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LEARNING OBJECTIVES

13.1  Explain how frequency is related to pitch, chroma, and the octave.

13.2   Summarize the basic neuroscience of music, including how training 
and experience can affect the representation of music in the brain.

13.3  Discuss how learning and culture affect music perception.

INTRODUCTION
Wherever you travel, you will find music. It may sound very different from the music you 
are accustomed to hearing, but you will recognize it instantly as music. In Kurdistan, we 
find a unique culture of music featuring such instruments as the tanbur (a fretted string 
instrument), the qernête (a double-reed wind instrument), and the şimşal (a flutelike 
instrument) (Figure 13.1). Although most of you may never have heard of these instru-
ments and may never have heard Kurdish music before, you would instantly recognize 
them as musical instruments, and you might even like Kurdish music (see ISLE 13.1 for 
an example of Kurdish music).
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FIGURE 13.1 A Tanbur

Man playing a tanbur, a traditional Kurdish instrument.
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372 Sensation and Perception

Better known in the United States, though further from our 
own musical tradition, is Javanese gamelan. Gamelan music uses 
a different scale system from our own, so it sounds very different. 
The slendro scale is a pentatonic (five-note) scale using intervals 
not used in Western music. Despite this difference, we certainly 
recognize gamelan as music (listen to ISLE 13.2 for examples of 
Javanese gamelan music). Figure 13.2 shows the xylophone-like 
instruments that are used in gamelan music.

Within our own culture, we make the most of differences in 
musical tradition. Many of you may debate the relative merits of 
East Coast hip-hop and snap music, or funk metal versus nu metal 
(Figure 13.3). There is, however, continuity in our Western music 
tradition. All of these varieties of music, from classical to jazz to 
country to gangsta rap, use the basic Western music system, even 
if the performers violate Western norms of dress and body art. In 
this manner, most variants of rock music have more in common 
with the orchestral music tradition than fans of either style might 
care to admit. For example, both Mozart and gangsta rap use the 

same basic Western scale system, playing the same notes, and in mostly the 
same keys. One can contrast either style of music with the aforementioned 
gamelan music, which uses a completely different scale system.

Music also has a long history. Wherever we find written records of past 
civilizations, we find descriptions of musical events. For example, the ancient 
Greeks left numerous written descriptions of music, as well as many illustra-
tions of musical instruments. The story of Orpheus is as poignant today as 
it was then, because we can relate to the longing power of music, just as the 
Greeks did when the story was new. In the story, Orpheus uses music to win 
his love back from the dead, only to lose her again. Greeks also used a form of 
written music. It consisted of using certain letters to represent pitch. Although 
precious few examples of ancient Greek music in written form remain today, 
there are a few preserved parchments that allow us to re-create music from 
almost 2,000 years ago. The longest single written musical piece from this 
time period is the Seikilos song, written in approximately 200 CE. It was prob-
ably not a “hit” at the time, but it is the longest segment of ancient Greek 
music that can be played now, thanks to its preservation in written form. (See 
Cartwright, 2013, or ISLE 13.3.)

Traveling millennia further back in time, there are no written records of 
music notation. But there is a fine archaeological record that demonstrates 
musical instruments being made far back into the Stone Age. Wind, percussion, 
and string instruments all date back this far into antiquity. The oldest known 
instruments are flutes made from the bones of birds, some of which date back 

as far as 35,000 years (Conard, Malina, & Münzel, 2009). Figure 13.4 shows such flutes. 
We can wonder what a prehistoric man or woman might have played on one of these flutes, 
looking across a primordial forest landscape from the mouth of a cave, but we will never 
know. However, reconstructions of these flutes show that notes representing octave equiva-
lence were present. You can hear a reconstruction of such a flute played in ISLE 13.4. This 
suggests that music has been a part of human culture for as long as humans have had culture.

We can also ask this question: What is music? A dictionary might define music as an 
art form based on sound. But how do we know what sounds are art and what sounds are, 
well, just sounds? On one hand, when we hear Rihanna singing “Love on the Brain” or the 
Cleveland Orchestra playing Schubert’s Symphony No. 2, there is no disagreement—we 
are hearing music. And when we hear the sound of a washing machine whirring or the 
sound of landscapers mowing lawns, we know that such sounds are not music. However, 

ISLE 13.1 
Kurdish Music Example

ISLE 13.2  
Javanese Gamelan 
Music Example
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FIGURE 13.2 Different Musical Cultures

Gamelan musical instruments.
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FIGURE 13.3 Popular Music

Rock music is popular throughout the world.

ISLE 13.3 
Ancient Greek Music
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373 Chapter 13: Music Perception

some artists stretch the limits of music. For example, in John Cage’s famous 
piece 4'33″, audiences “listen” to a performer doing absolutely nothing for  
4 minutes and 33 seconds. The music is the rustle of people in their seats and the 
occasional embarrassed cough. Is this music? That depends on your perspective. 
Certainly, Cage wanted us to think of music in a whole new way. And what 
about the following? The Melbourne Symphony Orchestra played a piece of 
music in which every member of the orchestra was playing beer bottles instead 
of his or her normal musical instrument. Many of you may have also heard the 
typewriter symphony, which went viral on YouTube in 2012. You can see both 
of these pieces performed in ISLE 13.5. Are these pieces satire, or are they actu-
ally music? Finally, we can also consider whether natural sounds are music. We 
may find many natural sounds beautiful, from birds singing to waves lapping to 
the wind whistling. But is birdsong music? What about the sounds of waves lap-
ping on the sand on a peaceful beach? Most of us would hesitate to classify this 
as music, even though the sounds may be decidedly pleasing to listen to. Thus, 
it may actually be difficult to come up with a definition of music that satisfies 
all of its boundary conditions. But we will try to define music as follows: Music 
is ordered sound made and perceived by human beings, created in meaningful 
patterns (Tan, Pfordresher, & Harre, 2010).

The last introductory question concerns the function of music. Why do we do 
it? Many scholars from many different disciplines have sought to determine the 
function of music for human beings, given the universality of music to the human 
species. Some have argued that this implies that music evolved, in the biological 
sense of the word, and therefore must have a function. What function might music 
serve in evolution? Some have argued that it served a sexual selection function. A 
highly musical person was likely fit, with musical ability signaling both good health and intel-
ligence. In this view, music is something of a peacock’s tail: Only a fit bird can afford such an 
extravagant tail. By analogy, only a fit person has the time to develop musical talent. Another 
evolutionary view is that music serves to bind people together in coherent groups. Singing 
and dancing brought people together and helped them find common purpose. Of course, it 
is also possible that music served no evolutionary function and is just a happy by-product of 
the evolution of auditory processing in humans in general. The answers to these questions are 
beyond the scope of this book. We now turn to issues in sensation and perception.

THE ACOUSTICS OF MUSIC
13.1  Explain how frequency is related to pitch, chroma, and the octave.

Pitch, Chroma, and the Octave
In Chapter 10, we described the relation between pitch and frequency. As frequency 
increases, we hear sounds at higher and higher pitches. As frequency decreases, we hear 
sounds at lower and lower pitches. Human beings can hear sounds between 20 and 20,000 
Hz, but the range that is used in music is more restricted. Indeed, music is generally played 
in the range of only up to a maximum of about 5,000 Hz. A piano, for example, has its low-
est note tuned at 27.5 Hz and its highest note tuned at 4,186 Hz (Figure 13.5). No Western 
instruments play lower than 27.5 Hz, and only a few Western instruments play higher than 
the piano does (e.g., the piccolo). In terms of the range at which humans can sing, the range 
is even more restricted. A human bass voice may get as low as 75 Hz, and a human soprano 
may get as high as 1,300 Hz. Thus, the notes used in music fall within a subrange of the full 
range of human hearing.

ISLE 13.4 
35,000-Year-Old Flute

FIGURE 13.4 Paleolithic Musical 
Instruments (Conard et al., 2009)

Bone flutes dating to at least 30,000 years ago.

ISLE 13.5  
Is This Music?

Music: ordered sound made 
and perceived by human 
beings, created in meaningful 
patterns
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374 Sensation and Perception

Although the fundamental 
frequency of musical notes seldom 
exceeds 5,000 Hz, harmonics 
typically range higher than this. 
Therefore, higher frequencies are 
important for music perception. 
Remember that natural sounds, 
including those of all voices and 
musical instruments, have higher 
harmonics. That means that in 
addition to the pitch we hear, 
there are other sounds present 

at higher frequencies. These higher harmonics contribute to the experience of timbre. Thus, 
having recording equipment that records at higher frequencies will preserve the timbre (to be 
reviewed shortly) of voices and instruments. Even then, we seldom use the very high frequen-
cies for music—a good thing, as most of us lose our hearing above 10,000 Hz anyway by the 
time we are in our 30s or 40s.

The Western orchestra uses a range of instruments, some of which are designed to play 
lower notes and others designed to play higher notes. Among the string instruments, double 
basses play at the lower end of the musical range of pitches, whereas violins reach to some 
of the highest pitches used in music. Thus, in a string orchestra, without wind or brass 
instruments, the violins will play the higher notes, the violas and cellos will play intermedi-
ate pitches, and the double basses will play the lower notes. Among the brass instruments, 
tubas and trombones play at lower pitches, whereas trumpets play at higher pitches. Among 
woodwinds, bassoons play at the lower end of the pitch range, whereas the piccolo has the 
highest notes of any instrument used in Western music. Figure 13.6 shows the frequency 
ranges of many common Western musical instruments.
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FIGURE 13.5 Piano Keyboard

A piano’s notes start at 27.5 Hz at the far left and go up to 4,186 Hz at the far right. Most music is played 
within this range.
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Frequency and Pitch

This diagram shows several 
instruments and their 
frequency ranges.
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375 Chapter 13: Music Perception

The Octave
Pitches get higher as frequencies go up, but there is another important dimension of 
pitch that is highly relevant to music: the octave. The octave is the interval between 
one note and a note with either double the frequency or half the frequency of that note. 
This is a physical definition: A frequency of 200 Hz has octaves of 100 Hz below it and 
400 Hz above it. Psychologically, we hear similarities between these doubled or halved 
frequencies. In musical terms, we refer to them by the same note name, but at different 
octaves. Thus, even though notes at 200 and 220 Hz are more similar in pitch, we hear 
notes at 200 and 400 Hz as being alike in a way that notes at 200 and 220 Hz are not 
(to hear this for yourself, go to ISLE 13.6).

We hear notes that are an octave apart as similar in a fundamental 
way. That is, there are perceived similarities between sounds that are 
an octave apart from one another. Notes that are one octave apart are 
said to be of the same chroma. This concept of an octave is present 
in all Western and non-Western musical traditions, including, as we 
mentioned earlier, in the functioning of prehistoric musical instru-
ments. When we hear two notes that are an octave apart, they sound 
similar to us, despite their difference in pitch. On a piano keyboard, 
we label notes an octave apart with the same name. Thus, middle C 
has a frequency of 261.6 Hz, and the C one octave above it has a 
frequency of 523.3 Hz, or approximately double that frequency. The 
next C is at 1,046.5 Hz. Any musician recognizes that a scale begins 
at one note and continues to the same note at the next octave.

