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Adults (n = 28) and 8-month-old infants (n = 48) listened to repeated transpositions of a 10-
note melody exemplifving the rules of Western tonal music. They were tested for their detection
of two types of changes to that melody: (a) a 4-semitone change in 1 note that remained within
the key and implied dominant harmony (diatonic change) or (b) a 1-semitone change in the
same note that went outside the key (nondiatonic change). Aduits easily detected the nondiatonic
change but had difficuity with the diatonic change. Infants detected both changes equally well,
performing better than adults in some circumstances. These findings imply that there are
qualitative differences in infants’ and adults’ processing of musical information.

Recently, it has become clear that musical aspects of speech
and tonal patterns (e.g., pitch contours, rhythmic patterning)
are particularly salient for infant listeners (see Trehub, 1987,
1989, 1990; Trehub & Trainor, in press). For example, infants
5 to 11 months of age readily discriminate tone sequences, or
tunes, differing in pitch contour (up/down/same pattern of
pitch changes; Chang & Trehub, 1977; Trehub, Bull, &
Thorpe, 1984; Trehub, Thorpe, & Morrongiello, 1985), and
they can categorize such sequences on the basis of contour
(Ferland & Mendelson, 1989; Thorpe, 1986; Trehub, Thorpe,
& Morrongiello, 1987). There is evidence, moreover, of basic
grouping processes in infancy, including grouping by similar-
ity (Demany, 1982; Thorpe & Trehub, 1989; Thorpe, Trehub,
Morrongiello, & Bull, 1988) and by proximity (Thorpe &
Trehub, 1989). Infants are also sensitive to temporal cues for
phrase structure in speech (Kemler Nelson, Hirsh-Pasek, Jus-
czyk, & Wright Cassidy, 1989) as well as music (Krumhansl
& Jusczyk, 1990).

The pitch contours of speech seem to have special signifi-
cance for infants. From at least 1 month of age, infants listen
preferentially to infant-directed over adult-directed speech
(Cooper, 1990; Cooper & Aslin, 1989; Fernald, 1985; Werker
& McLeod, 1989). These types of speech differ substantially
in the presence and incidence of musical features, that is,
features usually associated with music rather than speech.
Across a wide range of cultures, infant-directed speech differs
from its adult-directed counterpart in a number of features,
including its higher pitch, larger pitch range, greater rhyth-
micity, slower tempo, and distinctive, repeating pitch con-
tours (Fernald & Simon, 1984; Fernald, Taeschner, Dunn,
Papousek, deBoysson-Bardies, & Fukui, 1989; Grieser &
Kuhl, 1988; Jacobson, Boersma, Fields, & Olson, 1983; Pa-
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pousek & Papousek, 1981, 1987; Papousek, Papousek, &
Bornstein, 1985; Stern, Spieker, Barnett, & MacKain, 1983).
It is the pitch contours, however, that underlie infants’ pref-
erence for infant-directed speech (Fernald & Kuhl, 1987).

Infant-directed speech also has notable affective conse-
quences. For example, infants exhibit more positive affect
when listening to infant-directed than to adult-directed speech
(Werker & McLeod, 1989). Similarly, pitch contours associ-
ated with maternal utterances of approval lead to more posi-
tive affective displays than those associated with utterances of
prohibition (Fernald, in press).

Sensitivity to prosody may be present from the neonatal
period (Cooper, 1990), and there are indications that learning
in this domain is unusually rapid (see Trehub & Trainor,
1990). Indeed, such skills are likely implicated in infants’
differentiation of native from foreign speech (Mehler, Jusczyk,
Lambertz, Halsted, Bertoncini, & Amiel-Tison, 1988) and in
recognition of the mother’s voice (DeCasper & Fifer, 1980;
Mehler, Bertoncini, Barri¢re, & Jassik-Gerschenfeld, 1978) in
the early days of life.

