, 2003; Ross, Choi, and Purves, 2007; Gill and Purves, 2009). And third, there 

are clear similarities between music and speech in other domains such as tempo, 

rhythm, and intensity (Juslin and Laukka, 2003; Patel, Iverson, and Rosenberg, 2006; 

McGowan and Levitt, 2011). 
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The use of fundamental frequency (F0) in speech varies greatly among languages. 

The most obvious example is the broad division of languages into “tone” and “non-

tone” groups (Crystal, 1997). In tone languages, the lexical meaning of each syllable is 

conveyed by F0 contours, relative F0 levels, or both. Mandarin, for example, uses four 

tones referred to as: high, rising, falling then rising, and falling The syllable “ma” uttered 

as a high tone means “mother”, as a rising tone means “hemp”, as a falling then rising 

tone means “horse”, and as a falling tone means “scold”. Other tone languages, such as 

Thai and Vietnamese, are similar by definition, but vary in detail, using five and six 

tones respectively to convey the lexical meaning of syllables (Ambramson, 1962; Hirst 

and Cristo, 1999; Brown and Ogilive, 2008). In contrast, F0 contours and relative levels 

are not typically used to convey lexical meaning in non-tone languages such as English, 

French and German (although stress, which can influence F0, determines different 

meanings in some instances, e.g., CONtent vs. content) (Brazil, 1997; Hirst and Cristo, 

1999; Brown and Ogilive, 2008). Imbuing every syllable with a different pitch contour in 

tone language speech results in a sing-song quality not shared by non-tone language 

speech. This difference between tone and non-tone language speech has been examined 

in detail for Mandarin and English, and Mandarin comprises more frequent changes in 

F0 contour direction and greater rates of F0 change (Eady, 1982). 

Given the differences in the use of F0 between tone and non-tone languages, we 

asked if comparable differences can be observed in the use of F0 in traditional music 

from tone and non-tone language speaking cultures. To address this question, we 

compiled databases of speech and music from three cultural groups that speak tone 

languages (Mandarin Chinese, Thai and Vietnamese) and three that speak non-tone 

languages (American English, French and German). The analysis focused on two aspects 

of F0 dynamics: changes in the direction of F0 contours (called slope reversals), and the 
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sizes of the F0 intervals used. These aspects were chosen because of their role in 

differentiating tone and non-tone language speech (Eady, 1982) and because they play a 

central role in the structure of melodies (von Hippel and Huron, 2000). 

2.2. Methods 

2.2.1. Music Database 

A database of 180 traditional melodies from tone and non-tone language speaking 

cultures was assembled from scores and MIDI files obtained principally from the 

National University of Singapore and the Singapore National Library. Half of the 

melodies (90) were from tone language speaking cultures (50 Chinese, 20 Thai, and 20 

Vietnamese), and half were from non-tone language speaking cultures (50 American, 20 

French, and 20 German). Only melodies that were monophonic (containing only a single 

melody line), and that pre-dated 1900 (to mitigate cross-cultural contamination by 

modern media) were included in the database. Of the 180 melodies, only 30 were 

available in MIDI format; the rest were converted to MIDI by playing them on a MIDI 

keyboard (Yamaha PSR E213) connected to a computer running Finale SongWriter 

software (MakeMusic Inc., 2010). The number of notes ranged from 18-89 in tone 

language melodies (M =49, SD =15.5) and from 19-74 in non-tone language melodies (M 

=46, SD =13.1).  

2.2.2. Speech Database 

A database of 400 speech recordings from tone and non-tone language speaking 

cultures was assembled by recording native speakers of Mandarin Chinese, Thai, 

Vietnamese, American English, French, and German. Each speaker read 5 emotionally 

neutral monologues translated into the appropriate language (Figure 2.1). Prior to 

recording, all participants practiced reading the monologues out loud under 
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supervision, the only instruction being to speak as if in normal conversation. In total, 

speech was recorded from 80 different speakers (age range =19-68 years old, M =31, SD 

=11).  Half of the speakers spoke tone languages (20 Chinese, 10 Thai, and 10 

Vietnamese, [20 male]) and half spoke non-tone languages (20 English, 10 French, and 10 

German, [20 male]). Only speakers who had lived in the country of their native language 

for at least 10 years, and who had continued speaking it on a daily basis were included 

in the database. Depending on the availability of the speakers, recordings were made in 

an audiometric room (Eckel CL-12A) at Duke-NUS, or in a quiet room near their place of 

work. All recordings were made with an omni-directional capacitor microphone (Audio-

Technica AT4049a) coupled to a solid-state digital recorder (Marantz PMD670). Data 

were saved on flash memory cards in .wav format (sampling rate =44.1 kHz; bit depth 

=16 bit). 

 

Figure 2.1: Example Monologues. An example of an emotionally neutral monologue translated into 
English and Chinese. Thai, Vietnamese, French and German translations are not shown. 

2.2.3. Analysis of Music 

For each melody in the music database, the fundamental frequencies (F0s) of each 

note were determined using the MIDI Toolbox for Matlab (Eerola and Toivianen, 2004a; 

Mathworks Inc., 2009). These data were used to determine the number of melodic slope 



 

 23 

reversals and the distribution of melodic interval sizes in each melody (Figure 2.2). 

Melodic slope reversals were defined as any change in the direction of the F0 contour of 

a melody. For each melody, the number of melodic slope reversals was normalized with 

respect to the number of notes, and multiplied by 100 to yield the number of melodic 

slope reversals per 100 notes. Melodic intervals were defined as the frequency 

differences (in cents) between adjacent notes. For each melody, the distribution of 

interval sizes was normalized with respect to the total number of intervals. 

Representative distributions for tone and non-tone language speaking cultures were 

obtained by averaging across melodies. Ascending and descending intervals of the same 

size were considered together because they exhibited similar patterns when considered 

separately (see Supporting Information, Section 2.6.1). 

 

Figure 2.2: Analysis of Melodies. (A) The traditional American melody “Home on the Range” in 
modern staff notation. (B) The same melody represented in terms of frequency changes over time. 
Each yellow bar corresponds to a note in A (open circles mark note beginnings and endings). 
Dashed lines have been added to aid visualization of the F0 contour. Local minima (min) and 
maxima (max) indicate slope reversals; vertical distances between adjacent notes indicate melodic 
interval sizes (MI).  

2.2.4. Analysis of Speech 

For each recording in the speech database, F0 values were calculated using the “To 

Pitch” autocorrelation algorithm in Praat (Boersma, 1993; Boersma and Weenink, 2009). 
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All parameters were set to the specified default values, with the exception of pitch floor 

and pitch ceiling, which were adjusted for males and females as recommended (pitch 

floor: male/female =75Hz/100Hz, pitch ceiling: male/female =300Hz/500Hz). 

Erroneous F0 assignments (e.g. octave errors and misattribution of voicing) were 

excluded by direct inspection, resulting in the removal of ~2-3% of the data. In contrast 

to music, which comprises discrete F0 segments corresponding to discrete notes, F0 

contours in speech fluctuate more-or-less continuously (Patel, Iverson and Rosenberg, 

2006; Patel, 2008). This difference makes direct comparison of F0 contours between 

music and speech difficult. To overcome this problem, the F0 values calculated by Praat 

were further processed using Prosogram (Mertens, 2004), an algorithm that uses a model 

of speech intonation perception to convert F0 contours in speech into sequences of 

discrete tonal segments (d’Alessandro and Mertens, 1995; Mertens, 2004; Patel, Iverson 

and Rosenberg, 2006). Prosogram is implemented in Praat as an algorithm that marks 

syllable boundaries on an F0 contour (on the basis of intensity minima), smoothes rapid 

F0 changes (with a low pass filter), and flattens syllable contours with rates of F0 change 

below a perceptually derived threshold (called the ”glissando threshold”; Rossi, 1971; 

d’Alessandro and Mertens, 1995) (Figure 2.3A and B). All parameters were set to the 

specified default values, with the exception of the glissando threshold, which was 

lowered from 0.32 semitones/second to 0.16 semitones/second to preserve semantically 

relevant intra-syllabic pitch variation in tone-language speech. 
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Figure 2.3: Analysis of Speech. (A) The recorded waveform of a sentence spoken in American 
English is shown in gray; the F0 values calculated by Praat are overlaid in yellow (time points with 
no F0 values had insufficient periodic energy to be classified as voiced). (B) The same F0 values 
after Prosogram processing. (C) An annotated depiction of the data in B. Open circles indicate 
syllable beginnings and endings, Local minima (min) and maxima (max) indicate prosodic slope 
reversals, and vertical distances between adjacent notes indicate prosodic interval sizes (MI).  

For each recording, the output of the Prosogram algorithm was used to assess two 

aspects of frequency dynamics analogous to those examined in music: prosodic slope 

reversals, and prosodic interval size (Figure 2.3C). Prosodic slope reversals were defined 

as any change in the direction of the F0 contour of a speech recording. For each 

recording, the number of prosodic slope reversals was normalized with respect to the 

number of syllables, and then multiplied by 100 to yield the number of prosodic slope 

reversals per 100 syllables. Prosodic intervals were defined as the frequency differences 

(in cents) between the final and beginning F0 values of adjacent syllables. For each 

recording, the distribution of interval sizes was normalized with respect to the total 

number of intervals. Representative distributions for tone and non-tone language 

speaking cultures were obtained by averaging across speakers. As with melodic 



 

 26 

intervals, ascending and descending prosodic intervals of the same size were considered 

together because they exhibited similar patterns when considered separately (see 

Supporting Information, Section 2.6.1). 

2.3. Results 

2.3.1. Slope Reversals 

The results of the slope reversal analysis for the music and speech of tone and non-

tone language speaking cultures are shown in Figure 2.4. The median number of 

melodic slope reversals per 100 notes was greater for the music of tone compared to 

non-tone language speaking cultures (43 vs. 36 respectively). Similarly in speech, the 

median number of prosodic slope reversals per 100 syllables was also greater for tone 

compared to non-tone language speaking cultures (79 vs. 64 respectively). 

 

Figure 2.4: Slope Reversals in Music and Speech. (A) Box plots comparing the numbers of melodic 
slope reversals in melodies from tone (red) and non-tone (blue) language speaking cultures. Yellow 
lines indicate medians, colored boxes indicate inter-quartile ranges, dashed lines indicate full 
ranges, and crosses indicate outliers (defined as greater or lesser than 1.5x the inter-quartile 
range). (B) Box plots comparing the numbers of prosodic slope reversals in speech from tone and 
non-tone language speaking cultures in the same format as A. Asterisks indicate statistically 
significant differences (for music: U =5748.5, p =1.18x10-6; for speech: U =1497, p =2.05x10-11; two-
tailed Mann-Whitney U-tests). See Supporting Information, Section 2.6.2, for breakdown by 
individual culture. 
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2.3.2. Interval Size 

The results of the interval size analysis for the music and speech of tone and non-

tone language speaking cultures are shown in Figure 2.5. As with slope reversals, 

interval size distributions were also similar between the music and speech of tone and 

non-tone language speaking cultures. Thus, a comparison of the proportion of intervals 

smaller and larger than 200 cents (chosen as the cutoff for quantification because the 

patterns were observed to reverse at this point for both music and speech; see vertical 

dashed lines in Figure 2.5), shows that the music and speech of tone compared to non-

tone language cultures both comprised fewer small intervals (i.e. <200 cents) and more 

large intervals (≥200 cents), whereas the music and speech of non-tone compared to tone 

language cultures both comprised more small intervals and fewer large intervals (see 

insets in Figure 2.5). The only exception to this overall pattern was major thirds (400 

cents), which were less frequent in the music of tone compared to non-tone language 

cultures despite being more frequent in their speech (see Section 2.4.1 for further 

discussion of this discrepancy).  

 

Figure 2.5: Interval Size in Music and Speech. (A) Overlays comparing the average melodic interval 
size distributions in music from tone (red) and non-tone (blue) language speaking cultures (purple 
indicates overlap). Bin size =100 cents. (B) Overlays comparing the average prosodic interval size 
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distributions in speech from tone and non-tone language speaking cultures in the same format as A. 
Bin size = 25 cents. Insets compare the percentage of intervals <200 cents and ≥ 200 cents (vertical 
dashed lines separate these groups in the main panels). Error bars indicate ±2 SEM. Asterisks 
indicate statistically significant differences (for music: t(178) =±11.38, p =0; for speech: t(78) =±5.56, 
p =3.63x10-7; two-tailed t-tests for independent samples). See Supporting Information, Section 2.6.2, 
for breakdown by individual culture. 

2.4. Discussion 

The music of tone and non-tone language cultures is tonally distinct, as are the 

languages spoken by their members. To explore the possible relationship between the 

tonal characteristics of music and speech across cultures, we compared fundamental 

frequency dynamics in these modes of social communication in three cultural groups 

that use tone languages (Chinese, Thai and Vietnamese) and three that use non-tone 

languages (American English, French and German). The patterns apparent in music 

parallel those in speech. Thus the music of tone language cultures changes F0 direction 

more frequently and employs larger melodic intervals. Similarly, the speech of tone 

language cultures changes F0 direction more frequently and employs larger prosodic 

intervals. In speech, these differences presumably result from differences in the way 

tone and non-tone languages use F0 contours and levels (see Section 2.1). Adjacent 

syllables in tone languages are often required to have different F0 contours and levels to 

appropriately convey meaning, resulting in more frequent changes in F0 direction and 

larger F0 changes between syllables; whereas adjacent syllables in non-tone languages 

have no such requirements, resulting in fewer changes in F0 direction and smaller F0 

changes between syllables (Eady, 1982).  

2.4.1 Influences on Scale Preference and the Major Third Discrepancy in 
Tone Language Music and Speech 

The intimate relationship between the tonal characteristics of a culture’s music and 

its speech demonstrated here suggest that cultural preferences for a particular scale(s) 

may be driven in part by the desire for a set of notes that affords opportunities for 
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small/large melodic intervals to arise in accordance with their speech. Another factor 

known to influence scale preference is how readily the different notes of a set can be 

combined without harmonic interference (i.e., without beating and roughness), which 

may also reflect a preference for speech similarity (Gill and Purves, 2009).  

Together, these factors offer a potential explanation for the discrepancy observed 

between tone language music and speech with respect to major thirds (see Figure 2.5). 

The traditional music of the tone language speaking cultures examined tends to use 

pentatonic scales (Morton, 1976; Ho and Han, 1982; Keefe, Burns and Nguyen 1991), 

whereas the traditional music of the non-tone language speaking cultures examined 

tends to use heptatonic scales (Barry 1909; Randel, 1986). In agreement with these 

generalizations, inspection of the scores indicated that the majority of the melodies from 

tone language speaking cultures assembled here primarily use the intervals of the 

pentatonic major scale, and the majority of the melodies from non-tone language 

speaking cultures primarily use the intervals of the heptatonic major scale. In addition to 

being among the most harmonically coherent of all possible 5- and 7-note scales (Gill 

and Purves, 2009), the pentatonic and heptatonic major scales also afford different 

opportunities for small/large melodic intervals to arise. Thus, in comparison to the 

heptatonic major scale, the pentatonic major scale offers 10.5% more opportunities for 

large melodic intervals overall, but 5.5% fewer opportunities for major thirds in 

particular (see Supporting Information, Section 2.6.3, for a description of this analysis). 

Consequently, the preference for the pentatonic major scale in the music of the tone 

language speaking cultures examined, and the resulting decrease in the prevalence of 

melodic major thirds, may arise from a preference for a harmonically coherent scale that 

also uses relatively large melodic intervals. 
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2.5. Summary 

Cultures with fundamental differences in how they use tonality to communicate 

linguistically show parallel differences in important tonal characteristics of their music. 

The results suggest that one factor influencing a given culture’s scale preferences is the 

affordance of opportunities for small/large melodic intervals to arise in accordance with 

their speech. The results also provide further evidence that the use of tonality in music 

and speech is intimately related. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 31 

2.6. Supporting Information 

2.6.1. Ascending and Descending Intervals 

The distributions of interval size in Figure 2.5 are shown sorted into descending and 

ascending intervals in Figure 2.6. In music and speech from tone and non-tone language 

speaking cultures, the patterns of ascending interval sizes are broadly similar to the 

patterns of descending interval sizes. 

