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A study of perceptual development
for musical tuning
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Musical tuning perception in infancy and adulthood was explored in three experiments. In Ex
periment 1, Western adults were tested in detection of randomly located mistunings in a melody
based on musical interval patterns from native and nonnative musical scales. Subjects performed
better in a Western major scale context than in either a Western augmented or a Javanese pelog
scale context. Because the major scale is used frequently in Western music and, therefore, is more
perceptually familiar than either the augmented scale or the pelog scale are, the adults' pattern
of performance is suggestive of musical acculturation. Experiments 2 and 3 were designed to ex
plore the onset of culturally specific perceptual reorganization for music in the age period that
has been found to be important in linguistically specific perceptual reorganization for speech.
In Experiment 2, 1-year-oIds had a pattern of performance similar to that of the adults, but 6
month-olds could not detect mistunings reliably better than chance. In Experiment 3, another
group of 6-month-olds was tested, and a larger degree of mistuning was used 80 that floor effects
might be avoided. These 6-month-olds performed better in the major and augmented scale con
texts than in the pelog context, without a reliable performance difference between the major and
augmented contexts. Comparison of the results obtained with 6-month-olds and 1-year-olds sug
gests that culturally specific perceptual reorganization for musical tuning begins to affect per
ception between these ages, but the 6-month-olds' pattern of results considered alone is not as
clear. The 6-month-olds' better performance on the major and augmented interval patterns than
on the pelog interval pattern is potentially attributable to either the 6-month-olds' lesser percep
tual acculturation than that ofthe 1-year-oIds or perhaps to an innate predisposition for process
ing of music based on a single fundamental interval, in this case the semitone.

Development of cultural specificity in perception has
received considerable attention in speech perception re
search, but comparatively little is known about the de
velopment of culturally specific knowledge for music. A
number of studies have demonstrated that better discrim
ination of native than of nonnative speech contrasts gener
ally occurs by at most 1 year of age (e.g., Kuhl, Wil
liams, Lacerde, Stevens, & Lindblom, 1992; Werker,
Gilbert, Humphrey, & Tees, 1981; Werker & Tees,
1984). In studies of early linguistic experience, adult dis
crimination of native and nonnative speech contrasts has
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been used as a comparison model for the interpretation
of infant data. Adult perceivers are generally better dis
criminators of native than of nonnative speech contrasts,
presumably because of linguistic experience. When sim
ilar patterns of performance have been found for infants,
analogous interpretations have been offered, and dissimi
lar performance in infants and adults has generally been
interpreted as due to infants' lack of perceptual experience.

Lynch, Eilers, Oller, and Urbano (1990) compared
adults and infants in a study of musical tuning percep
tion. The term musical tuning refers to the acoustic fre
quency relations (intervals) among pitch classes. Musi
cal intervals are formalized cross culturally in scales (see
Hulse & Page, 1988; Nettl, 1956). A scale typically con
sists of 5-7 notes within an octave (Dowling & Harwood,
1986). Although scales are used throughout the world,
there is cross-cultural variety in their tuning (Malm,
1977).

For example, the scales of Western music are based
on the semitone (semitone = frequency ratio of 21m or
1.0595). Thus, all Western musical intervals are either
semitones or semitone multiples. In contrast, Javanese
scales are based on intervals that are not referenced to
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a single frequency ratio or to any mathematical rules.
These scales comprise tunings that appear to have been
generally agreed upon by the community of musicians in
the various geographical regions within the country and
are maintained in groups, or game/an, of similarly tuned
instruments (Kunst, 1973). Kunst has documented the tun
ing of many of the Javanese gamelan.

Because the Western major scale is pervasive in
Western music, and because Javanese scales are rarely
heard outside of Java, testing Western infants' and adults'
abilities to detect mistunings in interval patterns from
Western and Javanese scales provides a means of inves
tigating musical acculturation. Following the logic of re
search on the study of linguistic specificity in infants, if
subjects are better detectors of alterations in Western as
opposed to Javanese interval patterns, it could be inferred
that acculturation has occurred (e.g., Dowling, 1978).

Lynch et al. (1990) found that adult performance dif
fered across native and nonnative musical interval con
texts but that infant performance did not. Western adults
and 6-month-olds were tested in the detection of mistun
ings in Western major, Western minor, and Javanese pe
log interval patterns. The mistunings were increases in
the frequency of the fifth note of a melody. The adults'
performance was reliably better than chance in all three
interval contexts, and it was reliably better in the Western
contexts than in the Javanese context. The infants' per
formance, although reliably better than chance in all three
interval contexts, was not reliably different across con
texts, suggesting that musical acculturation had not in
fluenced performance. Therefore, it appeared that the
adults had developed, but that the 6-month-olds had not
yet developed, sufficient cognitive schemata (Krumhansl,
1990; Shepard & Jordan, 1984) for musical intervals to
affect mistuning perception. Developmentally, the first
evidence of musical acculturation as reflected by mistun
ing perceptionmay, therefore, be evidentbetween6 months
and adulthood.

