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Musical Context Effects in Infants and Adults: Key Distance

Laurel J. Trainor and Sandra E. Trehub

Adults and 9- to 11-month-old infants listened to repeated transpositions of either a prototypical
Western melody that was based on the major triad or a nonprototypical Western melody that was
based on the augmented triad. In both cases, the transpositions were either to related keys (standing
in a 2:3 frequency ratio) or to unrelated keys (more complex frequency ratios). For the prototypical
melody, both infants and adults more readily discriminated a change to the melody in the context
of related keys. For the nonprototypical melody, infant listeners performed better in the context of
related keys, but adult listeners performed worse. The findings indicate that the global context of
auditory patterns influences the processing of pattern details for infant and adult listeners.

A recurrent finding in pattern-perception research is the
critical role of context. In speech perception, for example,
cues for particular phonemes vary considerably when pre-
ceded or followed by different sounds (e.g., Cooper, Delattre,
Liberman, Borst, & Gerstman, 1952; Delattre, Liberman, &
Cooper, 1955; Dorman & Raphael, 1980) or when accom-
panied by different visual gestures (McGurk & MacDonald,
1976). Context effects are similarly prevalent in the visual
domain (e.g., Enns & Prinzmetal, 1984; Hoffman, 1980;
Kimchi, 1988; Lasaga & Hecht, 1991; Navon, 1977, 1983,
1991; Peretz, 1990; Pomerantz, 1981, 1983; Pomerantz &
Sager, 1975; Pomerantz, Sager, & Stoever, 1977; Weisstein
& Harris, 1974; Williams & Weisstein, 1978). For example,
Pomerantz et al. (1977) created contexts that either aided
adults’ ability to detect elements (configural superiority
effects) or impeded this ability.

Context effects are also evident in the perception of mu-
sical patterns. For example, Cuddy, Cohen, and Miller (1979)
evaluated Western listeners’ ability to discriminate 2 three-
note patterns when surrounded by two sets of two notes (i.e.,
seven-note pattern: two-note context, three-note pattern,
two-note context). Overall, performance was superior when
the context conformed to Western music-theoretic conven-
tions (e.g., diatonic notes, ending with a typical cadence) than
when it did not.

Developmental studies of context effects have generated
conflicting interpretations of the interaction of global and
local levels of processing. According to Aslin and Smith
(1988), infants begin as local processors of visual patterns
and gradually become global processors. By contrast, Mor-
rongiello (1984, 1986, 1988) argued that infants are initially
sensitive to global aspects of auditory patterns, gradually
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becoming proficient with local features. Her position is con-
sistent with Gibson’s (1969) view of increasing perceptual
differentiation with age. These contrasting views reflect the
continuing controversy in the adult pattern-perception liter-
ature surrounding the processing priority of local over global
forms (e.g., Treisman & Gelade, 1980; Treisman & Paterson,
1984) or the reverse (Navon, 1977, 1983, 1991).

In the present research, we focused on the interaction be-
tween global context and local processing in infants’ and
adults’ perception of melodic patterns. Context effects in
adults’ perception of musical stimuli (Cuddy et al., 1979;
Krumhansl, 1979, 1990; Krumhansl, Bharucha, & Kessler,
1982; Takeuchi & Hulse, in press) are generally considered
to reflect experience with a particular musical system (see
Dowling & Harwood, 1986; Jones, 1990; Krumhansl, 1990;
Sloboda, 1985). It is possible, however, that certain global
contextual relations confer local processing advantages that
are independent of experience. In other words, some global
contexts may facilitate local processing by infants despite
their limited knowledge of Western musical structure.

The perception of musical structure presupposes basic
grouping mechanisms for parsing the sequence of melody
notes. In recent years, it has become clear that auditory per-
ceptual grouping is characteristic of infants as well as adults.
Like adults, infants group tones by their similarity in fre-
quency, waveform, or intensity (Thorpe & Trehub, 1989;
Thorpe, Trehub, Morrongiello, & Bull, 1988), and they also
segregate auditory streams on such bases (Demany, 1982).
Grouping processes are evident as well in infants’ sensitivity
to phrase boundaries in speech (Kemler Nelson, Hirsh-Pasek,
Jusczyk, & Wright Cassidy, 1989) and music (Krumhansl &
Jusczyk, 1990).

We examined the effect of one aspect of global context,
that of the pitch relations between successive repetitions of
a melody, on the processing of one aspect of local structure,
that of specific intervals within the melody. A well-structured
Western melody played at different pitch levels is said to be
in different musical keys, and some keys are considered to
be more closely related than others. To the extent that adults
are sensitive to key relations, or key distance, this sensitivity
is presumed to derive from their extensive music exposure.

In Western music, the octave is divided into 12 equally
spaced notes (log frequency) that are separated by semitones,
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forming the chromatic scale (see Figure 1). The same divi-
sion is repeated in successive octaves such that notes an oc-
tave apart are considered functionally equivalent and given
the same note name. Western compositions are typically
based on unequal-interval subsets of these notes, the most
common subset or scale being the major scale (see Figure 1).
The intervals between successive notes of the major scale are
2,2,1,2,2,2, and 1 semitones. A major scale can be formed
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by starting on any note of the chromatic scale as long as the
succession of intervals is maintained. The resulting 12 scales
are named by their initial note.