 

Figure 2.6: Interval Size Sorted into Descending and Ascending Intervals. (A) Overlays of average 
melodic interval size distributions (descending and ascending) in music from tone (red) and non-
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tone (blue) language speaking cultures (purple indicates overlap). Bin size =100 cents. (B) Overlays 
of average prosodic interval size distributions (descending and ascending) in speech from tone and 
non-tone language speaking cultures in the same format as A. Bin size = 25 cents. Insets compare 
the percentage of intervals <200 cents and ≥200 cents (vertical dashed lines separate these groups 
in the main panels). Error bars indicate ±2 SEM. Asterisks indicate statistically significant 
differences (p <0.0001; two-tailed t-tests for independent samples). 

2.6.2. Results Categorized by Culture 

Tables 2.1-2.4 list the results of the slope reversal and interval size analyses for each 

individual cultures examined. Statistical comparisons between each possible pairing of 

tone and non-tone language speaking cultures for music and speech are also shown.  
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Table 2.1: Melodic Slope Reversals Categorized by Culture. (A) Median numbers of slope reversals, 
median absolute deviations, and numbers of melodies for each culture examined. (B) The results of 
two-tailed Mann-Whitney U-tests used to assess the significance of each possible pairing of tone 
and non-tone language speaking cultures. 

 
Table 2.2: Prosodic Slope Reversals Categorized by Culture. (A) Median numbers of slope reversals, 
median absolute deviations, and numbers of speakers for each culture examined. (B) The results of 
two-tailed Mann-Whitney U-tests used to assess the significance of each possible pairing of tone 
and non-tone language speaking cultures. 

 



 

 34 

Table 2.3: Melodic Interval Size Categorized by Culture. (A) Mean percentages of melodic intervals 
<200 cents, standard deviations, and numbers of melodies in each culture examined. (B) The results 
of two-tailed t-tests for independent samples used to assess the significance of each possible 
pairing of tone and non-tone language speaking cultures.  

 
Table 2.4: Prosodic Interval Size Categorized by Culture. (A) Mean percentages of prosodic intervals 
<200 cents, standard deviations, and numbers of speakers in each culture examined. (B) The results 
of two-tailed t-tests for independent samples used to assess the significance of each possible 
pairing of tone and non-tone language speaking cultures. 
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2.6.3. Analysis of Melodic Intervals in Pentatonic and Heptatonic Scales 

The contribution of scale structure to the distributions of melodic interval size in 

music from tone and non-tone language speaking cultures was examined by comparing 

the opportunities for different melodic intervals to arise in pentatonic versus heptatonic 

scales. Inspection of the scores in the music database indicated that the pentatonic major 

scale and the heptatonic major scale describe the tonality of the majority of melodies 

(64/90 melodies [71%] from tone language speaking cultures use the pentatonic major 

scale; 80/90 melodies [89%] in the non-tone language music database use the heptatonic 

major scale). Other scales included the heptatonic minor scale, the pentatonic minor 

scale, and others that could not be clearly identified. Accordingly, the analysis of scale 

structure focused on the pentatonic and heptatonic major scales. The opportunity for 

different melodic intervals to occur within these scales was analyzed over three octaves 

to reflect the octave range observed in the melodies.  

The analysis for each scale was completed in three steps. First, every possible pair of 

notes within 3 octaves was determined. This resulted in 120 pairs for the pentatonic 

major scale and 231 pairs for the heptatonic major scale (pairings of notes with 

themselves were excluded). Second, the absolute interval between each pair of notes was 

determined (in cents) and intervals greater than 500 cents were excluded because of their 

rare occurrence in melodies (see Figure 2.5A). This resulted in 29 possible intervals for 

the pentatonic major scale and 57 possible intervals for the heptatonic major scale. Third, 

the frequency of occurrence of each interval in this subset was calculated as a 

percentage. 

The results show that 100% of the possible melodic intervals in pentatonic major 

scale are large (i.e. 200-500 cents) and 0% are small (i.e. <200 cents), whereas only 89.5% 

of the possible melodic intervals in the heptatonic major scale are large and 10.5% are 
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relatively small (Figure 2.7). These overall differences arise from the fact that the 

heptatonic major scale contains semitones whereas the pentatonic major scale does not. 

The results also show that despite having more opportunities for large melodic intervals 

overall, the pentatonic major scale affords 5.5% fewer opportunities for melodic major 

thirds in particular. 

 

Figure 2.7. Comparison of Melodic Intervals Arising From Pentatonic Vs. Heptatonic Scale Structure. 
(A) Illustration of three octaves of the pentatonic and heptatonic major scales on piano keyboards 
(colored circles indicate scale notes). The pattern within a single octave repeats in each octave. (B) 
Comparison of the percentages of all possible melodic intervals ≤500 cents arising from analysis of 
the scales in A. Red bars indicate pentatonic scale percentages, blue bars indicate heptatonic scale 
percentages. 
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3. Major and Minor Music Compared to Excited and 
Subdued Speech 

3.1. Introduction 

The affective impact of music depends on many factors including, but not limited 

to, intensity, tempo, rhythm and the tonal intervals used.  For most of these factors the 

way emotion is conveyed seems intuitively clear. If, for instance, a composer wants to 

imbue a composition with excitement, the intensity tends to be forte, the tempo fast and 

the rhythm syncopated; conversely, if a more subdued effect is desired, the intensity is 

typically piano, the tempo slower, and the rhythm more balanced (Cohen, 1971; 

Bernstein, 1976; Juslin and Laukka, 2003). These effects on the listener presumably occur 

because in each case the characteristics of the music accord with the ways that the 

corresponding emotional state is expressed in human behavior. The reason for the 

emotional effect of the tonal intervals used in music, however, is not clear.  

Much music worldwide employs subsets of the chromatic scale (see Section 1.5). 

Among the most commonly used subsets are the diatonic modes in Figure 3.1A (Aldwell 

and Schachter, 2003). In recent centuries, the most popular diatonic modes have been the 

Ionian and the Aeolian, usually referred to simply as the major and the minor mode 

respectively (op. cit.) (Figure 3.1B). Other things being equal (e.g., intensity, tempo and 

rhythm), music using the intervals of the major mode tends to be perceived as relatively 

excited, happy, bright or martial, whereas music using minor mode intervals tends to be 

perceived as more subdued, sad, darker or wistful (Zarlino, 1558; Hevner, 1935; 

Crowder, 1984). There has been, however, no agreement about how and why these 

scales and the intervals that differentiate them elicit distinct emotional effects (Heinlein, 

1928; Hevner, 1935; Cooke, 1959; Crowder, 1984; Kastner and Crowder, 1990; Juslin and 

Laukka, 2003). Based on the apparent role of behavioral mimicry in the affective impact 
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of other aspects of music, we here examine the hypothesis that the same framework 

pertains to the affective impact of the different tone collections used in melodies. 

 

Figure 3.1: Western Musical Modes. (A) The seven diatonic modes (interval name abbreviations 
follow those in Figure 1.4B). As a result of their relative popularity, the Ionian and the Aeolian 
modes are typically referred to today as the major and minor modes respectively. Although the 
Ionian and Aeolian modes have been preeminent in Western music since the late sixteenth century, 
some of the other modes continue to be used today. For example, the Dorian mode is used in 
plainchant and some folk music, the Phrygian mode is used in flamenco music, and the Mixolydian 
mode is used in some jazz. The Lydian and Locrian modes are rarely used because of the inclusion 
of the dissonant tritone in place of the consonant perfect forth or perfect fifth. (B) The major and 
minor modes shown on piano keyboards. The major mode contains only major intervals, whereas 
the minor mode substitutes minor intervals at the third, sixth, and seventh scale degrees. The 
natural minor mode (shown) has two popular variations: the harmonic minor mode raises the sixth 
from m6 to M6; the melodic minor mode raises the sixth and seventh when ascending (from m6 and 
m7 to M6 and M7), and lowers them when descending. Thus, the formal differences between the 
major and minor modes are at the third, sixth, and seventh scale degrees; the first, second, fourth 
and fifth scale degrees are held in common.  

To evaluate the merits of this hypothesis we compared the spectra of the intervals 

that, on the basis of an empirical analysis, specifically distinguish music composed in the 
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major and minor modes with the spectra of voiced speech uttered in different emotional 

states. There are several reasons for taking this approach. First, voiced speech sounds are 

harmonic and many of the ratios between the overtones in any harmonic series 

correspond to musical ratios (Rossing, 1990; Aldwell and Schachter, 2003). Second, most 

of the frequency ratios of the chromatic scale are statistically apparent in voiced speech 

spectra in a variety of languages (Schwartz, Howe, and Purves, 2003; Ross, Choi, and 

Purves, 2007). Third, we routinely extract biologically important information about the 

emotional state of a speaker from the quality of their voice (Banse and Scherer, 1996; 

Juslin and Laukka, 2003; Scherer, 2003). Fourth, the physiological differences between 

excited and subdued affective states alter the spectral content of voiced speech (Banse 

and Scherer, 1996; Juslin and Laukka, 2001). And finally, as already mentioned, other 

aspects of music appear to convey emotion through mimicry of human behaviors that 

signify emotional state. It therefore makes sense to ask whether spectral differences that 

specifically distinguish major and minor melodies parallel spectral differences that 

distinguish excited and subdued speech. 

3.2. Methods 

3.2.1. Overview 

The intervals that distinguish major and minor music were determined from 

databases of classical and folk melodies composed in major and minor keys.  The notes 

in these melodies were extracted and the intervals they represent were calculated and 

tallied by condition. Excited and subdued speech samples were obtained by recording 

single words and monologues spoken in either an excited or subdued manner. From 

these recordings only the voiced segments were extracted and analyzed. The spectra of 

the distinguishing musical intervals were then compared with the spectra of the voiced 
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segments in excited and subdued speech according to fundamental frequency and 

frequency ratios. 

3.2.2. Acquisition and Analysis of Musical Databases 

A database of Western classical melodies composed in major and minor keys over 

the last three centuries was compiled from the electronic counterpart of Barlow and 

Morgenstern’s Dictionary of Musical Themes (Barlow and Morgenstern, 1948). The 

electronic version includes 9825 monophonic melodies in MIDI format comprising 7-69 

notes. From these, we extracted 971 initial themes from works that were explicitly 

identified in the title as major or minor (themes from later sections were often in another 

key). The mean number of notes in the themes analyzed was 20 (SD =8). To ensure that 

each initial theme corresponded to the key signature in the title, we verified the key by 

inspection of the score for accidentals; 29 further themes were excluded on this basis. 

Applying these criteria left 942 classical melodies for analysis of which 566 were major 

and 376 minor. The distribution of key signatures for these melodies is shown in Figure 

3.2A. 

To insure that our conclusions were not limited to classical music, we also analyzed 

major and minor melodies in the Finnish Folk Song Database (Eerola and Toivianen, 

2004a). These melodies are from the traditional music of that region published in the late 

nineteenth century and first half of the twentieth century (many of the themes however 

derive from songs composed in earlier centuries). The full database contains 8614 songs 

in MIDI format comprising 10-934 notes each annotated by key and designated as major 

or minor. To make our analysis of folk songs as comparable as possible to the analysis of 

classical melodies and to avoid modulations in later sections of the pieces, we excluded 

all songs comprising more than 69 notes (the mean number of notes in the Finnish songs 

analyzed was 39 [SD =13]). We also excluded any songs that were annotated as being in 
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more than one key or that were polyphonic. Applying these criteria left 6555 melodies 

for analysis of which 3699 were major and 2856 minor. The distribution of key 

signatures for these melodies is shown in Figure 3.2B. 

 

Figure 3.2: Distributions of Key Signatures. (A) The distribution of key signatures in the major and 
minor melodies compiled from Barlow and Morgenstern’s Dictionary of Musical Themes. (B) The 
distribution of key signatures in the major and minor melodies compiled from the Finnish Folk Song 
Database. The number of melodies analyzed in each key is indicated above each bar. 

To assess the tonal differences between the major and minor melodies the chromatic 

intervals represented by each melody note were determined: (1) with respect to the 

annotated tonic of the melody; and (2) with respect to the immediately following 

melody note. Intervals based on the tonic (referred to as tonic intervals) were defined as 

ascending with respect to the tonic by counting the number of semitones between each 

note in a melody and its annotated tonic; tonic intervals larger than an octave were 

collapsed into a single octave. Intervals between melody notes (referred to as melodic 

intervals) were determined by counting the number of semitones between each note in a 

melody and the next. The number of occurrences of each tonic and melodic interval was 

tabulated separately for each melody using MIDI toolbox (Eerola and Toiviainen, 2004b) 
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for Matlab (Mathworks Inc., 2009). The associated frequencies of occurrence were then 

averaged across melodies to obtain the mean frequency of occurrence of each tonic and 

melodic interval in major and minor classical and folk melodies.  

The MIDI melodies were coded in equal tempered tuning; however, prior to 

analysis all intervals were converted to just intonation using the chromatic ratios listed 

in column one of Figure 1.4A to facilitate comparison with the musical ratios between 

harmonics in speech. 

3.2.3. Recording and Analysis of Voiced Speech 

Single word utterances were recorded from 10 native speakers of American English 

(five male) ranging in age from 18-68 and without significant speech or hearing 

pathology. The participants gave informed consent, as required by the Duke University 

Health System. Monologues were also recorded from 10 speakers (three of the original 

participants plus seven others; five male). Single words enabled more accurate 

frequency measurements, whereas the monologues produced more typical speech. All 

speech was recorded in a sound-attenuating chamber using an omni-directional 

capacitor microphone (Audio-Technica AT4049a) coupled to a solid-state digital 

recorder (Marantz PMD670). Data were saved on flash memory cards in .wav format 

(sampling rate =22.05 kHz; bit depth =16 bit).  

For each recording, the fundamental frequency and first and second formant 

frequencies were calculated at 10 ms increments using the “To Pitch” autocorrelation 

algorithm and the “To Formant” linear predictive coding (LPC) algorithm in Praat 

(Boersma and Weenink, 2009; Boersma 1993; Press et al., 1992). All parameters were set 

to the specified default values, with the exception of pitch ceiling, which was set at 500 

rather than 600 Hz (for “To Pitch": floor =75 Hz, ceiling =500 Hz, time step =10 ms, 
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window length =40 ms; for “To Formant”: number =5, ceilings for male/female =5 

kHz/5.5 kHz respectively, window length =50 ms).  

Single Words. The single words comprised a list ten words that each had a different 

vowel embedded between the consonants /b/ and /d/ (i.e. bead, bid, bed, bad, bod, 

bud, booed, bawd, bird and “bood,” the last pronounced like “good”). These vowels (/i, 

ɪ, ɛ, œ, ɑ, ʌ, u, ɔ, ɝ, ʊ/) were chosen as a representative sample of voiced speech sounds in 

English; the consonant framing (/b…d/) was chosen because it maximizes vowel 

intelligibility (Hillenbrand and Clark, 2000).  On one reading of the list, each word was 

repeated seven times so that the central five utterances could be analyzed, thus avoiding 

onset and offset effects. Each speaker read the list four times, twice under instructions to 

utter the words as if they were excited and happy, and twice under instruction to utter 

the words as if they were subdued and sad (the quality of each speaker’s performance 

was monitored remotely to ensure that the speech was easily recognized as either 

excited or subdued). This resulted in 200 single word recordings for each speaker (100 

excited, 100 subdued). Fundamental and formant frequency values were extracted from 

the midpoint of each word, yielding 1 data point for each recording. 

Monologues. The speakers read five monologues with exciting happy content and 

five monologues with subdued sad content (Figure 3.3). Each monologue was presented 

for reading in a standard manner on a computer monitor and comprised about 100 

syllables. The speakers were instructed to utter the monologues with an emotional 

coloring appropriate to the content after an initial silent reading (performance quality 

was again monitored remotely). This resulted in 10 monologues recordings for each 

speaker (10 excited, 10 subdued).  
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Analysis of the monologue recordings was complicated by the fact that natural 

speech is largely continuous (Patel, 2008), making the identification of word and syllable 

boundaries time consuming and inherently subjective. For each monologue recording, 

fundamental and formant frequencies were thus extracted from all time points with 

sufficient periodic energy to be categorized by the “To Pitch” autocorrelation algorithm 

as “voiced” (for details, see Boersma, 1993). On average, 55% of the monologue 

recordings was voiced, and the remaining 45% was either silence (32%) or “unvoiced” 

(13%). Each monologue was spoken over 15-25 seconds and yielded approximately 800 

data point for analysis. 

 

Figure 3.3: Examples of Excited and Subdued Monologues. 

