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Adults and 6-year-old children were tested on their discrimination of pure-tone sequences as a func-
tion of the simplicity of the frequency ratios between tones in the sequences. Listeners were required
to detect either changes from intervals (combinations of 2 tones) with simple frequency ratios to
those with more complex ratios or changes from intervals with complex frequency ratios to those
with simpler ratios. In Experiment 1, adults performed better on changes from simple ratios (2:1,
3:2, or 4:3) to more complex ratios (15:8, 32:15, or 45:32) than on the reverse changes. In Experi-
ment 2, 6-year-olds who had never taken music lessons exhibited a similar pattern of performance.
The observed asymmetries in performance imply that intervals with simple frequency ratios are
naturally more coherent than are those with more complex ratios.

The diversity of musical styles across cultures and even within
a culture implies that knowledge of particular styles of music is
largely acquired through exposure. Indeed, music from foreign
(non-Western) cultures often sounds strange and sometimes
unpleasant to listeners who have only been exposed to Western
musical structures. This situation does not preclude the possi-
bility that some structural properties are shared by most if not
all musical styles, or that some aspects of musical understanding
are biologically based (Blacking, 1992). In the present article,
we consider whether some aspects of Western music processing
appear spontaneously and relatively early in development be-
cause they are based on inherent good form (Garner, 1974;
Trehub & Unyk, 1991) or coherence (Bharucha & Pryor,
1986). Such processing strategies if evident would likely be re-
flected in structural regularities across musical cultures.

It is possible that some combinations of tones may simply be
more coherent, perhaps even more pleasing (i.e., consonant),
than others. We use coherence to refer to the ease with which a
group of tones combine to form a single, potentially recogniz-
able, percept (Bharucha & Pryor, 1986). Combinations of two
tones (i.e., pairs of tones) are known as intervals, either melodic,
consisting of two successive tones, or harmonic, consisting of
two simultaneous tones. An interval is generally characterized
by the pitch distance between its component tones (e.g., num-
ber of semitones) or by its frequency ratio, which relates the
frequency of one component tone to that of the other. For ex-
ample, tones of 200 Hz and 100 Hz have a frequency ratio of
2:1 (i.e., 12 semitones or an octave). Because musical pitch is
perceived relationally (Attneave & Olson, 1971), the interval
between tones of 300 Hz and 150 Hz is perceptually equivalent
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to that between tones of 200 and 100 Hz, both having a fre-
quency ratio of 2:1. It follows that musical tunes maintain their
invariance over changes in their initial tone provided the in-
tervals (frequency ratios or numbers of semitones) between
tones remain constant. When listening to music, then, each tone
is perceived in relation to previously heard tones.

In comparison with speech, the relational and nonreferential
nature of music perception generates greater demands on work-
ing memory. The limits of working memory likely account for
the use of scales (a finite set of tones or pitches in music) and
the occurrence of five to seven different tones per octave
(Dowling & Harwood, 1986; Handel, 1989). The Western ma-
jor scale, for example, comprises seven tones: do, re, mi, fa, sol,
la, and ti. One consequence of the use of a scale is a small set of
possible intervals among its component tones. Other biological
influences on the structure of scales could favor some intervals
over others, contributing to ““a base of innate abilities and ten-
dencies” (Sloboda, 1985, p. 194) from which music perception
and performance abilities develop. Indeed, beginning with Py-
thagoras (Winnington-Ingram, 1980), numerous theorists have
considered intervals with simple (i.e., small integer) ratios such
as 2:1 and 3:2 to be more natural and consonant than other
intervals (e.g., Bernstein, 1976; Kolinski, 1967; Roederer,
1979). These theorists have also considered scales whose in-
tervals form simple frequency ratios to be more natural than
other scales (see Burns & Ward, 1982).

Simple frequency ratios could be relatively coherent because
of their presence in naturally occurring sounds ( Terhardt, 1974,
1978, 1984). Most sounds in our environment, including those
of speech and music, consist of several simultaneous pure tones
(sine waves). For example, the sound produced by a single key
on a piano is a multitone complex consisting of a number of
simultaneous pure tones, the frequency of each being an integer
multiple of the lowest component ( or fundamental frequency).
Thus, the lowest component of the note A (below middle C) is
220 Hz; successive components ( harmonics or overtones) have
frequencies of 440 Hz (two times 220 Hz), 660 Hz (three times
220 Hz), 880 Hz (four times 220 Hz), and so on. Accordingly,
intervals between the simultaneous components of such com-
plex tones have simple frequency ratios (2:1 between 440 Hz
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and 220 Hz, 3:2 between 660 Hz and 440 Hz, 4:3 between 880
Hz and 660 Hz, etc.). A comparable situation prevails for
speech sounds.