Different notes of the scale serve different functions in
musical composition. The first note or tonic is the most im-
portant, with compositions usually ending on this note. Sec-
ond in importance is the fifth note or dominanz. The interval
between the tonic and dominant (seven semitones), called a
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chromatic scale:

Db Eb Gb
C C# D D# E F F#
0 1 2 3 4 5 6
major scale:
C D E F
0 2 4 5
Eb F
3 5
major triad:
C E
0 4
Eb
3

augmented triad:

C E
0 4

Eb
3

Ab Bb
G G# A A# B C
7 8 9 10 11 O
G A B C
7 9 11 0
G Ab Bb C D Eb
7 8 10 0 2 3
G
7
G Bb
7 10
G#
8
G B
7 11

Figure 1. Some basic aspects of Western musical structure: note names of the keys of the piano;
note names and associated numbers of the chromatic scale; two major scales, C major and E* major;
two major triads, beginning on C and Eb; and two augmented triads, beginning on C and Eb.
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perfect fifth, is especially significant in Western music theory.
Acoustically, the frequency ratio of the component notes of
the perfect fifth approximates a simple and small integer
relation, that of 2:3.

As noted, a unique major scale can begin on each note of
the chromatic scale. The relatedness of two major scales can
be considered to be a function of the number of their notes
in common (e.g., see Krumhansl, 1990, p. 32). For instance,
the major scales with tonics of C and E have three notes in
common, differing in the remaining four notes. Every scale
or key is most closely related to two others, differing from
them in only one note. Thus the 12 major scales can be ar-
ranged in a circle (the cycle of fifths) such that adjacent scales
differ in only one note (see Figure 2). The distance be-
tween two major keys is defined as the number of keys

Cycle of fifths
F
Bb
Eb
Ab
Db

C major and G major differ in 1 note

C D E F G A
0 2 4 5 7 9
G A
7 9

C major and E major differ in 4 notes

C D E F G A
0 2 4 5 7 9
E F# G# A
4 6 8 9
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that separate them in the circle, which corresponds to the
number of notes by which they differ. The tonics of scales
that are most closely related (i.e., adjacent on the cycle of
fifths) are separated by seven semitones or the interval of
the perfect fifth. (If played in descending rather than as-
cending order, the tonics are separated by five semitones
or a perfect fourth. With octave equivalence, these inter-
vals are the same and in this context will be designated
perfect fifths.) In other words, the tonic of one scale is the
dominant of the other. In Western musical structure, then,
the perfect fifth interval is important both within the major
scale (i.e., relating the most important notes) and across
scales (i.e., defining the most closely related keys).

The notion of key distance is central to Western music.
Compositions often begin in one key and then modulate to

c
G
D
A
E
Fi#t B
Gb
B C
11 0
B C D E F# G
1 o 2 4 6 7
B C
n o
B C# D# E
1 1 3 4

Figure 2. The cycle of fifths. (C major and G major are closely related, but C major and E major

are not.)
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another key, with modulations to related keys being espe-
cially common because they preserve the coherence of the
music (Sloboda, 1985). A few studies have revealed percep-
tual effects of key distance (Bartlett & Dowling, 1980;
Cuddy, Cohen, & Mewhort, 1981; Cuddy etal., 1979; Krum-
hansl, Bharucha, & Castellano, 1982; Sloboda & Edworthy,
1981; Takeuchi & Hulse, 1992; Thompson & Cuddy, 1989),
although such effects are not always robust (Takeuchi &
Hulse, 1992) or evident with longer melodies (Pick
et al., 1988). Bartlett and Dowling (1980) found that pairs of
brief conventionally structured Western melodies were per-
ceived as more similar when they were in related than in
unrelated keys. Sloboda and Edworthy (1981) found that lis-
teners could more readily detect a pitch error in one of two
melodies played together if the melodies were a perfect fifth
apart than if they were an augmented fourth apart. Similarly,
Cuddy et al. (1979) and Cuddy et al. (1981) demonstrated
that adults were better at detecting a semitone change to a
well-structured Western melody when the comparison was
presented in a related key (differing in one scale note) than
in an unrelated key (differing in six scale notes). Specifically,
performance was most accurate when the comparison se-
quence was separated from the standard sequence by a per-
fect fifth interval (i.e., with the tonic seven semitones above
that of the standard melody). For poorly structured Western
melodies, key relatedness had the opposite effect (Cuddy et
al., 1981) or no effect at all (Cuddy et al., 1979). Cohen
(1982) and Cuddy et al. (1981) claimed that what appears to
be an effect of unrelated keys on poorly structured melodies
may be attributable to the shared pitch information between
original and transposed sequences. Key distance and over-
lapping pitches, however, were confounded in Cohen (1982)
and Cuddy et al. (1981). In the case of their poorly structured
melodies, the transpositions to unrelated keys had more notes
in common with the original melody than did the transpo-
sitions to related keys.