3.2.4. Comparison of Speech and Music Spectra 

Spectral comparisons were based on fundamental frequency and frequency ratios. 

These two acoustic features were chosen because of the critical roles they play in the 

perception of both voiced speech sounds and musical intervals. In speech, fundamental 

frequency carries information about the gender, age, and emotional state of a speaker 

(Ptacek and Sander, 1966; Banse and Scherer, 1996; Gefler and Mikos, 2005), and the 

ratios between the first and second formant frequencies differentiates particular vowel 

sounds, allowing them to be understood across speakers with anatomically different 

vocal tracts (Delattre et al., 1952; Pickett et al., 1957; Petersen and Barney, 1952; Crystal, 
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1990; Hillenbrand et al., 1995). In music, the fundamental frequencies of the notes carry 

the melody, and the frequency ratios between notes in the melody and the tonic define 

the intervals and provide the tonal context that determines whether the composition is 

in the major or minor mode (Aldwell and Schachter, 2003).  

Comparisons of Fundamental Frequencies. The fundamental frequencies (F0s) of 

voiced speech sounds are relatively straightforward to determine (Figure 3.4A). The 

comparable fundamental frequencies of musical intervals, however, depend on 

relationships between two notes. When combined, the harmonics of two notes can be 

thought of as the elements of a single harmonic series with a fundamental defined by 

their greatest common divisor (called an implied fundamental frequency) (Figure 3.4B). 

Accordingly, for intervals that distinguished major and minor music in our databases 

(see below), we calculated the frequency of the greatest common divisor of the relevant 

notes. For tonic intervals these notes were the melody note and its annotated tonic, and 

for melodic intervals these notes were the two adjacent notes in the melody. Differences 

between the distributions of F0s in excited and subdued speech were compared to 

differences between the distributions of implied fundamental frequencies (iF0s) in major 

and minor music. 

The perceptual relevance of iF0s at the greatest common divisor of two tones is well 

documented (Terhardt, 1974; Terhardt 1979). However, in order for an iF0 to be heard 

the two (or more) tones typically must be presented simultaneously or in close 

succession (Hall and Peters, 1981; Grose, Hall and Buss, 2002), and exhibit substantial 

overlap in their harmonic structure (Grose, Hall and Buss, 2002; Terhardt, Stoll, and 

Seewann, 1982). The first criterion is not met by many of the tonic intervals examined 

here because for many melody notes the tonic will not have been sounded for some time 

in the melody line. However, the use of iF0s with tonic intervals is justified given the 
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central role of the tonic in providing the tonal content for appreciating the other melody 

notes (Krumhansl, 1990; Aldwell and Schachter, 2003). Each note in a melody is 

perceived in the context of its tonic regardless of whether or not the tonic is physically 

simultaneous. This statement is supported by the fact that we are able to distinguish 

major compositions from minor ones: if the notes in a melody were not perceived in 

relation to the tonic, there would be no basis for determining the interval relationships 

that distinguish these modes. The second criterion is not met by harmonically incoherent 

intervals (e.g. seconds and sevenths), whether tonic or melodic, because there is very 

little overlap between the harmonics of the notes involved. The analysis of iF0s in music 

was thus applied to both tonic and melodic intervals, but only to those with substantial 

overlap in their harmonic structure. 

 

Figure 3.4: The Harmonic Structure of Voiced Speech Sounds and Musical Intervals. (A) Top: the 
spectrum of a voiced speech sound comprises a single harmonic series generated by the vibration 
of the vocal folds; the relative amplitude of the harmonics is modulated by the resonances of the 
supralaryngeal vocal tract, thus defining speech formants (highlighted in yellow). Middle: the loci of 
each harmonic. Bottom: the same harmonics with the fundamental frequency (F0) highlighted in 
yellow.  (B) Top: the spectra of musical intervals entail two harmonic series, one from each of the 
two notes; the example shows the superimposed spectra of two musical notes related by a major 
third. Middle: the loci of each harmonic (solid black bars indicate overlapping harmonics). Bottom: 
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the same harmonics showing also the loci of implied harmonics (small gray bars), and the implied 
fundamental frequency (iF0; highlighted in yellow).  

Comparison of Formant and Musical Ratios. The frequency ratios of the first two 

formants in excited and subdued speech were compared with the frequency ratios of the 

intervals that specifically distinguish major and minor music. To index F1 and F2 we 

used the harmonic nearest the peak formant value given by Praat’s “To Formant” LPC 

algorithm, i.e. the harmonic with the greatest local amplitude (in a normal voiced speech 

sound there may or may not be a harmonic power maximum at the LPC peak itself). The 

frequency values of the harmonics closest to the LPC peaks were determined by 

multiplying the fundamental frequency by sequentially increasing integers until the 

difference between the result and the LPC peak was minimized. The ratios of the first 

two formants were then calculated as F2/F1 and counted as chromatic if they fell within 

±12.5 cents (i.e. a 25-cent bin) of the just intonation ratios listed in column one of Figure 

1.4A (ratios larger than an octave were collapsed into a single octave). The distribution 

of F2/F1 ratios was calculated separately for each emotional condition for each speaker 

and averaged across speakers to obtain representative distributions. The analysis 

focused on F1 and F2 because they are the most powerful resonances of the vocal tract 

and because they are necessary and sufficient for the discrimination of most vowel 

sounds (Delattre et al., 1952; Petersen and Barney, 1952; Rosner and Pickering, 1994; 

Crystal, 1997). Other formants (e.g. F3 and F4) are also important in speech perception, 

but are typically lower in amplitude and not as critical for the discrimination of vowels 

(op. cit.). 
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3.3. Results 

3.3.1. Tonal Differences Between Major and Minor Melodies 

The occurrence of tonic and melodic intervals in major and minor classical and folk 

music is shown in Figure 3.5. As expected from the formal structure of the major and 

minor modes (see Figure 3.1B) as well as musical practice, the largest empirical 

distinction between major and minor music is the tonic interval of the third scale degree. 

In both classical and folk databases major thirds made up about 17% of the intervals in 

major melodies and less than 1% of the intervals in minor melodies; this pattern was 

reversed for minor thirds, which comprised less than 1% of the intervals in major 

melodies and about 15% of the intervals in minor melodies. Tonic intervals of the sixth 

and seventh scale degrees also distinguished major and minor music, but less obviously. 

These intervals were only about half as prevalent in music as thirds and their 

distribution in major versus minor music is less differentiated (see Figure 3.5A). All 

other tonic interval differences between major and minor music were smaller than 1%, 

with the exception of major seconds (3.7% more prevalent in major folk melodies) and 

perfect fifths (1.2% more prevalent in major classical melodies), but the size of these 

differences was not consistent across genres.  

Notable differences between major and minor music were also found for melodic 

seconds. In the classical database, there were aboutჼ�8% more melodic major seconds in 

major melodies than minor melodies, andჼ�7% more melodic minor seconds in minor 

melodies than major melodies. In the folk database this same pattern was apparent, with 

major melodies containing about 2% more melodic major seconds than minor melodies, 

and minor melodies containingჼ�6% more melodic minor seconds than major melodies 

(see Figure 3.5B). The prevalence of the other melodic intervals was similar across major 

and minor music, differing by 1% or less for all intervals except major thirds, which 
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were about 2% more prevalent in major melodies than minor melodies (the opposite 

difference in minor thirds however was not observed). Unlike tonic interval differences 

at the third, sixth, and seventh scale degrees, differences in melodic seconds were not 

predictable on the basis of mode structure because both the major and minor modes 

comprise the same number of major and minor seconds between adjacent notes (5 and 2 

respectively).  

The average duration of notes was comparable in major and minor melodies, being 

within 30 ms in the classical database and within 5 ms in the folk database. The overall 

difference in the average F0 of the notes in major and minor melodies was also small, 

with minor melodies being played an average of 10 Hz higher than major melodies. 

This empirical analysis of a large number of melodies in both classical and folk 

genres thus documents the consensus that the primary tonal distinction between major 

and minor music with respect to tonic intervals is the prevalence of major versus minor 

thirds, with smaller differences in the prevalence of major and minor sixths and 

sevenths. With respect to melodic intervals, the primary distinction is the prevalence of 

major versus minor seconds, major music being characterized by an increased 

prevalence of major seconds and minor music by an increased prevalence of minor 

seconds. 
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Figure 3.5: Occurrence of Tonic and Melodic Intervals in Major and Minor Melodies. (A) The mean 
percentage of chromatic tonic intervals in major (red) and minor (blue) melodies from the classical 
and Folk music databases. Positive values in the difference columns (Diff.) indicate greater 
prevalence in major melodies. Intervals that differ by more than 1% between major and minor 
melodies are highlighted in yellow (deeper shades indicate larger differences). (B) The mean 
percentage of chromatic melodic intervals in major and minor melodies from the classical and folk 
music databases shown in the same format as A. p-values were calculated using two-tailed Mann-
Whitney U-tests (see Supporting Information, Section 3.7.1, for complete statistics). 
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3.3.2. Comparison of F0s and iF0s 

Figure 3.6 shows the distributions of F0s in excited and subdued speech. In 

agreement with previous observations (Banse and Scherer, 1996), the F0s of excited 

speech were higher than those of subdued speech. The mean F0 of excited speech 

exceeded that of subdued speech by approximately 150 Hz for females and 140 Hz for 

males in the single word condition, and by 58 Hz for females and 39 Hz for males in the 

monologue condition. 

 

Figure 3.6: F0s in Excited and Subdued Speech. (A) Overlays of F0 distributions in excited (red) and 
subdued (blue) speech from the single word recordings. Bin size =10 Hz. The bimodality of each 
distributions results from the equal inclusion of male and female speakers (mean F0s for males [M] 
and females [F] are indicated). (B) Overlays of F0 distributions in excited and subdued speech from 
the monologue recordings in the same format as A. Differences in F0 between excited and subdued 
speech were significant in both recording conditions (for single words: t(9) =16.23, p <0.0001; for 
monologues: t(9) =5.68, p <0.001; two-tailed t-tests for paired samples).  
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Figure 3.7: iF0s in Major and Minor Music. (A) Overlays of iF0 distributions for tonic thirds and sixths 
in major (red) and minor (blue) melodies from the classical music database. Bin size =10 Hz. Mean 
iF0s are indicated. (B) Overlays of iF0 distributions for tonic thirds and sixths in major (red) and 
minor (blue) melodies from the folk music database in the same format as A. The narrow variance of 
the folk music distributions compared to the classical music distributions results from the lesser 
diversity of key signatures in the folk music database (cf. Figure 3.2A and B). Differences in implied 
fundamental frequency between major and minor music were significant for both genres (for 
classical: U =2.43x106, p <0.0001; for folk: U =3.25x108, p <0.001; two-tailed Mann-Whitney U-tests). 

Figure 3.7 shows the distributions of the iF0s for tonic thirds and sixths in major and 

minor melodies. Although tonic sevenths and melodic seconds also distinguished major 

and minor music (see Figure 3.5), they were not included in this analysis because 

harmonic dissimilarity between the relevant notes makes it unlikely that they evoke 

iF0s. As expected from the ratios that define major and minor thirds and sixths (see 

column one of Figure 1.4A) as well as their different prevalence in major and minor 

music, the iF0s of tonic thirds and sixths were significantly higher in major music than in 

minor music for both genres examined. Thus, the mean iF0 of thirds and sixths in major 

melodies was higher than that in minor melodies by 23 Hz in classical music, and by 14 

Hz in folk music, despite the occurrence of more major than minor sixths in minor folk 

music (see Figure 3.5).  

An additional consideration in the comparison of F0s in speech and iF0s in music is 

whether they are within the same range. In the speech database, 97% of F0s were 
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between 75 and 300 Hz. In the music databases, 70% of the iF0s for tonic thirds and 56% 

of the iF0s for tonic sixths were in this range. Thus, the iF0s of tonic thirds and sixths 

conform to the frequency range the F0s in speech. These results show that the iF0s of 

intervals that empirically distinguish major and minor music parallel the differences in 

the F0s of excited and subdued speech. 

3.3.3. Comparison of Formant and Musical Ratios 

The distributions of F2/F1 ratios in excited and subdued speech spectra are shown 

in Figure 3.8. In both single word and monologue conditions, excited speech was 

characterized by a greater number of ratios corresponding to intervals that distinguish 

major music and relatively few ratios corresponding to intervals that distinguish minor 

music, whereas subdued speech was characterized by relatively fewer ratios 

corresponding to major intervals and more ratios corresponding to minor intervals. 

Thus, in the single word recordings, F2/F1 ratios corresponding to major seconds, 

thirds, sixths, and sevenths comprised 35.5% of the ratios in excited speech, whereas 

ratios corresponding to minor seconds, thirds, sixths, and sevenths were entirely absent. 

In subdued speech only 20% of the formant ratios corresponded to major seconds, 

thirds, sixths, and sevenths, whereas 10% of ratios corresponded to minor seconds, 

thirds, sixths and sevenths (Figure 3.8A). The same trend was evident in the monologue 

recordings (Figure 3.8C); however, because of the greater overlap between the excited 

and subdued F0 distributions for monologues (cf. Figure 3.6A and B), the differences 

were less pronounced. 
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Figure 3.8: F2/F1 Ratios in Excited and Subdued Speech. (A) The average distribution of formant 
ratios in excited and subdued speech from the single word recordings. Upper and lower panels 
show the distributions in excited and subdued speech respectively. Yellow bars indicate formant 
ratios within 25-cent bins centered on justly tuned chromatic ratios (see column one of Figure 1.4A). 
Gray bars indicate non-chromatic ratios. Bin size is variable (25-cents for chromatic ratios; 35-67 for 
non-chromatic ratios). (B) A summary of the proportion of chromatic intervals in A that correspond 
to intervals that empirically distinguish major and minor music. (C) and (D) Same as A and B but for 
the monologue recordings. Asterisks indicate significant differences at p <0.005 (two-tailed t-tests 
for paired samples; see Supporting Information, Section 3.7.2, for complete statistics). 

These parallel differences between the occurrence of formant ratios in excited and 

subdued speech and the ratios of musical intervals that distinguish major and minor 

melodies provide a further potential basis for associating the spectra of speech in 

different emotional states with the spectra of major and minor music.  
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3.4. Discussion 

Although the tonal relationships in music are only one determinant of its affective 

impact — the emotional influence of tonality in melodies competes with the effects of 

intensity, tempo and rhythm among other factors — they are clearly consequential, as 

indicated by the distinct affective qualities of major and minor music. Despite the 

recorded use of major and minor tonalities for affective purposes in Western music for at 

least the last 400 years (Zarlino, 1558), the reason for their different emotional quality is 

not known. We thus asked whether the affective character of major versus minor music 

might be a consequence of associations made between spectral qualities of the intervals 

that specifically distinguish major and minor compositions and spectral qualities of 

speech uttered in different emotional states.  

3.4.1. Empirical Differences Between Major and Minor Melodies 

Analysis of a large number of classical and folk melodies shows that the principal 

empirical distinction between major and minor music is the frequency of occurrence of 

tonic major and minor thirds: nearly all tonic thirds in major melodies are major, 

whereas this pattern is reversed in minor melodies (see Figure 3.5A). The different 

distributions of tonic major and minor sixths and sevenths also contribute to the tonal 

distinction of major and minor music, but less prominently. Although major melodies 

almost never contain tonic minor sixths and sevenths, melodies in a minor key often 

include tonic major sixths and sevenths, presumably because the harmonic and melodic 

variations of the minor scale are often used (see legend for Figure 3.1). An additional 

prominent distinction between major and minor music is the prevalence of melodic 

major and minor seconds. Compared to minor melodies, major melodies contain more 

melodic major seconds, and, compared to major melodies, minor melodies contain more 

melodic minor seconds (see Figure 3.5B). 
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3.4.2. Comparison of Speech and Music Spectra 

Speech uttered in an excited compared to a subdued manner differs in intensity, 

tempo, and a number of other ways (Banse and Scherer, 1996; Scherer, 2003; Juslin and 

Laukka, 2003). With respect to tonality however, a comparison of interest lies in the 

spectral features of voiced speech and musical intervals. 