Until recently, the notion that intervals with simple fre-
quency ratios have special perceptual status (e.g., Jones, 1990)
has received little empirical support. When adult listeners make
aesthetic judgments about simultaneous tones (harmonic
intervals), they give more favorable ratings to intervals with
simple frequency ratios than to those with complex ratios, pro-
vided the tones of the intervals in question are natural-sounding
complexes (i.e., each with multiple components), such as those
produced by musical instruments (J. W. Butler & Daston, 1968;
Maimberg, 1918; Vos, 1986). These effects are negligible with
pure tones, or tones with a single component frequency. In-
stead, ratings of harmonic pure-tone intervals vary primarily as
a function of the frequency distance (rather than frequency
ratio) between component tones (Kameoka & Kuriyagawa,
1969; Plomp & Levelt, 1965). Studies of melodic intervals
(sequential tones) have generally failed to reveal effects of fre-
quency ratios (Burns & Ward, 1978; Houtsma, 1968; Kallman,
1982), leading contemporary psychologists (Burns & Ward,
1982; Dowling & Harwood, 1986; Serafine, 1983) to dispute
carlier claims that musical intervals with simple ratios are per-
ceptually privileged.

Nevertheless, Schellenberg and Trehub (1994a) had adults
listen to a standard tone sequence presented repeatedly in trans-
position (different absolute frequencies but same frequency ra-
tios between tones ) and asked them to indicate when the pattern
changed ( different absolute frequencies and different frequency
ratios). Performance improved with increasing ratio simplicity
of the standard pattern and with decreasing ratio simplicity of
the comparison pattern. The investigators argued that sequen-
tial pure-tone intervals with simple as opposed to complex fre-
quency ratios are more readily processed by listeners and, con-
sequently, more likely to result in a stable perceptual represen-
tation. This situation could generate performance asymmetries
such that alterations to simple-ratio intervals would be more
noticeable than comparable alterations to complex-ratio in-
tervals. Moreover, a reanalysis of interval perception data from
several laboratories ( Schellenberg & Trehub, 1994b) led the au-
thors to conclude that the relative simplicity of frequency ratios
provided the most parsimonious account of the available data.

Because adults are the usual participants in studies of interval
perception, their performance may reflect their many years of
informal exposure to Western scale structure and harmony in
which simple frequency ratios predominate. Thus, these find-
ings are essentially irrelevant to the issue of natural intervals.
Aduit listeners may simply generalize implicit knowledge
gained from musical contexts (with muititone complexes) to
nonmusical contexts such as those with pure tones. Accord-
ingly, less experienced listeners, notably children, could poten-
tially shed more light on the question of whether simple-ratio
intervals are inherently good or special.

First-grade children are known to perform well below adult
levels on musical processing tasks, which suggests that they have
not internalized all of the musical conventions of our culture
(see Hargreaves, 1986; Morrongiello, 1992). Research on chil-
dren’s aesthetic judgments of simultaneous piano tones has in-
dicated that only by 12 or 13 years of age do children show
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adultlike judgments of intervals-—essentially favorable for in-
tervals with relatively simple frequency ratios and unfavorable
for intervals with more complex ratios ( Valentine, 1913). Chil-
dren with musical training show comparable response patterns
a few years earlier. Other research with children has focused on
knowledge of Western scales, in which simple-ratio intervals are
structurally significant. When children are required to judge
whether tone sequences are correct or not, the performance of
9- and 1 1-year-olds (but not 5-year-olds) is affected by whether
the tone sequences conform to Western scale structure, butto a
lesser extent than is the case for adults (Sloboda, 1985).