Cohen, Thorpe, and Trehub (1987) first suggested that re-
lated keys might facilitate infants’ comparison of melodies.
Infants appear to process music independently of any par-
ticular musical system such as Western tonality (Lynch,
Eilers, Oller, & Urbano, 1990; Trainor, 1991; Trehub &
Trainor, 1993), and they appear to lack knowledge of Western
major scale structure (Trainor & Trehub, 1992). Conse-
quently, if global key relations affected their processing of
local melodic features, this finding would be attributable to
inherent perceptual properties of global pitch relations rather
than infants’ sensitivity to key distance per se. Thus, com~
parisons of infants and adults have the potential to distinguish
inherent from acquired effects of global context on melodic
processing.

At the same time that infants show cuiture-independent
musical processing, they find it easier to detect subtle
changes to some melodies than to others {Cohen et al., 1987;
Trainor, 1991; Trehub, Thorpe, & Trainor, 1990). Trehub and
Trainor (1993) have suggested that some melodies may be
intrinsically well structured or good in the sense that they
promote more detailed processing. Similarly, some global
contexts might be intrinsically well structured, leading to
enhanced local processing for infant listeners. Indeed, the

basis of key-distance effects in Western adults is unknown:
To what extent do they reflect extensive experience with
Western music, and to what extent do they reflect general
pattern-processing dispositions?

To separate the effects of experience and of inherent pro-
cessing predispositions, we compared infants’ and adults’
ability to detect interval changes in a melody that repeated
in transposition to related (i.e., near) or unrelated (i.e., far)
keys. Because some researchers have suggested that the per-
fect fifth interval may be inherently easy to process (Cohen
et al., 1987; Trainor, 1991; Trehub & Trainor, 1990, 1993)
and because the most closely related keys in Western music
stand in a perfect fifth relation, we predicted that infants
would show enhanced performance in that context. Follow-
ing earlier studies in this domain (Cohen et al., 1987; Trehub,
Cohen, Thorpe, & Morrongiello, 1986), we selected two mel-
odies (Figure 1), one based on the major triad, a prototypical
form in Western music, and the other based on the augmented
triad, an uncommon form. The major triad consists of three
notes separated by successive intervals of four and three
semitones, for example, the first, third, and fifth notes of the
major scale form. The augmented triad is superficially sim-
ilar to the major triad, consisting of three notes separated by
four and four semitones. Musically, however, the augmented
triad is very different from the major triad because it cannot
be formed from any three-note subset of the major scale. As
a result, it is relatively rare in Western music (see Cohen
et al., 1987, p. 35; Roberts, 1982). The two triads also differ
acoustically. The frequencies of the outer notes of the major
triad form a perfect fifth, standing approximately in a 2:3
ratio. By contrast, the augmented triad is considered to be
more dissonant, with its outer notes approximating the more
complex ratio of 16:25.

We used melodies that were based on the major and aug-
mented triads for two principal reasons. First, these melodies
permitted comparisons of infants and adults across proto-
typical and nonprototypical Western forms. Second, this se-
lection allowed us to capitalize on previous research with
these melodic structures. For example, Cohen et al. (1987)
and Trainor {1991) found that infants were better able to
detect an upward semitone change to the top note of the major
triad than a downward semitone change to the top note of the
augmented triad when presented in transposition. Cohen et
al. (1987) concluded that infants process the major triad more
readily than the augmented triad. In other studies (Trainor,
1991; Trehub et al., 1986), however, infants detected upward
changes to the top note of both the major and augmented
triads equally well, raising the possibility that infants have
difficulty with downward changes to the augmented triad
only. In the present study, we used upward changes to the top
notes of these triads to ensure that infants would be able to
perform the task.

We examined infants’ discrimination of melody changes
with a conditioned head-turn procedure (see Eilers, Wilson,
& Moore, 1977; Kuhl, 1985; Trehub, Bull, & Thorpe, 1984).
Specifically, infants were trained to turn to the sound source
(leftward) in response to a melody change and were rewarded
for doing so with animated toys. We used two standard five-
note melodies that were based on either the major triad or the
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augmented triad. The comparison melody incorporated an
upward semitone change to the middle note of each melody.
The standard and comparison melodies were presented in
transposition to related or to unrelated keys, precluding the
use of absolute pitch cues. If the global context (i.e., key
relations between melodies) exerted an effect on infants’ pro-
cessing of local information (i.e., interval information within
melodies), then infants would perform better with patterns
transposed to related than to unrelated keys. Such an outcome
would imply that the perfect fifth interval relation between
melodies was responsible for this processing advantage.