The results we describe show that differences in both fundamental frequency and 

formant relationships in excited versus subdued speech spectra parallel spectral features 

that distinguish major and minor music. When a speaker is excited the generally 

increased tension of the vocal folds raises the F0 of vocalization; conversely when 

speakers are in a subdued state decreased muscular tension lowers the F0 of vocalization 

(see Figure 3.6) (Scherer, 1989). In music two factors determine the frequency of a 

musical interval's iF0: (1) the ratio that defines the interval; and (2) the pitch height at 

which the interval is played. The defining ratios of minor thirds and sixths (6:5 and 8:5 

respectively) yield smaller greatest common devisors than the defining ratios of major 

thirds and sixths (5:4 and 5:3 respectively); thus minor thirds and sixths played at the 

same pitch height as their major counterparts will always have lower iF0s. In the 

classical and folk melodies used here, the average pitch height of minor melodies was 

somewhat higher than major melodies. Despite these effects, the mean iF0s of tonic 

thirds and sixths were still higher than those in minor music.  

The difference between the fundamental frequencies of excited and subdued speech 

also affects the prevalence of specific formant ratios. Compared to fundamental 

frequencies, the positions of the first and second formants are relatively stable between 

excited and subdued speech (see Supporting Information, Section 3.7.2). The higher F0s 

of excited speech, however, increase the frequency distance between harmonics, causing 

lower harmonics to underlie the first and second formants. As a result the F2/F1 ratios 
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in excited speech tend to comprise smaller numbers and thus more often correspond to 

musical intervals defined by smaller number ratios. Conversely, the lower F0s of 

subdued speech decrease the distance between harmonics, causing higher harmonics to 

underlie the formants. Thus the F2/F1 ratios in subdued speech tend to comprise larger 

numbers, which more often correspond to musical intervals defined by larger number 

ratios. Intervals whose defining ratios contain only the numbers one through five 

(octaves, perfect fifths, perfect fourths, major thirds, and major sixths) were typically 

more prevalent in the F2/F1 ratios of excited speech, whereas intervals with defining 

ratios containing larger numbers (all other chromatic intervals, including major and 

minor seconds and sevenths, as well as non-chromatic intervals) were typically more 

prevalent in the F2/F1 ratios of subdued speech. The only exceptions to this rule were 

the prevalences of major seconds and perfect fourths in the F2/F1 ratios of the 

monologue recordings, which were slightly higher in excited speech than in subdued 

speech or not significantly different, respectively (see Figure 3.8). Presumably, these 

exceptions result from the greater overlap of fundamental frequencies between excited 

and subdued speech in the monologues (see Figure 3.6). A final point concerning the 

formant ratio results is that the pattern of fundamental and formant interaction in 

subdued speech does not result in a greater absolute prevalence of minor compared to 

major interval ratios. Thus in both excited and subdued speech, ratios corresponding to 

major intervals were more prevalent than those corresponding to minor intervals. This 

fact suggests that the contribution of F2/F1 ratios in speech to the affective association of 

major and minor intervals in music is relative, i.e. based on comparison between excited 

and subdued speech.  
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In short, differences in the spectra of excited and subdued speech parallel 

differences in the spectra of major and minor thirds and sixths, but not of major and 

minor melodic seconds and tonic sevenths.  

3.4.3. Melodic Seconds and Tonic Sevenths 

Although the empirical prevalence of melodic seconds and tonic sevenths also 

distinguishes major and minor music (see Figure 3.5), the spectral characteristics of these 

intervals did not warrant consideration in the comparison of fundamental frequencies. 

With respect to frequency ratios, there were fewer minor seconds and sevenths in 

excited speech than in subdued speech, but this was also true of major seconds and 

sevenths. The failure of speech spectra to differentiate these intervals accords with music 

theory. Unlike tonic thirds and sixths, melodic seconds and tonic sevenths are not taken 

to play a significant role in distinguishing major and minor music (Aldwell and 

Schachter, 2003). Rather these intervals are generally described as serving other 

purposes, such as varying the intensity of melodic motion in the case of seconds and 

creating a sense of tension that calls for resolution to the tonic in the case of sevenths (op 

cit.). The role of melodic seconds is further examined in the next chapter. 

3.4.4. Just Intonation Vs. Equal Temperament 

Most of the music analyzed here will have been performed and heard in 12-tone 

equal temperament tuning, as is almost all popular music today; given that our 

hypothesis is based on associations between speech and music, our decision to use justly 

tuned rather than equally tempered ratios to define the musical intervals requires some 

comment.  

Just intonation is based on ratios of small integers and thus is readily apparent in 

the early harmonics of any harmonic series, voiced speech included (Rossing, 1990; 
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Aldwell and Schachter, 2003). To relate the spectral structure of voiced speech to the 

spectra of musical intervals, it follows that just intoned ratios are the appropriate 

comparison. Equal tempered tuning is a compromise that allows musicians to modulate 

or transpose between different key signatures without retuning their instruments while 

retaining as many of the perceptual qualities of just intoned intervals as possible 

(Johnston, 2002). The fact that the differences introduced by equal temperament are 

acceptable to most listeners implies that either system is capable of associating the 

harmonic characteristics of music and speech.  

Furthermore, the spectral comparisons we made do not strictly depend on the use 

of just intoned ratios. With respect to implied fundamental frequencies, the 

phenomenon of implied fundamental frequencies is robust and does not depend on 

precise frequency relations (e.g. implied fundamental frequencies can be demonstrated 

with equally tempered instruments such as the piano; Terhardt, Stoll, and Seewann, 

1982). With respect to formant ratios, if equal temperament had been used to define the 

intervals instead of just intonation, the same results would have been obtained by 

increasing the window for a match from 25 cents to 32. Finally, retuning the major and 

minor thirds and sixths for the 7497 melodies we examined, resulted in a mean absolute 

frequency difference of only 3.5 Hz.  

3.4.5. Why Thirds are Preeminent in Distinguishing Major and Minor Music 

A final question is why the musical and emotional distinction between major and 

minor melodies depends primarily on tonic thirds, and how this fact aligns with the 

hypothesis that associations made between the spectral characteristics of music and 

speech are the basis for the affective impact of major versus minor music. Although our 

analysis demonstrates similarities between the spectra of major and minor thirds and the 

spectra of excited and subdued speech, it does not indicate why thirds in particular seem 
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to provide the critical affective difference arising from the tonality of major and minor 

music.  

One plausible suggestion is that among the intervals that differentiate major and 

minor tone collections, thirds entail the lowest and thus the most powerful harmonics. 

Accordingly, of the distinguishing intervals, thirds are likely to be the most salient in the 

spectra of both voiced speech sounds and musical tones. Another possibility is that 

thirds, which exhibit considerable harmonic overlap, receive particular emphasis in 

Western music because of their central role of harmony. The issue of tonic thirds is 

further considered in the next chapter. 

3.5. Summary 

In most aspects of music—e.g., intensity, tempo, and rhythm—the emotional quality 

of a melody is conveyed at least in part by physical imitation in music of the 

characteristics of the way a given emotion is expressed in human behavior. Here we 

asked whether the same principle might apply to the affective impact of the different 

tone collections used in musical compositions. The comparisons of speech and music we 

report show that the spectral characteristics of excited speech parallel the spectral 

characteristics of intervals in major music, whereas the spectral characteristics of 

subdued speech parallel the spectral characteristics of intervals that distinguish minor 

music. Routine associations made between the spectra of speech uttered in different 

emotional states and the spectra of thirds and sixths in major and minor music thus 

provide a plausible basis for the different emotional effects of these different tone 

collections in music.  
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3.6. Supporting Information 

3.6.1. Statistics for Comparisons of Musical Intervals in Major and Minor 
Melodies 

Table 3.1: Statistics for Tonic Interval Comparisons. The results of two-tailed Mann-Whitney U-tests 
used to assess the significance of differences in the frequency of occurrence of tonic intervals 
between major and minor melodies in the (A) classical, and (B) folk music databases. 
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Table 3.2: Statistics for Melodic Interval Comparisons. The results of two-tailed Mann-Whitney U-
tests used to assess the significance of differences in the frequency of occurrence of melodic 
intervals between major and minor melodies in the (A) classical, and (B) folk music databases. 
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3.6.2. Statistics for Comparisons of Formant and Musical Ratios 

Table 3.3: Formant Ratio Statistics and Average Formant Values in Single Word Speech. (A) 
Percentage of F2/F1 ratios corresponding to chromatic intervals. (B) Average formant frequencies 
for male and female speakers. Statistical comparisons were made using two-tailed t-tests for paired 
samples. 
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Table 3.4: Formant Ratio Statistics and Average Formant Values in Monologue Speech. (A) 
Percentage of F2/F1 ratios corresponding to chromatic intervals. (B) Average formant frequencies 
for male and female speakers. Statistical comparisons were made using two-tailed t-tests for paired 
samples. 
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4. Expression of Emotion in Eastern and Western Music 
Mirrors Vocalization 

4.1. Introduction 

Different sets of tones and tone-relationships are used to convey particular emotions 

in a variety of musical cultures (Randel, 1986; Touma, 1996; Aldwell and Schachter, 2003; 

Miller and Williams, 2008; Patel, 2008; Chelladurai, 2010). In Western music, this 

phenomenon is evident in the association of the major mode with positive/excited 

emotion, and the minor mode with negative/subdued emotion. It is unclear whether the 

basis for these associations is intrinsic to tonal perception or the result of exposure to 

Western music. One way to approach this question is to compare how tones and tone-

relationships are used to express emotion in different musical traditions. The classical 

music of South India (called Carnatic music) is especially useful for such comparison 

because, as in Western music, the emotions associated with various tone collections 

(called ragas) are well documented (Sambamurthy, 1999; Balkwill and Thompson, 1999; 

Becker, 2001; Chelladurai, 2010). Accordingly we asked how the tones in Carnatic 

melodies composed in ragas associated with positive/excited and negative/subdued 

emotions compare with the use of tones in Western melodies composed in the major and 

minor modes. In particular, we wished to know whether there is a common 

denominator in the way musical tonality is used to convey emotion across cultures, and, 

if so, its probable basis. 

The tonality of a Carnatic melody is organized by the raga in which it is composed. 

Ragas are analogous to modes in Western music in that they specify a particular 

collection of tones and tone-relationships. Ragas, however, are more complex because 

they also prescribe specific patterns of ascending and descending movement and 

gamakam (ornamentations in Indian music similar to vibrato, portamento and accent in 
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Western music)  (Capwell, 1986; Swift, 1990). Many ragas are associated with specific 

emotional themes called rasas (Sambamurthy, 1999; Balkwill and Thompson, 1999; 

Becker, 2001; Chelladurai, 2010). Traditional Indian aesthetics defines 9 rasas, two of 

which parallel the emotions associated with the major and minor modes and are thus 

suited to a cross-cultural comparison. These are Haasya, the rasa of joy, happiness, and 

mirth; and Karunaa, the rasa of sadness, grief, and pity (op. cit., Rowell, 1992). The ragas 

selected for comparison are associated with these rasas.  

 

Figure 4.1: Musical Intervals in Carnatic Music. The 12 principal intervals of Carnatic music (13 
including unison). Each interval is a tone defined by the ratio of its fundamental frequency to the 
tonic (Sa). Interval names, abbreviations, frequency ratios, and sizes in cents for just intonation (JI) 
as well as 12-tone equal temperament (12-TET) tunings are shown. The keyboard example pertains 
to 12-TET tuning. When two names are given they refer to enharmonic equivalents. Here and in 
Figure 4.2, a dot above or below the abbreviated interval name indicates that it belongs in the 
octave above or below, respectively.  

The basic set of tones and tone-relationships in Carnatic music from which ragas are 

derived is the 12-tone octave division shown in Figure 4.1 (Capwell, 1986). An additional 

10 tones (microtonal variants of 10 tones in the basic set) are used in gamakams (see 

above) (op. cit.). These were not included in the present analysis because the variations 

they introduce are small relative to the principal tones and tone-relationships in a 
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melody, and because they are not always notated. The chromatic scale, which defines 

the basic set of tones and tone-relationships in Western music from which the major and 

minor modes are derived, is shown in Figure 1.4 for comparison. 

4.2. Methods 

4.2.1. Music Data 

For the Haasya rasa, the selected ragas were Bilahari and Mohanam. For the Karunaa 

rasa, the selected ragas were Naadanaamakriya, Punnaagavaraali, and Varaali (Figure 4.2) 

(Sambamurthy, 1999; Balkwill and Thompson, 1999; Chelladurai, 2010). Several of these 

ragas are also associated with other rasas, but in each case a similarly positive/excited or 

negative/subdued emotional theme is implied. For example, Bilahari can also be 

associated with Viram (Sambamurthy, 1999; Chelladurai, 2010), the rasa of courage, 

pride, and confidence; and Varaali can also be associated with Bibhatsam (Sambamurthy, 

1999), the rasa of disgust, depression, and self-pity. Melodies composed in these ragas 

were collected from Carnatic music study books (Ramanathan, 1985, 1988; Banumathy, 

2002; Varadan 2005). Carnatic compositions are typically divided into three sections 

(Capwell, 1986). Each section was treated as a separate melody in the database, and 

comprised between 21 and 568 notes (M =97.7, SD =71.5). All melodies were 

traditionally notated using the intervals listed in Figure 4.1. In total, 194 Carnatic 

melodies were assembled, 93 associated with positive/excited emotion, and 101 

associated with negative/subdued emotion. The tonal characteristics of these melodies 

were compared to the analysis of tonality in major and minor classical Western melodies 

in Chapter 3. 
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Figure 4.2: The Ragas Examined. Carnatic ragas commonly associated with positive/excited and 
negative/subdued emotion, and the number of melodies examined in each. The interval name 
abbreviations follow Figure 4.1. 

4.2.2 Music Analysis 

The tonal structure of the Carnatic melodies was assessed by the intervals between 

notes. For each note, interval size was determined in relation to the previous melody 

note (melodic intervals) and the tonic note of the raga (tonic intervals). In both cases 

interval size was calculated as the difference in cents between the fundamental 

frequencies (F0s) of the two notes in question. Melodic intervals thus describe variations 

in F0 over time, whereas tonic intervals describe the place of each F0 within the tonal 

context of the raga. Interval size data was tallied in 100-cent bins from -1200 to 1200 for 

melodic intervals, and from 0 to 1200 for tonic intervals. Bin counts were normalized as 

percentages of the total number of melodic or tonic intervals in a melody and averaged 

across melodies in one of the emotional conditions examined to obtain average 

distributions of interval size. For melodic intervals comparisons were between the 

proportion of intervals smaller and larger than a major second (chosen as a cutoff 

because it separates the largest differences exhibited by positive/excited and 
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negative/subdued melodies; see Figure 4.4). For tonic intervals, comparisons were 

between proportions of intervals in each 100-cent bin. 

4.2.3. Speech Data 

Speech was recorded from 20 native speakers of Indian Tamil (10 male) and 20 

native speakers of American English (10 male); the speakers ranged in age from 19-72 

and had no significant speech or hearing pathology. To mitigate the possible influence of 

foreign intonation patterns, speakers were required to have lived in the country of their 

native language for at least 10 years. All subjects gave written informed consent as 

required by the Institutional Review Boards of Duke University and the National 

University of Singapore. Speakers read monologues and bi-syllabic expressions in their 

native language. The monologues consisted of 10 paragraphs, 5 with emotionally 

positive/excited content and 5 with negative/subdued content (see Figure 3.3 for 

examples). The bi-syllabic expressions consisted of 20 emotionally neutral expressions 

such as “Okay” and “Let’s go” in English or “Kodu” and “Nijam” in Tamil. In both cases 

the speakers were instructed to use the quality of their voice to convey either 

positive/excited or negative/subdued affect. The recordings were made in a sound-

attenuating chamber with an omni-directional capacitor microphone coupled to a solid-

state digital recorder. Data were saved on flash memory cards in .wav format (sampling 

rate = 44.1 kHz; bit depth = 16 bit). 

The emotion expressed in the recordings was evaluated by a different group of 6 

subject raters (3 native Tamil speakers [1 male] and 3 native English speakers [1 male]). 

Given the large number of recordings (2000), a subset comprising 240 recordings (one 

monologue and two bi-syllabic expressions for each speaker in each emotional 

condition) was randomly selected for evaluation. Raters listened to each recording, 

categorizing it as expressing joy or sadness and scoring the quality on a five point scale 
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(e.g., from not very joyful to very joyful). The accuracy of emotion recognition and 

average quality of expression were assessed in terms of speaker language and rater 

language. The intended emotions were accurately recognized and comparable in terms 

of quality of expression in both languages (see Supporting Information, Section 4.6.1). 