Although perceptual processing in adults is clearly more
efficient for tone sequences that conform to Western scale struc-
ture than for those that deviate from such structure (e.g.,
Cuddy, Cohen, & Miller, 1979; Dowling, 1991; Dowling, Kwak,
& Andrews, 1995), these factors seem to be of little relevance
until listeners are well beyond 6 years of age. For example, Mor-
rongiello and Roes (1990) asked musically trained and un-
trained S- and 9-year-olds to match line drawings to the pitch
movement (upward and downward) of tone sequences.
Whether or not the sequences adhered to Western scale struc-
ture was irrelevant to the performance of all children except the
musically trained 9-year-olds. Lynch and Eilers (1991) evalu-
ated 10- to 13-year-old children on their ability to detect subtle
pitch changes in melodies (tone sequences) derived from struc-
turally familiar (Western) or unfamiliar (Javanese) scales. Fa-
miliarity was irrelevant to the performance of musically un-
trained children. Only the trained children showed an advan-
tage for Western sequences, as did adult nonmusicians (Lynch,
Eilers, Oller, & Urbano, 1990). In short, the aforementioned
studies indicate that 6-year-old children would be unlikely to
show processing advantages for some tone sequences solely on
the basis of the cultural familiarity of such sequences (see also
Andrews & Dowling, 1991; Krumhansl & Keil, 1982).

Aside from the abilities that show substantial age-related
changes, other skills may appear early in ontogeny and remain
relatively invariant; the latter would be likely candidates for nat-
ural contributions to Western scales. In the present investiga-
tion, we evaluated young children’s ability to discriminate
pure-tone sequences as a function of the simplicity of their fre-
quency ratios. If musically untrained 6-year-old children ex-
hibit performance asymmetries based on ratio simplicity as
adults do (Schellenberg & Trehub, 1994a), then extended
exposure to Western music is unlikely to be the principal ex-
planatory factor. The age of 6 years ensured that, compared
with adults, children were considerably less exposed to Western
music but had sufficient cognitive skill for an adultlike task. On
the one hand, differences in performance if evident would not
be unequivocally attributable to natural as opposed to cultural
factors. On the other hand, simple frequency ratios such as 2:1
(octave), 3:2 (perfect fifth ), and 4:3 (perfect fourth) seem to be
prevalent cross-culturally (e.g., Meyer, 1956; Trehub, Schel-
lenberg, & Hill, in press), raising the possibility that humans
have a predisposition for perceptual processing of such ratios.
In any case, we attempted to minimize potential influences of
implicit musical knowledge (i.e., culture) by assessing discrim-
ination in relatively nonmusical contexts. Specifically, each se-
quence contained only two different tones and therefore a single
interval (i.e., single frequency ratio). Moreover, the sequences
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Table 1
Interval Size (Semitones), Interval Name, and Justly Tuned
Frequency Ratio for Intervals from 0 to 16 Semitones

Semitones Interval Frequency ratio
0 Unison I:1
1 Minor 2nd 16:15
2 Major 2nd 9:8
3 Minor 3rd 6:5
4 Major 3rd 5:4
5 Perfect 4th 4:3
6 Tritone 45:32
7 Perfect 5th 3:2
8 Minor 6th 8:5
9 Major 6th 5:3
10 Minor 7th 16:9
11 Major 7th 15:8
12 QOctave 2:1
13 Minor 9th 32:15
14 Major 9th 9:4
15 Minor 10th 12:5
16 Major 10th 5:2

consisted of pure tones (rather than more familiar tone
complexes) that were sufficiently distant in pitch to preclude
possible cues arising from interference between tones or over-
tones that are proximate in pitch (i.e., no possibility of overlap-
ping critical bands; see Plomp & Levelt, 1965). Tones on each
trial were selected so that they would not unambiguously indi-
cate a particular musical scale. Similarly, conventional transpo-
sitions between standard and comparison patterns were also
avoided. In short, we expected the use of pure tones in relatively
unmusical contexts with musically unsophisticated listeners to
minimize the effects of learned musical relations (see Shepard,
1982).