Think now about a piano keyboard and examine the illustra-
tion in Figure 13.5. We see a pattern of white and black keys. You 
will see the white keys labeled as being one of seven chromas of 
notes, C, D, E, F, G, A, and B, and then the pattern repeats back to 
C. This pattern repeats across the piano keyboard. Each C shares 
a feature of sound in common with other C’s, but not with other 
notes. Similarly, each G shares a feature of sound in common with 
other G’s, but not with other notes. This feature that these notes 
share in common is that they sound similar to us, and we call this 
feature chroma. For example, middle C (262 Hz) is closer in fre-
quency to the D just above it (294 Hz), but it sounds more similar 
to the C in the next octave (523 Hz). This similarity of chroma 
from one octave to the next is represented by the pitch helix shown in Figure 13.7. As 
one goes up the helix, pitches get progressively higher, but the twists in the helix indi-
cate the octave equivalence across similar notes.

Returning to the piano keyboard, we also have the black keys, which represent 
“sharps” and “flats” in musical terms. These keys are at frequencies between the white 
keys to either side. Thus, the black key between middle C and the D next to it plays at 
a frequency of 277 Hz, approximately halfway between the frequencies of the C and 
the D. In musical notation, this black key can be called either C-sharp or D-flat. The 
black key between the D and the E can be called either D-sharp or E-flat. Whether the 
note is called by its sharp name or its flat name depends on the musical context, but 
the sound is the same. When we add the sharps and flats to our musical hierarchy, we 
have 12 notes in an octave, as we ascend from one note to the same note an octave 
higher. Each adjacent note is sometimes called a semitone. There are 12 semitones in 
an octave in Western music. In music, when every note, including the sharps and flats, 
is played between one octave and the next (i.e., every semitone), this is called the chro-
matic scale. This would mean playing a 13-note scale, starting, for example, with C and 
including and ending with the C one octave above it. Almost all Western instruments 

ISLE 13.6   
The Octave and Tone Similarity

Octave: the interval between 
one note and a note with 
either double the frequency or 
half the frequency of that note

Chroma: the subjective 
quality of a pitch; we judge 
sounds an octave apart to be 
of the same chroma

Semitones: the 12 equivalent 
intervals or notes within each 
octave

increasing frequency
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FIGURE 13.7 Pitch Helix (Shepard, 1982)

The pitch helix shows the relation of both pitch and 
frequency and of pitch similarity across octaves.
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376 Sensation and Perception

allow musicians to play all 12 notes of the octave. Exceptions include some 
kinds of harps and recorders.

The other feature of the Western musical tradition is the use of an 
equal-temperament scale. This means that every adjacent note has an 
identical frequency ratio. The absolute difference between adjacent notes 
increases as one gets higher in frequency, but the ratio matters for per-
ception. In this way, we perceive the difference between each successive 
semitone as equivalent in terms of difference in pitch to the one before it. 
This demonstrates Weber’s law. What matters in perception is the ratio, not 
the absolute difference. One advantage of the equal-temperament system is 
that any melody can be played starting on any particular note.

In most Western music, the differences in frequency between each note 
are well established and do not vary (this may change in some music, such 
as a cappella choirs). When musicians tune their instruments, they tune them 
so that their C’s (or, usually, A above middle C) all match at the same pitch 
or frequency. A piano or tuning whistle often provides this frequency. This 
organization has become standardized across Western music. Thus, a violinist 
in California and a cello player in Zurich, Switzerland, will usually agree that 
the A above middle C is tuned to 440 Hz (as long as they are not specifically 
tuning to standards from centuries past, as some orchestras do).

Traditional Chinese music uses a different scale system. Instead of the 
diatonic (eight-note) scale used in Western music (C, D, E, F, G, A, B, and C), 
Chinese music uses only a five-note (pentatonic) scale. In addition, the 
notes are not tuned according to an equal-temperament system, so that one 
cannot play the same melody starting on a different note, because the ratios 
between successive notes are not the same. Some early 20th-century clas-
sical music, in trying to defy convention, essentially used pentatonic scales 
as well. Figure 13.8 shows a woman playing a guqin, a traditional Chinese 

instrument. The guqin is a seven-string instrument similar to a zither. Traditionally, it 
was tuned to the Chinese scale known as zheng diao, a pentatonic scale, although most 
instrumentalists use Western-based notes today.

Westerners typically find traditional Chinese music a bit odd because the notes do 
not map directly onto the notes in our scale, which we have become so accustomed to 
hearing. Some Western forms of music use pentatonic scales, but these versions use the 
notes or pitches used in the equal-temperament scale system. These pentatonic tradi-
tions include Celtic folk music, some forms of West African music, and the American 
blues tradition. The five-note tradition makes improvisation, a hallmark of both Celtic 
music and American blues, easier. ISLE 13.7 gives examples of both Celtic music and 
improvisation in the American blues tradition.

To summarize, pitch is the psychological experience of frequency. As frequency gets 
higher, we hear the sound at a higher pitch. Musical notes are set at particular frequencies, 
and the relations between notes in Western music follow an equal-temperament system.

TEST YOUR KNOWLEDGE

1. What is meant by the term chroma? How is chroma related to the pitch helix?

2. What is meant by the term semitone? What is an equal-temperament scale?

Consonance and Dissonance
In most music, more than one note is played at the same time. This is true in any musical 
style. Even a lonely folk singer and his or her guitar is playing at least two notes (one 
in voice, one on guitar) at the same time. A piano player has 10 fingers and thus can 

Equal-temperament scale: 
a tuning system in which the 
difference between each 
successive semitone is 
constant both in pitch and  
in frequency

FIGURE 13.8 A Guqin

A woman playing a guqin, a traditional Chinese 
instrument.
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Pentatonic Music
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377 Chapter 13: Music Perception

play 10 notes at the same time, though this is very rare. A symphony orchestra may 
have many instruments playing several different notes at the same time. Jazz bands may 
have a number of different musical instruments playing at once. Rock bands tend to 
have singing, guitar playing, and percussion simultaneously. How do composers know 
which notes will sound good to listeners when played at the same time as other notes?

The concept of harmony in music refers to which pitches sound pleasing when 
played together. In technical terms, consonance refers the perception of pleasantness or 
harmony when two or more notes are played; that is, the notes fit with each other. In con-
trast, dissonance refers to the perception of unpleasantness or disharmony when two 
or more notes do not fit together. Why some notes are consonant when played together 
whereas others are dissonant has been the subject of much debate within Western cul-
ture, with theories going back all the way to the time of the ancient Greeks. The Greeks 
were impressed that two tones that could be expressed as a simple ratio of each other 
tended to sound consonant, whereas those that were more complex tended to sound 
dissonant. They did not know about frequency, but they measured these ratios in terms 
of the lengths of vibrating strings. Thus, the Greeks knew that a vibrating string twice 
the length of another would produce a consonant octave sound. We now know that two 
notes separated by an octave have approximately a 2:1 ratio of frequency. For example, 
concert A is 440 Hz, and the A above it is 880 Hz. Similarly, intervals of a major third 
(e.g., C and E) and a perfect fourth (e.g., C and F) sound consonant, but adjacent notes 
(e.g., C and D, a major second) sound dissonant. Major thirds and perfect fourths are 
easy to express as ratios, whereas adjacent notes are not.

When more than two notes are played at the same time, the result is called a chord. 
Chords are often played on the piano with the left hand, while the right hand plays a 
melody. Fundamental training in music allows musicians to learn which chords are con-
sonant and which are dissonant. In many pieces of music, chords are selected to be har-
monious or consonant with the melody line. We will discuss melody later in this section.

Musical context also plays a role in our perception of consonance and dissonance. 
There may be some musical situations in which adjacent notes go together and would 
sound consonant, so consonance goes beyond simple ratios. In addition, culture plays 
a role in our perception of consonance and dissonance. What we find consonant in 
Western culture might be dissonant in traditional Chinese music, and what traditional 
Chinese music deems consonant we might find dissonant. In addition, norms within 
a culture change over time. This is true of the major third in Western music. Prior to 
Bach’s time, the major third was avoided, as it was considered dissonant. It is now con-
sidered the most consonant interval in Western music after the octave itself.

Dynamics and Rhythm
Music is not just a series of pitches. Equally important in the production and appre-
ciation of music are dynamics and rhythm. Indeed, drum music may not vary at all 
in pitch—the differences are in the complex rhythms. We start by defining the rele-
vant terms in this section. Dynamics refers to the relative loudness and how loudness 
changes across a composition. That is, a piece may start off very loud, then grow softer, 
and then finish loud again. Changing from loud to soft may be important in trans-
mitting the meaning and emotion in any piece of music. In musical notation, soft is 
indicated by a p for piano, and loud is indicated by an f for forte (these are the Italian 
terms for “soft” and “loud”). In physics terms, dynamics refers to amplitude, measured 
in decibels. Forte means more decibels, whereas piano means fewer decibels.

Rhythm refers to the temporal patterning of the music, including the tempo, the meter, 
and the beat. Tempo refers to how fast or slow a piece of music is played, that is, the 
speed of the music. For example, a beginning musician may elect to play a piece at a 

Harmony: the pleasant sound 
that results when two or more 
notes are played together

Consonance: the perception 
of pleasantness or harmony 
when two or more notes are 
played; that is, the notes fit 
with each other

Dissonance: the perception of 
unpleasantness or disharmony 
when two or more notes do 
not fit together

Dynamics: relative loudness 
and how loudness changes 
across a composition

Rhythm: the temporal 
patterning of music, including 
the tempo, the beat, and the 
meter

Tempo: the pace at which a 
piece of music is played
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378 Sensation and Perception

slower tempo so as not to make mistakes, whereas a more experienced musician may play 
the piece faster. Tempo can also change within a piece. Usually brisk or fast tempos are 
used to express joy, whereas slower tempos render a sadder feeling. Think of Christmas 
music. “Rudolf, the Red-Nosed Reindeer” is played quickly to express joy, whereas 
“Silent Night” is a slow piece that reflects a more thoughtful or religious approach to the 
holiday. Meter refers to the temporal pattern of sound across time, which usually repeats 
itself across the piece. Meter is completely intertwined with beat. Beat refers to spaced 
pulses that indicate if a piece is fast or slow. Thus, meter tells you how many beats occur 
per musical measure (the repeating temporal pattern), and beat tells you which notes to 
emphasize. In rock music, drums usually “keep the beat” by pulsing throughout each 
measure. In traditional classical music, instruments such as the double bass are respon-
sible for keeping the beat. In most popular music, as well as in marches and many other 
styles of music, the meter is called 4/4, meaning that there are four beats per measure. 
In this meter, there is usually an emphasis, often indicated by relative loudness, on the 
first beat out of every four and a secondary emphasis on the third beat in each measure. 
Waltzes are played in 3/4 time, with the emphasis placed on the first beat out of every 
three in a measure. The characteristic feature of Jamaican reggae music is that instead of 
the first beat getting the emphasis in a 4/4 measure, the second and the fourth beats out 
of every four get the emphasis in each measure. If you hum the melody to such nearly uni-
versally known tunes as Bob Marley’s “Jammin,” you can feel the pulses on those second 
and fourth beats (see ISLE 13.8 for some examples of meter and beat).