Experiment 1

Method

Subjects. There were 44 healthy, full-term infants between 9
and 11 months of age who participated in one of four conditions.
Mean ages in each condition (¥ = 11} were 9 months, 27 days
(major-related), 9 months, 20 days (major-unrelated), 10 months,
1 day (augmented-related), and 10 months, 9 days (augmented—
unrelated), and the distributions of men and women were 7 and 4,
7and4,6and 5, and 5 and 6, respectively. A further 21 infants were

Table 1
Complete List of Melodies and Changed Notes for All Conditions
Standard background Changed Standard background Changed
Triad melodies notes Triad melodies notes
Related keys condition

Major B’ F D B F# Augmented BB D F D B G
10 5 2 10 6 10 2 6 2 10 7
F A C A F Ck F A C A F D
5 9 0 9 5 L 5 9 1 9 5 2
C E G E C G C E Gt E C A
0 4 7 4 0 8 0 4 8 4 0 9
G B D B G D4 G B Di B G E
7 11 2 11 7 3 7 11 3 11 7 4
D F# A F# D Bb D F& At F¢ D B
2 6 9 6 2 10 2 6 10 6 2 11

Unrelated keys condition
Major E G E C Gt Augmented C E G¢ E ¢C A
7 4 0 8 0 4 8 0 9
E G¢ B G E C E Gt C Gt E Ci
4 8 11 8 4 (4] 4 8 0 8 4 1
A C Eb C Ab E Ab C E C Ab F
8 0 3 0 8 4 8 0 4 0 38 5
Unrelated keys II condition

Major C E G E C G Augmented C E Gt E A
0 4 7 4 8 0 4 8 4 9
Eb G Bt G E’ B Eb G B G Eb C
3 7 10 7 3 11 3 7 11 7 3 0
G- B D B G D G- B D Bt Gb D#
6 10 1 10 6 2 6 10 2 10 6 3
A Ct E C¢ A F A C F Ct A F#
9 1 4 1 9 5 9 1 5 1 9 6

Note. The following data are for the major triad. Related keys condition: background note set, 0, 2, 4, 5, 6,7, 9, 10, 11; changed note set,
1, 3, 6, 8, 10; notes in common, 6, 10. Unrelated keys condition: background note set, 0, 3, 4, 7, 8, 11; changed note set, 0, 4, 8; notes
in common, 0, 4, 8. Unrelated keys II condition: background note set, 0, 1, 3, 4, 6, 7, 9, 10; changed note set, 2, 5, 8, 11; notes in common,
none. The following data are for the augmented triad. Related keys condition: background note set, 0, 1,2, 3,4,5,6,7, 8,9, 10, 11; changed
note set, 2,4, 7, 9, 11; notes in common, 2, 4, 7, 9, 11. Unrelated keys condition: background note set, 0, 4, 8; changed note set, 1, 5, 9;
notes in common, none. Unrelated keys II condition: background note set, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11; changed note set, 0, 3, 6, 9;

notes in common, 0, 3, 6, 9.
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Figure 3. Sample excerpts from test sessions of the two conditions. (The standard melody is
repeated three times followed by a change in the third note of the melody [fourth repetition] and a
subsequent return to the standard [fifth repetition].)

excluded for not meeting the training criterion (7) or for not com-
pleting the test session because of fussing (14).

Apparatus. Infants were tested individually in a double-walled,
sound-attenuating booth (Industrial Acoustics Co.). The infant sat
on their parent’s lap in one corner of the booth facing the exper-
imenter, who sat in the opposite corner. A loudspeaker and toy box
were located 45° to the infant’s left. The experiments were con-
trolled by an ECS microcomputer, which regulated the audio equip-
ment and mechanical toys through a custom-built interface. The
experimenter signaled to the computer by way of touch-sensitive
buttons when the infant was ready for a trial (i.e., quiet and looking
directly ahead) and when the infant made a head turn to the loud-
speaker (45° or greater). The toy box contained four chambers, each
housing a mechanical toy and light. The front of the toy box was
smoked Plexiglas so that infants could not see into any chamber
unless a light was on. The toys and lights were controlled by the
computer. Two Hewlett-Packard 3325A synthesizer-function gen-
erators produced the sine-wave tones. The signals were subse-
quently attenuated by two attenuators (Med Associates) and
switched on and off by two rise~fall switches (Med Associates). The
signals were then fed through a stereo amplifier (Marantz 1070) to
the single loudspeaker (Avant 2AX) in the booth.

Stimuli. Two five-note standard background melodies were
used, one based on the major triad (e.g., Notes C4, E4, G4, E4, C4;
261, 329, 391, 329, 261 Hz) and the other on the augmented triad
(e.g., C4,E4, G#4,E4, C4; 261, 329,415, 329, 261 Hz). Successive
melodies were presented in transposition, that is, at different pitch
levels but with the same intervals (log frequency ratios) between
successive notes of the melody. Two different transpositions were
used. In the related-keys condition, each standard background mel-
ody was in one of the following keys: B, F, C, G, or D, which are
adjacent on the cycle of fifths (see Figure 2). Successive melodies
were always in different keys and were always in most closely
related keys, that is, adjacent on this list. In the unrelated-keys
condition, each standard background melody was in the key of C,
E, or Ab, such that adjacent melodies were in different keys. These
three keys are maximally distant on the cycle of fifths, any two of
them differing in four notes, with tonics related by a major third.
Table 1 contains a complete list of the melodies used in each con-
dition. Infants were randomly assigned to one of the four conditions
created by crossing the two triad melodies (major, augmented) with
the two key relations (related, unrelated).

Infants’ task for both the major and augmented melodies was to
detect an upward semitone change to the middle note of the melody
(see Table 1). During the training phase, the task was easier. In the
first three training trials, infants were required to detect an upward
change of six semitones to the middle note; the change was reduced
to three semitones in subsequent training trials. The tones of each
melody were contiguous sine waves 400 ms in duration. Each had
10-ms linear rise and decay ramps. Repetitions of the melody were
separated by 1,200 ms.