The underlying rationale was as follows: If some sequences
are more naturally coherent (i.e., inherently easier to recognize
as a unit) than others, then discrimination performance should
be asymmetric, with listeners more readily detecting changes
from a coherent sequence to an incoherent sequence than the
reverse changes (see Bharucha & Pryor, 1986). In other words,
the most coherent intervals should be most distinct from other
intervals just as the best instances of red (the reddest red) or
other natural prototypes (Rosch, 1973, 1975b) would be most
distinct from any instances of orange or blue. In fact, a number
of investigators have demonstrated adults’ greater ease of de-
tecting alterations to coherent patterns than to relatively inco-
herent or anomalous patterns (e.g., Bharucha, Olney, &
Schnurr, 1985; Bharucha & Pryor, 1986; Cuddy et al., 1979;
Dowling, 1978, 1991; Dowling et al., 1995; Schellenberg &
Trehub, 1994a). Our prediction, then, was that the presence of
a standard tone pattern with a simple frequency ratio would
facilitate discrimination of a comparison pattern with a com-
plex frequency ratio, but that a complex-ratio standard would
impede such discrimination.

The octave ( 12 semitones) and the tritone (6 semitones) are
ideal for evaluating interval discrimination as a function of the
simplicity of frequency ratios (see Table 1 for a listing of in-
tervals from the unison, or 0 semitones, to the major tenth, or
16 semitones, with their exact frequency ratios). The octave
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(frequency ratio of 2:1) has the simplest possible frequency ra-
tio other than that of a unison (1:1); intervals | semitone
smaller (major seventh: 11 semitones, frequency ratio of 15:8)
and 1 semitone larger (minor ninth: 13 semitones, frequency
ratio of 32:15) have relatively complex ratios. By contrast, the
tritone (frequency ratio of 45:32) has a relatively complex ratio;
intervals 1 semitone smaller (perfect fourth: 5 semitones, fre-
quency ratio of 4:3) and 1 semitone larger (perfect fifth: 7 semi-
tones, frequency ratio of 3:2) have simple ratios. Accordingly,
we contrasted octaves with major sevenths and minor ninths,
and tritones with perfect fifths and fourths. Narmour (1990,
1992) considered both the octave and the tritone to be inher-
ently distinctive intervals, Such distinctiveness could conceiv-
ably result from the marked contrast in the simplicity or com-
plexity of their frequency ratios relative to similarly sized in-
tervals. Octaves are also unique in another sense; when two
complex tones are an octave apart, all of the overtones of the
higher tone are also overtones of the lower tone. By contrast,
two complex tones separated by the interval of a tritone—an
interval considered to be the “devil in music” in the Middle
Ages (Seay, 1975)-—have no audible overtones (Plomp, 1964)
that are identical.

Experiment 1

The purpose of the present experiment was to replicate ear-
lier adult findings (Schellenberg & Trehub, 1994a) and extend
them to different intervals using a method that could be adapted
for children. Adults’ ability to detect changes in pure-tone se-
quences was investigated in eight test conditions that examined
the influence of the following three variables: (a) Interval size
(small = 5-7 semitones, large = 11-13 semitones), (b) fre-
quency-ratio differences (from a simple ratio to a complex ra-
tio or vice versa), and (c) whether the change to be detected
represented an increase or a decrease in interval size. If intervals
with simple frequency ratios are more coherent for listeners
than intervals with more complex ratios, then listeners should
more readily detect changes from simple-ratio standard pat-
terns to complex-ratio comparison patterns than the reverse
changes, regardless of whether the intervals are small or large or
whether the changes result in an increase or a decrease in in-
terval size.

Method

Participants. Participants were 64 college students who had a mod-
erate amount of musical training: 49 had less than 5 years of music
lessons (M = 1.2 years), and 15 had 5 or more years of lessons (M = 6.6
years). Two additional students were tested but subsequently excluded
from the final sample for failing to meet the training criterion (n = 1)
or for failing to follow instructions (n = 1).

Apparatus. Participants were tested in a double-walled, sound-at-
tenuating booth (Industrial Acoustics, Lodi, NJ). Stimuli were gener-
ated by two synthesizer-function generators (Hewlett-Packard 3325A),
attenuated by two attenuators (ANL-919 and ANL-913; Med Associ-
ates, Lafayette, IN), turned on and off by two rise-fall switches (Med
Associates), and presented with a stereo amplifier (Marantz 1070) and
loudspeaker ( Avant 2AX). Stimulus presentation and response record-
ing were controlled by a personal computer (ECS) and custom in-
terface. Participants used a touch-sensitive control device to initiate tri-
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als and to record responses. Toys housed in a Plexiglas box were auto-
matically illuminated as feedback for correct responses.