Rhythm is therefore a complicated feature of music. It refers to tempo, meter, and 
beat. In any given piece of music, each note or pitch may also be maintained for either 
a short period of time or a long period of time. That is, a note, such as B-flat, may be 
played for just one beat, or it may be sustained across four or more beats. The pattern 
of notes across these beats also contributes to rhythm. In jazz, for example, a common 
motif is a tendency to have a slightly longer note followed by a slightly shorter note, 
typically eighth notes. These eighth notes are indicated by the same musical notation, 
but a jazz musician automatically plays the first note for a bit longer and shortens the 
second note. This pattern gives jazz its characteristic rhythm (Figure 13.9). Waltzes usu-
ally contrast a note played on the first beat with notes played on the other two beats, to 
give waltzes their particular 3-count rhythm, which also makes them easy to dance to.

Timbre
Timbre refers to the complex sound created by harmonics (see Chapter 10 if this defi-
nition does not make sense). For example, a violin and a flute may be playing a note 
with the same pitch, but it sounds different on each instrument. The harmonics, as well 
as attack and decay characteristics, give each voice and each instrument its own dis-
tinct sound. Composers will select specific musical instruments because of their timbres. 
Depending on context, specific timbres of different instruments will convey particular 
meanings or emotions. The oboe, for example, is often used to express sadness, bitter-
sweet emotion, and perhaps puzzlement, whereas a flute is more likely to express joy. 
In his famous piece Bolero (1928), Maurice Ravel has different instruments play the 
same theme repeatedly. Each instrument gives the theme a different feel, as Ravel builds 
up to finally having all the strings play the theme together and then the entire orchestra 
(you can hear this piece on ISLE 13.9). Ravel’s Bolero also neatly illustrates a number 
of other principles. It is written in 3/4 meter, and you can hear the emphasis on the first 
beat of every measure. Moreover, as the piece progresses, the dynamics change, and the 
piece gradually builds from very soft to very loud.

Meter: the temporal pattern of 
sound across time

Beat: spaced pulses that 
indicate if a piece is fast  
or slow

ISLE 13.8 
Meter and Beat

FIGURE 13.9  
Louis Armstrong

Louis Armstrong (1901–1971) was a 
famous trumpet player and singer in 
the jazz tradition. Jazz has roots in 
Western art music, popular music, 
and West African musical traditions.
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ISLE 13.9 
Bolero Clip
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379 Chapter 13: Music Perception

As stated earlier, the fundamen-
tal frequencies of music predomi-
nantly fall below 5,000 Hz. Only 
the piccolo and piano even come 
close to that frequency. However, 
the harmonics of musical notes often 
exceed 5,000 Hz, and these har-
monics contribute to the timbre of a 
voice or instrument. For this reason, 
recording equipment should be able 
to record frequencies well in excess 
of 5,000 Hz in order to capture the full complexity and musicality of any musical 
piece, even though we do not perceive these high-frequency harmonics as actual 
pitches (Figure 13.10).

Timbre is also important in distinguishing between well-made and poorly made 
instruments. The materials and craftsmanship that go into a well-made instrument 
allow harmonics to be created, each at the right level of loudness. Thus, well-made 
instruments sound better than poorly made ones, assuming the musician playing each 
one is of equal ability. That is, the same good musician playing on a fine violin relative 
to a cheap violin will sound much better on the fine violin. The well-made violin has 
a rich and deep timbre, even when high notes are being played, whereas the cheap 
violin will sound shrill on higher notes, even when played by an expert. It is for this 
reason that violinists favor well-made violins, including such famous antique violins as 
the legendary Stradivarius violins. Because of differences in timbre from instrument to 
instrument, the price differences between well-made and poorly made instruments can 
be shocking. A beginner’s violin might cost as little as U.S. $80, whereas violins made 
for professionals usually run higher than U.S. $30,000 (and even higher; some violins 
cost millions). Similarly, a student’s saxophone may cost as little as U.S. $200, whereas 
a professional one may cost more than U.S. $8,000.

It is also clear that harmonics are not the only factor that affects timbre. Two other 
important features of timbre are attack and decay. Attack refers to the beginning 
buildup of a note. This means how quickly the instrument expresses all of its frequen-
cies and if there are any differences in the onset of harmonics. Decay refers to how long 
the fundamental frequency and harmonics remain at their peak loudness until they start 
to disappear. For example, a trumpet has a very fast attack, leading to the sharp sound 
we associate with trumpets. In electronic instruments, attack and decay can be altered 
to mimic the sounds of other instruments or to create timbres that are not possible 
using string or wind instruments. You can hear differences in attack and decay by going 
to ISLE 13.10.

That gives us the basic building blocks of music—pitch, loudness, rhythm, and tim-
bre. Musicians combine these building blocks in infinite ways to create music of all 
kinds. But to understand the perception of music requires more than a description of 
the building blocks—it also requires a more gestalt approach, as music transpires over 
time. For this reason, melody is of the utmost importance. We turn to melody in the 
next section.

TEST YOUR KNOWLEDGE

1. What is the difference between rhythm, tempo, and beat?

2. What is timbre? What physical differences produce differences in timbre?

FIGURE 13.10 Sound spectrograms of two different instruments, an oboe (a) and a flute 
(b), playing the same note.
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Attack: the beginning buildup 
of a note

Decay: how long the 
fundamental frequency and 
harmonics remain at their 
peak loudness until they start 
to disappear

ISLE 13.10 
Attack and Decay
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380 Sensation and Perception

Melody
Most people can hum a variety of melodies, from tunes 
learned in childhood, such as “Mary Had a Little Lamb,” 
to Christmas songs to famous classical melodies, such as 
Beethoven’s Ode to Joy, to the melody of the current hot 
songs on the Top 40. If you think about these tunes, you 
may realize that melody is essentially a series of pitches 
joined together with rhythm created by different lengths 
of each note (Figure 13.11). Thus, we can define melody 
as a rhythmically organized sequence of notes, which we 
perceive as a single musical unit or idea. What carries 
melody beyond pitch and rhythm is that the sequence 
forms a unit with properties that transcend the individ-
ual pitches and lengths of notes. A melody coheres in 
time to create an experience in its listeners. Thus, the 
two melodies in Figure 13.11 are very similar in terms 
of the notes used and the rhythms used, but anyone 
brought up in Western culture would never confuse 

these two melodies (also see ISLE 13.11). Most music, in any tradition, starts with a 
melody, usually sung by a voice, played on the piano or with other instruments, which 
is then augmented by various musical accompaniments. Untrained listeners focus first 
on the melody.

Scales and Keys and Their Relation to Melody
Consider the piano keyboard again (see Figure 13.5). If we start on middle C and play every 
white note to the next C, we have played a C major scale. A scale is a set of ordered notes start-
ing at one note and ending at the same note one octave higher. In this way, a scale is a very simple 
melody. In Western music, major scales refer to sequences of notes with the following pattern 
of semitones: 2, 2, 1, 2, 2, 2, 1. The numeral 2 means that we go up two semitones, whereas the 
numeral 1 means that we go up one semitone. Thus, a G major scale starting on G will include 
one black note (F-sharp). One can start a major scale on any note on the piano and follow this 
sequence. For example, the C-sharp major scale will have the following notes: C-sharp, D-sharp, 
F (E-sharp), F-sharp, G-sharp, A-sharp, C (B-sharp), and C-sharp. In essence, you can start a 
major scale on any note if you follow the pattern of 2, 2, 1, 2, 2, 2, 1 on your piano keyboard 
or any other instrument. Major scales are among the first melodies any instrumentalist learns 
when first starting to learn to play an instrument, and the major scale is the most common kind 
of scale in Western music. (You can hear an assortment of scales in ISLE 13.12.)

Major scales can be contrasted with the chromatic scale, in which every step is one 
semitone. Thus, the chromatic scale cannot be divided into keys, because it does not 
matter where you start or stop—the sequence is always the same. Each note is one 
semitone higher or lower than the previous one. On a piano, a chromatic scale means 
playing every key, including all of the black keys (again, see ISLE 13.12).

There are also a number of different types of minor scales, which have different 
sequences of semitones as one moves from one octave to the next. For example, the nat-
ural minor scale has the following sequence: 2, 1, 2, 2, 1, 2, 2. The natural minor scale is 
relatively simple in both its sequence and its relation to the major scale. However, more 
commonly used in music is the harmonic minor scale, with the following sequence: 2, 1, 
2, 2, 1, 3, 1. The harmonic minor scale is often used in Western music to express sad-
ness. It is also commonly used in Middle Eastern music. Other minor scales exist, but 
they are seldom used in music today. If you have taken a course in music theory, how-
ever, you are familiar with the whole family of minor scales.

(a)

(b)

FIGURE 13.11 Musical Notation

(a) The musical notation for “Mary Had a Little Lamb.” (b) The musical 
notation for Beethoven’s Ode to Joy. These pieces are seldom grouped 
together because of their different histories, but they are quite similar in 
terms of their melodies.

ISLE 13.11  
Examples of Melody

ISLE 13.12  
Types of Scales

Melody: a rhythmically 
organized sequence of notes, 
which we perceive as a single 
musical unit or idea

Scale: a set of ordered notes 
starting at one note and 
ending at the same note one 
octave higher
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381 Chapter 13: Music Perception

Any particular melody can be expressed in terms of its key signature, which relates 
the melody to the pattern of scales described in the previous paragraphs. That is, every 
melody is played in a particular key, which refers to the main scale pattern. If we are 
playing “Mary Had a Little Lamb” in the key of C major, this means that the tonic is C, 
and we are not likely to have any sharps or flats (i.e., no black keys on the piano). Thus, 
key refers to the tonic note (e.g., C in a C major or minor scale) that gives a subjective 
sense of arrival and rest in a musical piece. Because melodies are defined in terms of 
the pattern of notes relative to other notes, any melody can be played in any key. Thus, 
“Mary Had a Little Lamb” can be played in the key of C, the key of G, or any other 
key. If you hum the piece, its last note is the tonic of that key. If you are singing it in the 
key of C major, the tonic will be C. If you switch to another key, the name of that key 
will be the tonic. Composers will make deviations from the key. Thus, when a G-sharp 
is called for in a melody played in the key of C, the G-sharp is called an “accidental” 
by musicians. Thus, for musicians, the term accidental refers to a note that requires a 
special mark to remind the musician to play the sharp or flat not present in that key.