It appears, then, that infants are initially sensitive to supra-
segmental or musical aspects of speech, especially pitch con-
tour. Although young infants are also sensitive to segmental
aspects of speech (i.e., consonant and vowel sounds; see Kuhl,
1987), effects of experience on phonetic perception are not
apparent until 10-12 months of age (Best & McRoberts, 1989;
Werker & Lalonde, 1988). At younger ages, infants can dif-
ferentiate some foreign speech sounds that pose difficulties
for their parents (Best & McRoberts, 1989; Burnham, 1986;
Trehub, 1976; Werker, 1989; Werker & Lalonde, 1988; Wer-
ker & Tees, 1984). This implies that infants’ early processing
of speech sounds differs from that of adults in having an
acoustic or phonetic basis rather than being based on speech
sound or phonemic categories. By 1 year of age, there is some
perceptual reorganization of speech sound processing such
that infants lose this initial “advantage” over adults as they
acquire differential sensitivity to some native-language sounds
(Best, McRoberts, & Sithole, 1988; Werker & Lalonde, 1988).
Presumably, progress toward mature phonemic processing
reflects specific linguistic as opposed to general auditory ex-
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perience (Best et al., 1988; Werker, in press) and is, therefore,
unlikely to be uniform across all speech contrasts. Moreover,
there is suggestive evidence that specific cognitive skills emerg-
ing at this time play a role in these perceptual developments
(Lalonde & Werker, 1990). Thus, linguistic exposure and
appropriate cognitive status may be required before certain
features of the native language affect perceptual-cognitive
structures for speech processing.

There may be parallels in the development of music proc-
essing, but little is known about the development of percep-
tual-cognitive structures relevant to music in general or to the
specific musical systems of different cultures. Although fea-
tures such as pitch contour are essential components of mus-
ical structure, they are not unique to music or to any musical
system. On the other hand, there are unique sets of rules or
conventions that differentiate musical systems, just as there
are unique sets of syntactic rules that differentiate languages.
For example, the Western tonal system dictates conventional,
or prototypic, pitch relations among the notes of a composi-
tion as well as the frequency of occurrence of different notes.
Moreover, specific combinations of notes generate expecta-
tions about the note(s) to follow, with any particular note
having a high or low probability of following others. Even
adults without formal musical training are sensitive to this
structure, being better at processing melodies that exemplify
the musical structure of their culture than melodies that do
not (Cuddy, Cohen, & Mewhort, 1981; Cuddy, Cohen, &
Miller, 1979). For example, Western adults more readily
detect changes to a standard melody when that melody con-
forms to the rules of Western tonality. Of particular interest
in the present context is the finding that such changes are
more salient when they go outside the original key (i.e., when
diatonic structural rules are violated; Cuddy et al., 1979).

Investigators have examined perceptual facilitation, mem-
ory, and similarity judgments to reveal adults’ knowledge of
Western music structure (Bharucha, 1987; Bharucha &
Krumbhansl, 1983; Bharucha & Stoeckig, 1986, 1987; Cuddy
et al., 1979, 1981; Krumhansl, 1979, 1983, 1985, 1990;
Krumhansl, Bharucha, & Castellano, 1982; Krumhansl, Bhar-
ucha, & Kessler, 1982; Krumhansl & Castellano, 1983; Krum-
hansl & Kessler, 1982; Krumhansl & Shepard, 1979). What
has emerged is that the processing of musical input seems to
be altered by formal or informal exposure to a particular
musical system, just as the processing of linguistic input is
altered by exposure to a particular language. What is unclear,
however, is whether young infants engage in premusical proc-
essing of melodies just as they engage in prephonological
processing of speech. Prephonological processing leads infants
to differentiate native and nonnative contrasts with equal
ease, in contrast to later phonological processing, which favors
native-language sounds. In analogous fashion, premusical
processing could be marked by equivalent processing of mus-
ically acceptable and unacceptable changes to melodic pat-
terns, in contrast to musical, or differential, processing of such
changes.

It is also the case that certain patterns are inherently easier
to process than others. For example, visual patterns conform-
ing to Gestalt principles are easier than nonconforming pat-
terns (Garner, 1974; Younger & Gotlieb, 1988). Similarly,

certain melodic patterns are easier to process than others
(Boltz & Jones, 1986; Deutsch, 1982; Divenyi & Hirsh, 1974;
Jones, 1981; Nickerson & Freeman, 1974). For example,
simplicity of contour and hierarchical rule structure have
been shown to facilitate processing (Boltz, Marshburn, Jones,
& Johnson, 1985). Nevertheless, there is, as yet, no overall
theory of pattern “goodness” (see Humphrey & Humphrey,
1989; Trehub & Trainor, 1990, in press). With respect to
musical patterns, it is generally acknowledged that pattern
“goodness” arises in part from the structure of the auditory
system (e.g., primitive grouping processes, see Bregman, 1990;
psychoacoustic dissonance, see Terhardt, 1978) and in part
from experiential factors (e.g., Dowling & Harwood, 1986;
Jones, 1981; Sloboda, 1985), but there is little knowledge
about the interaction of primitive and schema-based (i.e.,
learned) processes.