Stimuli. Tone patterns consisted of two alternating pure tones ar-
ranged in a five-tone sequence. The first, third, and fifth tones were iden-
tical and lower in pitch than the second and fourth tones, which were
also identical. Thus, patterns had a rise-fall-rise-fall contour. The cru-
cial frequency ratio for each pattern was that between the high and low
tones. Ratios were tuned with just intonation. Tones were contiguous,
each 400 ms in duration (total of 2 s per pattern), with 10-ms linear
onset and offset ramps.

Each trial consisted of the presentation of two five-tone patterns sep-
arated by a 1200-ms silent interval. The second pattern was always
transposed (shifted in pitch relative to the first pattern) upward or
downward by two semitones (an increase or decrease in frequency of
approximately 12% ) to preclude the use of absolute pitch cues. On same
trials, the second pattern maintained the relation (frequency ratio) be-
tween tones, On different trials, the high tone of the second pattern was
displaced one semitone upward or downward from an exact transposi-
tion, forming an interval between high and low tones that was smaller
or larger than that of the first pattern, with a different frequency ratio.
For conditions involving small intervals, the low tone of the first pattern
was randomly selected from a set of six tones, consisting of 294 Hz (D
above middle C, or D,; the subscript denotes the octave from which a
tone is drawn ) and tones 2, 4, 6, 8, or 10 semitones higher (E,, F¥,, G*,,
A*,, or Cs, respectively). For large intervals, the low tone of the first
pattern was randomly selected from a set of four tones (D,, E,, F*,,
and G*,).

There were eight test conditions in a 2 X 2 X 2 factorial design (see
Table 2). Conditions | to 4 involved small intervals (5-7 semitones);
Conditions 5 to 8 involved large intervals ( 11-13 semitones). Four con-
ditions (1, 3, 5, and 7) tested listeners’ ability to detect a change from a
simple frequency ratio to a complex one; the other four conditions (2,
4, 6, and 8) involved a change from a complex to a simple ratio. In four
conditions( 1, 4, 5, and 8), the change represented a decrease in interval
size; in the remaining four conditions (2, 3, 6, and 7), the change repre-
sented an increase in size. Because each adult listener was tested twice,
a fourth variable—testing order—was also considered in the analyses.

In the first small-interval condition, Condition 1, the interval separat-
ing the low and high tones of the first pattern had a simple frequency
ratio of 3:2 (a perfect fifth, 7 semitones). On same trials, the second
pattern had the same simple frequency ratio; on different trials, the in-
terval between low and high tones of the second pattern had a complex
ratio, 45:32 (a tritone), and was smaller in size (6 semitones). Exam-
ples of same and different trials from Condition ! are illustrated in Fig-

Table 2
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ure 1. In Condition 2, the situation was essentially reversed. The first
pattern always had a complex ratio (45:32), whereas the second pattern
had the same complex ratio on same trials but was larger and had a
simple ratio (3:2) on different trials. In Condition 3, the interval be-
tween low and high tones of the first pattern had a simple frequency
ratio, 4:3 (a perfect fourth, 5 semitones). On same trials, the second
pattern had the same simple ratio; on different trials, the interval be-
tween low and high tones had a complex ratio (45:32) and was larger in
size (6 semitones). In Condition 4, the situation was reversed. The first
pattern always had a complex ratio (45:32), whereas the second pattern
had the same complex ratio on same trials but was smaller and had a
simple ratio (4:3) on different trials. The magnitude of the increase or
decrease in interval size on different trials was identical (i.e., 1}
semitone ) for all four small-interval conditions.

The remaining four test conditions involved large intervals. In Con-
dition $, the low and high tones of the first pattern were an octave (12
semitones ) apart, with the simple frequency ratio of 2:1. On same trials,
the second pattern also had a 2:1 ratio. On different trials, the interval
between low and high tones of the second pattern was smaller (1
semitones ) and had a complex ratio of 15:8 (a major seventh). In Con-
dition 6, the situation was reversed. The first pattern always had a com-
plex ratio of 15:8, whereas the second pattern had an identical complex
ratio on same trials but was larger and had a simple ratio of 2:1 on
different trials. Condition 7 was identical to Condition 5 except that on
different trials the interval between low and high tones of the second
pattern increased in size (13 semitones) and had a complex ratio of
32:15 (a minor ninth). In Condition 8, the first pattern always had a
complex ratio of 32:15; the second pattern had the same complex ratio
on same trials but was smaller and had a simple ratio of 2:1 on different
trials. As was the case for small intervals, the magnitude of the increase
or decrease in interval size on different trials was the same (i.e., |
semitone) in all four large-interval conditions.