Although many studies have suggested that accultura
tion plays a role in musical processing (see Castellano,
Bharucha, & Krumhansl, 1984; Dowling & Harwood,
1986; Kessler, Hansen, & Shepard, 1984; Krumhansl,
1990), the onset of cultural specificity for music percep
tion has been sparsely documented (see, e.g., Cohen,
Thorpe, & Trehub, 1987; Krumhansl & Keil, 1982; Tre
hub, Cohen, Thorpe, & Morrongiello, 1986). In partic
ular, Lynch et al.'s (1990) study did not address an im
portant stimulus issue; the use of the interval patterns from
major, minor, and pelog scales did not necessarily allow
for clear acculturation interpretations. Because the inter
vallic structures of both the major and the minor scales
are based on patterns of intervals (semitones and whole
tones; whole tone = 2 semitones) that are referenced to
the semitone (major: whole tone, whole tone, semitone,
whole tone, whole tone, whole tone, semitone; minor:
whole tone, semitone, whole tone, whole tone, whole
tone, semitone, whole tone), their interval structures are

less complex than that of the pelog scale. Therefore, bet
ter adult performance on both the major and the minor
scales than on the pelog scale might have been predicted
independently of listening experience because of the sim
pler interval structures of the Western scale contexts (see
Balzano, 1980, 1982, 1986a, 1986b, 1987, for detailed
treatment of potential advantages of musical systems based
on a fundamental interval).

Lynch, Eilers, Oller, Urbano, and Wilson (1991) at
tempted to address this issue by replacing the minor scale
with the Western augmented scale in testing adult sub
jects. Although the dependent variable in this study was
the just noticeable difference (JND) for mistuning, rather
than the accuracy ofmistuning detection, the overall pat
tern of findings is relevant here. The augmented scale is
similar to the major scale because it is based on the semi
tone and semitone multiples. The augmented scale, how
ever, is a symmetrical, and therefore predictable, arrange
ment of intervals, because it is made up of alternating
semitones and minor thirds (3 semitones), potentially
facilitating its processing in comparison with processing
of the major scale. If the complexity of interval patterns
is a dominant influence on processing, performance on
an augmented interval pattern should have ranked highest
because it is based on the semitone and comprises a pre
dictable sequence of intervals. Performance on a major
interval pattern should have been second best because,
although it is based on the semitone, its pattern of inter
vals is not as predictable as that of the augmented scale.
Performance on a pelog interval pattern should have been
worst because it is not based on the semitone and it does
not comprise a predictable interval sequence. This pre
dicted order was not obtained, however. Performance was
best on a major interval pattern, as reflected by a reli
ably lower JND for mistuning in this pattern than in either
an augmented or a pelog interval pattern. The subjects'
JNDs for the augmented and pelog interval patterns were
statistically equivalent. These results suggest an accultur
ation effect because of the substantially more prevalent
use of the major scale than of the augmented scale in
Western music.

The present study was designed to improve on the stim
uli, experimental design, and analyses of the Lynch et al.
(1990) study, partly through use of the augmented scale
as in Lynch et al. (1991). The stimuli were further im
proved by randomly changing the location ofthe mistun
ing within the melody across trials. In the Lynch et al.
(1990) study, the mistunings always occurred on the fifth
note of the stimulus melody. Therefore, subjects could
have ignored the surrounding musical context in their de
tection of mistunings. In the present study, the mistuned
note was randomly selected across trials, making its serial
location unpredictable and requiring the subjects to attend
to the entire melody.

The other design improvements were made in subject
selection and adult testing. Subject selection was improved
by including l-year-olds. This age group, in addition to
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6-month-olds and adults, was selected on the basis of the
possibility that the time course of perceptualleaming for
music might parallel that for speech: a number of find
ings have suggested that perceptual reorganization for
speech occurs by the end of the Ist year of life (e.g., Wer
ker et al., 1981). Adult testing was improved by adding
nonauditory distraction to the music perception task that
would control for ceiling effects. This measure was taken
because testing of infants and adults on equivalent stim
uli is desirable but often results in a task that is very easy
for adults.

EXPERIMENT 1

Method
Subjects. Thirty Western adults participated, and they were ran

domly assigned to three groups of 10 subjects each. All subjects
were at least 19 years old (M = 30.3 years; SD = 6.5 years; 15
females, 15 males) and had little or no formal training in music.
The subjects reported that they were experiencing no difficulties
with their hearing and that to their recollection they had no listen
ing experience of non-Western music.

Stimuli. The stimulus melody was based on interval patterns from
the Western major, Western augmented, and Javanese pelog musi
cal scales. The major scale is the basis for much of Western music,
so it is often heard in Western culture. The augmented scale is also
from Western music, but it is seldom heard. It is primarily used
by jazz musicians in improvisation (e.g., the music of Herbie Han
cock and Wayne Shorter). The pelog scale is rarely heard outside
of Java. The frequencies of the melody notes for each scale con
text are shown in Table 1.