Cross-cultural research has revealed a few universal features
of musical systems (Harwood, 1976) such as the functional
equivalence of notes an octave apart (fundamental frequency
ratio of 1:2), the greater salience of relational as opposed to
absolute information about pitch or duration, and the use of
five to seven discrete pitches per octave (Dowling & Harwood,
1986). If music perception follows a developmental course
similar to that of speech perception, then young infants should
be sensitive to features of musical systems that are universally
“good,” or easy to learn, whereas older infants or young
children should gradually acquire sensitivity to features that
are necessarily learned. Thus, a developmental approach to
the problem of pattern goodness has the potential to reveal
which aspects of musical patterns are intrinsically good and
which require more or less exposure to become good.

Western tonal music is based on a division of the octave
into 12 discrete pitches separated by equal intervals called
semitones (say, 0, 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, where
Notes 0 and 12 are one octave apart) along a log frequency
scale, a division that is by no means universal. Western
musical compositions, however, are not based on this equal-
interval scale, but rather on an unequal-interval subset. The
most common Western scale is the major scale, for example,
Notes0, 2,4,5,7,9, 11, and 12 (0). It is this specific succession
of intervals, rather than absolute pitches, that defines the
major scale, so that Notes 3, 5, 7, 8, 10, 12 (0), 14 (2), 15 (3)
also form a major scale, as does any interval sequence of 2,
2,1, 2, 2, 2, 1 semitones. Major scales starting on different
notes are called transpositions of each other, as are melodies
with the same interval relations between notes. Moreover,
different notes of the major scale have different functions.
For example, the first note, or tonic, is the most stable, with
compositions typically beginning and ending on this note.
The fifth note, or dominant, is second in importance. Har-
mony based on the dominant that is followed or resolved by
harmony based on the tonic results in a sense of closure or
resolution of tension (Piston, 1969).

There is some evidence that 8- to 10-month-olds show
enhanced processing for certain musically well-structured, or
good, melodies. For example, Cohen, Thorpe, and Trehub
(1987) found that 7- to 1l-month-old infants were better at
detecting a semitone change upward to the third note of a
good, or well-structured, melody based on the major triad
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(e.g., CE G E C in the key of C major) than a semitone
change downward to the third note of a less well-structured,
or “bad,” melody based on the augmented triad (e.g., C E G#
E C). These melodies were presented in transposition, pre-
cluding the use of absolute pitch cues. Note, moreover, that
these two conditions simply reversed which melody was stand-
ard and which was the change, or comparison, melody. The
finding is of particular interest because the major triad is
considered to be a stable, good form in Western music theory,
in contrast to the augmented triad, which is considered unsta-
ble (i.e., requiring resolution) and dissonant (Piston, 1969). It
is not known, however, whether the major triad is an intrin-
sically good form or good only for those exposed to Western
music. In fact, the major triad is not prominent cross-cultur-
ally. At the same time, the frequency relations among notes
of the major triad (4:5:6) are much simpler than those of the
augmented triad (12:15:19), raising the possibility that proc-
essing differences arise from the basic structure of the auditory
system (Terhardt, 1978).

Goodness of structure was examined further by Trehub,
Thorpe, and Trainor (1990), who studied 7- to 10-month-old
infants’ ability to discriminate (in transposition) a semitone
change downward to the fourth note of three different five-
note sequences: (a) a good Western melody, in which all notes
belonged to a major scale and the implied harmony was
typically Western, (b) a bad Western melody, in which the
component notes did not belong to any major or minor scale
and two intervals were dissonant (tritone), and (c) a non-
Western melody, which contained some intervals smaller than
asemitone. Although the three standard melodies were similar
in their simple up-down contour and pitch range, infants
succeeded in detecting the change only in the case of the good
Western melody. This suggests that infants’ relative ease of
processing tone sequences might depend on certain structural
features of the patterns. Nevertheless, it is unclear which
specific features contribute to pattern goodness for naive
infant listeners.

We know, then, that infants process musical aspects of
auditory patterns and find some structures better than others,
but we know little about the course of development with
respect to the specific musical system of exposure. Lynch,
Eilers, Oller, and Urbano (1990) compared infants and adults
on their detection of a mistuned note in melodies based on
the Western major, the Western minor, and the non-Western
(Javanese) pélog scales. Although infants did not differ in their
detection of mistuned Western and non-Western melodies,
adults with limited musical experience and amateur musicians
performed better on the Western melodies. Nevertheless, un-
equivocal interpretation of these findings is precluded for
several reasons. First, adults were tested with smaller degrees
of mistuning (i.e., smaller pitch differences) than infants, so
that direct comparisons of adult and infant performance were
not possible. Second, professional musicians might have been
expected to show even greater enhancement for Western
melodies than less musically experienced adults, but they
performed equivalently on Western and non-Western scales.
Perhaps professional musicians are simply better at a variety
of music-processing tasks. If so, this would imply that ex-
tended exposure to a particular system, or musical “talent,”
not only promotes the development of culture-specific music-