Procedure. Infants were randomly assigned to one of the four
conditions created by crossing the two triad melodies (major, aug-
mented) with the two key relations (related, unrelated; see Stimuli).
In each case, the procedure was identical. Infants were tested with
a go—no-go conditioned head-turn procedure (see Trehub, Thorpe,
& Morrongiello, 1987). The standard background melody repeated
continuously in transposition (see Stimuli) throughout the entire test
session. The experimenter encouraged the infant to look directly
ahead by means of hand-held toys. When the infant was quiet and
facing straight ahead, the experimenter signaled to the computer (by
using one button) that the infant was ready for a trial. Half of the
30 trials were control trials consisting of a further repetition of the
standard background melody and were therefore indistinguishable
from the repeating background. The other 15 trials were change
trials in which the middle note of the melody was raised by a semi-
tone (see Stimuli). Because of fluctuating infant attentiveness, there
were variable numbers of repetitions (in transposition, of course) of
the standard background melody between trials, with the minimum
number being fixed at two. Sample excerpts from test sessions are
shown in Figure 3. The experimenter signaled to the computer (by
using another button) whenever the infant turned 45° or more to the
left. If on change trials the infant turned to the loudspeaker during
the response interval, the computer automatically activated the light
and animated toy in one chamber of the toy box for 4 s. The response
interval began with the onset of the middle (third) note of the triad
melody and ended 3 s later. The computer recorded head turns
during the response intervals of control and change trials. The parent
and experimenter listened to masking music on headphones to keep
them unaware of the type of trial being presented. Additionally, the
parent and experimenter were unaware of the research hypotheses.

The test phase was preceded by a training phase designed to
illustrate the contingency between head turning to a change and
reinforcement with animated toys. During training, there were no
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Table 2
Nine- to 11-Month-Olds’ d' Scores on Related
and Unrelated Keys

Key relation

Triad Related Unrelated
Major
M 0.53 -0.03
SD 0.23 0.63
Augmented
M 0.53 0.13
SD 0.53 0.39

control trials, and the to-be-detected change was much larger (see
Stimuli). The first two change trials in the training phase were pre-
sented 5 dB above the standard background melody. Subsequent
change trials were presented at the intensity of the background un-
less the infant failed to respond on two successive change trials. In
this case, the level of the change trials was increased by 5 dB.
Correct responding resulted in lowered intensity of the change trials
until the background level was reached. Infants were required to
achieve four correct responses in a row at equivalent background
and change intensity before proceeding to the test phase.

Results

We transformed the proportion of correct head turns (hits)
and the proportion of incorrect turns (false alarms) to d’
scores for each infant according to yes-no signal detection
tables (Swets, 1964). This transformation serves the dual
purpose of controlling for response bias and normalizing the
distributions {Thorpe et al., 1988). Because each infant com-
pletes only a relatively small number of trials, occasional
proportions of 0 or 1 can occur, posing a potential problem
(i.e., infinite d’ values). Under such conditions, infinite d'
values are considered to reflect sampling error rather than
statistically infinite d’ values (Macmillan & Kaplan, 1985).
To circumvent this potential problem, we calculated all pro-
portions by adding ¥ to the actual number of turns and di-
viding by the number of trials plus 1 (i.e., 16). This has little
effect on the proportions and maintains the relative ranking
of d’ scores (see Thorpe et al., 1988). With the 4’ transfor-
mation, chance performance (50% correct) would lead to an
expected d’ of 0; maximal performance with 30 trials would
generate a 4’ value of 3.76. Infant responding was typically
noisy, however, which resulted in d’ values considerably be-
low the maximum (e.g., Thorpe & Trehub, 1989; Thorpe et
al., 1988; Trainor & Trehub, 1992).

An analysis of variance with triad type (major, augmented)
and key relation (related, unrelated) as independent variables
revealed a significant main effect of key relation, F(1,40) =
11.71, p < .002 (see Table 2), but no other significant effects
or interactions. Percentage correct scores that are based on
all 30 trials are plotted in Figure 4.

With related keys, changes to both the major and aug-
mented triads were detected significantly above chance lev-
els, H(10) = 7.64, p < 0001, and #10) = 3.38, p < .005,
respectively. With unrelated keys, however, changes to the
major and augmented triads were detected at chance levels,

1(10) = -0.15, and 1(10) = 1.10, respectively. Moreover, 15
of the 21 infants who failed to meet the training criterion or
who failed to complete the test session (because of fussing)
were in the unrelated-keys condition. Such high attrition
rates have been associated with difficult conditions in other
infant research (e.g., Trehub et al., 1990). Finally, approxi-
mately equal numbers of infants failed the training phase or
did not complete the testing phase in the major- and
augmented-triad conditions (10 and 11, respectively).

Discussion

Infants’ ability to detect subtle changes to transposed mel-
odies was enhanced when the transpositions of these mel-
odies were related by the interval of a perfect fifth. Further-
more, this enhancement occurred for both major and
augmented triads. Can we then conclude that the perfect fifth
relation conferred processing advantages for infants? An al-
ternative explanation is that infants considered all notes of ali
transpositions as members of one large set and simply re-
sponded to notes outside of this set.