The intervals of both the major and augmented scales are derived
from the semitone (ST = 1.0595 frequency ratio). The major scale
comprises STs and whole tones (WT = 2 semitones) in an asym-

metrical arrangement: WT, WT, ST, WT, WT, WT, ST. In con
trast with the major scale, the augmented scale comprises a sym
metrical arrangement of alternating minor thirds (rn3 = 3 semitones)
and semitones: rn3, ST, rn3, ST, rn3, ST (see Campbell, 1988, for
a comprehensive description of the augmented scale and its uses).
Therefore, although they are both based on the ST and ST multi
ples, the interval patterns of the major and augmented scales are
different.

The intervals of the pelog scale (Kunst, 1973, p. 573) are differ
ent from those of both the major and the augmented scales; most
importantly, perhaps, they are not derived from a single frequency
ratio. The first 5 notes of each scale were used in the test melody
(Notes 1,2,3,4,5,3, I), creating a melodic pattern with consis
tent frequency ranges, the same up-down melodic contour, and the
same timing characteristics across the major, augmented, and pe
log interval contexts. Thus, the only systematic differences among
the major, augmented, and pelog testing conditions were the fre
quency interval patterns.

In the stimulus melody, individual tones were 300 msec long,
with 20 msec each of linear attack and decay. The onsets of Notes
1-5 occurred at 500-msec intervals, and the onsets of Notes 5-7
occurred at l-sec intervals, providing the melody with a rhythmic
quality within an overall duration of 4.3 sec. Each note was a sum
mation of two sine waves, the fundamental frequency (FO)and the
second harmonic (H2) an octave above (frequency ratio of 2: I).
An mM PS/2 microcomputer generated digital representations of
FO and H2 (amplitude ratio of 7:3) that were summed and then
processed by digital-analog conversion. The amplifier was set to
output each tone at 75 dB SPL in the soundfield, and the ambient
noise level in the testing chamber was approximately IS dB (A
Scale, Bruel & Kjaer sound level meter, Type 2203).

Apparatus. The experimental sessions were conducted in a
double-walled, sound-attenuated booth containing a high-fidelity
loudspeaker (Pioneer HPM 100) and a computer-monitored response
panel. The experimenter used this panel to initiate trials and to record
the subjects' responses. Additional control mechanisms, including

Table 1
Frequency Values of Melody Notes (Ratios and Intervals relate to the First Note)

Frequency Frequency Interval Note
Note (cps) Ratio (cents) Name

Major

I 293.7 OOסס.1 0 D4
2 329.6 1.1225 200 E4
3 370.0 1.2598 400 F#4
4 392.0 1.3349 500 G4
5 440.0 1.4981 700 A4
6 370.0 1.2598 400 F#4
7 293.7 r.oooo 0 D4

Augmented

I 293.7 i.oooo 0 D4
2 349.2 1.189O 300 F4
3 370.0 1.2598 400 F#4
4 440.0 1.4981 700 A4
5 466.2 1.5873 800 A#4
6 370.0 1.2598 400 F#4
7 293.7 i.oooo 0 D4

Pelog

I 293.7 i.oooo 0 bem
2 311.7 1.0613 103 gulu
3 341.2 1.1617 259 dada
4 390.7 1.3303 494 pelog
5 436.2 1.4852 685 lima
6 341.2 1.1617 259 dada
7 293.7 t.oooo 0 bem
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an ffiM AT personal computer and an amplification system (Ac
cuphase E202), were in an anteroom. Feedback was provided to
the subjects by four animated toys in four separate compartments
concealed in a smoked Plexiglas box. The computer randomly ac
tivated one of the four toys and illuminated one compartment for
2.5 sec or until the end of the stimulus, whichever was later. Video
taped silent cartoons were shown on a Sony color television (14-in.
screen).

Procedure. An adaptation for adults of the operant head-tum pro
cedure (OHTP; Eilers & Gavin, 1981; Eilers, Wilson, & Moore,
1977) was used to test perception of mistunings in the major, aug
mented, and pelog interval patterns. This procedure was the same
as that used with adults in Lynch et al. (1990), and it was designed
to be as similar as possible to that used in testing of infants in Ex
periments 2 and 3. The differences between the adult and infant
procedures were that adults indicated responses with a hand-raise
(infant responses are head-turns), and some of the adults were tested
in conditions of nonauditory distraction, which were incorporated
as controls for ceiling effects. Testing consisted of three sessions,
in each of which one of the interval patterns was the basis of the
melody.

In test sessions, the well-tuned version (Sb) of one of the inter
val patterns was played repeatedly through a loudspeaker. Sb was
presented continuouslyexcept when the frequency of one of its notes
was changed, resulting in presentation of a mistuned version (Sd)
of the melody. Sessions began with a shaping phase in which Sd
was accompanied by 12-, 8-, and 4-dB intensity changes from Sb.
Two trials were presented at each intensity level, and subjects
responded correctly to these trials with 99 % accuracy overall. This
level of performance was consistent across the three testing contexts.