processing schemata but also enhances auditory pattern proc-
essing in general. Third, Lynch et al. (1990) did not present
the standard and comparison melodies in transposition (i.e.,
different starting pitches), so that discrimination of the single-
note change could have been based on absolute as opposed
to relative pitch cues. Finally, Lynch et al.’s (1990) conclusion
that infants and adults differ in their processing of Western
and non-Western scales is based on acceptance of the null
hypothesis (i.e., no difference between scale types for infants),
which always makes for a weak inference. In any case, the
study is important in focusing on potential experiential effects
in the processing of musical materials.

The goal of the present research was to examine perceptual
processing of Western tonal structure by Western 8-month-
old and adult listeners. The standard melody was a well-
structured 10-note sequence that conformed to Western tonal
conventions. The task of infant and adult listeners was to
detect two types of changes to the sixth note of this good
melody: (a) a diatonic change (four semitones) that conformed
to tonal conventions in the sense that it remained within the
key of the melody and the implied dominant harmony at that
point, and (b) a nondiatonic change (one semitone) that
violated the rules of tonal structure by going outside the key
of the melody. Listeners insensitive to tonal structure could
be expected to find the four-semitone change (diatonic) more
salient than the one-semitone change (nondiatonic). On the
other hand, those with tonal knowledge should find the non-
diatonic change more salient because of its violation of the
preceding tonal context. For such listeners, the diatonic
change would represent a subtle variant of the original pattern,
one entirely consistent with the underlying structure. Thus,
adults were expected to find the nondiatonic change “wrong”
or jarring, that is, readily detectable. If 8-month-old infants
also found the nondiatonic change more salient than the
diatonic change, this would suggest considerable sensitivity to
Western tonal structure.

Experiment |

Method

Subjects. There were 48 healthy, full-term infants between 8 and
9 months of age (27 girls, 21 boys, mean age = 8 months, 11 days).
Half of the infants were assigned to the diatonic-change condition
and half to the nondiatonic-change condition. An initial group of 28
were given nondiatonic training, and a subsequent group of 20 were
given diatonic training. Two additional infants were eliminated for
failing to meet the training criterion, and another 5 were eliminated
for failing to complete the test session because of fussing.

Apparatus. Testing took place individually in a double-walled,
sound-attenuating booth (Industrial Acoustics Co.). The infant was
seated on a parent’s lap, facing the experimenter, and a loudspeaker
and toy box were located 45° to the infant’s left. An ECS microcom-
puter controlled the audio equipment through a custom-made inter-
face. Sine-wave tones were generated by two Hewlett-Packard 3325A
synthesizer/function generators and then attenuated by two Med
Associates attenuators. The tones were turned on and off, as neces-
sary, by two Med Associates rise/fall switches. Stimuli were presented
by means of a Marantz 1070 stereo amplifier and a single Avant 2AX
loudspeaker. The experimenter signaled to the computer via a touch-
sensitive button box when the infant was ready for a trial (i.e., quiet
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and looking directly ahead) and when the infant made a 45° (or
greater) head turn to the loudspeaker. Four mechanical toys for
rewarding correct responses were housed in a four-chamber smoked
Plexiglas box under the loudspeaker and were under computer con-
trol.

Stimuli. The standard, or background, melody consisted of the
tones C4 E4 G4 Fs Dy G3 C4 E4 Dy Cy in C major (261, 329, 391, 349,
293, 195, 261, 329, 293, and 261 Hz), where the subscripts represent
the octave from which a note is drawn (C, is middle C; see Figure 1).
The tones were sine waves, contiguous, and 400 ms in duration, with
10-ms linear rise and decay ramps. This melody is typically Western,
in the sense that all notes belong to one key and the implied harmony
is tonic-to-dominant-to-tonic, a common progression in Western
music. In both change-type conditions, the contrasting. or change,
melody differed from the standard melody only in the middle (sixth)
note (see Figure 1). In the diatonic condition, the G; of the standard
melody (in C major) was changed to B; (246 Hz). This is a large
change in pitch distance (four semitones) but a small change musi-
cally: The B remains within the key of the melody and also within
the implied dominant harmony at that point. In the nondiatonic
condition, the G; (in C major) was changed to Ab; (207 Hz). This is
a much smaller change in pitch distance (one semitone) but a larger
change musically: Ab goes outside the key of C major.

