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Brief article

Are consonant intervals music to their ears?

Spontaneous acoustic preferences

in a nonhuman primate
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Abstract

Humans find some sounds more pleasing than others; such preferences may underlie our

enjoyment of music. To gain insight into the evolutionary origins of such preferences, we

explored whether they are present in other animals. We designed a novel method to measure the

spontaneous sound preferences of cotton-top tamarins, a species that has been extensively tested

for other perceptual abilities. Animals were placed in a V-shaped maze, and their position within

the maze controlled their auditory environment. One sound was played when they were in one

branch of the maze, and a different sound for the opposite branch; no food was delivered during

testing. We used the proportion of time spent in each branch as a measure of preference. The first

two experiments were designed as tests of our method. In Experiment 1, we used loud and soft

white noise as stimuli; all animals spent most of their time on the side with soft noise. In

Experiment 2, tamarins spent more time on the side playing species-specific feeding chirps than

on the side playing species-specific distress calls. Together, these two experiments suggest that

the method is effective, providing a spontaneous measure of preference. In Experiment 3,

however, subjects showed no preference for consonant over dissonant intervals. Finally, tamarins

showed no preference in Experiment 4 for a screeching sound (comparable to fingernails on a

blackboard) over amplitude-matched white noise. In contrast, humans showed clear preferences

for the consonant intervals of Experiment 3 and the white noise of Experiment 4 using the same
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stimuli and a similar method. We conclude that tamarins’ preferences differ qualitatively from

those of humans. The preferences that support our capacity for music may, therefore, be unique

among the primates, and could be music-specific adaptations.

q 2004 Published by Elsevier B.V.
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1. Introduction

Music is among the defining features of human culture, playing a central role in every

society known to Western scholars. However, from the standpoint of evolution, music is

also one of the most mysterious of human behaviors, as it serves no obvious function that

might have driven its evolution. Evolutionary theorists since the time of Darwin have

speculated about the adaptive function of music and its evolutionary origins (Darwin,

1871), with little consensus or empirical support. Recently, however, work on infants and

animals (reviewed in Hauser & McDermott, 2003; Trehub, 2003) has begun to illustrate

how empirical evidence might shape theories of music’s evolution. In particular, because

animals can be tested in the absence of any exposure to music, parallel perceptual abilities

in nonhuman animals can help establish whether aspects of our music faculty are innate

and therefore candidate products of natural selection. Moreover, as nonhuman animals do

not themselves make music, any perceptual effect found in a nonhuman animal cannot be

part of an adaptation for music. Music-related experiments on animals are thus poised to

play an important role in the debate about the origins of music.

One of the striking and mysterious features of how we experience music and other

forms of art is the aesthetic response we often have to what we experience. As is the case

for most aspects of music, the function and origins of aesthetic responses are unclear. As a

first step in investigating these issues, we studied preferences for relatively simple sounds

that lack the complex temporal structure of extended passages of music. Perhaps the best-

known example of such acoustic preferences involves harmonic musical intervals. Some

combinations of notes tend to sound good, at least to Western listeners, and are termed

consonant; others sound bad and are termed dissonant (Dowling & Harwood, 1986;

Krumhansl, 1990; Malmberg, 1918; Terhardt, 1984). Pythagoras was the first to note that

consonance tends to be generated by pairs of tones whose fundamental frequencies are

related by simple integer ratios. Helmholtz later proposed the widely accepted notion that

peripheral auditory effects (namely, beating) distinguish consonance and dissonance, and

both neurophysiological (Fishman et al., 2001; Tramo, Cariani, Delgutte, & Braida, 2001)

and behavioral (Hulse, Bernard, & Braaten, 1995; Izumi, 2000) studies in birds, cats, and

primates suggest that these peripheral differences are shared across mammals and birds.

These peripheral effects account for the discriminability of consonant and dissonant

intervals, but shed little light on the preferences between the two classes of stimuli that are

arguably the main reason for their importance in music. Where do such preferences come

from? Are they acquired through exposure to music, which perhaps contains more

consonant intervals than dissonant ones? Are they part of an adaptation to music? Or might

they be a byproduct of some general feature of the auditory system? Experiments in

closely related animals, especially primates, can help to clarify these issues.
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2. Experiment 1: intensity

To test whether humans share any acoustic preferences with other primates, we first

developed a method to measure such preferences in a well-studied nonhuman primate: the

cotton-top tamarin (see Watanabe & Nemoto, 1998 for a related method developed for use in

birds). In Experiment 1, we compared a low amplitude white noise signal to a high amplitude

white noise signal. We expected the animals to find the high amplitude signal unpleasant.