Table 1 shows the overall pitch set of the major triad under
transposition to related and unrelated keys. In the case of
related keys, three of the five changed notes went outside the
set. For unrelated keys, however, none of the three changed
notes went outside of this set. Thus, responding on this basis
could account for performance with the major-triad melody.
By contrast, all of the changed notes of the augmented-triad
melody went outside the overall pitch set in the unrelated-
keys condition, but none did so in the related-keys condition
(see Table 1). As a resuit, reliance on overall pitch-set cues
should have led to superior performance for augmented-triad
melodies transposed to unrelated keys, especially because
the overall pitch set had only three notes, Nevertheless, in-

infants
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Figure 4. Percentage correct performance for infants. (Error bars
indicate the standard error of the mean.)
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fants performed better with augmented triads transposed to
related keys than to unrelated keys, indicating that they did
not capitalize on set membership cues. Rather, they seemed
to compare successive presentations of the melody with an
internalized standard.

Experiment 2

Although infants seemed to be influenced by key relations
between melodies in a manner that was consistent with
knowledge of Western musical structure, there was no in-
formation about adult performance with the identical stimuli.
Accordingly, we evaluated adult nonmusicians for key-
distance effects with the same melodies. Other researchers
have suggested that aduits, unlike the infants of Experiment
1, might be sensitive to pitch-set membership, particularly in
the case of unconventionally structured or atypical melodies
(Cohen, 1982; Cuddy et al., 1981). To examine this possi-
bility, we added a second condition with unrelated keys to the
conditions with related (Bb, F, C, G, D) and unrelated keys
(C, E, Ab) from Experiment 1. This second condition con-
sisted of the keys C, Eb, Gb, and A, whose tonics are separated
by minor thirds (three semitones). Scales adjacent on this list
differ by three scale notes. To make these key relations op-
erate as similarly as possible to the related-keys condition,
movement occurred only between keys adjacent on the list
(in either direction). In this additional condition, all 12 chro-
matic pitches were represented in the collection of back-
ground melodies, with the result that all changed notes were
within the background set (see Table 1). If adults capitalized
on pitch-set membership cues, then they would perform bet-
ter on the augmented-triad melody when the unrelated keys
offered pitch-set cues (C, E, Ab) than when the keys offered
no such cues.

Method

Subjects. The subjects were 84 university students 18-24 years
of age (M = 19 years) who were tested individuaily in one of six
conditions (14 in each condition). In each condition, there was no
professional musician, and the number of years of formal music
lessons varied (overall, 28 had none; 27 had 1-4 years; 22 had 5-10
years; 7 had 10 or more years).

Stimuli. Four of the six conditions were identical to those of
Experiment 1: major triad-related keys, major triad—unrelated keys,
augmented triad-related keys, and augmented triad—unrelated keys.
An additional key relation, unrelated keys I, was included with both
the major and augmented triads. Thus there were six conditions: two
triad types X three key relations (see Table 1). In unrelated keys I1,
the melodies were transposed to four different keys, C, E, G, and
A. As before, successive melodies were always in different keys. To
make this condition as similar as possible to the related-keys con-
dition, successive melodies were adjacent (in either direction) on
the aforementioned list. Thus, successive melodies were always
related by a minor third (up or down). As in Experiment 1, listeners
had to detect an upward semitone change to the third note of the
melodies. In training, the change was much larger, six semitones for
the first three training trials and three semitones thereafter.

Apparatus. The apparatus was identical to that of Experi-
ment 1.

Procedure. The procedure was as similar as possible to that of
Experiment 1, except for changes to accommodate differences be-
tween infants and adults. Thus, adults were told that they were to
listen for changes. As in the infant procedure, aduits sat in the chair
across from the experimenter, who called for trials and recorded
responses with the button box connected to the computer. Although
adults were instructed to raise a hand rather than turn to indicate that
they had heard a change, they were nevertheless rewarded with the
animated toys for correct responses.

Results

The preliminary transformation of hits and false alarms to
d' scores was performed as in Experiment 1. An analysis of
variance with triad type (major, augmented) and key relation
(related, unrelated, unrelated II) as independent variables re-
vealed a significant main effect of triad type, F(1, 78) =
21.56, p < .0001, with major triads easier than augmented
triads overall. There was no main effect of key relation, but
the interaction between triad type and key relation was sig-
nificant, F(2, 78) = 19.93, p < .0001 (see Table 3). We
performed separated analyses for each triad type. For the
major triad, the effect of key relation was significant, F(2, 39)
= 9.80, p < .0004, and the Student Newman-Keuls test re-
vealed that performance was significantly better in the
related-keys condition than in the two unrelated-keys con-
ditions, which did not differ. For the augmented triad, key
relation was also significant, F(2, 78) = 10.56, p < .0002,
but in this case the Student Newman-Keuls test revealed
performance to be significantly worse for related keys than
for the two unrelated keys, which did not differ. Performance
significantly exceeded chance levels (d' of 0) in all six con-
ditions. See Figure 5 for percentage correct scores.