4.2.4. Speech Analysis 

For each recording, the fundamental frequency and relative intensity of each 10 ms 

time-step was calculated using Praat’s built in “To Pitch” and “To Intensity” algorithms 

(pitch floor =60 Hz, pitch ceiling =600 Hz; time points with autocorrelation values below 

the default voicing threshold [0.45] were defined as “unvoiced”) (Boersma, 1993; 

Boersma and Weenink, 2009). These values were used to find time-points with sufficient 

periodic energy to be classified as voiced that were also local peaks in the intensity 

contour. These voiced intensity maxima, which correspond mostly to syllable nuclei and 

voiced consonants, were used to assess speech prosody (see below). Voiced speech 

segments, defined as 50 ms windows centered on voiced intensity maxima, were 

extracted for use in the spectral analysis (see below) (Figure 4.3). The relatively short 

window size (50 ms) represents a compromise between maximizing frequency 

resolution and minimizing temporal changes in fundamental frequency. 

Prosodic Analysis. For each recording, prosodic intervals were calculated as the 

frequency difference in cents between adjacent voiced intensity maxima. Like melodic 

intervals in music, prosodic intervals thus describe changes in frequency over time. 

Interval size data was tallied in 25-cent bins from -1200 to 1200. Bin counts were 

normalized as percentages of the total number of prosodic intervals in a recording and 

averaged across recordings in an emotional condition to obtain representative 

distributions of interval size. In keeping with the analysis of melodic intervals in music, 

differences between emotional conditions were evaluated for statistical significance 
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using Mann-Whitney U-tests comparing the proportion of intervals smaller and larger 

than a major second (see above). 

 

Figure 4.3: Method of Voiced Speech Extraction. Panel 1 shows the waveform (gray; sound pressure 
level) of a portion of a speech recording (the phrase “million dollars”) overlaid with indicators of F0 
(blue; Hz) and relative intensity (green; dB SPL) calculated at each 10 ms time-step. The missing 
segments in the F0 contour are segments of “unvoiced” speech (see text). Panel 2 shows the same 
information but with time-points representing local maxima in the intensity contour (arrows) that are 
also voiced indicated (red crosses). Panel 3 shows the 50 ms windows (red) of voiced speech 
extracted for spectral analysis; the segments are centered on the voiced intensity maxima in the 
middle panel.  

Spectral Analysis. For each recording, normalized spectra were calculated for each 

voiced speech segment. Each segment’s spectrum was calculated by applying a 

Hamming window and a fast Fourier transform (Matlab algorithms ‘hamming.m’ and 

‘fft.m’; MathWorks Inc., 2009), and normalized in terms of frequency and amplitude. 

Frequency was normalized by dividing spectral frequency values by the fundamental; 

amplitude was normalized by dividing spectral amplitude values by the amplitude 

maximum. Normalized spectra were averaged across recordings in an emotional 

condition to obtain representative values. Differences between emotional conditions 

were evaluated for statistical significance by comparing the normalized power at peaks 
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above the tenth harmonic as a percentage of the normalized power at the first 30 

harmonic peaks, using Mann-Whitney U-tests (the tenth harmonic was chosen as the 

cutoff because all the intervals between adjacent harmonics after the tenth are smaller 

than a major second). 

4.3. Results 

4.3.1. Music 

The average distributions of melodic interval sizes in Carnatic melodies composed 

in ragas associated with positive/excited and negative/subdued emotions are shown in 

Figure 4.4A. The most obvious difference between emotional conditions concerns the 

relative prevalence of interval sizes. Positive/excited raga melodies comprise more 

intervals equal to or larger than a major second (200 cents), whereas negative/subdued 

raga melodies comprise more intervals smaller than a major second (see inset in Figure 

4.4A). The only exception to this pattern occurs in melodic major thirds, which are 

slightly more prevalent in negative/subdued raga melodies than positive/excited raga 

melodies. In comparison to the overall pattern, however, the discrepancy in melodic 

major thirds is small. The average prevalence of different tonic interval sizes is shown in 

Figure 4.4B. Positive/excited raga melodies are characterized by more major intervals, 

including major seconds, major thirds, and major sixths, whereas negative/subdued 

raga melodies are characterized by more minor intervals, including minor seconds, 

minor thirds, tritones, and minor sixths. This pattern suggests that the differences in 

melodic interval sizes between emotional conditions arise from differences in major and 

minor tonic intervals.  
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Figure 4.4: Distributions of musical interval sizes in Carnatic and Western melodies associated with 
different emotions. (A) Overlay of the average distributions of melodic interval sizes in melodies 
composed in ragas associated with positive/excited (red) and negative/subdued (blue) emotion 
(purple shows overlap). Inset shows the mean percentages of melodic intervals smaller and larger 
than a major second (dashed lines separate these groups in the main panel). Error bars indicate ±2 
SEM. Asterisks indicate statistically significant differences between the underlying distributions 
(p<0.05; Mann-Whitney U-tests; see Supporting Information, Section 4.6.2 for complete statistics). 
(B) The mean percentages of different tonic interval sizes in melodies composed in ragas 
associated with positive/excited and negative/subdued emotion. Intervals are grouped according to 
their prevalence in positive/excited raga melodies (red) or negative/subdued raga melodies (blue), 
and listed by the size of the difference between emotional conditions. Intervals that differ by more 
than 5% are highlighted in yellow. Asterisks indicate statistically significant differences between the 
underlying distributions (p<0.05; Mann-Whitney U-tests; see Supporting Information, Section 4.6.2, 
for complete statistics). Western interval name abbreviations are used to ease comparisons with 
Western music. (C & D) Data from the analysis of major and minor classical Western melodies in 
Chapter 3 are reproduced here in the same format as A and B for comparison. 
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The average distributions of melodic interval sizes in Western melodies composed 

in the major and minor modes are shown in Figure 4.4C. Comparison with Figure 4.4A 

shows that Carnatic and Western melodies use melodic intervals in much the same way 

to convey emotion. Melodies composed in tonalities associated with positive/excited 

emotion (i.e. major melodies) comprise more intervals equal to or larger than a major 

second, whereas melodies composed in tonalities associated with negative/subdued 

emotion (i.e. minor melodies) comprise more intervals smaller than a major second (see 

Figure 4.4C inset). The average prevalence of different tonic intervals sizes in Western 

melodies is shown in Figure 4.4D. Tonic intervals in Western and Carnatic melodies 

exhibit both similarities and differences. In both traditions major intervals are more 

prevalent in positive/excited tonalities and minor intervals are more prevalent in 

negative/subdued tonalities. There are, however, differences in the way these intervals 

are used. For example, sixths are more important than thirds in making these 

distinctions in Carnatic music, whereas the reverse is true in Western music (cf. Figure 

4.4B and D). Further, a greater variety of tonic intervals are used to distinguish the 

emotional character of Carnatic melodies than Western melodies (10 tonic intervals 

show significant differences in positive/excited and negative/subdued raga melodies, 

whereas only 6 intervals differ significantly in major and minor melodies). 

4.3.2. Speech Prosody 

The average distributions of prosodic interval sizes in positive/excited and 

negative/subdued Tamil and English speech are shown in Figure 4.5. In both languages, 

prosodic intervals in positive/excited speech are larger on average than prosodic 

intervals in negative/subdued speech. For the monologue recordings, only ~49% of the 

intervals in positive/excited speech were smaller than a major second compared to 

~75% in negative/subdued speech. Likewise, for the bi-syllabic recordings, only ~38% of 
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the intervals in positive/excited speech were smaller than a major second compared to 

~75% in negative/subdued speech (see Figure 4.5 insets).  

 

Figure 4.5: Distributions of Prosodic Interval Sizes in Tamil and English Speech Expressing 
Different Emotions. (A) Overlays of the average distributions of prosodic interval sizes in 
positive/excited (red) and negative/subdued (blue) Tamil speech (purple shows overlap). The top 
and bottom panels show data for the monologue and bi-syllabic recordings respectively. Insets 
compare the mean percentages of prosodic intervals smaller and larger than a major second 
(dashed lines separate these groups). Error bars indicate ±2 SEM. Asterisks indicate statistically 
significant differences between the underlying distributions (p<0.05; Mann-Whitney U-tests; see 
Supporting Information, Section 4.6.2, for complete statistics). (B) Same as (A), but for English 
speech.  

4.3.3. Speech Spectra 

The average normalized spectra of voiced segments in positive/excited and 

negative/subdued Tamil and English speech are shown in Figure 4.6. Whereas speech 

prosody varies in much the same way in Tamil and English speech as a function of 

emotional state, variations as a function of emotion in speech spectra are less consistent. 

In English there is relatively more energy in higher harmonics in negative/subdued 
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compared to positive/excited speech in both monologues and bi-syllabic expressions 

(see Figure 4.6B insets). This pattern tends to emphasize smaller intervals in 

negative/subdued English speech because the ratios relating higher numbered 

harmonics are necessarily smaller than those relating lower numbered harmonics (e.g., 

16/15=1.07, whereas 3/2=1.5). The same tendency is apparent in bi-syllabic Tamil 

speech, but in not the Tamil monologues (cf. Figure 4.6A and B). 

 

Figure 4.6: Average Normalized Spectra in Tamil and English Speech Expressing Different 
Emotions. (A) Overlays of the mean normalized spectra of voiced segments in positive/excited (red) 
and negative/subdued (blue) Tamil speech (purple shows overlap). The top and bottom panels show 
monologue and bi-syllabic recordings respectively; dashed lines separate harmonics ten and 
above. Insets compare the mean power at peaks above the tenth harmonic as a percentage of the 
mean total power over the first 30 harmonics peaks (computed from spectral amplitudes prior to 
decibel-conversion). Error bars indicate ±2 SEM. Asterisks indicate statistically significant 
differences between the underlying distributions (p<0.05; Mann-Whitney U-tests; see Section 4.6.2, 
for complete statistics). (B) Same as (A), but for English speech.  
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4.4. Discussion 

4.4.1. Cross-Cultural Patterns in Music 

This analysis of Carnatic and Western music shows that melodic intervals in both 

traditions are generally larger in melodies associated with positive/excited emotion, and 

smaller in melodies associated with negative/subdued emotion. Similarities are also 

apparent with respect to major and minor tonic intervals, being more prevalent in 

melodies associated positive/excited and negative/subdued emotions respectively in 

both traditions. There are however, differences in the particular tonic intervals 

emphasized most in making these emotional distinctions (cf. Figure 4.4B and D). The 

differences indicate that the use of a particular tonic interval(s) is not critical for the 

expression of emotion in tonality; what matters is that the set of tonic intervals provide 

the right opportunities for larger/smaller melodic intervals to occur. Thus, in Western 

music, emphasis on tonic thirds to differentiate emotions may not reflect an inherent 

emotional quality of thirds (as sometimes suggested; Cooke, 1959; Danielou, 1980; Curtis 

and Bharucha, 2010), but other considerations, such as promoting harmony. Taken 

together, the results suggest that an important cross-cultural aspect of musical tonality 

in conveying emotion in melody is the relative size of melodic intervals.  

4.4.2. Specific Musical Intervals in Speech Prosody 

In contrast to at least one other report (Curtis and Bharucha, 2010), the present 

analysis of speech prosody shows that variations in fundamental frequency do not 

emphasize discrete intervals. Inclusion of more (and more varied) speech samples in 

addition to examination of interval sizes at higher resolution clearly shows that prosodic 

interval size varies continuously (see Figure 4.5). The similarities between speech and 

music based on prosody thus reflect relative rather than absolute interval size. 
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4.4.3. The Role of Speech Spectra 

Spectral features differentiate excited and subdued speech less well than prosodic 

differences. In English, speech spectra show a greater proportion of energy in the higher 

harmonics of negative/subdued relative to positive/excited speech, thus emphasizing 

smaller intervals. Tamil speech, however, does not exhibit this pattern so clearly (see 

Figure 4.6). Given the differences in formant frequencies in Tamil and English speech 

(see Supporting Information, Section 4.6.3), these spectral differences probably arise 

from different vowel phone usage in the two languages.  

In previous work on the affective impact of the major and minor modes we focused 

on spectra, reporting parallel differences in music and English speech (see Chapter 3). 

As we show here, however, similarities between speech prosody and musical tone 

collections associated with emotion are more robust than spectral ones. Thus speech 

prosody is likely to be more influential in driving associations between speech and 

musical tonality, at least with respect to emotional character of melody (see Chapter 6, 

Section 6.3.1 for further discussion).  

4.4.4. A Possible Explanation 

One way of explaining the common cross-cultural pattern in the use of melodic 

intervals to convey emotion is mimicry of the universal tonal characteristics of the 

human voice in different emotional states (Spencer 1857; Scherer, 1995). In both Tamil 

and English speech negative/subdued affect is characterized by relatively small 

prosodic intervals, whereas positive/excited affect is characterized by relatively large 

prosodic intervals. Differences in prosodic interval size reflect differences in 

fundamental frequency variability, an acoustic parameter known to be elevated in 

positive/excited vocal expressions and depressed in negative/subdued vocal 
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expressions in a variety of languages (Juslin and Laukka, 2001; 2003). Thus the pattern of 

interval sizes in speech and music as a function of emotion are similar.  

4.4.5. Differences Between Past and Present Analyses of Speech 

Although analyses of prosodic interval size were conducted both here and in 

Chapter 2, the method of extracting F0 values from speech is different. In Chapter 2 the 

Prosogram algorithm (Mertens, 2004) was used to determine the relevant F0 values, 

whereas in the present chapter I used voiced intensity maxima. The present method is 

advantageous in that it is simpler and produces comparable results (cf. Figure 2.6B & 

Figure 4.5). Whereas the Prosogram method relies on deciphering syllable boundaries 

and smoothing and flattening F0 contours (op. cit.), the voiced intensity maxima method 

simply assumes that the most relevant F0s in speech are those that are emphasized.  

Differences between analyses of spectra in this chapter and in Chapter 3, as well as a 

comparison of their results, are considered in Chapter 6, Section 6.3.1. 

4.5. Summary 

The use of musical tones to convey emotion is similar in Western and Carnatic 

Indian melodies. Melodic intervals are smaller in melodies composed in tonalities 

associated with negative/subdued emotion and larger in melodies composed in 

tonalities associated with positive/excited emotions. Melodic interval size as a function 

of emotion in music parallels the variation of interval size with emotion in speech 

prosody. Although musical interval size is also related to speech spectra, this association 

is less robust across cultures. These observations are consistent with the hypothesis that 

the affective impact of musical tonality is generated by association with the 

characteristics of voiced speech in corresponding emotional states. 
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4.6. Supporting Information 

4.6.1. Assessment of Emotion Expression in Speech Recordings 

 

Figure 4.7: Assessment of Emotion Expression in Speech Recordings. (A) Accuracy of emotion 
recognition in monologue and bi-syllabic expression recordings. In each table, intended emotions 
are specified at the top and the native language of the raters is specified on the left. Percentages 
indicate the average proportion of recordings for which the emotion intended was accurately 
recognized (brackets indicate standard deviations). (B) Quality of emotional expression in 
monologue and bi-syllabic recordings. Formant is the same as in A, except that the numbers 
represent averages and standard deviations of scores from 1 (not very joyful/sad) to 5 (very 
joyful/sad). Number of raters =6 (3 Native Tamil speakers [1 male] and 3 native English speakers [1 
male]). Number of recordings =240 (120 in each language, 60 of which expressed joy and 60 of 
which expressed sadness). 
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4.6.2. Statistics 

Table 4.1: Statistics for Musical Interval Comparisons. (A) The results of two-tailed Mann-Whitney U-
tests used to assess melodic interval differences between melodies composed in ragas associated 
with positive/excited emotion (Pos./Ex. Ragas) and negative/subdued emotion (Neg./Sub. Ragas). 
(B) The results of two-tailed Mann-Whitney U-tests used to assess tonic interval differences 
between melodies composed in ragas associated with positive/excited and negative/subdued 
emotion. (C) Melodic interval statistics for Western melodies in the same format as A. Tonic interval 
statistics for Western melodies comparable to B are shown in Table 3.1A. 
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Table 4.2: Statistics for Prosodic Interval Comparisons. (A) The results of two-tailed Mann-Whitney 
U-tests used to assess prosodic interval differences between Tamil positive/excited and 
negative/subdued speech. (B) The results of two-tailed Mann-Whitney U-tests used to assess 
prosodic interval differences between English positive/excited and negative/subdued speech. 
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Table 4.3: Statistics for Spectral Comparisons. (A) The results of two-tailed Mann-Whitney U-tests 
used to assess spectral differences between Tamil positive/excited and negative/subdued speech. 
(B) The results of two-tailed Mann-Whitney U-tests used to assess spectral differences between 
English positive/excited and negative/subdued speech. Means indicate the average percentage of 
power at harmonics above the tenth as a percentage of the average total power over the first 30 
harmonics in each emotional condition. 
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4.6.3. Fundamental and Formant Frequencies in Tamil and English Speech 

Although there were no significant differences in average F0 between English and 

Tamil speakers, significant differences were observed in F1 and F2 (Table 4.4). In 

general, F1 in Tamil speech was lower than in English speech, and F2 was higher. 