2.1. Method

2.1.1. Participants

We tested 6 adult cotton-top tamarins (Saguinus oedipus), 3 males and 3 females.

2.1.2. Apparatus and procedure

We tested subjects in a V-shaped maze (Fig. 1). A concealed speaker (Advent Powered

Partners) was located at the end of each branch of the maze. Each speaker and branch was

paired with a different sound. Subjects were initially moved from their home room cage to

the test room, and then placed at the entrance to the maze. The experimenter then left the

room and raised the door to the maze by means of a pulley system, thereby allowing the

tamarin to enter. When the subject moved into a branch for the first time, an experimenter

started the playback. The stimulus for a particular side played continuously as long as the

animal was on that side, and switched as soon as they switched sides. The animal’s

position in the maze thus determined which sound they heard. Testing continued for 5 min,

during which subjects were videotaped. No food reward was given.

2.1.3. Stimuli and design

The amplitudes of the two white noise signals were 60 and 90 dB, respectively, when

measured with a sound meter at the center point of the maze. The stimuli were randomly
UNCORREC

Fig. 1. Photo of the apparatus used in the tamarin experiments. The maze was elevated off the floor. There was a

concealed speaker at the end of each branch of the maze.
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assigned to the sides of the apparatus for each animal. After two sessions of this condition,

each separated by a full day, the sound-side pairing was reversed, and the animals were run

for two more sessions, again on separate days. A bias to spend more time in one branch

than the other was taken as evidence for a preference for one sound over the other.

The experimenters and trained assistants coded the video recordings with the sound

turned off and without knowledge of the side assignment. The video displayed the time of

recording down to a second’s resolution. To code an experimental session the coder noted

each time at which the animal moved from one side of the apparatus to the other. From these

times the length of each excursion to one side or the other could be computed, and these were

then added to yield the total amount of time spent on each side during an experimental

session. Inter-observer reliability was high; over 10 sessions coded by two observers, the

correlation coefficient for the switch times noted by two different coders was 0.99.
 F
D P
ROO2.2. Results and discussion

Fig. 2 plots the time spent on each side of the maze, averaged across the 6 monkeys, in

each of 4 successive experimental sessions. Even in the first session there is a pronounced

tendency to spend more time on the side playing the low amplitude white noise, a tendency

that increases during the second session. After the first two sessions, the sound-side

assignments were swapped for each animal, and on average the animals spent equal

amounts of time on each side, suggesting that they had learned an association between one

side and the low amplitude noise. By the next session they regained the tendency to spend

more time on the side with lower amplitude noise. Across all four sessions the animals

averaged 70% of the time on the soft side, which was highly significant (t[23]Z5.5,

p!0.00001). In a second experiment, we modified the noise amplitudes so that there was
UNCORRECTE

Fig. 2. Results of Experiment 1, comparing high and low amplitude white noise. Each bar plots the average data

from 6 subjects, as a proportion of the total time spent in the apparatus. Error bars here and elsewhere denote

standard errors. The dashed line denotes reversal of the side assignment that occurred after the second session.
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only a 10 dB difference between the two sides (75 and 85 dB, respectively). All six

animals again spent more time on the side with the lower amplitude noise (68%,

SEZ4.5%) over 2 sessions (t[11]Z4.09, p!0.001).

These results, together with those of Watanabe and Nemoto (1998) suggest that our

method provides one way to assess spontaneous acoustic preferences in animals,

especially for stimuli other than their species-specific vocalizations (for a related

technique used to study such vocalizations, see Gerhardt, 1987; Miller, Dibble, et al.,

2001; Miller, Miller, et al., 2001; Ryan, 1980; Wilczynski, Rand, & Ryan, 1995).
F
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3. Experiment 2: distress calls

To provide a second verification of our method and extend its ecological validity, we

ran the tamarins on an experiment contrasting two species-specific vocalizations—

screams given during distress and chirps made during feeding. Given the negative

associations of the screams and the positive associations of the food-related chirps, we

predicted that the tamarins would spend more time on the side with food chirps than on the

side with distress screams.

3.1. Method

3.1.1. Participants

We tested 5 of the 6 cotton-top tamarins used in Experiment 1.

3.1.2. Apparatus and procedure

The apparatus and procedure of Experiment 1 were used again.

3.1.3. Stimuli and design

The distress calls were screams produced by animals being held by our veterinary staff

during routine checkups. The food chirps were produced by individuals while eating food

or just as food was presented. Files were created with six exemplars of either the screams

or the chirps separated by brief periods of silence (a variable period between 1 and 1.5 s).