We calculated correlations between performance and mu-
sical training (number of years of music lessons) for each of
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Figure 5. Percentage correct performance for adults. (Error bars
indicate the standard error of the mean.)
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the six conditions. For the major triad, correlations were sig-
nificantly above chance for unrelated keys (unrelated keys,
r =.66, p < .02; unrelated keys II, r = .56, p < .04) but not
for related keys. None of the correlations was significant for
the augmented triad. Thus, performance was high and un-
affected by musical training when the major triad was trans-
posed to related keys. In all conditions involving the aug-
mented triad, performance was low and unaffected by
musical training. Such training proved helpful only when the
major triad was transposed to unrelated keys. In this case,
musically trained listeners may have engaged analytical
skills specialized for Western musical structures such as the
major triad. Such skills may have been unnecessary when the
major triad was transposed to related keys (i.e., even un-
trained listeners performed well) and ineffective with the
augmented triad (an unconventional Western structure). It is
possible, however, that highly trained musicians would show
a pattern of performance different from that of the moder-
ately trained listeners of the present study (see Cohen, Tre-
hub, & Thorpe, 1989).

Discussion

In Experiment 1, key relations had similar effects on
major- and augmented-triad melodies, with related keys en-
hancing infant performance in both cases. For adults, how-
ever, related keys enhanced performance on the major triad
but impeded performance on the augmented triad. How can
this be interpreted?

One possibility is that adults were aware of the overall
set of notes from all transpositions of the background or
standard melody (see Table 1). As a result, changed notes
that went outside the set would be more noticeable than
those within the set. This explanation is consistent with the
findings for related keys and for the first set of unrelated
keys but inconsistent with the findings for the additional
set of unrelated keys (unrelated keys II condition; see Ta-
ble 3). First, consider the findings for related keys and the
original set of unrelated keys. For the augmented-triad
melody, performance was better in the context of transpo-
sitions to unrelated than to related keys. Moreover, all
changed notes went outside the global note set for unre-
lated keys, but none did so for related keys. With the
major-triad melody, performance was better in the context
of related keys than in the original unrelated keys. Three of
the five changed notes went outside the background note
set for related keys, but none did so for unrelated keys. Re-

Table 3
Adults’ d’ Scores on Related and Unrelated Keys

Key relation

Triad Related Unrelated Unrelated II
Major

M 3.34 1.64 2.13

SD 0.72 0.83 1.44
Augmented

M 0.63 1.97 1.67

SD 0.58 1.08 0.69

sults such as these are consistent with the hypothesized
sensitivity to background note set.

Consider, however, the additional condition with unrelated
keys (unrelated keys II). For the augmented-triad melody, all
changed notes were in the overall background set, but per-
formance was significantly better for unrelated keys than for
related keys and not significantly worse than for the original
unrelated keys. For the major-triad melody, all changed notes
in the unrelated keys II went outside the background note set,
but performance was significantly worse for these keys than
for the related keys. Moreover, performance on these addi-
tional unrelated keys was not significantly better than for the
original unrelated keys. The background note set may have
had a minor effect in the unrelated-keys conditions (well
beyond the detection power of the statistical tests), as re-
flected in the ordering of performance across conditions (un-
related < unrelated keys II for the major triad; unrelated >
unrelated keys II for the augmented triad). Nevertheless, sen-
sitivity to the background note set can be ruled out as the
primary explanation of the interaction between triad type and
key relation.

With the major-triad melody, adults’ performance was
consistent with the previously reported finding that brief
well-structured melodies are easier to compare in the con-
text of related than in unrelated keys (Cuddy et al., 1979).
It is interesting, however, that transpositions to unrelated
keys (major triad-unrelated keys, major triad—unrelated
keys II, augmented triad—unrelated keys, augmented triad—
unrelated keys II) resulted in equivalent performance for
melodies that were based on major and augmented triads.
Consistent with a previous study (Cuddy et al., 1981),
transpositions to related keys resulted in significantly
poorer performance on the nonprototypical augmented tri-
ad. As noted, however, overlapping pitch information (Co-
hen, 1982; Cuddy et al., 1981) cannot account for the
present findings. One possibility is that the presentation of
successive melodies in related keys activated schemata for
Western music in Western adult listeners. Such schemata
would facilitate performance on the major triad but de-
grade performance on the augmented triad. By contrast,
the presentation of successive melodies in unrelated keys
would not prime schemata for Western music, leaving lis-
teners to rely on more basic pattern-processing skills. Fol-
lowing from this speculative interpretation, global context
(i.e., key relations) would exert a more powerful effect
than local context (i.e., major or augmented triad) in elicit-
ing schemata specialized for the processing of Western
music.

Although there is evidence of infants’ enhanced process-
ing for some Western musical forms in particular circum-
stances (Cohen et al., 1987; Trainor, 1991; Trehub et al.,
1990), there are indications that infants have not yet devel-
oped schemata specialized for the processing of Western
music (Lynch et al., 1990; Trainor & Trehub, 1992). The
absence of such schemata implies that infants in Experi-
ment 1 would have been unaffected by the degree of con-
formance of the transposition in question to Western musi-
cal structure. Instead, the presence or absence of the
perfect fifth relation between successive melodies may
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have influenced infants’ ease of comparing successive
melodies.