Infants in each condition were trained with either diatonic or
nondiatonic changes. The contrasting, or change, melody in training
also differed from the standard melody only in the sixth note, but the
change was larger (in pitch distance) than in the test phase. In the
case of nondiatonic training, the change note went outside the key of
the melody. In the first three training trials, G; (in C major) was
changed to C#; (139 Hz), and in all subsequent training trials, it was

Standard Melody

o)

[ £4nY

AN

0 & I =
C E G F D G C E D C
6 4 7 5 2 1 0 4 2 0

Within-Key Change

o}
)’ 4 |
y .6 ! | |
© — =
e & s o
B
11
Out-of-Key Change
)
" 4
7 .8
| £
ANAY4 o > -
v ho
A
8
Figure 1. Standard and change melodies in C major. (Note that the

diatonic change involves a four-semitone change to the sixth note,
whereas the nondiatonic change involves a one-semitone change.)

changed to Ebs (156 Hz). In the case of diatonic training, the changed
note stayed within the key of the melody. In the first three training
trials, G; was changed to C; (132 Hz), and in all subsequent training
trials, to D5 (147 Hz). Note that the change in pitch distance was
greater for diatonic than for nondiatonic training.

The melodies were transposed to three unrelated keys, C major, E
major, and Ab major, and were presented in a quasi-random sequence
such that no two consecutive melodies were in the same key. Thus,
listeners were forced to use relative pitch information because abso-
lute pitch information was not informative. The intermelody interval
was 800 ms. The average intensity level was 75 dB (A), and the
ambient noise level was 27 dB (A), or 42 dB (C), measured at the
approximate location of the infant’s head.

Procedure. A go/no-go conditioned head-turn procedure was
used with the infants (see Trehub et al., 1987). The standard melody
repeated continuously in transposition (i.e., different starting pitches)
from the moment an infant entered the test environment until the
infant completed all test trials. The infant’s task was to detect any
relative pitch (i.e., interval) change in the repeating melody. The
experimenter signaled to the computer (via the button box) whenever
the infant was quiet and facing directly ahead (i.e., ready for a trial)
and also whenever the infant turned 45° or more to the left (toward
the speaker). There were two types of trials. Change trials consisted
of one presentation of the contrasting, or change, melody in place of
the standard melody. Control, or no-change, trials consisted of con-
tinued presentation of the standard, or background, melody. A vari-
able number of repetitions of the standard melody separated trials,
the minimum being two. Each presentation differed from the preced-
ing presentation in terms of key (i.., starting note) so that the
detection of changes had to be based on relative rather than absolute
pitch information. There were 12 control and 12 change trials pre-
sented in random order over the course of the test phase. Reinforce-
ment in the form of 4 s of illumination and activation of an animated
toy was provided if infants turned on change trials during the response
interval that began with the onset of the sixth note of the contrasting
melody and ended 3 s later before the onset of the next (i.e., standard)
melody. (In comparable test contexts, a response interval of 4-6 s is
typical for infant subjects.) The computer recorded head turns during
this 3-s response interval on both control and change trials. The
experimenter and parent listened to masking music through head-
phones and were therefore unaware of the type of trial being presented
to the infant.

The test phase was preceded by a training phase that was limited
to change trials only. Its purpose was to familiarize infants with the
procedure—specifically, that head turns to a sound change led to
reinforcement. Trials were not signaled in any way (except for the
note change on change trials) so that control trials in the test phase
were essentially indistinguishable from the background repetitions.
During the training phase, failure to respond to a sound change led
to the presentation of the next change melody at a level 5 dB greater
than the background melody. Correct responding resulted in a 5-dB
decrease in the intensity of the next change melody until the back-
ground and change melodies were presented at equivalent intensities.
Infants were required to make four correct responses in a row with
background and change melodies at equivalent intensities before
proceeding to the test phase. Testing was terminated for infants who
failed to meet this training criterion within 20 trials.