In most cases, what defines a melody is the relation of pitches within a piece rather 
than the absolute pitches. For example, it really does not matter what note we start 
“Mary Had a Little Lamb” on, as long as the remaining notes show the same relation 
to that note as in the original version. For example, “Mary Had a Little Lamb” is shown 
in the key of G in Figure 13.11. In this key, the first note is B, the second is A, and the 
third is G. Each of these notes is one step (or interval or two semitones) higher than the 
next note in the sequence. If we switch the key to F, the first three notes will be A, G, 
and F. Although there is no overlap in actual notes, we hear these sequences as being 
the same, and both can create the melody of “Mary Had a Little Lamb.” That there 
can be two or more versions of a melody, each starting on a different note, is known as 
a transposition in music. Trained musicians may be able to detect what key a simple 
melody is being played in, but most listeners hear the melody as such but do not register 
the key or starting note.

Our perception of melody across transpositions starts very early in life. Plantinga 
and Trainor (2005) examined melody perception in 6-month-old infants. In the study, 
Plantinga and Trainor played particular melodies to infants numerous times over a 
7-day period. On the next day, the infants either heard the same melody, but transposed 
into another key, or a novel melody. If the transposed melody was heard as the same 
melody as the original, the infant would not consider it novel and would look toward 
the source of the novel melody. If, however, the infant heard the transposed melody 
as novel, the infant would show no difference in looking time toward the source of 
the transposed melody or the new melody. The results showed that the infants looked 
more often toward the source of the novel melody, rather than the transposed melody, 
indicating that they perceived the transposed melody as being similar to something 
heard earlier. In this way, we can assert that even young infants hear melodies across 
transpositions of key.

Gestalt Principles of Melody
Because of the importance to melody of the relation among notes rather than absolute 
pitch, and because the perception of melody is qualitatively different than the percep-
tion of a string of pitches, melody perception lends itself to the use of gestalt principles. 
If you remember from Chapter 5, gestalt psychology approaches perception by exam-
ining emergent properties that can be seen across a perceptual array but may not be 
obvious in any particular single element of that stimulus. That is, the motto of gestalt 
psychology is that the “whole is bigger than the sum of the parts.” The gestalt principles 
described in Chapter 5 are certainly applicable to melody perception (Tan et al., 2010). 
We review these principles and then apply them to music (also see ISLE 13.13).

Key: the tonic note (e.g., C in 
a C major or minor scale) that 
gives a subjective sense of 
arrival and rest in a musical 
piece

Transposition: the process 
through which one can create 
multiple versions of a melody 
that start on different notes 
but contain the same intervals 
or sequence of changes  
in notes
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382 Sensation and Perception

The four principles are as follows:

1. Proximity: Elements near each other are seen as a group.

2. Similarity: Elements that are similar are seen as a group.

3. Closure: An incomplete pattern is seen as whole when the completion occurs.

4. Good continuation: Smooth continuity is preferred over changes in direction.

These principles are applied in melody processing over time rather than space (e.g., visual 
processing). Indeed, music transpires over time—a melody is a sequence of notes in time. For 
example, we tend to hear notes that are close in chroma as grouped together, even when they 
come from different instruments or different locations, a source of the music illusions described 
at the end of the chapter. Of course, other aspects of music involve space—the source of a voice 
or instrumental sound is often critical—but the time dimension comes first. Space does play a 
role in music perception, as anyone who has heard an old monophonic record can attest. The old 
monophonic recordings lack the depth provided by modern recordings, which allow listeners 
to imagine where different instruments’ sounds are coming from. But returning to the gestalt 
principles, we start with proximity. We then consider similarity and closure.

Proximity. In music, proximity may refer to elements’ being close together in pitch, time, 
or space (Tan et al., 2010). For example, notes that are similar in pitch may be grouped 
together. Notes are also grouped together if they are played together in time or if they 
come from the same instrument or section of a larger musical group. To get a sense for the 
idea of proximity, imagine a person playing a piano. Typically, the right hand plays notes 
that are higher in pitch than the left hand. Also, most often, it is the right hand that plays 
the melody, whereas the left hand plays the bass line or accompaniment. Even though all 
of the notes are played in close spatial proximity and at approximately the same time, we 
hear the notes from the right hand emerging as melody because they are grouped together 
with respect to pitch (Figure 13.12). Similarly, in some of Bach’s famous solo music for 
violin, the violinist essentially creates two streams of music by simultaneously playing 
both high and lower notes. Perceptually, we group the high notes together and group the 
low notes together, so we hear it as polyphonic or as two lines of music (for an example, 
go to ISLE 13.14 to hear Bach’s Partita No. 3 in E major).

Similarity. Think of listening to your favorite music. Chances are your favorite music is 
created by a group of musicians, playing different parts. From hometown garage bands to 

the Vienna Philharmonic, most music consists of mul-
tiple parts. A rock band may have a drummer, a guitar 
player, a bass player, and one or more singers (Figure 
13.13). An orchestra may consist of more than 100 
musicians playing 16 different instruments. Composers 
will use our perception of similarity to create seamless 
perceptions of melody even when the melody crosses 
from one voice or one instrument to another. Similarity 
plays out at several levels. We may hear similar timbres 
grouped together. A modern orchestra may have 16 vio-
linists all playing the same part. Because these musicians 
are playing the same notes with the same approximate 
timbre, we hear them as grouped together. Moreover, 
once a melody has been established, we may follow 
the melody because of its similarity across changes in 
instruments. In Ravel’s Bolero, the instruments playing 
the melody constantly change, but we have no difficulty 
distinguishing the melody from the bass line, drum 
rhythms, and harmony (hear this in ISLE 13.9).

ISLE 13.13 
Gestalt Principles Review

C  D             C       B

FIGURE 13.12  
Notes Grouped Together  
by Proximity

Because C and D are close in pitch, 
they are grouped together. Because 
C and B in a higher octave are not 
close in pitch, we think of them as 
separate.

ISLE 13.14 
Gestalt Principle: Proximity: 
Bach’s Partita No. 3 in E major
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FIGURE 13.13 A Rock Band

A rock band may have a drummer, a guitar player, a bass player, and one or 
more singers.  We infer notes that are similar in pitch as coming from the 
same musician. 
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383 Chapter 13: Music Perception

Closure. In music, closure means that a melody 
should end on the tonic note of any particular scale or 
another note implied by the progression of the melody. 
Typically, if the melody is played in the key of C, 
the last note will be C. Occasionally, the note might 
be G, but seldom any other note in the key of C. To 
illustrate this point, think of the very short melody of 
the song “Shave and a Haircut.” If you do not know 
the melody, but can read music, see Figure 13.14 
(you can hear it in ISLE 13.15). If you simply play the notes or sing the words “shave and a 
haircut,” most people experience a strong longing to hear or sing the last two notes (“two 
bits”). Try it yourself: Most people cannot stop themselves from singing the last two notes 
of the sequence. In the 1988 movie Who Framed Roger Rabbit? the character of Roger 
Rabbit is lured out of hiding because he cannot stop himself from completing this melody.

The importance of closure in melody perception was demonstrated in an experiment 
by DeWitt and Samuel (1990). Their experiment was a musical demonstration of the 
phonemic restoration effect we discussed in the last chapter, except instead of hearing 
a missing phoneme, participants heard an implied but missing note. In this perceptual 
restoration effect, participants heard a major scale plus the next two notes, for a total 
of 10 notes, each predictable from the note played before it. One note of the 10 was 
replaced by white noise. Under these conditions, many participants reported hearing 
the missing note. This effect was greater when the note was later in the scale, allowing 
more time for expectations to build up. The effect did not occur if the notes were ran-
domly arranged rather than in a melody-like scale. Thus, our expectation of what to 
hear in a particular sequence can actually create the perception of that note.

Good continuation. Most composers will tend to have one note be relatively close to 
the previous note in pitch. That is, a C is more likely to be followed by a D than by an 
F. This allows the listener to hear those notes as connected. Some composers (e.g., Bach) 
will often create two lines within a musical piece by alternating between a high note and 
a low note successively. Because of continuation, we hear the lower notes as one line 
and the higher notes as another.

TEST YOUR KNOWLEDGE

1. Why are melodies easy to transpose in the Western system of music-making?

2. How do each of the gestalt principles apply to the concept of melody?

THE NEUROSCIENCE OF MUSIC

13.2   Summarize the basic neuroscience of music, including how training 
and experience can affect the representation of music in the brain.

One of the central tenets of modern psychology is that perceptual and cognitive pro-
cesses arise in the brain. Even if these processes are about objects in the world and per-
ceived through sensory organs, the brain’s role is still considered central. Implicit in this 
view is that all human brains are organized in similar ways. This turns out to be sup-
ported over and over again. For example, regardless of gender, age, ethnic background, 
racial identification, native language, and any other feature that distinguishes one 
human from another, brain regions serve the same functions across these distinctions. 
For example, the occipital lobe processes visual information for all sighted persons 

Shave   and   a     hair-cut                      two    bits

FIGURE 13.14 Principle of Closure

It is hard not to want closure of this famous, albeit very short, piece of music.

ISLE 13.15 
A Shave and a Haircut
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384 Sensation and Perception

(indeed, all sighted mammals). Wernicke’s area and Broca’s area are language areas in 
all human brains. The primary auditory cortex processes input from the cochlea in all 
human brains. Neurosurgeons may need to be aware of slight deviations in individual 
human brains—one region may be shifted a few millimeters forward or backward rel-
ative to other individuals—but by and large, this rule of brain universalism has been 
upheld in modern science.

The Neuroanatomy of Music
The neuroanatomy of music is a bit different because music is in some ways an optional 
feature of human cognition. Although all cultures have music (including those that for-
bid it), people vary greatly in their interest in music, the time spent listening to music, 
their individual training in music, and the musical traditions they are exposed to. As a 
result, there are greater individual differences in the regions responsible for music per-
ception and in the way these regions function than there are for many other functions of 
the brain. Nonetheless, we can make some generalizations about how music perception 
occurs in the brain.

First, we start with a quick review of information covered in Chapters 10 and 11. 
Recall that from the cochlea to the auditory cortex, the auditory signal has a tonotopic 
organization. This means that the auditory nerve preserves a representation of the fre-
quency of sound, which we perceive in music as the pitch of a particular note. Loudness 

is represented by the strength of the signal at any particular frequency. 
We also see tonotopic organization throughout the primary auditory 
cortex. Music perception is certainly a variant of sound perception, 
but not all sounds are music. Thus, we can ask if there are common 
areas of the brain that process musical stimuli, independent of other 
sounds, in all human beings. We find these areas starting in the sec-
ondary auditory cortex in the temporal lobe (Overy, Peretz, Zatorre, 
Lopez, & Majno, 2012).

One of the clear findings is that music perception usually causes 
greater activation in the right temporal lobe than the left tempo-
ral lobe (Overy et al., 2012). It seems that the right hemisphere is 
more sensitive to small changes in pitch, which are likely relevant 
to music but less relevant to speech. For example, Hyde, Peretz, and 
Zatorre (2008) used functional magnetic resonance imaging (fMRI) 
to examine the function of the right and left auditory cortical regions 
in frequency processing of melodic sequences. They found that better 
behavioral pitch resolution was associated with activity in the right 
secondary auditory cortex. More specifically, these areas included the 
planum temporale as well as some areas within the primary auditory 
cortex (Figures 13.15 and 13.16). Indeed, many neuroimaging studies 

have now shown the importance of the right secondary auditory cortex in pitch per-
ception in music (Janata et al., 2002; Overy et al., 2012). However, the more musical 
training an individual has, the more the left hemisphere is involved in music perception 
(Habibi, Wirantana, & Starr, 2013). This is true in children as well as adults (Habibi, 
Cahn, Damasio, & Damasio, 2016). That is, musical training forces the brain to devote 
more networks to music and perhaps requires the brain to involve meaning and lan-
guage circuits to help with music perception and cognition. Indeed, many argue that 
musical training affects the way we hear music as well.