Shaping was followed by 30 equal-intensity trials. One half were
change trials in which the frequency of a randomly selected melody
note (excluding the first note) was increased by 2.8 %, and the re
maining were no-change trials. No-change trials are crucial in ad
ministration of the OHTP, because data obtained in them allow for
assessment of the degree to which responding was under stimulus
control. Change and no-change trials were randomly intermingled
within each session. The experimenter initiated trials by pressing
a button on a concealed panel. Ifa subject responded during a trial
interval (2 repetitions of either Sb during no-change trials or of Sd
during change trials) by raising a hand, the experimenter pressed
a button to record the response. Only responses during change trials
were followed by visual feedback in the form of activation of one
of the mechanical toys. Hand-raises during no-change trials were
recorded in order to document responding that was not under stim
ulus control.

All three of the test sessions conducted with each adult were com
pleted in one visit of about an hour. The three adult groups dif
fered in the level of nonauditory distraction that they received dur
ing sessions. This distraction was incorporated into the study because
the same stimuli were to be used with infant subjects in Experi
ment 2. Therefore, the 2.8% mistuning was expected to be very
easy for adults to detect (e.g., see Lynch et al., 1990), and distrac
tion was used in an attempt to prevent ceiling effects. A no-cartoons
group received no distraction during sessions. A cartoons group
watched silent, action-based cartoons (e.g., "Bugs Bunny" and
"Road Runner") during sessions, and they were told to pay close
attention to the cartoons because a quiz on the content of the car
toons would be given following the session (a quiz was not actu
ally given). A cartoons +Q group both watched the same silent car
toons as the cartoons group did and referred to a list of questions
about the cartoons, on which they were quizzed following the ses
sion. The cartoons+Q group's quiz was conducted at the conclu
sion of their l-h visit.

The instructions received by all of the adult groups prior to each
session were to "make the toy come on by raising a hand when
you hear the melody change." The subjects were not given any
additional hints or verbal assistance with the task, but they reported

that the shaping phase at the beginning of each session made the
task demands clear.

Precautions were taken to control experimenter bias and poten
tial effects of stimulus order. During training and testing sessions,
the experimenter wore earplugs, as well as headphones through
which masking music was played. Pilot trials demonstrated that the
experimenter thus masked was unable to detect mistunings above
chance; therefore, he was incapable of systematically biasing sub
jects' headturning or handraising responses. Additionally, the order
of testing on the major, augmented, and pelog interval patterns was
counterbalanced across subjects within each group.

Results
Dependent variable. As introduced elsewhere (Thorpe

& Trehub, 1989; Thorpe, Trehub, Morrongiello, & Bull,
1988; Trainor & Trehub, 1992), the OHTP lends itself
to signal detection analysis, because the infants' task is
to detect a "signal" (mistuned version of melodies)
embedded within a surrounding auditory context (repeated
well-tuned version of melodies). As noted by Thorpe et al.
(1988), this go/no-go procedure corresponds to the adult
vigilance (yes/no) task (see Green & Swets, 1966). Yes/no
tables from signal detection theory (Swets, 1964, pp. 659
678) can, therefore, be used to convert hit rates (propor
tion of change trials during which subjects performed a
hand-raise) and false alarm rates (proportion of no-ehange
trials during which subjects performed a hand-raise) into
d' scores. This conversion provides the dual advantages
of minimizing response bias and normalizing score dis
tributions (discussed in Green & Swets, 1966; Massaro,
1975, pp. 119-141). Because the use of d' as an index
of performance in the OHTP is a relatively new develop
ment, the percentage correct scores and corresponding
standard deviations are also reported in the data figures
so that performance in the present task might be compared
with that in other studies done with the same paradigm.

Because subjects occasionally do not commit errors on
change trials (reflected by a hit rate of 1.0) and on no
change trials (reflected by a false alarm rate of 0.0), re
sulting in a statistically infinite d', all proportions were
transformed before determination of d' scores. Because
of the small number of trials conducted in each session,
infinite d' scores in the present study were presumed to
be attributable to sampling error, rather than to the oc
currence of infinite d' values (see Macmillan & Kaplan,
1985). In order to correct for statistically infinite d' scores,
hit and false alarm rates were calculated by adding 0.5
to the number of hand-raises (e.g., changing number of
hand-raises during change trials from 15.0 to 15.5) and
dividing the result by the actual number of change trials

..plus 1 (e.g., changing the denominator from 15 to 16).
This procedure does not change the rank order of scores,
and it allows one to avoid inappropriately infinite d' values
(Trainor & Trehub, 1992).

Subject perfonnance. Analysesof variance (ANOVAs)
were conducted to compare performance across the musi
cal interval patterns and across subject groups, and t tests
(one-tailed) were used to evaluate performance in com
parison with chance (d' = 0). One-tailed t tests were used
because only performance that was reliably greater than
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EXPERIMENT 2

cartoons + Q group was not correlated with performance
on the quiz about the content of the cartoons.

_ ---------.l. ._~_____ J I

No Cartoons Cartoons Cartoons+Q

Adult Groups

FIgure 2. Performance of the three adult IfOUPSIn Experimeat I,
collapsed across muskallnterval patterns. The error ban indicate
the 95% conlldence Interval or each mean. Chance performance In
the operant bead-tum pendIgm Isd' - O.lncIiaded In puadbeIelI
are the percentage correct ICOreS and (;01 i espondiDa staDdard devi
ations. Chance perfOI'lDllllCe In percentile correct Is 50%.