The vocalizations were recorded from three different animals that were not run in the

experiment. Two screams and two chirps from each of the three animals were used for the

stimuli. The six screams or chirps looped continuously during playback.

This experiment was run approximately 3 months after the conclusion of Experiments 1,

2 and 4. Each animal was run in 3–4 sessions with a particular side assignment

(determined at random), followed by 2–4 sessions with the side assignment reversed. The

video recordings were coded as in Experiment 1.

3.2. Results and discussion

Over the course of several sessions (NZ41 total across the 5 animals), subjects showed

a statistically significant (t[40]Z2.53; p!0.01; Fig. 3) preference for the side with food

chirps over the side with screams.
COGNIT 1344—3/9/2004—15:24—PREM—117014—XML MODEL 1a – pp. 1–11
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This result provides further evidence that our method is appropriate for assaying

spontaneous sound preferences in tamarins, and shows that these animals can have

preferences for a range of stimuli, be they species-specific or artificial.
 P
UNCORRECTED4. Experiment 3: consonance

As our primary interests are centered on the origins of musical preferences, we began

by testing tamarins for preferences for consonant stimuli over dissonant stimuli. Although

humans, at least in Western cultures, tend to show a preference for consonant sounds, we

ran adult humans on an analogue of the tamarin experiment to ascertain whether the

method would translate to another species known to show the preference.

4.1. Method

4.1.1. Participants

The participants were the 5 cotton-top tamarins used in Experiment 2, along with 5

Harvard undergraduates (18–21 years old; 1 male, 4 female). All 5 human subjects had

some degree of musical training, ranging from one to many years of music lessons.

4.1.2. Apparatus and procedure

The apparatus and procedure of Experiment 1 were used again with the tamarin

subjects. The human subjects were placed in a room divided in half by a stripe taped to the

floor. The front wall of the room concealed two speakers, one on each side of the dividing

line. Each speaker played a particular sound when the subject was in the corresponding

half of the room, thereby mimicking the tamarin setup.
NIT 1344—3/9/2004—15:24—PREM—117014—XML MODEL 1a – pp. 1–11
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The human subjects were told only that they had to stay within the confines of the room

for the designated period of 5 min. No other instructions were given. All the human

subjects were naı̈ve as to the purpose of the experiment.

4.1.3. Stimuli and design

The consonant stimulus consisted of a sequence of two-note chords chosen randomly

from the set of the octave, the fifth, and the fourth, subject to the constraint that no

particular interval repeated more than once in a row. The dissonant stimulus was a

similarly constructed sequence of minor seconds, tritones, and minor ninths. Each note

composing the interval was a synthesized complex tone with ten harmonics. The bass note

of each interval was middle C. Each interval was 1.5 s in duration and was ramped on and

off over 100 ms. There was no gap between successive intervals, and the sequence of

intervals played continuously as long as the subject was on the corresponding side,

switching when they switched sides. The consonant and dissonant stimuli had equal

amplitudes, which were set such that the sound level measured at the center of the

apparatus/room was 80 dB.

As in Experiment 1, subjects were left in the apparatus for 5 min, during which they

were free to move within its confines. The human subjects were run in a single session,

while the tamarins were run repeatedly, up to 10 sessions in a row in some cases, as we

wanted to maximize the chances of revealing an effect. The video recordings were coded

as in Experiment 1.

4.2. Results and discussion

One of the human subjects stood in the same place for the entire experiment, and his

data were thrown out. The average results for the other four human subjects are plotted in

Fig. 4a. Human subjects spent most of their time on the consonant side of the room

(t[3]Z10.26; p!0.001); this pattern was consistent across subjects (Mann–Whitney test,

UZ2.31, p!0.02). In contrast, the tamarins showed no preference, spending
UNCORREC

Fig. 4. Results of Experiment 3, comparing consonant and dissonant musical intervals. (a) Results for human

subjects. (b) Results for tamarin subjects.
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approximately equal amounts of time on each side of the maze (Fig. 4b; t[30]Z0.47; pZ
0.32). The lack of preference is not due to habituation to our test apparatus, as all five

animals showed robust preferences for low over high amplitude white noise when tested

again at the conclusion of the experiment (1 session per animal, mean of 70% of time spent

on low amplitude side). We conclude that under these particular test conditions, tamarins

do not show a spontaneous preference for consonance over dissonance, differing notably

from human adults tested with a similar paradigm.
F
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5. Experiment 4: screeching

As a second test of whether tamarins might have acoustic preferences based on

something other than amplitude or behavioral relevance, we attempted to generate two

nonmusical stimuli with similar amplitudes that were expected to produce a large

preference in humans. We began by generating a stimulus that is highly aversive to most

humans—the sound of fingernails on a blackboard (Halpern, Blake, & Hillenbrand, 1986).