Other neuroimaging studies have focused on harmonic expectations. For exam-
ple, Seger et al. (2013) played small samples of Western classical music to participants 
while they were being monitored by fMRI. Compared with when participants were not 

FIGURE 13.15 Secondary Auditory Cortex

Secondary auditory cortex areas with specialization in 
fine pitch perception are important in music perception.

Secondary
auditory
cortex

Primary
auditory
cortex
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385 Chapter 13: Music Perception

listening to music, Seger et al. found activity in the bilateral superior 
temporal gyrus and the right inferior frontal gyrus. These areas also 
became even more active when the experimenters changed the music 
to violate expected patterns.

Another important component of music, as previously discussed, 
is rhythm. Rhythm appears to be processed in areas of the primary 
auditory cortex and, more noticeably, in the right hemisphere as well. 
In particular, the belt and parabelt areas are important in the process-
ing of rhythm (Snyder & Large, 2005; Tramo, 2001). Moreover, when 
people are producing rhythm, we also see some more prominent activ-
ity in the left hemisphere, including areas of both the left prefrontal 
cortex and the left parietal cortex. Because people producing rhythm 
are also engaged in action, we also see activity in the cerebellum 
(Tramo, 2001). Varieties of musical training, ranging from learning to 
play the violin to learning to play the drums, may also impact neural 
development (Slater, Azem, Nicol, Swedenborg, & Kraus, 2017).

Most of the studies reviewed in this section were conducted with 
participants who were college students without specific musical train-
ing. Most college students have spent many hours over the course of 
their lives listening and attending to music. But we can also ask how 
musical training affects the networks in the brain for music perception. Although there are 
a great many similarities between the brains of nonmusicians and musicians, we can find 
some important differences as a function of musical training. For example, the organization 
of the motor cortex changes in response to the demands of the complex motor movements 
needed to play many instruments. In particular, Krings et al. (2000) examined the brain 
areas used by professional piano players and a control group. Piano players must use com-
plex movements of both hands, and in many cases, the movements of each hand may follow 
very different patterns simultaneously. Using fMRI, they found that the professional piano 
players required lower levels of cortical activation in motor areas of the brain relative to 
controls while doing the same task. That is, musical training allowed greater control of the 
hands in piano players, meaning that they needed to recruit fewer neurons to do an easy 
manual task relative to controls. In essence, musical training also recruits motor networks 
to allow musicians to engage in the complex motor movements necessary to play music.

Recent neuroimaging studies show that visual areas of the brain are activated when 
people are listening to music, consistent with a number of studies linking auditory and 
visual cortices (Liang, Mouraux, Hu, & Iannetti, 2013). It may be that listening to 
music invokes thoughts that invoke visual images, which we know are produced in the 
visual areas of the brain. Certainly, this is often the goal of some composers, that is, to 
cause us to bring to mind a particular image. If this is the case, then we may find more 
interactions between vision and music that might be intuitive. To test this view, Landry, 
Shiller, and Champoux (2013) compared listeners under normal conditions with those 
who had been deprived of visual stimulation for 90 minutes. The listeners who had 
been kept in the dark showed a temporary improvement in their perception of harmo-
nicity, that is, whether a chord was in tune or slightly out of tune. The participants who 
had been visually deprived performed better at this task for up to 5 minutes after the 
visual deprivation ended. Landry et al. interpreted this to mean that the visual system 
may play a role in music perception, as there was an observed interaction.

Synesthesia
The interaction between music and the visual system is even more pronounced in people 
with color–music synesthesia. Synesthesia is defined as a condition in which a stimulus in 

FIGURE 13.16 fMRI While Listening to Music

The subject (lying in the MRI scanner) listens to 
instrumental music. Image shows brain areas (mostly 
the auditory cortex) responding to a meaningful auditory 
stimulus (beyond the sounds of the MRI apparatus).

Synesthesia: a condition 
in which a stimulus in one 
modality consistently triggers 
a response in another modality
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386 Sensation and Perception

one modality consistently triggers a response in another modality. 
Estimates of the incidence of synesthesia suggest that it occurs in 
approximately 1% to 4% of the population (Simner et al., 2006). 
Synesthesia includes a number of different kinds of cross-modality 
experiences. For some people with synesthesia, particular words 
or letters may elicit particular colors, whereas for others, visual 
stimuli may trigger a taste experience. Color–music synesthesia 
occurs when particular pitches, notes, or chords elicit experiences 
of particular visual colors (Figure 13.17) (Farina, Mitchell, & 
Roche, 2017). Whereas most of us do not have synesthesia, we can 
do cross-modality matching with some degree of consistency and 
accuracy. That is, most people will use similar principles to match 
pitch to color or loudness to temperature (you can try this for 
vision–audition comparisons in ISLE 13.16). Although normal 
people may make similar judgments, we seldom experience color 
while listening to music. The interesting aspect of synesthesia is 
that these people do experience a sensation in another modal-
ity. Note that people with synesthesia are not hallucinating— 
they are well aware that the secondary experience is illusory. 
Nonetheless, the experience in the second modality may be  
vivid and strong. Color–music synesthesia has been described 
by many musicians and composers, including classical compos-
ers Leonard Bernstein and Nikolai Rimsky-Korsakov and jazz  
pianist Marian McPartland.

Recent neuroimaging studies confirm that people with 
synesthesia have different brain organization than those who do not have synesthe-
sia (Farina et al., 2017; Hubbard, Brang, & Ramachandran, 2011; Loui, Zamm, & 
Schlaug, 2012). These studies show that people with synesthesia tend to have stronger 
connections between one sensory area and another sensory area than do people without 
synesthesia. To be more specific, this means that the white matter (axons) between one 
perceptual area and another is stronger in those with synesthesia. Zamm, Schlaug, and 
Eagleman (2013) examined the brains of people with color–music synesthesia. They 
found that relative to controls, people with color–music synesthesia had stronger con-
nections between the visual and auditory cortices and areas in the frontal lobe. They 
found that a tract from the sensory areas to the frontal lobe called the inferior fron-
to-occipital fasciculus was enlarged in people with synesthesia (Figure 13.18). Zamm 
et al. showed that connections between visual areas in the occipital lobe and auditory 
association regions in the temporal lobe may be differently structured in people with 
color–music synesthesia.

The Neuropsychology of Music
Amusia is a condition in which brain damage interferes with the perception of music, but 
does not otherwise interfere with other aspects of auditory processing. Amusia usually is 
acquired after brain damage, but there is also a form called congenital amusia, in which 
individuals are seemingly born with an impairment in music perception. The critical deficit 
in most forms of amusia, including congenital amusia, is that people with this condition 
have an impaired ability to discriminate pitches, which affects their music perception but, 
in most cases, leaves speech perception intact. This is likely the case because pitch is less 
critical in phoneme perception, but the condition interferes with their ability to perceive 
and therefore appreciate music (Peretz & Hyde, 2003). Amusia garnered public attention 
because of the publication of Oliver Sacks’s bestselling 2007 book Musicophilia, which 
describes a number of fascinating cases of amusia and also describes its opposite, that is, 

An
dy

 Z
ito

/Il
lu

st
ra

tio
n 

W
or

ks
/G

et
ty

 Im
ag

es

FIGURE 13.17 Color–Music Synesthesia

Color–music synesthesia: 
a form of synesthesia that 
occurs when particular 
pitches, notes, or chords elicit 
experiences of particular 
visual colors

Congenital amusia: a 
condition in which people 
are inherently poor at music 
perception

ISLE 13.16 
Cross-Modal Matchings as a 
Simulation of Synesthesia
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387 Chapter 13: Music Perception

cases of people who have become intensely musical 
after brain damage.

Isabelle Peretz and her colleagues at the 
University of Montreal have been conducting 
extensive studies on congenital amusia (e.g., 
Moreau, Jolicoeur, & Peretz, 2013; Wilbiks, 
Vuvan, Girard, Peretz, & Russo, 2016). People 
with congenital amusia show deficits in music per-
ception as well as production (e.g., they cannot 
sing in tune and have difficulty learning to play 
musical instruments). Although it is extremely rare, 
Peretz estimates that as many as 4% of the popu-
lation may suffer from some form of amusia. You 
may know some of these people as the people who 
cannot sing even a simple tune and who have no 
interest in going to concerts with you. Congenital 
amusia seems to be related to impaired pitch dis-
crimination, so people with congenital amusia will 
not show deficits in speech perception or in most 
other aspects of auditory perception.

As indicated earlier, it is likely that poor 
pitch perception lies at the heart of congen-
ital amusia. However, Peretz (2013) was 
concerned that an initial deficit in pitch per-
ception may spiral in people with amusia. 
Because they cannot appreciate melodies 
like normal individuals, they may avoid 
listening to music. Because of this lack of 
exposure, their musical impairment will 
grow with lack of exposure. To remedy this 
potential in the real world, Peretz conducted 
experiments in which people diagnosed 
with amusia agreed to listen to music for an 
hour per day over a series of weeks. Peretz 
showed that patients with congenital amu-
sia who are exposed to music over a long 
period of time do not show any improve-
ment in pitch perception or in musical 
understanding (Mignault-Goulet, Moreau, 
Robitaille, & Peretz, 2012). Thus, mere 
exposure to music does not “treat” amusia. 
However, Wilbiks et al. (2016) showed some 
improvement in music production with an 
amusic after intensive training.

Because of this, Peretz (2013) is con-
vinced that congenital amusia is a genet-
ically linked syndrome that occurs in some people. Indeed, Peretz (2008) described 
research that shows that congenital amusia occurs within families more than chance 
would predict, thus pointing to a genetic component. She argues for a neuroanatomical 
pathway that might be suppressed or impaired in people with congenital amusia. For 
example, she argued that research shows that there may be deficits in the transmission 
of information from the auditory associative cortex, that is, those areas that surround 

FIGURE 13.18 The Brain in Synesthesia (Zamm et al., 2013)

People with color–music synesthesia have stronger connections between the 
visual and auditory cortices and areas in the frontal lobe. This is demonstrated in 
these functional magnetic resonance images.
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FIGURE 13.19 Causation of Congenital Amusia

This diagram illustrates the potential causes and manifestations of amusia.
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388 Sensation and Perception

the primary auditory cortex, to areas in the frontal lobe, such as the inferior frontal 
gyrus (Figure 13.19).