Discussion
The better detection of mistunings in the major context

than in the augmented and pelog contexts suggests that
musical acculturation influenced performance. In addi
tion, processing uncertainty introduced by the nonaudi
tory distraction conditions was useful for the avoidance
of ceiling effects. Cohen, Trehub, and Thorpe (1989)
found similar effects of processing uncertainty when they
altered the structural complexity of melodic sequences.

The acculturation effect in the present experiment repli
cates Lynch et al. (1991), but with the use of a different
dependent variable (discrimination accuracy insteadof just
noticeable difference) (see also Cohen et al., 1989). The
intervals of the major and augmented contexts are based
on the Western semitone and its multiples. In addition,
the interval pattern of the augmented scale is predictable
because it consists of alternating minor 3rds and semi
tones. Although the simpler interval pattern of the aug
mented scale might have led to better performance on it
than on the major scale, the opposite result was found,
suggesting learned cultural specificity of perception. Ex
periment 2 was designed to examine whether the onset
of this cultural specificity, like that of speech, occurs in
infancy.

Method
Subjects. Twenty healthy Western infants participated in this ex

periment. All parents reported that their children had been exposed
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zero was expected. This chance level was used because
it is the score that would result from an equal number of
hits and false alarms, which is the standard chance level
used in studies done with the OHTP (see also Thorpe &
Trehub, 1989; Thorpe et aI., 1988; Trainor & Trehub,
1992).

A 3 (interval pattern) x 3 (group) repeated measures
ANOV A was conducted. Statistically reliable main effects
of interval pattern [F(2,54) = 22.1, P < .0001J and
group [F(2,27) = 11.8,p < .00(1) were found. The in
terval pattern x group interaction was not statistically reli
able [F(4,54) = 1.8, P < .148).

Figure I shows the interval pattern main effect. The
subjects performed reliably better than chance on the
major [1(29) = 11.2, P < .00(5), augmented [1(29) =
7.6, P < .0005], and pelog [1(29) = 5.3, p < .00(5)
interval patterns. Post hoc analysis indicated that perfor
mance on the major interval pattern was reliably better
than performance on the augmented and pelog interval
patterns (Duncan's range statistic, p < .01). Performance
on the augmented interval pattern was not reliably dif
ferent from performance on the pelog interval pattern.

Figure 2 shows the group main effect. Performance was
reliably better thanchance for the no-cartoons [1(9) = 7.1,
P < .0005], cartoons [1(9) = 4.7, P < .005], and
cartoons+Q [1(9) = 5.6, p < .0005] groups. Post hoc
analysis revealed that the no-cartoons group performed
reliably better than the cartoons and cartoons + Q groups
(Duncan's range statistic, p < .01). The performance of
the cartoons group was not reliably different from that
of the cartoons+Q group. Performance within the

Major Augmented Pelog

Musical Interval Patterns
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Figure I. Adult performance In Experiment 1 collapsed Kross
groups on the major, augmented, and pelog Interval patterns. The
etTOI' ban indicatethe 95% ronftcIence Interval of each mean. Chance
performanc:eIn the operant head-tum paradigm Is d' = O.Indicated
in parentheses are the percentage correct scores and corresponding
standard deviations. Cbanc:e performance in percentage correct is
50%.
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Table 2
Training Melody for Infants

Note

1
2
3
4
5
6
7

Frequency Frequency
(cps) Ratio

293.7 1.0000
314.5 1.0710
350.0 1.1920
400.0 1.3620
412.0 1.4060
350.0 1.1920
293.7 1.0000

Interval
(cents)

o
119
304
535
590
304
o

only to Western music. Ten of the infants were 10-13 months old
at the beginning of the study (M = 11 months, 20 days; SD = 46
days; 4 females, 6 males), and 10 of them were 5-7 months old
(M = 6 months, 25 days; SD = 24 days; 5 females, 5 males). Be
cause experimental sessions were conducted on a weekly basis, these
groups were an average of 12 months, 27 days (SD = 49 days)
and 7 months, 27 days (SD = 34 days) old, respectively, by the
end of their participation in the study. Sixteen 5-7-month-olds were
originally recruited to participate. Three of these infants did not
pass training, and 3 of them did not finish the testing phase be
cause they did not appear for their scheduled testing appointments.
Eleven 1O-13-month-olds were originally recruited. Although they
all passed training, I subject did not complete the testing phase be
cause of nonreport for scheduled appointments.

Stimuli. Before testing on the three interval patterns from Ex
periment I, infants were trained in the OHTP with a quasirandomly
determined interval pattern that was unrelated to the major, aug
mented, and pelog interval patterns used in testing. The acoustic
frequencies and frequency relations for this interval pattern are
shown in Table 2. As in Experiment 1, mistunings occurred across
trials in randomly selected melody notes (except the first note).

Apparatus. The apparatus from Experiment I was also used in
this experiment.

Training procedure. The OHTP was successively used in the
training and testing phases. The training phase consisted of a max
imum of three sessions in which infants learned to detect 5.0% mis
tunings in the random interval pattern before testing on the major,
augmented, andpelog patterns. This amount of mistuning was larger
than that used in the testing sessions, because previous studies (e.g.,
Lynch et aI., 1990) suggested that it would easily be detectable by
the infants.