Assuming that the vocal tracts of the American and Indian speakers are not different 

anatomically, this comparison of frequency characteristics indicates that the differences 

in average spectra between emotional conditions in Tamil and English arise from 

differences in the distributions of vowel phones in these languages and in the 

permissible range of formant values accepted in pronunciation. 
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Table 4.4: Fundamental and Formant Frequencies in Tamil and English speech. (A) Comparison of 
average fundamental (F0) and formant frequencies (F1 and F2) in Tamil and English speech 
recordings from the monologue condition. (B) Same as A, but for speech from eth single word 
condition. Formant frequencies were calculated using Praat’s “To Formant” linear predictive coding 
algorithm (Boersma and Weenink, 2009) with default settings (the maximum formant setting was 
adjusted for males and females as recommended: male =5kHz, female =5.5 kHz). 

 

 

 

 

 

 



 

 86 

5. Vocal Tonality and Emotion in Music 

5.1. Introduction 

Chapters 3 and 4 showed that associations between emotion and tonality are similar 

in music and speech, supporting the hypothesis that the affective impact of musical 

tonality derives from vocal mimicry (see Chapter 6 for further Discussion). A remaining 

question is whether the tonal characteristics of emotional expression in the voice are 

sufficient to account for the specificity of emotional associations in musical tonality. For 

instance, the tonal characteristics of the voice track could simply track arousal rather 

than specific emotional states. The present chapter addresses this issue. 

The principal similarity between tonality and emotion in musical melodies and 

speech across-cultures concerns the relative size of changes in fundamental frequency 

over time (F0 intervals). In general, frequency intervals are larger in music/speech 

conveying positive/excited emotions, such as joy, and smaller in music/speech 

conveying negative/subdued emotions, such as sadness (see Chapter 4). In speech 

however, differences in the size of F0 intervals are largely determined by the amount of 

variation in F0, a parameter that tracks changes in arousal rather than differences 

between specific emotions (Juslin and Laukka, 2001). Thus, F0 intervals can be expected 

to be smaller in subdued expressions and larger in excited expressions in general, 

regardless of whether the specific emotions expressed are positive or negative. This 

observation suggests that mimicry of vocal interval size alone is insufficient to account 

for the specific association of positive and negative emotions observed with musical 

tonalities such as the major and minor modes in Western music and various ragas in 

Indian music (see Chapters 3 and 4). This apparent puzzle is depicted diagrammatically 

in Figure 5.1. It follows that if associations between tonality and emotion in music are 
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indeed based on similarity to vocal expression, then some aspect of tonality in addition 

to the size of F0 intervals must be involved. 

 

Figure 5.1: The Problem Addressed. Venn diagrams showing musical tone-collections (in black 
circles) and types of emotional speech (in colored circles) united by relatively large (left) or small 
(right) F0 intervals. The checkmarks denote traditional emotional associations; the x-marks denote 
associations that, on the basis of vocal mimicry and interval size, should exist but do not. The 
emotion-color pairs (angry-red; joyful-yellow; sad-blue; relaxed-green) are used throughout. *Indian 
ragas associated with the Haasya rasa (e.g. Bilahari and Mohanam). †Indian ragas associated with 
the Karunaa rasa (e.g. Naadanaamakriya, Punnaagavaraali, and Varali) (see Chapter 4).  

To explore this issue we examined the tonal characteristics of speech uttered in four 

emotional states, two characterized by relatively high arousal and two by relatively low 

arousal. The results show that whereas most aspects of vocal tonality track differences in 

arousal among these emotions, some track particular emotions. These findings suggest 

how the vocal mimicry hypothesis can account for the association of musical tonalities 

with specific emotions, rather than simply excited or subdued emotional states. 
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5.2. Methods 

5.2.1. Recordings of Vocal Emotion 

In the interest of cross-cultural validity, recordings of emotional speech were 

collected from native speakers of American English, Mandarin Chinese, and Indian 

Tamil (10 speakers for each language, 5 male). Each speaker uttered an emotionally 

neutral sentence in their native language (Figure 5.2) in four emotional conditions that 

exemplify relatively high (joyful, angry) and low (relaxed, sad) arousal levels, resulting 

in a total of 120 recordings (40 in each language, 30 in each emotional condition). 

Recordings were made in the presence of an experimenter and were repeated until both 

the speaker and the experimenter were satisfied that the intended emotion had been 

expressed. The recordings were made in a sound-attenuating chamber (Eckel CL-12A) 

with an omni-directional capacitor microphone (Audio-Technica AT4049a) coupled to a 

solid-state digital recorder (Marantz PMD670). The recording level was optimized for 

each subject and held constant across emotional conditions. Data were saved on flash 

memory cards in .wav format for later analysis (sampling rate = 44.1 kHz; bit depth = 16 

bit). 

 

Figure 5.2: The 5 neutral sentences in English, Chinese, and Tamil read by native speakers in each 
emotional condition. Each sentence was used twice (once for male, once for female). The use of 
different sentences increased the phonemic diversity of the emotional speech database. 
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5.2.2. Verification of Emotional Expression 

A separate group of 15 raters (5 fluent in each of the 3 recorded languages; 2 males 

per language) listened to all 120 recordings in randomized order and categorized each as 

expressing joy, anger, relaxation, or sadness. The purpose of these ratings was to 

confirm that the recordings expressed the intended emotions. To mitigate the potential 

influence of voice intensity differences on emotional recognition, the root mean square 

(RMS) amplitude of each recording was normalized prior to presentation. For most of 

the recordings in the low arousal emotional conditions (i.e. relaxed, sad), this procedure 

resulted in considerable amplification of background noise in the recording chamber. 

These recordings were subjected to noise removal filtering using the “Noise Removal” 

function in Audacity (Mazzoni, 2011). 

5.2.3. Assessments of Vocal Tonality 

The tonal character of the recordings in each emotional condition was analyzed in 

terms of average F0 and its variation, F0 changes over time, and timbre (see details 

below). These assessments were made on the basis of F0 values calculated at 10 ms 

increments using Praat’s “To Pitch” function (Boersma, 1993; Boersma and Weenink, 

2009). With the exception of the frequency range, all input parameters were set to the 

default values specified by Praat. The frequency range was expanded from 75-600 Hz to 

60-800 Hz to accommodate the expanded range of emotional compared to normal 

speech. As a precaution against erroneous F0 assignments (e.g., octave errors and 

misattribution of voicing), data points with F0 values more than ±2.5 standard 

deviations away from the overall mean were excluded (1.8% of all data points). Intensity 

values (calculated using Praat’s “To Intensity” function with default parameters; op. cit.) 

were used in combination with F0 values to determine the locations of voiced intensity 

maxima, defined as time points with sufficient periodic energy to be classified as voiced 
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that are also local intensity maxima. Voiced intensity maxima in speech mainly 

correspond to the nuclei of voiced speech sounds (i.e., vowels and voiced consonants). 

Average F0 and variation. Average F0 and variation in each speech recording were 

assessed by calculating means and standard deviations.  

F0 changes over time. F0 changes over time were assessed on two temporal scales: 

(1) the relatively slower changes that occur between voiced speech sounds; and (2) the 

more rapid changes that occur within voiced speech sounds. Changes between voiced 

speech sounds, referred to as prosodic intervals, were assessed by calculating the 

frequency differences (in cents) between adjacent voiced intensity maxima. In keeping 

with previous work, the distribution of prosodic interval sizes for each recording was 

summarized by a single number equal to the proportion of intervals smaller than 200 

cents (in music, melodic intervals <200 cents are more frequent in melodies composed in 

tonalities associated with positive/excited emotion, whereas melodic intervals ≥200 

cents are more frequent in musical tonalities associated with negative/subdued 

emotion; see Chapter 4). Changes within voiced speech sounds, referred to as F0 

perturbations (Juslin and Laukka, 2001), were measured by calculating the percent 

deviation of F0 contours from smoothed versions of themselves (low-pass filtered at 20 

Hz with a 3rd order Butterworth filter; op. cit.). Percent deviations were calculated at 10 

ms time increments and averaged for each recording. Smaller percent deviations 

indicated smaller perturbations. 

Timbre. The timbre (i.e., the distribution of spectral energy) of voiced speech in 

each recording was assessed in terms of: (1) average spectra; and (2) the ratio of the 

energy in harmonics to the energy in noise (HNR). Both assessments were made using 

50 ms windows of the speech signals centered on voiced intensity maxima. The 

relatively short window size (50 ms) represents a compromise between maximizing 
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frequency resolution and minimizing temporal changes in fundamental frequency, it 

also serves to limit the analysis to the nuclei of voiced sounds, uncontaminated by 

nearby unvoiced consonants. The spectrum of each individual window was calculated 

using the Matlab algorithms hamming.m and fft.m (spectral resolution =2.69 Hz) 

(Mathworks Inc., 2009). The spectrum for each recording was calculated by averaging 

the amplitudes in each frequency bin across spectra from individual windows. The RMS 

amplitude of each recording was normalized prior to spectral analysis to insure 

comparability in the overall amount of energy across recordings; noise removal was 

again necessary for most recordings in the low-arousal emotional conditions. Average 

spectra were summarized by a single number equal to the proportion of energy above 

1100 Hz (this frequency represents the point at which the pattern of spectral energy 

reverses for high vs. low arousal emotion conditions; see Figure 5.6). The HNR of each 

window was calculated using Praat’s “To Harmonicity” algorithm (Boersma, 1993; 

Boersma and Weenink, 2009). All input parameters were set to default values with the 

exception of the pitch floor and silence threshold, which were maintained at 60 Hz and 

0.3 respectively, to ensure consistency with the F0 calculation. 

5.3. Results 

5.3.1. Verification of Emotional Expression 

Raters identified the intended emotions in the speech recordings with accuracy 

levels well above chance (Figure 5.3), confirming that the speech recordings represent 

legitimate examples of vocal emotional expression. In agreement with previous work 

there were differences in recognition accuracy for different emotions (e.g., anger was 

recognized most accurately), and for trials on which the language in the recording 

matched the rater’s native language (see Figure 5.3 legend for statistics) (Banse and 

Scherer, 1996; Scherer, Banse, and Walbott, 2001). The effect of language however was 
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fairly small (raters were only 5.6% more accurate on recordings in their own language), 

suggesting that emotional expression in the speech recordings was reasonably similar 

across languages. Subsequent results are thus presented collapsed across language.  

 

Figure 5.3. Accuracy of Emotion Recognition. Accuracy of emotion recognition in the speech 
recordings with respect to (A) emotion, and (B) language. Percentages indicate the average 
proportion of recordings for which the intended emotion was identified by raters (N =15). Overall 
accuracy was well above chance for all emotions (M =74.5% [SD =22.4], chance =25%). Repeated-
measures ANOVA indicated a main effect of the emotion being expressed on recognition accuracy, 
F(3,42) =4.473, p =0.008. With respect to language, raters were slightly more accurate on recordings 
in their own language (M =78.2% [SD =7.3]) than in other languages (M =72.6% [SD =6.4]), t(14) 
=2.756, p =0.016; two-tailed t-test for dependent samples). J =joyful, A =anger, R =relaxed, and S 
=sadness. E =English, C =Chinese, T =Tamil. 

5.3.2. Assessments of Vocal Tonality 

Average F0 and variation. The results of average F0 and variation assessments are 

shown in Figure 5.4. Mean F0s were significantly higher for speech in high (joyful, 

angry) vs. low (relaxed, sad) arousal emotional conditions for all pair-wise comparisons 

(Figure 5.4A). A significant difference was also apparent between low arousal emotional 

conditions, mean F0s being higher in relaxed compared to sad speech. No significant 

differences, however, were observed between mean F0s in the high arousal emotional 

conditions. F0 standard deviations showed the same basic pattern as mean F0s, with the 

exception of relaxed speech, which exhibited more intermediate values (Figure 5.4B). 
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Figure 5.4. Average F0 and Variation. (A) The average mean F0 for speech recordings conveying joy 
(J), anger (A), relaxation (R) and sadness (S). (B) The average standard deviation of F0 in the same 
recordings. Error bars indicate ±2 SEM. With respect to similarly aroused emotions, relaxed speech 
comprised significantly higher mean F0s and F0 standard deviations than sad speech (p <0.001). 
See Supporting Information, Section 5.6.1, for complete statistics. 

F0 changes over time. The results of the F0 changes over time assessments are 

shown in Figure 5.5. With respect to the relatively slow changes between voiced speech 

sounds, sad speech comprised significantly more small prosodic intervals (i.e. <200 

cents) than joyful, angry or relaxed speech (Figure 5.5A). Prosodic intervals thus join 

mean F0 and F0 standard deviation in distinguishing the tonal character of low arousal 

vocal expressions conveying positive and negative emotions. With respect to the 

relatively rapid changes within voiced speech sounds, angry speech comprised 

significantly larger F0 perturbations than joyful, relaxed and sad speech (Figure 5.5B). F0 

perturbation thus distinguishes the tonal character of high arousal vocal expressions 

conveying positive and negative emotions.  
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Figure 5.5. F0 Changes Over Time. (A) The average proportion of small prosodic intervals (<200 
cents) in speech recordings conveying joy (J), anger (A), relaxation (R) and sadness (S). (B) The 
average degree of F0 perturbation in the same recordings. Error bars indicate ±2 SEM. With respect 
to similarly aroused emotions, sad speech comprised significantly more small prosodic intervals 
than relaxed speech (p <0.001), and angry speech comprised significantly larger F0 perturbations 
than joyful speech (p <0.01). See Supporting Information, Section 5.5.1, for complete statistics. 

Timbre. The results of the timbre assessments are shown in Figure 5.6. With respect 

to average voiced spectra, high frequencies (i.e. >1100 Hz) comprised a significantly 

greater proportion of the energy for speech in high vs. low arousal emotional conditions 

for all pair-wise comparisons (Figure 5.6A). Although significant differences were also 

observed between similarly aroused emotional conditions, they were small relative to 

differences between high and low arousal emotional conditions. With respect to HNR, 

joyful speech was characterized by significantly higher HNRs than angry, relaxed or sad 

speech. In contrast to high frequency energy, where the largest differences were a 

function of arousal, the largest difference in HNR was between joyful and angry speech 

(Figure 5.6B). Thus HNR also distinguishes the tonal character of high arousal vocal 

expressions conveying positive and negative emotions.   
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Figure 5.6. Timbre. (A) The average spectra of voiced speech in recordings conveying joy (J), anger 
(A), relaxation (R) and sadness (S). The vertical dashed line at 1100 Hz indicates the region where 
the average spectra of high arousal expressions first rise above those of low arousal expressions. 
The inset shows the average percentage of energy above 1100 Hz for each emotion (calculated prior 
to dB conversion). (B) The average HNR of voiced speech in the same recordings. Error bars 
indicate ±2 SEM. With respect to similarly aroused emotions: angry speech comprised significantly 
more high frequency energy than joyful speech (p <0.01), relaxed speech comprised significantly 
more high frequency energy than sad speech (p <0.001), and joyful speech comprised significantly 
larger HNRs than angry speech (p <0.001). See Supporting Information, Section 5.5.1, for complete 
statistics. 

5.4. Discussion 

These assessments of vocal emotional expression suggest that the tonal 

characteristics of the voice distinguish between specific emotional states with similar 

arousal levels. Thus significant differences were observed between low arousal vocal 

expressions with respect to mean F0s, F0 standard deviations, and prosodic interval size, 

and between high arousal vocal expressions with respect to F0 perturbation and HNR.  