General Discussion

The experiments in this report provide evidence of global
context effects in infant auditory pattern perception. In par-
ticular, infants found melodies transposed to related keys
(i.e., a perfect fifth apart) easier to compare than the same
melodies transposed to unrelated keys (i.e., a major third
apart). Furthermore, the global context of musical structure
affected local processing in both infants and adults. Listen-
ers’ relative ease of detecting a single note change to a major
or augmented triad depended on the context in which it was
embedded. Different global musical contexts aided or im-
peded the processing of local interval structure in the same
way that different global visual contexts aid or impede the
processing of local elements (Pomerantz, 1981; Pomerantz
et al., 1977).

Previous research on melodic processing has revealed that
infants show superior processing for the perfect fifth interval
in comparison to the augmented fifth interval (Cohen et al.,
1987; Trainor, 1991). Specifically, infants detect both up-
ward (Cohen et al., 1987; Trainor, 1991) and downward
(Trainor, 1991; Trehub et al., 1986) semitone changes to the
top note of the major triad. In the case of the augmented triad,
however, infants detect upward changes to the top note (Tre-
hub et al., 1986; Trainor, 1991) but not downward changes
(Cohen et al., 1987; Trainor, 1991). A downward change to
the top note of an augmented triad results in a major triad,
whereas an upward change results in a triad clearly different
from the major triad. The findings to date are consistent with
the notion of privileged perceptual status for the perfect fifth
interval. Perhaps small-integer frequency ratios (e.g., 2:3 for
the perfect fifth) in auditory patterns function as prototypes,
assimilating near instances (e.g., the augmented fifth). In the
case of speech, prototypical vowel sounds are known to af-
fect the perception of neighboring sounds both for adult
(Samuel, 1982) and for infant (Grieser & Kuhl, 1989; Kuhl,
1991) listeners. Such processes of assimilation, if operative,
would facilitate certain discriminations (e.g. upward changes
to the augmented triad) and impede others (e.g., downward
changes). Unique perceptual features have been documented
for the octave interval (Demany & Armand, 1984), which
also embodies a small-integer frequency ratio, 1:2.

On the whole, infants and adults exhibited a similar pattern
of performance on the major triad. Adults’ performance can
be interpreted in terms of acquired sensitivity to Western
musical structure arising from the frequent occurrence of the
major-triad and near-key relations compared with the rarity
of the augmented-triad and far-key relations. In the case of
infants, however, the inherent good form of the perfect fifth
interval may be a more parsimonious interpretation than is
the internalization of regularities in Western music.

There were some notable differences between infants and
adults. Specifically, adults performed better on the major
triad transposed to related than to unrelated keys but worse
on the augmented triad transposed to related than to unrelated
keys. By contrast, infants performed better on both types of

triads in the context of related compared with unrelated keys.
These findings are consistent with adults’ use of cuiture-
specific schemata when the global context indicates Western
music, as is the case with transpositions to related keys.
With related keys, one would expect enhanced perfor-
mance on the major triad, a prototypical form, and de-
graded performance on the augmented triad, a nonproto-
typical form. When the global context was unconventional
such that transpositions were to unrelated keys, adults per-
formed equally well on the major and augmented triads.
Infants’ performance, however, was enhanced for both the
major and augmented triads when the transpositions of the
melodies were related by the perfect fifth. These findings
are consistent with an interpretation of natural processing
proclivities or biases (i.e., special status for the perfect
fifth) that become modified or fine-tuned as knowledge of
Western musical structure is acquired.

In our previous work (Trainor & Trehub, 1992), we re-
ported some musical processing differences between infants
and adults. We evaluated infants’ and adults’ ability to detect
two types of changes to a conventionally structured Western
melody (i.e., one that was based on the major scale). One
change violated Western musical rules by going outside the
key of the melody. The other conformed to such rules by
remaining within the key. Although adults found the out-of-
key change highly salient compared with the within-key
change, infants performed equivalently on both. Infants’ non-
differential performance on such structure-conserving and
structure-violating changes underlines their lack of knowl-
edge of major scale structure. Further evidence relevant to
the issue of culture-specific musical knowledge derives from
research on the perception of foreign melodies. Lynch et al.
(1990) found that in contrast to Western adults (nonmusi-
cians), who detected mistunings (i.e., subtle pitch changes)
to Western melodies more readily than to Javanese melodies,
6-month-old Western infants performed equivalently on both
melody types.

The present investigation provides additional evidence
that fundamental aspects of human auditory processing un-
derlie some of the prominent features of Western musical
structure. Specifically, the centrality of the perfect fifth in-
terval may derive from processing predispositions of the hu-
man auditory system. Even if some experience is necessary
for consolidating the special status of the perfect fifth in-
terval, this experience appears to be minimal compared with
that required for major scale structure (Trainor, 1991) and
other culture-specific musical schemata (Lynch et al., 1990).
At the very least, then, the perfect fifth interval assumes a
central role in musical pattern perception on the basis of very
early and effortless learning.
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