Results and Discussion

For each condition, the proportions of head turns on change
trials (hits) and on control, or no-change, trials (false alarms)
were transformed to @’ scores for each subject according to
yes/no tables of signal detection theory (Green & Swets, 1966).
This transformation eliminates response bias and ensures that
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the distnibution of scores meets the assumptions of parametric
tests (see Thorpe et al., 1988). Proportions of 0 or 1 can be
problematic because they translate into infinite d’ scores. The
occurrence of infinite ¢’ scores in the current context was
presumed to reflect sampling error resulting from limited
numbers of trials (12 in this case) rather than statistically
infinite &’ values (see Macmillan & Kaplan, 1985). To circum-
vent the problem of infinite d’ scores, proportions were
calculated by adding 'z to the number of turns (out of 12)
and dividing by the number of trials plus 1 (i.e., 13). This
adjustment has little effect on 4’ values and maintains the
original ranking of scores (see Thorpe et al., 1988). The
maximum 4’ achievable under these conditions was 3.5.

An analysis of variance (ANOVA) with change type (dia-
tonic vs. nondiatonic) and training type (diatonic vs. nondia-
tonic) as factors revealed no significant main effects and no
significant interaction. Furthermore, infants performed above
chance levels in both the diatonic-change condition, #(23) =
5.60, p < .001 (mean d’ = 0.56, SD = 0.49), and the
nondiatonic-change condition, #(23) = 4.69, p < .001 (mean
d’ =0.46, SD = 0.48), and performance did not differ between
these conditions, #(46) = 0.71 (see Figure 2, Panel a). Thus,
infants did not find the nondiatonic changes easier to detect
than the diatonic changes, the trend being in the opposite
direction. In addition, type of training had no effect on
performance. In the subsequent experiment, we posed the
same questions with adults.

Experiment 2

Method

Subjects. There were 28 adults between 18 and 32 years of age
(25 women, 3 men) who completed both change-type conditions.
Half received diatonic training, and half, nondiatonic training. An
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Figure 2.

additional 4 adults were eliminated for failing to pass training. None
of the adults was a professional musician, although some had musical
training (16 had 0-4 years of music lessons, 7 had 5-10 years, and 5
had over 10 years).

Apparatus, stimuli, and procedure. The apparatus and stimuli
were the same as in Experiment 1. Adults were tested individually in
essentially the same procedure as the infants, with as few verbal
instructions as possible. As with infants, the standard melody repeated
in transposition for the entire test session. In the case of change trials,
the comparison melody was substituted for one presentation of the
standard melody, after which the standard melody continued. Adults
were simply asked to raise a hand (rather than turn) whenever they
heard a change in the background melody. Questions were deferred
until after the training phase, by which time all adults who met the
training criterion understood the task. They were seated facing the
experimenter, who listened to music over headphones. Correct re-
sponses were rewarded with the animated toys. The procedure differed
from that used with the infants, however, in that adults were tested
in both change-type conditions. Half of the adults received the
diatonic condition first, and half, the nondiatonic condition first.
Within each change-type condition, half of the adults received dia-
tonic training, and half, nondiatonic training.

Results and Discussion

An ANOVA on the adult d’ scores, with change-type
condition (diatonic vs. nondiatonic) as a within-subjects factor
and order of conditions (diatonic first vs. nondiatonic first)
and training type (diatonic vs. nondiatonic) as between-sub-
Jects factors, revealed a significant main effect of change type,
(1, 24) = 60.92, p < .0001, with nondiatonic changes easier
to detect than diatonic changes. Of the 28 adults who com-
pleted testing, 13 achieved a perfect score for the nondiatonic
change, whereas only 4 did so for the diatonic change. In
addition, there were significant interactions between order
and training type, F(1, 24) = 7.18, p < .02, and between order
and change type, F(1, 24) = 17.63, p < .003.

(b) adults

—&— diatonic training
—*— non-diatonic training
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Infant and adult &’ scores on the diatonic and nondiatonic

change conditions across type of training.
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To further investigate these interactions, we performed
separate ANOVAS for each training type. The ANOVA for
nondiatonic training revealed a significant main effect of
change type, F(1, 12) = 34.17, p < .0001, with nondiatonic
changes (mean d’ = 2.48, SD = 1.10) easier to detect than
diatonic changes (mean d’ = 0.99, SD = 1.54) (see Figure 2,
Panel b). In addition, there was a significant order effect, F{(1,
12) = 10.57, p < .01, with better performance when nondia-
tonic changes were heard first, and a significant interaction
between change type and order, F(1, 12) = 13.96, p < .003
(see Table 1). Detection of the nondiatonic change was con-
sistently high. By contrast, detection of the diatonic change
was at chance levels when this condition was presented first,
1(6) = —1.00, but well above chance when presented second,
#6) = 5.53, p < .005. With nondiatonic training, then, adults
could perform the diatonic discrimination only after some
familiarity with the background melody. However, the AN-
OVA for diatonic training revealed a significant effect only of
change type, F(1, 12) = 27.17, p < .0002, with nondiatonic
changes (mean d’ = 2.71, SD = 1.07) easier to detect than
diatonic changes (mean d’ = 1.72, SD = 1.17; see Figure 2,
Panel b and Table 1).