Given that the size F0 intervals in the voice varies as a function of arousal rather 

than specific emotional state, it was suggested that this aspect of vocal tonality is 

incapable of explaining the specificity of associations between emotion and tonality in 

music (see Section 5.1). For low arousal expressions, this suggestion was not borne out 

by the data. Because small prosodic intervals were more frequent in speech conveying 
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negative/subdued emotion (e.g., sadness) than they were in speech conveying 

positive/subdued emotion (e.g., relaxation), melodies that make frequent use of small 

melodic intervals (e.g., minor melodies) should, on the basis vocal mimicry, be 

associated only with negative/subdued vocal expressions. These results suggest that the 

low arousal levels associated with negative/subdued vocal expressions are not matched 

by positive/subdued vocal expressions and call into question the independence of 

arousal and valence dimensions in this modality. For high arousal emotions, however, 

the size of F0 intervals did indeed fail to differentiate specific emotions. Small prosodic 

intervals were about equally infrequent in vocal expressions of positive/excited emotion 

(e.g., joy) and negative/excited emotion (e.g., anger). Thus, melodies that make frequent 

use of large melodic intervals (i.e., major melodies) should, on the vocal mimicry 

hypothesis, be equally associated with positive and negative excited emotions. Much 

musical evidence, however, shows that the major mode as well as various Indian ragas 

are specifically associated with positive/excited and not negative/excited emotions (see 

Chapters 3 and 4).  

The apparent inability of the vocal mimicry hypothesis to account for the specificity 

of associations between positive emotions and musical tonalities can be explained on the 

basis of differences in F0 perturbation and HNR observed between vocal expression of 

joy and anger. Although F0 perturbation and HNR in musical tones are subject to 

variation (e.g., bending the strings of a guitar perturbs F0, whereas striking them hard 

with a plectrum decreases HNR; Gabrielsson and Juslin, 1996), absent such efforts, 

musical tones are characteristically perturbation-free and high in harmonic content (see 

Section 5.5.2 for experimental confirmation of this assumption). Therefore melodies that 

make frequent use of large melodic intervals should, by virtue of the stability and high 

harmonicity of the tones they comprise, be more readily associated with vocal 
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expressions of joy than of anger. Thus, when tonal characteristics additional to interval 

size are taken into account, the specificity emotional expression in the voice is sufficient 

to account for the specificity of emotional associations in musical tonality.  

As a final point, it is important to note that the stability and high harmonicity of 

musical tones does not necessarily make it difficult for music to convey emotions not 

distinguished by these qualities in the voice, e.g. anger or sadness. Emotional expression 

in music and the voice relies on the complex interaction of multiple acoustic properties 

of which tonality is only one (Banse and Scherer, 1996; Juslin and Laukka, 2001; 2003). 

Thus, sadness is typically expressed using low intensity, slow tempo, and small intervals 

(op. cit.). In combination, these factors are capable of countering the influence of tonal 

stability and harmonicity.  

5.5. Summary 

Whereas the size of prosodic intervals in vocal emotional expression primarily 

tracks arousal, other tonal characteristics, such as F0 perturbation and HNR, differ 

between positive and negative emotions with similar arousal levels. These results 

suggest that associations between tonality and emotion in the voice are sufficiently 

specific to account for the specificity of associations between tonality and emotion in 

music, thus providing further support for the hypothesis that the affective impact of 

tonality in music derives from mimicry of the tonal characteristics of vocalization in 

different emotional states. 
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5.6. Supporting Information 

5.6.1. Statistics 

Table 5.1. Statistics for Average F0 and Variation Comparisons. (A) Means and standard deviations 
for mean F0 in the 30 recordings from each emotional condition, as well as the results of two-tailed 
t-tests for dependent samples used to compare each possible pairing of the emotions examined. (B) 
Same as A, but for F0 standard deviation. 
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Table 5.2. Statistics for F0 Changes Over Time Comparisons. (A) Means and standard deviations for 
the percentage of prosodic intervals <200 cents in the 30 recordings from each emotional condition, 
as well as the results of two-tailed t-tests for dependent samples used to compare each possible 
pairing of the emotions examined. (B) Same as A, but F0 perturbation.  
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Table 5.3. Statistics for Timbre Comparisons. (A) Means and standard deviations for the percentage 
of energy above 1100 Hz in the 30 recordings from each emotional condition, as well as the results 
of two-tailed t-tests for dependent samples used to compare each possible pairing of the emotions 
examined. (B) Same as A, but for Harmonics-to-noise ratio.  
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5.6.2. Analysis of F0 Perturbation and HNR in Musical Instruments 

In support of the claim that musical tones are characteristically perturbation-free 

and high in harmonic content, F0 perturbation and HNR analyses were conducted on 13 

musical instruments simulated using Logic Pro 9 (Apple Inc., 2001) and a touch-sensitive 

MIDI keyboard (Akai LPK25). For each instrument, middle C was sounded 10 times, 

each lasting approximately 1 second. Recordings were made using WireTap Studio 

(Ambrosia Inc. 2009). The procedures used to assess F0 perturbation and HNR in the 

musical instrument recordings were the same as those used to assess the speech 

recordings (see Section 5.2.3). The 50 ms windows used to calculate HNR were extracted 

from the central time points of each note’s waveform. 

The results of this analysis clearly show that musical tones can be characterized as 

having low F0 perturbation and high HNR. This analysis could be improved by using 

real rather than simulated instruments. The effort required in making such recordings 

however, is unlikely to be worth the small increase in the validity of these data. The 

instrument models in Logic Pro are of professional quality and it is doubtful whether 

anyone could differentiate them from real instruments. 

A final point on this analysis is the similarity between the electric guitar and vocal 

expressions of anger with respect to F0 perturbation. Among the musical instruments 

and vocal expressions examined, the electric guitar and anger both stand out as having 

relatively high F0 perturbation. Given that there is some evidence to suggest that the 

electric guitar is particularly suited to the expression of anger (Gabrielsson and Juslin, 

1996), the similarity between the electric guitar and angry voice with respect to F0 

perturbation may provide further evidence in support of the vocal mimicry hypothesis. 
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Figure 5.7: F0 Perturbation and HNR in Musical Instruments and Voice. (A) Comparison of F0 
perturbation in musical instruments and voice. The left panel show average F0 perturbation for 13 
simulated instruments; the right panel compares the mean F0 perturbation across those 13 
instruments to the mean F0 perturbations in the speech recordings conveying joy (J), anger (A), 
relaxation (R) and sadness (S) (data from Figure 5.6). (B) Same as A, but for HHN. Error bars indicate 
±2 SEM.  
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6. General Discussion 

6.1. Summary of Results 

The results presented here demonstrate an intimate link between the use of tonality 

to express emotion in music and the tonal characteristics of emotional expression in the 

voice. In Chapter 2, an analysis of tone and non-tone language speaking cultures 

showed that fundamental tonal differences in speech prosody between cultures co-vary 

with analogous differences in traditional music. In Chapter 3, an analysis of Western 

classical and folk melodies composed in the major and minor modes established 

empirical differences between major and minor music, and provided evidence of 

similarity between their spectral characteristics and those of American English speech 

expressing positive/excited and negative/subdued emotion. In Chapter 4, the empirical 

analysis of Western melodies was extended to traditional South Indian melodies 

composed in tonalities with similar emotional associations, providing evidence that 

musical tonality is used to express emotion in similar ways in different cultures. 

Additionally, analyses of positive/excited and negative/subdued Tamil and English 

speech showed that aspects of tonality held in common by Western and Indian music 

parallel cross-cultural prosodic characteristics of speech. In Chapter 5, the specificity of 

associations between tonality and emotion in the voice was examined in the context of 

positive and negative emotions with similar arousal levels, suggesting how musical 

tonalities with vocal parallels can distinguish between similarly aroused emotional 

states. 

The work in Chapters 2-5 thus offers a potential answer to why particular sets of 

musical tones are associated with particular emotional states: because these sets mimic 

the natural relationship between emotion and tonality present in the human voice. The 
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strength of this vocal mimicry hypothesis, however, also depends on the plausibility of 

other possible explanations of the observed correlations. 

6.2. Alternative Explanations 

Given the observed correlations between tonality and emotion in music and speech, 

there are three possible alternatives to the vocal mimicry hypothesis. First, the tonal 

characteristics of emotional expression in music and speech might not be related at all, 

i.e. the correlations in Chapters 2-5 could be spurious. Second, it is possible that a 

relationship exists, but only because the tonal characteristics of music and speech both 

derive from a common cause. Third, the tonal characteristics of emotional expression in 

music and speech might be similar because speech mimics music. The following sections 

consider each possible alternative in turn.  

6.2.1. No Causal Relationship 

At least three observations oppose the alternative that the similarities between 

tonality and emotion in music and speech are coincidental. First, similarities between 

tonality and emotion in music and speech were observed in more than one culture. 

Second, similarities between the tonal characteristics of music and speech are apparent 

in many ways not specific to emotional expression (e.g., periodic and harmonic 

structure, frequency range, melodic and prosodic characteristics, etc.) (Chapters 1 and 2; 

Pierce, 1983). Third, similarities between tonality and emotion in music and speech are 

part of a broader pattern relating emotional expression in these two modalities that also 

includes aspects of tempo, intensity, timbre, pitch register, and voice onsets/tone attacks 

(see Table 1.1). Together with the present evidence, these facts make it unlikely that the 

tonal characteristics of emotional expression in music and speech are unrelated. 
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6.2.2. A Common Cause 

The second alternative is that similarities between tonality and emotion in music 

and speech reflect a common cause. One potential common cause that has received 

considerable attention is the expression of emotion through body postures and 

movements (Davies, 1980; Kivy, 1980; Cross, 2003). Thus, the emotion expressed by 

tempo or intensity in music and/or speech could be based in correspondence with the 

speed and force of movements in different emotional states. However, imitation of 

bodily expression offers no such hypotheses with respect to tonality, the reason being 

there is no clear analogue of tonality in body postures or movements. This problem 

reflects a general limitation of common cause accounts of the similarities between 

emotion and tonality in music and speech. Tones, tone-relationships, and their 

associations with emotion are essentially unique to music and the voice (Chapter 1, 

Section 1.4). 

It is possible however, that a common cause could determine the relationship 

between tonality and emotion in music and speech without being explicitly tonal. One 

potential third factor in this vein is arousal, which is attractive because of its conceptual 

simplicity as well as our considerable knowledge of the neurobiological and 

physiological mechanisms involved in its implementation (Purves et al., 2008). With 

respect to the voice, a casual link between arousal and tonality is clear: differences in 

arousal appear to underlie emotional changes in F0 (Scherer, 1989) and are also 

correlated with the changes in F0 variability that determine the sizes of prosodic 

intervals (Chapter 5). In non-vocal music however, the same casual link between arousal 

and tonality is not necessarily apparent. The reason is that unlike in the voice, the tonal 

characteristics of emotional expression in instrumental music are not physiologically 

determined. For example, in much (if not most) non-vocal music, pitch register and 
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interval size are largely independent of muscular effort (notable exceptions include 

music produced on instruments where muscular contraction of the embouchure controls 

F0, e.g. brass instruments and flutes). The example of arousal thus provides another 

general reason why a common cause is unlikely to underlie similarities between emotion 

and tonality in music and speech, i.e., for any cause that is not explicitly tonal, a 

necessary link to tonality must be demonstrated in both music and speech. 

6.2.3. Speech Mimics Music 

The third and final alternative explanation of similarities between tonality and 

emotion in music and speech is that speech mimics music. This perspective, and the 

reasons for and against supporting it as an alternative to the vocal mimicry hypothesis 

are best represented in a debate between Herbert Spencer and Charles Darwin near the 

end of the ninetieth-century. 

In his 1857 essay The Origin and Function of Music, Spencer firmly set forth the 

hypothesis that music’s ability to express emotion derives from mimicry of speech. In 

doing so he sparked an exchange with Darwin, who was interested in music in so far as 

it pertained to the evolution of human language. Darwin disagreed with Spencer and 

believed the causal link to run in the opposite direction, arguing in The Descent of Man 

(1874) that emotional expression in speech “derived from previously developed musical 

powers” (p. 572). Concerning the evolution of tonal vocalizations in general Darwin 

wrote: 

All air-breathing Vertebrata necessarily possess an apparatus for inhaling and 
expelling air, with a pipe capable of being closed at one end. Hence when the 
primeval members of this class were strongly excited and their muscles violently 
contracted, purposeless sounds would almost certainly have been produced; and 
these, if they proved in any way serviceable, might readily have been modified 
or intensified by the preservation of properly adapted variations. (Darwin, 1874 
p. 567) 
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The proposed service that vocal sounds provided in Darwin’s view was their ability 

to attract the opposite sex. Thus, those aspects of vocal production that were more 

attractive were selectively propagated, eventually leading to the rich harmonic tones 

that characterize much of modern animal vocalization. As evidence of the importance of 

sexual selection to the evolution of voice production, Darwin cited the greater 

development of vocal organs in males compared to females in many species including 

humans, where the mature male vocal folds are nearly twice as long, as well as the fact 

that in many species vocalizations are much more prevalent during the breeding season 

(although this is not the case with modern humans, it certainly is in many species of 

frogs, birds, and even some mammals). For Darwin then, the evolution of vocalization 

itself was inherently linked to a kind of musical beauty and its capacity to express the 

emotions of courtship, including “not only… love, but… the strong passions of jealousy, 

rivalry, and triumph” (op. cit., p. 572). Furthermore, because he saw these aspects of 

vocalization as antecedent to the evolution of articulate speech, he found the hypothesis 

that music’s ability to express emotion derived from mimicry of speech as antithetical to 

evolution. 

As we have every reason to suppose that articulate speech is one of the latest, as 
it certainly is the highest of the arts acquired by man, and as the instinctive 
power of producing musical notes and rhythms is developed low down in the 
animal series, it would be altogether opposed to the principle of evolution if we 
were to admit that man's musical capacity has been developed from the tones 
used in impassioned speech. We must suppose that the rhythms and cadences of 
oratory are derived from previously developed musical powers. (Darwin, 1874, 
p. 572) 

Darwin’s arguments failed to convince Spencer however, who defended his views 

from Darwin’s criticisms in a post-script to his original essay some 16 years later. 

Spencer’s response largely consisted of empirical evidence that vocal sounds are not 

primarily concerned with courtship behavior (e.g. the howling of dogs, the quacking of 

ducks, and the grunting of pigs), combined with the lack of evidence among mammals 
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that males use their voices to charm females (particularly among primates), a point 

which Darwin himself conceded as a “surprising fact” (op. cit., p. 567). With respect to 

the present work however, the critical point seems to be one on which both men agreed. 

In his post-script, Spencer wrote: 

The interpretation of music which Mr. Darwin gives, agrees with my own in 
supposing music to be developed from vocal noises; but differs in supposing a 
particular class of vocal noises to have originated it – the amatory class. (Spencer, 
1890, p. 2) 

Thus, although much of Spencer’s original essay focuses explicitly on speech, he was 

willing to accept the importance of more basic “vocal noises”. Indeed, the implication in 

his original essay is that the qualities of emotional speech arise from a basic 

physiological link between emotion and vocalization in general, and he cites numerous 

examples of its presence in non-human animals.  

All vocal sounds are produced by the agency of certain muscles. These muscles, 
in common with those of the body at large, are excited to contraction by 
pleasurable and painful feelings. And therefore it is that feelings demonstrate 
themselves in sounds as well as in movements. Therefore it is that Carlo [a dog] 
barks as well as leaps when he is let out—that puss purrs as well as erects her 
tail—that the canary chirps as well as flutters… the angry lion roars while he 
lashes his sides, and the dog growls while he retracts his lip. Therefore it is that 
the maimed animal not only struggles, but howls. (Spencer, 1857, p397). 

The fact that Spencer and Darwin both place vocalization at the center of their theories 

of music’s origins serves to emphasize the importance of stating the vocal mimicry 

hypothesis in terms of the voice in general, rather than speech in particular.  

6.3. Limitations of the Present Work 

6.3.1. Melody and Harmony, Prosody and Spectra 

Perhaps the most significant result presented here is the cross-cultural similarity in 

interval sizes used to convey emotion in music and speech (Chapter 4). Although this 

result provides a clear path to understanding how and why emotions are expressed by 

musical melody (i.e. by imitation of speech prosody), the affective impact of musical 
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harmony remains an open question. Harmony differs from melody in referring to 

simultaneous rather than successive musical tones (Randel, 1986). None of the melodies 

we examined here contain simultaneous musical tones (an intentional choice aimed at 

avoiding the significant increase in complexity that comes with harmony).  