In training sessions, the well-tuned random pattern (Sb) was played
repeatedly through a loudspeaker. Sb was presented continuously,
except when the frequency of one of its notes was changed (Sd),
Training sessions began with a shaping phase, in which Sd was ac
companied by 12-, 8-, and 4-dB intensity changes from Sb. Dur
ing presentation of Sb, the experimenter, who was sitting across
a table from the infant, engaged the infant with quiet, hand-held
toys. The infants sat in a parent's lap during sessions. If a subject
did not perform a head-tum toward the loudspeaker in response
to the 12-dB change after two consecutive presentations, the visual
reinforcer, which was located on top of the speaker, was activated
toward the end of Sd. Infants required at the most two initiations
of responses with activation of an electronic toy to establish a con
nection between the change to Sd andthe appropriate response. Four
trials were presented at each intensity level. Shaping was followed
by equal-intensity trials. One half of these trials were change trials
in which the frequency of a randomly selected melody note was
increased by 5.0%, and the remaining trials were no-change trials.

The experimenter initiated the trials by pressing a button on a
concealed panel. If an infant responded during a trial interval, the
experimenter pressed a button to record the response. Only responses
during change trials were followed by activation of a visual rein
forcer. Correct responses (head-tum during a change trial, no head-

tum during a no-change trial) to 9/10 contiguous trials were re
quired for the infants to pass training and proceed to the testing
phase of the study.

Testing procedure. The test sessions were, in general, conducted
identically to those in Experiment 1. As in Experiment I, shaping
was followed by 30 equal-intensity test trials, half of which were
change trials and half of which were no-change (control) trials. In
contrast with the procedure used with the adults, the infants were
engaged at midline with toys during presentation of Sb. The in
fants responded correctly to shaping trials at the beginning of each
test session, with 98% accuracy overall. This level of performance
was consistent across the three testing contexts. Sessions were con
ducted in weekly visits of approximately 20 min, and only 1 train
ing or testing session was conducted during each visit. The con
trols for experimenter bias and stimulus order effects used in
Experiment 1 were also used in this experiment.

Results
As in Experiment 1, hit and false alarm rates were con

verted to d' scores. These scores were then compared with
chance, using t tests (one-tailed) in the same manner as
in Experiment 1 and entered into ANOVAs. For compar-
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Figure 3. Performance of the l-year-01ds in detection of the 2.8%
mistuning in the major, augmented, and pelog interval patterns in
Experiment 2. The error bars indicate the 95% confidence interval
of each mean. Chance performance in the operant head-turn para
digm is d' = O.Indicated in parentheses are the percentage correct
scores and corresponding standard deviations. Chance performance
in percentage correct is 50%.



PERCEPTUAL DEVELOPMENT FOR MUSICAL TUNING 605

ison with some previous studies, percentage correct scores
and the corresponding standard deviations are indicated
on the data figure along with d' scores.

Because the 6-month-olds did not perform reliably better
than chance on any of the interval patterns (d' scores were,
for major = 0.3, for augmented = 0.11, and for pelog =
0.09; all 1tests resulted inp > .05), Figure 3 shows only
the d' scores of the l-year-olds. The l-year-olds per
formed reliably better than chance on the major interval
pattern [1(9) = 4.85, P < .0005], but their performance
was not reliably better than chance on the augmented
[1(9) = -0.57, p > .25] and pelog [1(9) = 0.72, p >
.2] interval patterns. Overall, it is apparent that d' scores
for infants are lower than those commonly found with
adult subjects. The present d' scores are consistent with
those obtained for infants in previous studies (Thorpe &
Trehub, 1989; Thorpe et al., 1988; Trainor & Trehub,
1992).

A one-way ANOVA indicated that the l-year-olds' per
formance was reliably different across the major, aug
mented, and pelog interval patterns [F(2, 18) = 5.4, p <
.014]. Post hoc analysis revealed that, similarly to the
adults' performance, the infants' performance on the major
interval pattern was reliably better than that on the aug
mented and pelog interval patterns (Duncan's range sta
tistic was p < .05 for the major-augmented comparison
and p < .01 for the major-pelog comparison).

Discussion
The performance of the l-year-olds was similar to that

of the adults: better in the major context than in the aug
mented and pelog contexts. The 6-month-olds, however,
were unable to do the task, possibly because the amount
of mistuning was too small for them to detect in the mu
sical context, although previous studies have shown it to
be detectable by infants of this age in basic frequency dis
crimination tasks (e.g., Olsho, Schoon, Sakai, Turpin,
& Sperduto, 1982). In Experiment 3, a larger degree of
mistuning was used with a different group of 6-month-olds.

EXPERIMENT 3

Method
SUbjects. Thirteen healthy Western infants participated in this

experiment. As in Experiment 2, all parents reported that their chil
dren had only been exposed to Western music. The infants were
5-7 months of age at the beginning of the study (M = 6 months,
15 days; SD = 20 days; 7 females, 6 males). In the final testing
session, these infants were on the average 7 months, 18 days (SD =
23 days) of age. Fifteen infants were originally recruited, but 2 of
them did not pass training.