Each condition began with a training phase in which same trials were
identical to those of the test phase, but changes on different trials were
substantially greater than those on test trials. Specifically, the high tones
of the second pattern were shifted downward by one or two octaves so
that the melodic contour of the pattern changed from rise-fall-rise-fall
to fall-rise-fall-rise. The training phase was designed to familiarize par-
ticipants with changes that warranted responding. These changes were
not exact transpositions (changes in absolute pitch) but only interval
changes (changes in the frequency relations among component tones).

Procedure. There were 16 participants randomly assigned to each
of four pairs of conditions (Conditions 1 and 2, 3 and 4, 5 and 6, or 7
and 8). Each pair included one condition in which the change to be

Testing Conditions as a Function of Interval Size (Semitones),

Frequency Ratio, and Change in Size

Standard pattern Comparison pattern
Condition Size Frequency ratio Size Frequency ratio Change
Small intervals
i 7 Simple 3.2 6 Complex 45:32 Decrease
2 6 Complex 45:32 7 Simple 3:2 Increase
3 5 Simple 4:3 6 Complex 45:32 Increase
4 6 Complex 45:32 5 Simple 4:3 Decrease
Large intervals
5 12 Simple 2:1 11 Complex 15:8 Decrease
6 11 Complex 15:8 12 Simple 2:1 Increase
7 12 Simple 2:1 13 Complex 32:15 Increase
8 13 Complex 32:1 12 Simple 2:1 Decrease
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Figure 1. Two sample trials from Condition 1, Experiment 1. In the same trial (above), the second pattern
is the same as the first but is transposed upward. In the different trial (below), the second pattern incorpo-
rates an interval change and is presented at a lower pitch level. In this condition, the intervals are small, and
the change to be detected is from a simple frequency ratio to a complex ratio and represents a decrease in

interval size.

detected was from a simple-ratio to a complex-ratio interval, and an-
other condition where the change was from complex to simple. The two
conditions in each pair had the same simple and complex frequency
ratios but with their role (as standard or comparison pattern ) reversed.
Each participant was tested with small intervals only (Conditions 1 and
2 or Conditions 3 and 4) or with large intervals only (Conditions 5 and
6 or Conditions 7 and 8). For half of the participants, the simple-ratio
interval was larger than the complex-ratio interval (i.e., Conditions |
and 2, Conditions S and 6). For the other half, the simple-ratio interval
was smaller than the complex-ratio interval (i.e., Conditions 3 and 4,
Conditions 7 and 8). For each pair of conditions, the order of presenta-
tion was counterbalanced.

Each condition had 80 trials, with 40 same and 40 different. Same
and different trials were randomly ordered, with the constraint of no
more than two consecutive same trials. The direction of transposition
(upward or downward) was also randomly determined, constrained by
equal numbers for each direction and counterbalancing across type of
trial (same or different). The trials were self-paced; listeners called for
trials and recorded their responses (“same” or “different™) with the
touch-sensitive control device. Correct responses (in the training or test
phase) resulted in the illumination of a toy for 1 s.

The experimenter initially demonstrated the concept of a musical
transposition by playing “Happy Birthday” in two different keys on a
small keyboard. Listeners were told that their task was to judge whether
the second pattern was the same as (i.e., an exact transposition) or
different from the first pattern. Each condition began with a training
phase that was identical to the subsequent test phase except that differ-
ent trials contained a more substantial change (i.e., a change in
contour). After two demonstration trials (a same trial followed by a
different trial), listeners were required to respond independently. To
proceed to the test phase, listeners had to achieve a training criterion
of 4 consecutive correct responses within a maximum of 20 trials. On
average, participants reached this criterion in approximately five trials
(M = 5.3), at which time the training phase was terminated. Partici-
pants were told that the subsequent test phase would be identical to the

training phase except that the changes would be smaller. The experi-
menter then left the booth for the first half of the test phase (i.e., first
condition tested). After completing the first condition, listeners an-
swered a questionnaire about their musical background and then were
tested in the second condition. The second condition was identical to
the first except that the role of standard and comparison interval was
reversed. The entire test session took approximately 50 min.