We will cover one last interesting aspect of congenital amusia. We have seen that one 
of the primary deficits is an inability to distinguish close pitches. Because of this pitch 
confusion, it may be hard for individuals to distinguish music that is in tune from music 
that is out of tune, and music that is consonant from music that is dissonant. Thus, most 
individuals with congenital amusia tend to shy away from music. However, what hap-
pens to individuals with congenital amusia when they attempt to learn a language such 
as Mandarin (Chinese) or Vietnamese, in which the pitch with which a word is said 
is important to meaning? Early studies suggest these are extremely difficult languages 
for congenital amusia individuals to learn as second languages, but we do not know 
if native Mandarin speakers with congenital amusia have a deficit in understanding 
semantics conveyed by pitch (see Peretz, 2008). Future research will hopefully tease 
these issues out.

TEST YOUR KNOWLEDGE

1. What neural differences does one see in professional musicians compared with 
appropriate control populations?

2. What is congenital amusia? Why might its incidence in the population be 
underestimated?

LEARNING, CULTURE,  
AND MUSIC PERCEPTION

13.3  Discuss how learning and culture affect music perception.

Music and Language
One of the ongoing debates in the field of music perception is the extent of the meta-
phor between language and music. Is music a form of language in which the ideas trans-
mitted are not words and semantic meaning but notes and emotions? Are there special 
parallels in the processes that allow us to understand language and appreciate music? 
Some researchers argue that language and music are very similar processes, whereas 
other researchers argue for little overlap between the two. We briefly address some of 
the arguments for both views here.

One of the most passionate spokespeople for the idea that language and music share 
similar neurocognitive systems is noted music neuroscientist Aniruddh Patel (Patel, 
2008, 2013). Patel asserts that language and music have much in common at the behav-
ioral level. First, music and language are both perceptive (listening) and productive 
(singing, talking) systems in which perceiving and producing are equally important (if 
only to sing in the shower). Moreover, both involve the perception of novel and com-
plex sounds that unfold rapidly over time. Subjectively, hearing a melody is different 
from hearing a sentence, but both are sound stimuli that transmit meaning, so it is not 
unrealistic to expect some overlap. Patel (2013) also argues that both music and lan-
guage have structure that must be followed for the sounds to make sense to listeners. 
For example, language has syntax that governs which words can be joined together to 
make a coherent sentence. Patel argues that music theory describes a syntax that serves 
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389 Chapter 13: Music Perception

a similar function in music, namely, limiting those notes that can be joined together to 
form consonant music. Similarly, words have specific meanings, but that meaning can 
depend on context. For example, the word bugger may be a term of affection in one 
situation but a vile insult in another. Meaning can also vary in music as a function of 
context. In many situations, minor keys denote sadness, but there are also a great many 
wedding celebration songs written in minor keys.

On a neural level, there are also some striking parallels between music and lan-
guage. First, both use the same basic auditory machinery. Whereas language uses more 
neural space in the left hemisphere, music perception and production appear to be 
housed in the analogous regions of the right hemisphere. Moreover, the better someone 
becomes at language, the more right hemisphere involvement we see. Similarly, many 
studies have shown the acquisition of musical expertise is accompanied by greater 
left-hemisphere involvement in music (Patel, 2013).

Nonetheless, there are also important differences between music perception and lan-
guage perception that must be acknowledged, which cloud the analogy between music 
and language. First, speech perception is based on the inference of subtle differences in 
the patterns that produce different vowels and consonants, whereas music focuses on 
pitch and pitch contrasts. We can say a sentence without varying the pitch; the move-
ments of the mouth create different sounds that carry phoneme information. Similarly, 
music can be sung using different phonemes, but as long as the pitch remains, we rec-
ognize the music as such. For example, think of the conventional way of singing Henry 
Mancini’s “Pink Panther” (1963)—“dead ant, dead ant, dead ant, dead ant, dead ant, 
dead ant, dead ant. . . .” We could certainly change the semantic content from dearly 
departed insects to anything we like and still represent the melody of this song. Indeed, 
when humming the melody, we may think of the Pink Panther’s bumbling French detec-
tives or cool jazz, but seldom do we think of it as a dirge for the Formicidae. Thus, the 
meaning in music extends beyond what is sung. Finally, it is also possible to interpret 
the neural evidence as suggesting differences between language and music. That is, lan-
guage predominates in the left hemisphere, whereas music predominates in the right 
hemisphere. What could be a more basic difference than that?

Culture and Music Perception
An obvious truism about music is that it varies so much—from culture to culture, from 
generation to generation, from “pop” traditions to “highbrow” traditions. Given this 
incredible diversity of music, are we justified in making the generalizations about music 
perception that we have been making throughout this chapter? Our assertion here is 
that despite the differences in music across cultures, there are some universalities that 
allow us to talk about music and not just “varieties of music.” We have already dis-
cussed, for example, the universality of the octave, which all music traditions respect. 
All cultures use pitch and rhythm to express emotion in their music, either with or 
without singing. Therefore, we now briefly consider some rules that may be universal 
and some that may be specific to our own Western traditions.

A brief reminder of the context of the term Western music: Our use of the term 
refers to a huge gamut of music, including what most of us would commonly call 
“classical” music and “pop” music, as well as jazz, hip-hop, rap, reggae, southern rock, 
rock ’n’ roll, country, grunge, and so on. All of these styles follow the Western music 
tradition. However passionately you may love one form (e.g., reggae) and hate another 
(e.g., country), they all share the Western music tradition and therefore have more in 
common with one another than they do with non-Western forms of music. Western 
musical styles use the same scale structure, the same relations among notes within the 
octave, a common means of notating written music, and a common set of assumptions 

Copyright ©2019 by SAGE Publications, Inc.  
This work may not be reproduced or distributed in any form or by any means without express written permission of the publisher.

Do n
ot 

co
py

, p
os

t, o
r d

ist
rib

ute



390 Sensation and Perception

about what is consonant and what is dissonant. 
Indeed, they use many of the same musical instru-
ments (Figure 13.20). Although from where most of 
us sit, the tattooed and nose-ringed fans of a heavy 
metal group may have little to do with the tuxedoed 
and gowned attendees of an opera, they are both 
engaging with music that derives clearly and directly 
from Western music traditions.

But outside the Western music tradition, we find 
music that is organized by radically different principles. 
For example, the Indian rag (or raga) scales that gov-
ern much traditional Indian music are very different 
from Western scales. First, in much Indian music, 
there are 22 notes within each octave, far more than 
the traditional Western 12 (ISLE 13.17). In addition, 
few of these notes fall exactly at the same frequen-
cies as Western notes (Figure 13.21). Thus, at a basic 
level, Indian music is using notes that would fall 

between the notes of the Western music scale. It would be impossible to play raga music 
on a Western instrument, such as a piano or any woodwind instrument. Moreover, in 
traditional Indian music, different scales are associated with different times of year, 
different moods, and even different times of day (Tan et al., 2010). Research shows 

that the networks in the brain react differently to daily 
exposure to Indian music as opposed to Western music 
(Ambady & Bharucha, 2009).

Similarly, Javanese gamelan music uses different scale 
systems, called slendro, which is a five-tone scale, and pelog, 
which is a seven-tone scale. These scales bear a rough cor-
respondence to Western scales, but the notes are distributed 
at different intervals relative to the octave of each scale. 
Perlman and Krumhansl (1996) found that Western listeners 
were impaired in their ability to detect aspects of Javanese 
music relative to those who were more familiar with it.

Performance may also vary across musical traditions. In 
the Western tradition—from art and classical music on one 
hand to garage rock bands on the other—we have perform-
ers, and we have listeners. Listeners may dance and shout 
in less formal venues (but do not try that in a symphony 
concert hall), but they are not part of the musical perfor-
mance. This history of performers and listeners goes back 

centuries in our musical traditions. In many non-Western music traditions, it is expected 
that all present will be part of the act of making music as well as listening to it.

Musical traditions differ in their approaches to rhythm as well. In particular, research 
has focused on differences between Western musical approaches to rhythm and those of 
traditional West African drumming (Temperley, 2000). Temperley argues that syncopa-
tion (varying the emphasized beat in a musical piece) is usually more pronounced in West 
African traditions (Figure 13.22). However, syncopation became a part of the Western 
tradition in jazz and in classical music in the 20th century, perhaps borrowing from 
African traditions. Thus, differences in rhythm may be quantitative changes among simi-
lar traditions rather than markers of completely different musical traditions, as we see in 
the case of different notes within a scale.
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FIGURE 13.20 Havana, Cuba, May 10, 2013

The conductor performs with a brass band in the streets of Havana, Cuba, in 
Central Park Square near Hotel Inglaterra.

ISLE 13.17 
Indian Raga Music Example

Bilawal scale

Charukesi scale

Poorvi scale

FIGURE 13.21 Indian Raga Scales

The Bilawal scale is identical to our major scale, but the other ragas are 
quite different from the scales used in Western music.
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391 Chapter 13: Music Perception

An interesting pattern that may be universal 
across musical traditions is the relation between 
music and the experience of emotion. Seemingly, 
in all cultures, music is used to convey emotion 
ranging from sadness and anger to joy and ecstasy. 
Most of us know this experience firsthand. A song 
comes on the radio and reminds us of a partic-
ularly romantic night with our significant other; 
another song reminds us of a particularly unpleas-
ant breakup. The composer Johann Sebastian 
Bach wrote the sarabande of his Violin Partita 
No. 2 in D minor (Opus 1004) in the weeks 
after the death of his wife. Even today, more than  
300 years later, we can hear the inconsolable sad-
ness in the piece (you can hear a sample of this 
piece on ISLE 13.18). Even if you have never 
listened to classical music, you should be able 
to determine the sadness conveyed by the minor 
chords and the haunting melody.

However, moving across cultures, it may be 
difficult to detect the intended emotion in a musical composition. In the Western music 
tradition, minor scales often convey sadness, as certainly Bach’s Violin Partita No. 2 in 
D minor does. However, in Middle Eastern music, those same minor scales may be used 
to express joy. The research, however, suggests that listeners can detect the intended 
emotion across musical traditions, supporting the idea of the universality of emotion in 
music. For example, Balkwill and Thompson (1999) found that Western listeners could 
accurately identify the intended emotion in Indian raga music. Listeners attended to 
pitch (lower is sadder, higher is happier) and tempo (slower is sadder, faster is happier) 
to find the intended emotion, and these features appear to be universal. Meyer, Palmer, 
and Mazo (1998) showed that Western listeners could identify the emotional content of 
traditional Russian laments by listening for timbre cues in the singers’ voices. Thus, it 
may be that the expression of emotion in music transcends musical traditions.

TEST YOUR KNOWLEDGE

1. What are the features in common between language and music? Do you think 
they evolved for similar purposes or different ones?