The relationship between the responses that humans have to this stimulus and to musical

stimuli is unclear, but it seemed conceivable that nonhuman animals might respond

aversively to such a stimulus despite the lack of preference for consonance over

dissonance.

5.1. Method

5.1.1. Participants

We tested 5 new adult cotton-top tamarins and 4 of the 5 Harvard undergraduates used

in Experiment 3.

5.1.2. Apparatus and procedure

The apparatus and procedure of Experiment 3 were used again.

5.1.3. Stimuli and design

To facilitate stimulus generation, we used a variant of the fingernails-on-a-blackboard

sound produced by scraping a three-pronged metal garden tool down a pane of glass

(Halpern et al., 1986). Informal tests showed that stimuli produced the desired response in

humans, suggesting it would produce a pronounced preference for a suitable comparison

stimulus. The acoustic structure of our screeches was similar to that previously reported;

there were typically several prominent harmonics overlaid with broadband noise. The

experimental stimulus consisted of several concatenated recordings of individual

screeches. As a comparison stimulus we generated white noise with the amplitude

envelope of the screech stimulus. Both files looped continuously as long as a subject

remained on the corresponding side of the apparatus. Subjects were again left to move

freely in the apparatus for 5 min, during which they were videotaped. The amplitude of

both stimuli was set to 80 dB as measured at the center point of the apparatus. The video

recordings were coded as in Experiment 1.
NIT 1344—3/9/2004—15:24—PREM—117014—XML MODEL 1a – pp. 1–11
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(a) Results for human subjects. (b) Results for tamarin subjects.
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RO5.2. Results and discussion

Fig. 5a shows the proportion of time humans spent on each side of the test room. As

expected, there was a pronounced preference for the white noise (t[3]Z2.94, p!0.05); a

Mann–Whitney test revealed that all subjects followed this pattern (UZ2.31, p!0.02).

Because the tamarins used in this experiment had not been run in Experiments 1 and 2, we

first ran all 5 tamarins in a replication of Experiment 1. All of the tamarins spent more time

on the side of the maze with the low amplitude noise, and this tendency reversed itself

when the side assignments were reversed, as expected (66% of time on soft side;

SEZ2.17%; t[37]Z7.24; p!0.00001). When tested on the screech and control stimuli,

however, the tamarins showed no evidence of a preference. We ran the tamarins for

several consecutive sessions (NZ37 sessions) to see if a preference would emerge over

time. As shown in Fig. 5b, there was no preference (t[36]Z0.89; pZ0.15). In contrast with

humans, who show a pronounced preference for white noise over the screeching sound,

tamarins do not exhibit a preference.
 E
UNCORR6. Conclusions

Preferences for consonance over dissonance are widespread in human adults (Dowling

& Harwood, 1986) and have also been demonstrated in human infants (Trainor &

Heinmiller, 1998; Zentner & Kagan, 1996, 1998). Our results suggest that although such

preferences may be innate in humans, they likely have evolved after the divergence point

with our primate cousins. It is of course possible that another primate species, more closely

related to humans (e.g. chimpanzees), might exhibit more similar acoustic preferences, or

that tamarins tested with a different procedure would show a preference. It is also worth

noting that Watanabe and Nemoto (1998) recently found that certain Java sparrows

showed preferences for some types of music over others. This preference could
COGNIT 1344—3/9/2004—15:24—PREM—117014—XML MODEL 1a – pp. 1–11
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conceivably be related to the singing behavior of this species, and it would be interesting to

test them with the consonant and dissonant stimuli that we used. Given the present results,

however, we conclude that if humans and nonhuman primates share acoustic preferences

for sounds, this capacity evolved more recently than the divergence with New World

monkeys such as the cotton-top tamarin (i.e. some 40 million years ago). This conclusion

stands in contrast to the many perceptual mechanisms shared between humans and

tamarins (and other species as well), particularly with respect to speech perception (Miller,

Dibble, et al., 2001; Miller, Miller, et al., 2001; Newport, Hauser, Spaepen, & Aslin, 2004;

Ramus, Hauser, Miller, Morris, & Mehler, 2000) and presumably also to the

discriminability of consonance and dissonance. This contrast raises the possibility that

some of the acoustic preferences observed in humans evolved as a specific adaptation for

music.
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