Stimuli. Thetraining stimuli used in Experiment 2 were also used
in this experiment. The test stimuli were also the same, with the
exception that melody notes were mistuned by 4.5 %, rather than
2.8%.

Apparatus. The equipment from Experiments I and 2 was used
in this experiment.

Procedure. The procedures from Experiment 2 were also used
in this experiment. As in Experiment 2, the infants responded cor
rectly to shaping trials, with 98 % accuracy overall. This level of
performance was consistent across the three testing contexts.
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Figure 4. Pft1'0I1II8IICe or the 6-mootb-oIds In detection or the 4.5~
mistunlng in the major, augmented, and peIog Interval patterns In
Experiment 3. The error bars Indicate the 95~ confidence Interval
or each mean. Chance performance In the operant head-turn para
digm is d' = O. Indicated In parentheses are the percentage correct
scoresand correspoodlng standard deviations. ChanceperfOl1ll8llCe
in percentage correct is 50~.

Results
As in Experiments 1 and 2, hit and false alarm rates

were converted to d' scores, and the corresponding per
centage correct scores (with SDs)are indicated on the data
figure, as well. Performance was compared with chance,
using 1 tests (one-tailed) and entered into ANOVAs.

Figure 4 shows the subjects' d' scores. Performance
was reliably better than chance on the major [1(12) =4.3,
p < .005] and augmented [1(12) = 2.0, p < .05] inter
val patterns, but it was not reliably better than chance on
the pelog interval pattern [1(12) = 0.07, P > .2]. A one
way ANOVA indicated that performance was reliably dif
ferent overall across the major, augmented, and pelog in
terval patterns [F(2,24) = 4.9, P < .016]. Post hoc anal
ysis revealed that performance on both the major and the
augmented interval patterns was reliably better than that
on the pelog interval pattern (Duncan's range statistic p <
.05 for the augmented-pelog comparison, p < .01 for
the major-pelog comparison). Performance on the major
interval pattern, however, was not reliably different from
performance on the augmented interval pattern.

Discussion
In contrast with the adults and l-year-olds, the 6-month

olds in this experiment performed equivalently on major
and augmented interval patterns, with performance on
both of these patterns reliably better than that on the pe
log interval pattern. This pattern of results could have at
least two viable interpretations. One interpretation could
be that because the augmented scale is present in a small
proportion of the native music of the infant subjects, per-
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haps its processing was facilitated in comparison with that
of the pelog scale as a result of listening experience. The
other interpretation could be that because the interval pat
terns in the major and augmented interval patterns are sim
pler than those in the pelog interval pattern because of
their basis on the semitone, their processing is inherently
facilitated in comparison with that of the pelog scale.

There is less ambiguity in the comparison of the results
of this experiment with those of Experiment 2. This com
parison suggests that between 6 months and 1 year of age,
the processing of interval patterns becomes more cultur
ally specific. This finding suggests perceptual reorgani
zation for musical tuning in a developmental period that
parallels linguistically specific perceptual reorganization
for processing of consonantal speech contrasts.

GENERAL DISCUSSION

Overall, this study suggests that perception of musical
tuning develops toward cultural specificity in the 1st year
of life. The l-year-old infants in this study had a pattern
of performance similar to that of the adults: better mis
tuning detection in the major context than in either the
augmented or the pelog context. Six-month-old infants,
however, detected mistunings better in the major and the
augmented contexts than in the pelog context, and their
performance was statistically equivalent in the major and
augmented contexts. The more culturally specific effect
of the l-year-olds than of the 6-month-olds suggests that
the development of culturally specific perceptual reorgani
zation for music occurs in a developmental period simi
lar to that for the perceptual reorganization of native
speech contrasts.

The l-year-olds' better performance in the major con
text than in the augmented context agrees with previous
work (Cohen et al., 1987), in which 7-11-month-olds
were better in detection of semitone changes in transposed
major triads than in transposed augmented triads (triads
include only notes 1,3, and 5 of the corresponding scales
and are centrally important structures in Western musi
cal harmony). The difference between the present study
and that of Cohen et al. is that discrete groups of infants
were tested in the present work. Cohen et al. evaluated
the 7-Ll-month age range as a whole. Because separate
6-month-old and l-year-old groups were tested in the
present work, the current study may have allowed for
greater resolution of the ontogenetic process of tuning per
ception and suggests that significant formation of mental
representation of musical interval patterns takes place be
tween 6 and 12 months of age.