2. What are minor scales? What do they represent in different cultures?

ISLE 13.18   
Bach’s Violin Partita 
No. 2 in D minor
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FIGURE 13.22 Santa Maria, Cape Verde, Sal, March 27, 2016

EXPLORATION: Musical Illusions
Our perceptual systems are designed not only to detect 
stimuli in the environment but also to extract meaning 
from those sensory stimuli. In a sense, this is what music 
is—the extraction of patterns and emotional meaning out 
of a stream of patterned auditory stimuli. As we have seen 
throughout this chapter, what creates music is a pattern in 
melody, in harmony, or in rhythm. And as you have seen 

throughout this book, when our perceptual systems attend 
to patterns, they can be tricked into perceiving patterns 
even when elements of those patterns are missing. Music is 
no exception. Music perception researchers have identified 
and created a number of engaging musical illusions. These 
illusions are fun to listen to, but they also tell us about the 
underlying structures and functions of musical perception. 
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392 Sensation and Perception

We will start with one of the more compelling and frus-
trating musical illusions, called Shepard tones after the 
researcher who first designed this illusion (Shepard, 1964).

Shepard Tones

In Shepard tones, one hears a scale that sounds as if it 
increases in pitch continually. (The illusion can also be 
designed so that one hears a scale that sounds as if it 
is decreasing in pitch.) Each sound in the scale seems 
a bit higher than the one preceding it, but the listener 
eventually realizes that the tone one is hearing is back 
at the pitch at which the scale started, although all one 
hears is increasing pitches (the example on ISLE 13.19 
is a must-hear). That is, the pitches sound as if they are 
getting continually higher, but in fact, the sound fre-
quencies return back to lower frequencies without our 
noticing it in any change from one note to the next. 
The illusion can also be run in reverse, with the per-
ception being that the notes get lower and lower, when 

actually they do not. 
Again, please listen to 
the demonstration—
in this case, hearing 
is believing. How did 
Shepard do this?

The illusion is created by simultaneously sweeping dif-
ferent pure tones that are an octave apart. By sweeping, 
we mean starting at one note and sliding through all the 
intermediate frequencies to another note. Thus, the scale 
may start with an A at 220 Hz, and the tone slowly slides 
up to an A at 440 Hz. At the same time, there is another 

A starting at 880 Hz 
and sliding down to 
440 Hz. This creates 
the illusion of a rising 

pitch, even though there is no dif-
ference in the frequencies being 
presented (Figure 13.23). In 
essence, this is an auditory ver-
sion of the barber pole illusion, 
in which the color pattern looks 
as if it is continually going up or 
going down, despite the obvious 
fact that this cannot be occurring 
(Figure 13.24).

The Octave Illusion

Deutsch (1974) described the 
octave illusion, a phenomenon 
she had been studying in her 
laboratory. You can listen to the 
octave illusion in ISLE 13.20. 
It is a stereo illusion, so please 
make sure that you listen to it 
with headphones on. If you do 
not, the illusion will not work 
properly. In the octave illusion, 
one tone is presented to one ear 
while another tone, exactly one 
octave higher or lower, is pre-
sented simultaneously to the 
other ear. However, the next note 
combination is of the same two 
notes, but to the opposite ears. 
That is, if a middle G is presented to the left ear, and 
the G an octave lower is presented to the right ear, the 
next notes will be a middle G presented to the right ear 
and the G an octave lower presented to the left ear (see 
Figure 13.25).

This is an illusion, so think first about what you should hear: 
the same note, alternating between ears, and another note 
also alternating between ears. It should sound the same, as 
the stimuli are the same for both notes, just presented to 
different ears. But listen to it on ISLE again. What do you 
actually hear? What most people report hearing is the fol-
lowing: You hear a single note (the middle G) in your right 
ear followed by a single note an octave lower in your left ear. 
And then a continuous alternation between the two occurs, 
regardless of which ear the higher G is actually being pre-
sented to. So what you hear differs from what is actually 
being presented—hence the term illusion. If you reverse your 

ISLE 13.19 
Shepard Tones

FIGURE 13.23 Spectrogram of Shepard Tones

The spectrogram shows that the interlacing of rising tones along 
with an octave shift down (indicated by yellow arrows) causes the 
perception of a gradually increasing sequence in pitch, even though the 
actual sequence does not rise in pitch.

ISLE 13.20 
Octave Illusion

FIGURE 13.24  
The Barber Pole 
Illusion

When this barber pole is 
set in motion, it looks as if it 
continually rises (or falls), 
when it actually just circles 
back to the same place.
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393 Chapter 13: Music Perception

headphones, you get the feeling not that the sounds are com-
ing from different ears, but that the order of notes reverses 
(Deutsch, 1975a). Some left-handers may hear the pattern 
in reverse, that is, the higher note in the left ear. This illu-
sion is likely due to differences in pitch processing between 
the left and right auditory cortices (see Deutsch, 2013). You 
can also go to Dr. Deutsch’s website (http://deutsch.ucsd.edu/ 
psychology/pages.php?i=201) to hear a number of variants 
of this illusion.

The Scale Illusion

Deutsch also discovered the scale illusion that shares 
several features with the octave illusion (Deutsch, 
1975b). Like the octave illusion, the scale illusion has 
a different pattern presented to each ear (Figure 13.26). 
You should go to ISLE 13.21 to try what you would 
hear in each ear separately following the directions 
on the ISLE. Each pattern sounds rather random  
and violates many of the gestalt principles of hearing mel-
odies that were discussed earlier. Next, try listening with  
headphones on both ears and play the sequence. Most peo-
ple hear the patterns shown at the bottom of Figure 13.26. 
A descending and ascending scale is heard in one 
ear and an ascending and descending scale is heard 

in the other ear. In other words, each ear hears  
a scale with the direction of the scale in the opposite 
direction for each ear. You can figure out how the scales  
can be assembled from what is played in each ear if 
you start with the first note for the right ear. With this 
note you are at the top of a scale. The next note for this 
descending scale is found in the second note played but 
in the left ear. The third note is back in the right ear, and 
so forth.

Refer back to the role of the gestalt principles in the 
perception of melody discussed earlier. For example, 
proximity and good continuation are important prin-
ciples in hearing a melody amid a whole constellation 
of notes. The tunes played in each ear violate both  
of these gestalt principles, but our perception follows 
both of them very nicely. Compare the two parts of 
Figure 13.26 and see how the perception follows the 
gestalt laws much better than what is played in each 
ear. It seems our need for coherent perception overrides 
what ear the sound 
arrives in, even when 
the sound is limited to 
one ear as when head-
phones are used.

ISLE 13.21  
 Scale Illusion

Sound pattern

Sound perception

= right ear= left ear

FIGURE 13.25 The Octave Illusion

Deutsch (1974) presented one tone to one ear and another tone, 
exactly one octave higher or lower, simultaneously to the other ear. 
However, the next note combination was of the same two notes, but to 
the opposite ears. You hear a single note (middle G) in your right ear, 
followed by a single note an octave lower in your left ear.
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FIGURE 13.26 Scale Illusion
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FIGURE 13.27 The Pitch Class Circle (Deutsch, 1986)

As you move to the left on the circle, notes sound higher in pitch. As 
you move to the right, notes sound lower in pitch.

ISLE 13.22   
Tritone Paradox

The Tritone Paradox

This illusion was also discovered by Deutsch (1986). In music, 
tritone refers to the half octave, or the interval spanning six 
semitones. Thus, in the key of C major, there is one tritone: 
If you start on F, you can go up six semitones to B. Similarly, 

E and A-sharp are tri-
tones (Figure 13.27). 
In the tritone paradox, 
Deutsch presents stimuli 

generated similar to the way Shepard generated his paradox-
ical scale; that is, each note is an envelope of sound sweeping 
from one octave to the next, but with a heard pitch equiva-
lent to the lower note. Thus, in the tritone paradox, Deutsch 
played a note with a perceived pitch of C and one with a 
perceived pitch of F-sharp, a tritone away (you can hear 
this illusion in ISLE 13.22). Here’s the paradox: Some peo-
ple hear the notes as ascending, as in a lower C to a higher 
F-sharp, whereas other people hear the notes descending, as 
in a higher C to a lower F-sharp. Deutsch even tested musi-
cians and found the same result. Thus, it is good to do this 
demonstration in a group, because people will disagree on 
what they just heard.

What is the explanation of the individual differences in the 
perception of these tritones? Deutsch and her colleagues have 
studied it extensively (Deutsch, 2013). It turns out that there 
are regional differences in the perception of the tritone par-
adox. One sees a different distribution of hearing the tritone 
paradox as ascending or descending whether one is examining 
Americans in California or the English in England. Vietnamese  
who emigrated to the United States at an early age show 
a different distribution of perceptions of the tritone  
paradox than do Vietnamese who emigrated later. Deutsch 
thinks these differences have to do with the pitches typically 
heard in speech for different communities. Vietnamese and 
the English show greater variance in their pitch patterns in 
speech than do Americans. Thus, this illusion potentially 
shows a relation between music perception and speech per-
ception. For more on Deutsch’s work, you can visit her website 
or listen to a number of other of her illusions at http://www 
.radiolab.org/story/292109-musical-illusions (also linked to 
on ISLE 13.22).

APPLICATION: Music Perception  
in Hearing-Impaired Listeners
Most everyone knows the story of the great composer, 
Ludwig van Beethoven (1770–1827) (Figure 13.28). 
Beethoven was a composer, conductor, and piano virtu-
oso. He defined the transition from the Classical era to the 
Romantic era in music. However, Beethoven started suffer-
ing from hearing loss in his late 20s. By the age of 40, he was 
sufficiently hearing-impaired that he was forced to stop per-
forming and conducting. His knowledge of music, his work 
ethic, and his ability to create musical imagery allowed him 
to continue composing music even after he could no longer 
hear what he was writing. The story of Beethoven is usually 

considered uniquely tragic, given the man’s dedication to 
music and his subsequent deafness. However, his story is 
not unique. Many music lovers experience hearing loss, and 
many musicians experience hearing loss, sometimes as a 
consequence of their careers as musicians. Indeed, profes-
sional musicians have almost 4 times the risk of hearing loss 
compared with people in the general population (Schink 
et al. 2014). Many popular musicians today experience 
hearing loss, including Peter Townshend, Ozzy Osbourne, 
Neil Young, Sting, Phil Collins, Grimes (Claire Boucher), 
and will.i.am (of the Black Eyed Peas). These musicians are 
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395 Chapter 13: Music Perception

all “rockers,” but hearing loss also occurs among classi-
cal musicians (Toppila, Koskinen, & Pykkö, 2011). Other 
famous composers such as Bedřich Smetana, Gabriel Fauré, 
and Ralph Vaughan Williams all suffered from hearing loss. 
In many musicians, the hearing loss may result from pro-
longed exposure to loud music over a long time. The high 
decibel level of the sound can cause hearing loss, particu-
larly in the high-frequency range. This may seem obvious in 
the case of the rockers, as this form of music is often played 
very loudly and with electronic amplification. Classical and 
jazz musicians may also be exposed to loud music, both from 
their proximity to their own instrument and their proxim-
ity to instruments close by. For example, violinists tend to 
show selective hearing loss in their left ears, which is close 
to the source of sound in their violin (Royster, Royster, & 
Killion, 1991; Schmidt, 2011).