Taken together, these results highlight adults’ superior de-
tection of nondiatonic changes (i.e., those that violate diatonic
structure) over diatonic changes. They indicate, moreover,
that detection of the diatonic test changes was enhanced more
by training on the difficult-to-detect diatonic changes than by
training on the easier nondiatonic changes, /(12) = 4.75, p <
.0005. It is also of interest that 3 of the 4 adults who failed to
pass training received diatonic training, even though the pitch
changes were greater for diatonic than for nondiatonic train-
ing. This implies that diatonic training was indeed more
difficuit. On the other hand, type of training had no effect on
adults’ subsequent detection of nondiatonic test changes, 1(12)
= (.70. This implies that good performance in the diatonic-
change condition required extended exposure to the standard
pattern (e.g., as in two test sessions) or training on a more
difficult task (e.g., the diatonic change), whereas good per-
formance in the nondiatonic-change condition required nei-
ther.

Table 1
Adult d’ Scores

Type of change

Order Diatonic Nondiatonic

Nondiatonic training
Diatonic first

M —0.25 2.19

SD 0.67 1.10
Nondiatonic first

M 2.23 2.76

SD 1.07 1.10

Diatonic training
Diatonic first

M 1.75 3.13

SD 0.89 0.49
Nondiatonic first

M 1.68 2.30

SD 1.47 1.36

Although no participant was an active amateur or profes-
sional musician, the participants did differ in musical training.
Simple regressions revealed no significant relations between
musical training (i.e., number of years of music lessons) and
relative performance (difference between diatonic and non-
diatonic conditions) in either the nondiatonic-training con-
dition or the diatonic-training condition. Thus, formal musi-
cal training was unnecessary for superior detection of nondia-
tonic over diatonic changes.

On the basis of relative motivation and attention, one would
expect adults to perform better than infants on almost any
experimental task. In fact, this was the case overall. However,
infants actually performed better than adults in one condition.
Recall that infants were tested in only one change-type con-
dition, whereas adults were tested in both. Because adult
performance improved in some conditions between the first
and second test session, it is appropriate to restrict adult-
infant comparisons to data obtained from the first test session
(the only session for infants). Comparisons of performance
on the detection of diatonic changes in the context of nondia-
tonic training revealed significant differences favoring infants,
K19) = 2.78, p < .01, differences that are highly suggestive of
differential processing. In short, adults more readily detected
a melodic change that violated diatonic structure than one
that did not, but infants’ performance was unrelated to tonal
structure.

General Discussion

Adults easily detected the change that violated Western
musical structure (i.e., nondiatonic) but had difficulty with
the change that preserved such structure (i.e., diatonic). In-
fants, on the other hand, detected both changes equally well.
Moreover, only aduits were affected by the type of training
(diatonic vs. nondiatonic). Specifically, adult detection of the
diatonic change was better when preceded by diatonic training
than by nondiatonic training. By contrast, their detection of
nondiatonic changes was consistently good and unrelated to
the nature of training. At issue here is not whether adults are
capable of acquiring the diatonic discrimination. It is likely
that sufficient exposure to the standard melody or practice on
change trials would lead to excellent performance. The central
issue, rather, is one of response proclivities as opposed to
sensory capabilities (Espinoza-Varas & Watson, 1989, pp. 85-
88). Adults simply found the diatonic discrimination more
difficult than the nondiatonic.

Adults’ difficulty with the diatonic discrimination is espe-
cially noteworthy in the context of a task designed for infants.
In the typical melody discrimination task (e.g., Bartlett &
Dowling, 1980), adults are presented with one instance of a
standard melody and one instance of a comparison melody
(in transposition) and they are required to judge whether the
second is an exact transposition of the first (i.e., the same
melody). On subsequent trials, different exemplars are used
as standard and comparison melodies to prevent adults from
becoming familiar with the standard melody (i.e., learning
the pattern of intervals). In the present study, however, adults
heard many repetitions of the standard melody during the
training phase and dozens more by the end of the first test
session. Indeed, variants of this procedure, with its numerous
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repetitions of the standard pattern and interspersed compari-
sons, have made it possible for adults to perform within-
category phoneme discriminations that are difficult or impos-
sible with conventional psychophysical procedures (e.g., Car-
ney, Widin, & Viemeister, 1977). In this context, infants’
superiority over adults in detecting the diatonic change (with
nondiatonic training) provides compelling evidence of me-
lodic processing differences in infancy and adulthood.