The comparison between performance in the major and
augmented contexts is particularly important because the
structure of both scales was well-represented in the stim
ulus melody in the present study. Therefore, performance
differences between the major and augmented contexts
can be wholly attributed to the interval patterns, without
potential confounding influences of functional significance
of the particular notes chosen for the stimulus melody.
The selection of notes for the pelog interval pattern (Notes

1,2,3,4,5,3, 1) was influenced by the selection offunc
tionally important notes of the major and augmented scales
for the stimulus melodies. Because the subjects tested were
Western and were screened so that their perceptual ex
perience had occurred only with Western music, repre
sentation of the harmony of the Western scale contexts
was given priority in stimulus design over representation
of pelog note function. Therefore, in order to maintain
consistency in melodic contour and frequency ranges
across all three melodic contexts, the pelog interval pat
tern was chosen without regard for its well-formedness
within Javanese music. Future studies will include evalu
ations of the culture-fairness of nonnative musical stim
uli; steps will be taken to ensure that these stimuli are
"good" (Trehub, Thorpe, & Trainor, 1990), as defined
by their particular musical culture. Two studies have sug
gested that well-formedness within Western music affects
fully acculturated (adult) listeners' processing of melo
dies (Cuddy, Cohen, & Mewhort, 1981; Cuddy, Cohen,
& Miller, 1979), providing some empirical support for
the importance of this issue in consideration of fully ac
culturated listeners. Its importance in the consideration
of developing listeners has not been explored.

The present findings with 6-month-olds contrast with
those of Lynch et a1. (1990). The performance of the 6
month-olds in the Lynch et al. study was reliably better
than chance for Western and Javanese interval patterns,
but it was not different across the interval patterns. Tre
hub et al. (1986) obtained a similar result in their study
of lO-month-old infants' perception of major and aug
mented triads. The Lynch et al. study involved a relatively
simple task because the mistuning was always in the same
note, but the procedure in the Trehub et al. study was sim
ilar to that of the present work, because mistunings in that
study were randomly located throughout melodic sequences
across trials. The fmdings of Trehub et al. and of Lynch
et al. suggested that 6- and lO-month-olds have not ac
quired sufficient perceptual knowledge for culturally spe
cific musical interval patterns to influence perception.

In the present study, reliable performance differences
across musical interval patterns were found both for 1
year-olds and for 6-month-olds. The results for the 6
month-olds in the present work may have differed from
those of the Lynch et al. (1990) study because of the in
creased task demand of the randomly located mistuning.
The present results may have differed from those of Tre
hub et al. (1986) for at least two reasons. First, in addi
tion to major and augmented contexts as in the Trehub
et al. study, the present study involved a pelog (nonna
tive) context. Therefore, because the pelog context is fun
damentally different from the major and augmented con
texts in lack of basis on the semitone or any other
fundamental interval, the present study may have tapped
information about infants' processing of interval struc
ture not explored by Trehub et al. A second important
difference between the present work and that of Trehub
et al. is that the present group of l-year-olds was, on the
average, 50 days older than the 9-II-month-olds of the
Trehub et al. study were. As indicated in several areas
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of infant development (see, e.g., Johnson & Morton,
1991), significant changes in infant abilities can occur over
such a time span. The present work may have provided
a better window on musical acculturation in infancy than
the Trehub et al. study did because of its focus on older
and younger babies.

In addition to the Lynch et al. (1990) and Trehub et al.
(1986) studies, Trainor and Trehub (1992) suggested that
infants younger than 1 year had not acquired sufficient
cognitive schemata for musical scales to affect percep
tion. In that study, 8-month-olds and adults were tested
for detection of semitone changes in melodies. One type
of semitone change was to a note that was within the basic
musical key of the melody, and the other type of change
was to a note outside of the key. Adults detected the
outside-key change better than they detected the within
key change. Infants detected both changes equivalently
well. The adults may have been able to more readily de
tect the outside-key change because it violated perceptual
expectations generated from schematic representations of
the functions of notes within musical keys (Krurnhansl,
1990). Eight-month-olds may not have possessed schemas
for note function, thus allowing them to process the semi
tone changes independently of musical key knowledge.
In the present study, 6-month-{)lds may have demonstrated
knowledge of interval patterns and frequency relations that
is acquired before knowledge about how notes function
in accordance with musical grammar (Lerdahl & Jacken
doff, 1983). One aspect of this representation could be
based on the semitone modulus, because that invariant
property of Westem music may be among the first to be
extracted by infants.

The development of culture-dependent interval process
ing between 6 months and 1 year requires further inves
tigation. Because the l-year-olds of Experiment 2 and the
6-month-olds of Experiment 3 were necessarily tested on
different degrees of mistuning, it is not clear, for exam
ple, whether superior major processing at I year is a re
sult of perceptual gain on major scalesor a result of percep
tualloss on augmented and pelog scales (see Aslin& Pisoni,
1980, for review of possible developmentalcourses of audi
tory perception). Testing of more narrowly spaced infant
age groups on the same amount of mistuning would al
low for both comparison of both performance patterns and
absolute performance across the age groups. The current
6-month-olds and I-year-oIds were sufficiently far apart
in age so that comparison of absolute performance could
not be made without confounding of perceptual ability and
the l-year-olds' potentially better management of the task
demands of the OHTP. In addition, although the present
work has suggested some interesting relations between 1
year-oIds' and adults' processing of interval structure,
there exist substantial gaps in our knowledge of develop
ment of musical processing between infancy and adult
hood. More emphasis on the study of toddlers,
preschoolers, and school-aged children could solve many
of the mysteries of the developmental course of music per
ception, speech perception, and their relations with the
ontogeny of other cognitive abilities.
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