In Beethoven’s time, there was very little that could be done 
about hearing loss. Although Beethoven had some residual 
hearing, he used a variety of “horns” as hearing aids. The 
problem with these horns is that they amplified all sounds 
equally, much as early hearing aids did in the past. For a 
musician, this only makes the problem worse because being a 
musician is as much about hearing differences among sounds 
as it is hearing them at sufficient amplitude. A collection of 
Beethoven’s hearing aid horns can be found at the Beethoven 
museum in Bonn, Germany, if your travels ever take you 
there (Ealy, 1994). Today, however, musicians can continue 
to perform with the help of digital hearing aids, and some 
profoundly deaf individuals can have cochlear implants 
adjusted to allow a returned sense of musical enjoyment.

Sensorineural hearing loss is likely to affect the hearing of 
some frequencies more than other frequencies. For musicians 
exposed to loud music, it is often the high frequencies that 
are most impaired. Digital hearing aids can selectively amplify 
the impaired range of frequency. Moreover, hearing aids can 
be selectively programmed to increase the amplitude of musi-
cally relevant stimuli (Chasin & Hockley, 2014). But increased 
amplitude is only the first part of the equation. Music is 
played louder than speech and at a greater range of frequency 
than most speech, so ideally a hearing aid wearer will have 
the flexibility in his or her hearing aid’s programming to have 
separate programs for conversation and for music listening. 
The listener will want to hear both the low-frequency sounds 
of the bass and the high-frequency sounds of the lead singer’s 
voice, hence the need for amplification at a greater range of 
frequencies than for speech. In addition to the amplification, 
the fidelity or sound quality is also crucial to the enjoyment 
of music but less relevant for speech perception. Timbre per-
ception is also affected by hearing loss, as high-frequency 
components contribute to timbre. If those frequencies cannot 

be heard, it interferes with the completeness of the music. As 
such, improving the timbre of sound heard through hearing 
aids is an issue that needs improvement.

One problem with the sound quality achieved while using 
hearing aids is that the processing of the sound signal by the 
aids can slow down the transmission of information to the 
cochlea. For example, one problem any hearing aid wearer 
struggles with is the feedback problem that often occurs espe-
cially when loud sounds are in the environment or when there 
is physical contact with the aid. When the hearing aid receiver 
picks up the sound the transmitter is projecting, a characteris-
tic whistle occurs, which interferes with all sound perception. 
Digital hearing aids have cancelation systems to counteract 
feedback, but these may slow down processing, leading the 
listener to a smeared or blurred sound rather than a high-clar-
ity fidelity (Chasin & Hockley, 2014). Although many listen-
ers of music might not notice the difference in sound quality, 
musicians often do because their training leads them to be 
more sensitive to this factor (Zakis, Fulton, & Steele, 2012).

As complex as hearing aids can be, they only amplify sound 
and cannot change the frequency tuning of the individual. 
With hearing aids, it is still the hair cells of the cochlea that are 
actually doing the hearing. When hearing loss affects the outer 
hair cells, the frequency tuning of the inner hair cells becomes 
greater, meaning the same inner hair cell is responding to a 

FIGURE 13.28 Ludwig van Beethoven
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396 Sensation and Perception

range of frequencies (Moore, 2012). This means that no mat-
ter how good the amplification or the tuning from the hearing 
aid is, there is going to be a loss of sound quality because 
people with sensorineural hearing loss cannot discriminate 
among close pitches (or chroma, in musical terms), thus lead-
ing to a less clear sound (Chasin & Hockley, 2014).

An issue for musicians is that most hearing aids automati-
cally dampen sound at loud volumes. This is problematic for 
musicians who must be able to hear the correct dynamics, 
as played by themselves and musicians in their group. The 
dampening of the sound in this way may cause the quality of 
the sound to be affected as well. This leads to an odd prob-
lem for musicians with hearing loss because it is their hearing 
aid’s design to protect them from loud sounds (which may 
have caused their hearing loss in the first place) that is inter-
fering with their ability to play the music correctly. Chasin 
and Hockley (2014) review a number of solutions that musi-
cians may use to help them with this problem, including 
simply putting tape over the hearing aid so a louder level of 
ambient sound is necessary to trigger the dampening. Older 

musicians may also switch the instrument they are playing 
to one whose range of sound is less in their impaired range. 
Because high-frequency sounds are often the first ones lost, 
violin players may find they can continue to play music if 
they switch to the viola. Clarinet players can focus on their 
skill as bass-clarinet players. Chasin and Hockley also review 
recent technological advances that will allow musicians to 
safely hear these loud sounds without distortion.

Next consider individuals with cochlear implants who wish 
to enjoy music again (or for the first time) (Figure 13.29). 
Many of the problems that confront hearing aid users 
are compounded in cochlear implant users. As with hear-
ing aids, the main function of cochlear implants is speech 
perception (Limb & Roy, 2014). If “location, location, 
location” is the mantra of real estate agents, then “speech 
perception, speech perception, speech perception” is the 
mantra of audiologists (we’ve been waiting all book to use 
that line). Speech perception involves a much more limited 
band of frequencies and a much narrower range of loud-
ness. So programs that work well for speech perception do 
not necessarily work well for music listening. The biggest 
single difficulty for cochlear implant users is that pitch per-
ception is very poor. Because of the tuning characteristics 
of the implanted electrodes, there is just insufficient ability 
to distinguish between notes. Because the notes are hard 
to distinguish, cochlear implant users have a very difficult 
time determining basic musical features such as melody and 
harmony (Limb & Roy, 2014). This leads to even further 
difficulties in perceiving musical features such as the per-
ceptual integration needed for auditory stream segregation. 
However, Limb and Roy claim that with improving technol-
ogies and much training, it is possible for cochlear implant 
users to regain some ability to perceive and therefore enjoy 
music. In sum, even people with profound hearing impair-
ment can still find enjoyment in the art of music.

FIGURE 13.29 Music and Cochlear Implants

Ja
m

es
 K

in
g-

Ho
lm

es
/S

ci
en

ce
 S

ou
rc

e

CHAPTER SUMMARY

13.1
 Explain how frequency is related to pitch, 

chroma, and the octave.

Music is ordered sound made and perceived by human beings 
created in meaningful patterns. Humans have been making 
music since at least the Stone Age. Pitch is the subjective 
experience of sound that is most closely associated with the 
frequency of a sound stimulus. Pitch is related to the experi-
ence of whether a sound is high or low, such as the notes at 
the far right and far left of a piano. The octave is the interval 

between one note and a note with either double the frequency 
or half the frequency of that note. Chroma is the subjective 
quality of a pitch. We judge sounds an octave apart to be of 
the same chroma. In Western music, there are 12 semitones or 
12 equivalent intervals or notes within each octave. Western 
music also uses an equal-temperament scale in which the 
difference between each successive semitone is constant in 
pitch and a constant ratio in frequency. Harmony occurs when 
two or more notes sound pleasant when played together. In 
musical terms, consonance is the perception of pleasantness 
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Chapter 13: Music Perception 397 

or harmony when two or more notes are played; that is, the 
notes fit with each other. In contrast, dissonance is the per-
ception of unpleasantness or disharmony when two or more 
notes do not fit together.

Pitch is not the only critical aspect of music. Dynamics refers 
to the relative loudness and how loudness changes across a 
composition. Rhythm is the temporal patterning of the music, 
including the tempo, the meter, and the beat. Tempo is the 
speed at which a piece of music is played. Meter is the tempo-
ral pattern of sound across time. Beat refers to spaced pulses 
that indicate if a piece is fast or slow. Timbre is the complex 
sound created by harmonics. Attack is the beginning buildup 
of a note. Decay refers to how long the fundamental frequency 
and harmonics remain at their peak loudness until they start to 
disappear. All of these factors are critical to music.

Melody is the rhythmically organized sequence of notes, 
which we perceive as a single musical unit or idea. A scale is 
a set of ordered notes starting at one note and ending at the 
same note one octave higher. Key refers to the tonic note (e.g., 
C in a C major or minor scale) that gives a subjective sense 
of arrival and rest in a musical piece. Transposition allows 
more than one version of the same melody, beginning on dif-
ferent notes but containing the same intervals or sequences 
of changes in notes. Gestalt principles predict many of the 
patterns that determine melody in musical compositions.

13.2

 Summarize the basic neuroscience of music, 
including how training and experience can affect 
the representation of music in the brain.

The neuroanatomy of music is a bit different than the neuro-
anatomy of many other cognitive abilities because music is 

in some ways an optional feature of human cognition. Most 
prominent are areas in the right temporal cortex, adjacent to 
the right auditory regions. One clear finding is that music per-
ception usually causes greater activation in the right tempo-
ral lobe than the left temporal lobe, but we also see activity in 
the left temporal lobes and the frontal lobes when perceiving 
music. In trained musicians, it has been found that the level 
of activation of the left hemisphere increases when listen-
ing to music. Synesthesia is a condition in which a stimulus 
in one modality consistently triggers a response in another 
modality. Color–music synesthesia occurs when particular 
pitches, notes, or chords elicit experiences of particular 
visual colors. People with color–music synesthesia show a 
greater activation of the tract that connects the frontal lobes 
to the auditory cortex. Amusia is a condition in which brain 
damage interferes with the perception of music but does not 
otherwise interfere with other aspects of auditory process-
ing. Congenital amusia is a condition in which people are 
inherently poor at music perception. There is some research 
that suggests connections between music and language.

13.3
 Discuss how learning and culture affect music 

perception.

Music is seen in all cultures, but the music of other cul-
tures differs in systematic ways from Western music. For 
example, ragas from India use a 22-note scale instead 
of the Western 12-note scale. Moreover, the notes of 
the raga scale fall at different frequencies than Western 
notes. Shepard tones, the octave illusion, and the tri-
tone paradox are all illusions that illustrate how listeners 
extract musical meaning from stimuli, even when it is not 
an accurate description of the physical stimuli.

REVIEW QUESTIONS
 1. Provide a definition of music. How is musical per-

ception different from other forms of perception, and 
how is it similar?

 2. What is the relation of pitch to chroma? What is the 
octave? And what evidence is there that the octave 
is a musical universal?

 3. What is meant by consonance and dissonance? How 
do they relate to chroma and octaves?

 4. What are the differences between tempo, meter, and 
beat? How does each contribute to musical perception?

 5. What is timbre? What defines the physical differ-
ences that make up timbre? How is timbre used by 
musicians to convey meaning or mood?

 6. What is a scale? How does it differ from culture 
to culture? What starts and ends a scale? What is 
meant by transposition?

 7. What areas of the brain are critical to perceiving 
music? What other areas are needed for musicians? 
How does the brain change with musical training?

 8. What is synesthesia? What is color–music synesthesia? 
What is amusia?

 9. How does music differ from culture to culture? In 
particular, how does the scale system differ between 
Western music and ragas from India?

10. Describe two musical illusions. What are the physi-
cal stimuli? How are those stimuli perceived?
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Sensation and Perception398 

PONDER FURTHER
1. Music perception necessarily involves experience. 

How can researchers distinguish between auditory 
processes that are learned versus those that may be 
“built” into the brain by studying music?

2. Much of what we have been discussing in this chapter 
is the perception of music rather than the production of 
music. Performing musicians are engaged in physical 
movements. How might such movement affect the per-
ception of music and why?
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