It is likely that adults’ perception of melodies is influenced
by schemata, or perceptual-cognitive structures, specific to
Western tonal structure. Such schemata would increase the
difficulty of detecting changes that are consistent with diatonic
conventions and the implied harmony of the melody. Without
hearing the melodies of the study, it is difficult to appreciate
the distinct perceptual effects arising from the diatonic and
nondiatonic changes. Adult nonparticipants, who were simply
presented with one or two examples of each type of change
(with the locus of change identified by the experimenter),
confidently asserted (wrongly, of course) that the diatonic
change was substantially smaller (in pitch distance) than the
nondiatonic. Infants, on the other hand, were seemingly
unaffected by the conformance or nonconformance of the
change to Western diatonic conventions. In previous research,
infants have more readily detected a change to some melodies
than to others (Cohen et al., 1987; Trehub et al., 1990). Of
interest is the fact that the melodies associated with enhanced
infant processing conformed to ideals of Western diatonic
structure, raising the possibility that Western musical struc-
ture could be acquired with limited musical exposure. An
alternative explanation is that the prototypically Western
melodies in these studies embodied features that made them
intrinsically easy to process independent of their “Western-
ness.” One potentially relevant feature is the simple frequency
ratios of important intervals, a feature that characterized
melodies associated with better infant performance but not
those associated with discrimination failures. According to
this explanation, the simple frequency ratios or some other
feature of the good melodies enhanced encoding. The bad
melodies in these studies were similar in contour and fre-
quency range but did not possess the critical good features
and were not well encoded.

The results of the present study confirm earlier findings but
also extend such findings by adding credence to the notion
that some melodies are intrinsically good. The confirmation
comes from infants’ ability to detect interval changes in the
context of a good, or well-structured, melody that was consid-
erably more complex than the five-tone good melodies in
previous studies. If infants’ ability to detect such changes was
dependent on musical exposure, then such exposure should
have led to superior detection of the change that violated
Western musical structure over the one that conserved such
structure. The finding of equivalent performance on both
types of changes suggests that the nondiatonic change is not
intrinsically more discrepant than the diatonic but becomes
so on the basis of exposure to Western music (as with adults).
If exposure 1s not relevant to infants’ performance in the
present investigation, it is unlikely to be relevant to infants’
enhanced processing of well-structured melodies in previous
studies.

Although young infants are sensitive to a number of features
common to speech and music, some schemata, or perceptual-
cognitive structures, specific to the language (e.g., Werker &
Lalonde, 1988) or musical system of their culture do not
emerge until later. This raises questions about the importance
of musical processing in early life and the possible relations
between music and language development. In some ways,
infants’ and adults’ processing of auditory patterns is remark-
ably similar. For example, infants’ sensitivity to relational
(i.e., contour) information as opposed to absolute pitch infor-
mation is similar to adult processing strategies and very
different from the pitch processing strategies of various non-
human species such as songbirds (Hulse, Page, & Braaten,
1990) and monkeys (D’Amato, 1988), which depend on ab-
solute as opposed to relational cues. Fernald (1989, in press)
has suggested that the pitch contours of adult speech to infants
represent the infant’s earliest associations between sound pat-
terns and meaning, with similar contours evident across dis-
parate languages (Fernald et al., 1989; Grieser & Kuhl, 1988).
Moreover, distinctive contours are seen in specific caregiving
situations—for example, falling contours to soothe infants
and rising, or bell-shaped, contours to capture their attention
(Papousek & Papousek, 1981; Stern, Spieker, & MacKain,
1982).

Perhaps music and speech are intimately connected in early
life, with common perceptual processing mechanisms for
musical features. In light of the clearly demonstrated salience
of pitch contour in infant-directed speech, Fernald (1989)
posed an intriguing question: “Is the melody the message?”
In considering this question, it is important to note that pitch
contour alone does not constitute melody. Rather, melodies
exist within the more complex structure of unique musical
systems that define a small number of pitch categories, their
relative importance, and the syntactic and semantic relations
among them. Theoretically, music and language could inter-
act developmentally in several ways. From the beginning,
they might be independent systems, such that once the input
is identified as speech or music, processing would continue
within the appropriate system. Alternatively, a single system
for processing musical features might be operative until spe-
cialized music and speech processors emerge during the 1st
year of life or beyond. Further research on the development
of culture-specific schemata for speech and music should
enhance our understanding of auditory pattern processing
and 1its development.
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