Although the analysis of music was thus necessarily focused on melody, there are at 

least two ways in which the present work addresses the affective impact of musical 

harmony. First, despite the differences between melody and harmony, some aspects of 

harmony may be considered implicit in melody (and vice versa). In Western music this 

is apparent in that melody notes are perceived in the tonal context of tonic regardless of 

whether or not the tonic is sounded simultaneously (Chapter 3, Section 3.2.3). In Indian 

music, the tonal context of the tonic (or Sa) is often supplied explicitly by a “drone” 

instrument such as the Tambura, which continuously sounds a note (or sequence of 

notes) in accompaniment to the principal melody line (Randel, 1986; Krumhansl, 1990). 

Thus, even in a strictly monophonic melody, tones are appreciated in the harmonic 

context supplied by previously played notes. This fact implies that similarities between 

tonality and emotion with respect to melodic and prosodic interval size may also bear 

on the affective impact of musical chords. The major and minor triads for example, differ 

in the size of the interval between lowest and middle note (a minor third in the minor 

triad and a major third in the major triad; Aldwell and Schachter, 2003).  

A second way the present work addresses the affective impact of harmony arises 

from the comparisons of musical intervals and voiced speech spectra discussed in 

Chapters 3 and 4. Unlike prosody, the spectra of the voice are explicitly analogous to 

harmony in that they also comprise simultaneous frequencies (Chapter 1, Section 1.6). 

The results of the spectral comparisons suggest that the ratios that define minor (or 

smaller) musical intervals are emphasized more in the spectra of negative/subdued 
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speech than they are in the spectra of positive/excited speech, whereas this situation is 

reversed for the ratios that define major (or larger) musical intervals. This finding held 

true whether the analysis was based on formant ratios as in Chapter 3, or on the amount 

of power at higher vs. lower harmonics as in Chapter 4. However, unlike prosodic and 

melodic similarities between tonality and emotion, the degree of spectral similarity 

differed between languages, being more robust in English compared to Tamil speech 

(see Figure 4.6). Since there is no reason to suspect that the vocal tracts of English and 

Tamil speakers are significantly different, this result implies that the particulars of a 

given language (e.g. vowel distributions and acceptable formant ranges for the 

production of particular vowels) influence the potential for emotional associations 

between harmony and speech spectra (Chapter 4, Section 4.6.3). Comparisons of 

harmony and voice spectra that make use of non-linguistic emotional vocalizations, e.g. 

“affect bursts” (Scherer, 1994), might show greater cross-cultural similarity. 

6.3.2. Analysis of More Musical Traditions and Genres 

One of the strongest pieces of evidence against the idea that associations between 

tonality and emotion are the product of arbitrary cultural conventions is the fact that 

similarities were observed in the music and speech of two disparate cultures (Chapter 4). 

At the same time, the inclusion of only two cultures (with respect to tonality and 

emotion in music) is a point of weakness. Thus, this work could be strengthened in the 

future by evaluating the following prediction in additional musical traditions and 

genres: all other things being equal (e.g. tempo, imtensity, rhythm, timbre, etc.), a 

musical system with tonalities that successfully convey positive/excited and 

negative/subdued emotion that systematically associates relatively small melodic 

intervals with the former and relatively large melodic intervals with the latter, does not 

exist, and will never exist. 



 

 111 

6.4. Other Relevant Research 

The following sections consider other work relevant to the vocal mimicry 

hypothesis and propose several additional ways to extend this research. 

6.4.1. Infant Studies 

Highly relevant to the notion that similarities between tonality and emotion in 

music derive from the voice is work with human infants. For example, if associations 

between tonality and emotion in music are rooted in the biology of vocalization rather 

than lifetime experience, infants should show traditional associations. Considerable 

evidence on tone perception in infants is already available (reviewed in Trehub, 2003). 

For example, infants as young as two months old show preferences for listening to 

consonant over dissonant intervals (Trainor, 2002), recognize the invariance of melodies 

across transpositions and tempo changes (Trehub, 2000), and are more sensitive to 

mistuning of melodies composed in popular tonalities (e.g. the major and minor modes, 

or even Javanese modes) compared to invented tonalities (Trehub, Thorpe, and Trainor, 

1990; Lynch et al. 1990). Despite these studies, there is almost no evidence concerning 

associations between tonality and emotion in infant perception, presumably because of 

the methodological difficulties of assessing emotion in infants. The earliest emergence of 

traditional associations between tonality and emotion noted in the literature comes from 

a study by Kastner and Crowder (1990). These authors found that children as young as 3 

years of age associate major melodies with a happy or contented faces, and minor 

melodies with sad or angry faces. 

Combining the implications of the present results with existing techniques offers a 

potential avenue for testing infant associations of tonality and emotion. Given the cross-

cultural importance of melodic interval size, tonalities could be constructed that 
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emphasize positive/excited and negative/subdued emotions even more than major and 

minor modes. Melodies composed in such tonalities could be paired with pictures of 

facial expressions of positive/excited and negative/subdued emotion in a preferential 

looking task. Specifically, I would predict that infants take longer to habituate to 

emotionally incongruent melody-picture pairings than to congruent melody-picture 

pairings. Although, such a study would undoubtedly be difficult, the evidence suggests 

that from the first months of life infants are sensitive to the tonality of musical melodies 

as well as basic facial expressions (see above; de Haan and Nelson, 1998). 

6.4.2. Non-Human Animal Studies 

Another relevant area is work with non-human animals. For example, the vocal 

mimicry hypothesis suggests that animals that communicate using tonal sounds similar 

to those produced by the human voice (i.e., comprising harmonics or formants) should 

perceive aspects of human musical tonality in ways similar to humans, whereas animals 

that do not communicate using similar sounds (or that do not communicate using sound 

at all) should not. With respect to the first prediction, there is again, already considerable 

evidence. Wright and colleagues, for example, found that rhesus macaques are able to 

recognize similarity between simple “childhood” melodies (e.g. “Old Macdonald” or 

“Yankee Doodle”) and their octave-transposed versions. Remarkably, they also found 

that monkey perception of octave similarity was dependent on the tonality of the 

melodies examined: whereas octave similarity was easily recognized for melodies 

composed in the diatonic major mode (e.g., the childhood melodies), it was not 

recognized for synthetic melodies composed using invented tonalities (comprising 

random frequencies within a limited range) (Wright et al., 2000). Similarly, Japanese 

macaques trained to discriminate changes from octave dyads (which are consonant) to 

major seventh dyads (which are dissonant), generalized to other consonant and 
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dissonant dyads (e.g. perfect fifths and minor seconds), demonstrating that the ability to 

discriminate chords on the basis of consonance is not unique to humans (Izumi, 2000).  

Whereas these studies show evidence of similarity in tonal perception between 

monkeys and humans, they do not assess cross-species similarities in tonal preferences. 

In fact, there is evidence to suggest that monkeys (cotton-top tamarins) not only don’t 

care whether musical chords are consonance or dissonance, but prefer silence to music 

overall (McDermott and Hauser, 2004; 2007). However, this evidence has been recently 

challenged by two studies. First, working from the intuition that the tempo and pitch 

ranges in human music are not relevant for other species, Snowdon and Teie (2010) 

focused on the temporal and prosodic features of tamarin vocalizations, incorporating 

them into novel “music composed for tamarins” (sound files available here: 

http://rsbl.royalsocietypublishing.org/content/6/1/30/suppl/DC2). Using a variety of 

behavioral measures the authors found that tamarins were significantly more responsive 

to “tamarin music” than they were to human music. These results suggest that the lack 

of interest displayed by the tamarins in Mcdermott and Hauser 2004 and 2007 may 

reflect the ecological irrelevance of their test stimuli (i.e. music composed for humans). 

More direct support for human-like tonal preferences in non-human animals comes 

from work with domestic chickens. Using imprinting behavior Chiandetti and 

Vallortigara (2011) recently demonstrated that newly hatched domestic chicks show a 

clear preference for imprinting on objects associated with melodies comprising 

consonant intervals over identical objects associated with melodies comprising 

dissonant intervals. In agreement with the work presented here, the authors suggest that 

this seemingly strange behavior can be understood in terms of the prevalence of 

harmonic spectra in biological sounds in natural environments, thus guiding chicks to 

imprint on “animate rather than inanimate objects” (op. cit.). Given that macaques, 
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tamarins, and chickens all communicate using vocalizations that comprise periodic and 

harmonic tones (Collias and Joos, 1953; Ghazanfar and Hauser, 1999; Weiss and Hauser, 

2002), these studies thus provide considerable support for the prediction that non-

human animals that communicate using tonal sounds similar to those produced by the 

human voice should perceive aspects of human musical tonality in ways similar to 

humans.  

Testing associations between tonality and emotion in non-human animals is more 

complicated, but there is some evidence that suggests non-human animals do associate 

tonality with emotion. The first is cross-species similarity in the acoustic structure of 

vocalizations expressing basic emotions such as fear or aggression (Owings and Morton, 

1998). The second is the use of tone of voice as positive/negative reinforcement in 

animal training (McConnel, 1991). To my knowledge however, no study to date has 

examined associations between specific musical tonalities and emotion in non-human 

animals. As with the proposed infant studies, the use of melodic stimuli focused on 

differences in melodic interval size in conjunction with existing techniques offers a 

potential way forward. Following Kastner and Crowder’s study with young children 

(see above), one could test whether non-human primates are capable of associating the 

affective character of melodies with pictures of happy or sad facial expressions. Further, 

one could manipulate the test melodies while preserving interval size differences to 

increase their relevance to the temporal and prosodic features of non-human primate 

vocal communication in accordance with Snowdon and Teie (2010). Such a study would 

further the present evidence that associations between tonality and emotion in music 

derive from mimicry of the natural relationship between tonality and emotion present 

not only in the human voice but much of animal vocalization in general. 
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6.4.3. Pattern Classification Using Functional Magnetic Resonance Imaging 
Data 

A final area of interest is harnessing neuroimaging technology to determine 

whether perceiving relations between tonality and emotion in music makes use of 

similar neural resources as perceiving relations between emotion and tonality in the 

voice. Combining functional magnetic resonance imaging (fMRI) with whole-brain 

multi-voxel pattern analysis (MVPA) could provide an avenue toward answering this 

question (Norman et al., 2006). The prediction would be that a pattern classifier (e.g. a 

neural network, or a support vector machine) trained to distinguish blood oxygenation 

level dependent (BOLD) signal patterns elicited by listening to simple musical melodies 

composed in tonalities associated with positive/excited or negative/subdued emotion, 

would also be able to successfully classify BOLD signal patterns elicited by listening to 

vocal expressions of the same emotions. An experiment designed to test this prediction 

could provide support further support for the argument that tonality in music and the 

voice is fundamentally similar, especially with respect to the perception of emotion.  

The potential of this approach was recently demonstrated by Ethofer et al. (2009), 

who showed that BOLD signal patterns elicited by vocal expressions of different 

emotions can be used to successfully train a classifier to distinguish the emotion 

expressed by novel vocal stimuli on the basis of the BOLD signal patterns they elicit. 

6.5. Implications for Auditory Aesthetics 

The proposed biological basis of musical tonality suggests that although we tend to 

focus on “likes” and “dislikes” arising from lifetime experience, (e.g. you like Michael 

Jackson’s Thriller because you grew up in America in the 1980’s), general preferences 

may be better accounted for in terms of stimuli that have led to biological success over 

the course of evolution. In addition to the present work, work on the popularity of 
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chromatic intervals (Schwartz, Howe and Purves, 2003; Ross, Choi, and Purves, 2007), 

consonance and dissonance (McDermott, Lehr, and Oxenham, 2010), and scales (Gill and 

Purves, 2009) all suggest that the common denominator of tonal preferences in music is 

their relative similarity to the harmonic tones produces by the voice. The implication is 

that liking particular combinations of tones or preferring certain scales stems from the 

biological advantages of successful vocal communication conferred upon our ancestors. 

A similar perspective on the role of biology in aesthetics is apparent in Dennis 

Dutton’s 2009 book, The Art Instinct. Although the idea that art reflects human nature is 

not new (Dutton notes relevant contributions from Aristotle, David Hume, and 

Immanuel Kant), Dutton’s treatment takes advantage of ninetieth and twentieth century 

advances in biology, arguing for a “Darwinian aesthetics” that seeks to understand art 

forms by showing how their existence and character are connected to biologically 

determined capacities and preferences. On the necessity of approaching art from a 

Darwinian perspective Dutton writes: 

While it is true that the arts and the cultural worlds from which they arise, are 
immensely complex, they are not isolated from evolution… the arts, like 
language, emerge spontaneously and universally in similar forms across 
cultures… The obvious surface differences between art forms cross-culturally no 
more argues against their instinctual origins than the differences between 
Portuguese and Swahili show that language does not rely on a universal 
ensemble of instinctive capacities… Do we need to be reminded that Chopin is 
loved in Korea, that Spaniards collect Japanese prints, or that Cervantes is read in 
Chicago and Shakespeare enjoyed in China? Not to mention pop music and 
Hollywood movies, which have swept the world. (Dutton, 2009, p. 2-11). 

 But how could the preference for something like a musical scale arise from the 

voice? Vocal tonality comprises neither scales nor discrete pitches (Chapter 4 and 5). A 

possible answer is Ramachandran and Hirschstein’s argument that art is based on 

“supernormal” stimuli, i.e. exaggerations of natural stimuli that are even more effective 

at stimulating instinctual behaviors (Ramachandran and Hirschstein 1999; 

Ramachandran, 2003). The concept of supernormal stimuli was first described by the 
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ethologist Niko Tinbergan in his work with Herring gulls. Herring gull chicks beg for 

food by pecking at a bright red patch on an adult’s lower mandible (Figure 6.1). 

Tinbergen found that by manipulating the color, contrast, and shape of an adult gull’s 

bill (using models), he could construct stimuli that caused the chicks to peck with even 

more vigor, thus a “thin red rod with three white bands provide[d] a stronger stimulus 

than an accurate three-dimensional plaster head” (Tinbergen, 1953, p. 208).  

 

Figure 6.1: Photograph of an Adult Western Gull. Western Gulls (Larus occidentalis) are closely 
related to the Herring Gulls (Larus argentatus) studied by Tinbergen. The magnified area shows the 
red patch that chicks peck at. (Source: own work). 

Ramachandran suggests that the reason Tinbergen’s striped rod works as a 

supernormal stimulus is because “beak-detecting” neural circuits in the chick’s brain 

respond even more vigorously to it than they do to real beaks, and thus send 

correspondingly stronger messages to parts of the brain involved in behavior and 

reward (Ramachandran, 2003). He goes on to argue that something similar is at the root 

of art, which more vigorously activates neural mechanisms that evolved for some 

rewarding function. 

If herring-gulls had an art gallery, they would hang a long stick with three red 
stripes on the wall; they would worship it… but not understand why they are 
mesmerized by this thing even though it doesn’t resemble anything… human 
artists through trial and error, through intuition, through genius … [are] creating 
for the human brain the equivalent of the long stick with three stripes.” 
(Ramachandran, 2003, p. 47) 
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Although Ramachandran’s argument concerns vision and visual art, the same principle 

applies equally well to audition and music. Thus, a popular musical scale could be 

considered an exaggeration of prosodic and harmonic features of the voice that we are 

biologically predisposed to appreciate. Indeed, Spencer expressed a related idea in his 

1857 essay, writing that “song employs and exaggerates the natural language of the 

emotions” (Spencer, 1857, p. 401).  

6.6. Conclusion 

The hypothesis that the affective impact of music derives from acoustic similarity to 

emotional expression in the voice has a long history. Beginning with Spencer’s 1857 

essay on “The Origin and Function of Music”, researchers have sought evidence of such 

similarities. The literature is now replete with evidence that emotional expression in 

music and the voice is acoustically similar with respect to tempo, intensity, timbre, pitch 

register, and voice onsets/tone attacks (Juslin and Laukka, 2003). With respect to 

musical tonality however, many modern theorists have claimed that this aspect of music 

is free from biological predisposition, instead being “characteristic of music as a human 

art form that follows its own intrinsic rules and that varies from one culture to another” 

(op. cit., p.774,). Given the present results, there seems no reason to make tonality an 

exception. This dissertation provides strong evidence that tonality expresses emotion in 

parallel ways in music and the voice. It seems reasonable to conclude that the way we 

are influenced by tones and their relationships is, like other aspects of music, 

understandable in terms of the physical qualities and biological purposes of 

vocalization. By the same token, aesthetic preferences may be more deeply rooted in 

biology than generally thought. 
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