Design. Because each participant was tested in two conditions, the
design was a mixed model. The within-subjects variable was the fre-
quency ratio manipulation (simple-to-complex [ Conditions 1, 3, 5, and
71 vs. complex-to-simple [Conditions 2, 4, 6, and 8]). The between-
subjects variables were interval size (small interval pairs [ Conditions 1
and 2, Conditions 3 and 4] vs. large interval pairs { Conditions 5 and 6,
Conditions 7 and 8}), testing order { simple-ratio condition tested first
vs. complex-ratio condition tested first), and the type of condition pair
(simple ratio larger than complex ratio [ Conditions 1 and 2, Conditions
5 and 6] vs. simple ratio smaller than complex ratio [ Conditions 3 and
4, Conditions 7 and 8]). In this design, the test of interaction between
frequency ratio and type of condition is the test for performance differ-
ences due to increases or decreases in interval size.

Results and Discussion

Performance levels and confidence intervals for each testing
condition (raw data) are shown in Table 3. To control for po-
tential response bias on the part of listeners (i.e., a tendency to
respond “same” or “different” regardless of trial type), propor-
tions of hits (i.e., correct identification of different trials) and
false alarms (i.e., responding “different” on same trials) were
transformed to a discrimination score (') for each listener in
each testing condition using yes-no tables of signal detection
theory (Elliott, 1964). To avoid the possibility of infinite &'
scores ( resulting from proportions of 0 or 1), proportions were
adjusted by adding .5 to the number of hits or false alarms and
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Table 3
Mean Discrimination Performance (Raw Data) in Experiments 1 (Adults) and 2 (Children)
Adults Children
Proportion Confidence Proportion Confidence

Condition correct (%) interval (95%) correct (%) interval (95%)
1 62.0 54.7-69.2 61.8 53.0-70.8
2 51.4 47.8-55.0 57.6 47.3-68.0
3 62.5 57.5-67.4 71.9 60.3-83.5
4 48.6 45.7-51.5 52.1 45.3-58.8
5 64.9 58.7-74.0 59.7 50.4-69.1
6 49.8 44.4-55.1 50.4 44.7-56.1
7 72.1 65.1-79.1 67.0 55.5-78.5
8 47.2 43.4-51.0 45.8 39.8-51.9

Note. Performance at chance levels is 50% correct.

dividing by the number of trials plus 1 (i.e., 41; see Thorpe,
Trehub, Morrongiello, & Bull, 1988). Analyses were conducted
using the d' scores. Preliminary analyses involved separate
comparisons of performance with chance levels (d' = 0, or 50%
correct) for each condition. Performance was significantly bet-
ter than chance in the four conditions in which the change was
from a simple to a complex ratio——Condition 1, ¢(15) = 3.15,
p < .01; Condition 3, £(15) = 5.04, p < .0005; Condition 5,
t(15) = 3.02, p < .01; and Condition 7, ¢(15) = 6.04, p <
,0001—but at chance levels when the change was from a com-
plex to a simple ratio.

The main analysis examined differences in discrimination
performance across conditions with a repeated-measures anal-
ysis of variance (ANOVA) that included one within-subjects
variable (frequency ratio: simple-to-complex vs. complex-to-
simple) and three between-subjects variables: (a) interval size
(small vs. large), (b) testing order (simple condition first vs.
complex condition first), and (c) type of condition pair (simple
ratio smaller than complex ratio vs. complex ratio smaller than
simple ratio). There was a significant main effect of frequency
ratio, F(1, 56) = 50.45, p < .0001, indicating that listeners were
better at detecting changes from simple to complex ratios than
from complex to simple ratios. All other main effects and in-
teractions were nonsignificant. Mean d' scores as a function of
the frequency ratio manipulation are shown in Figure 2.

Thus, performance did not depend on whether the change
produced an increase or decrease in interval size or whether a
particular condition was tested first or second. Moreover, overall
performance did not differ across the condition pairs, indicating
that the processing advantage for octaves over major sevenths or
minor ninths was no different than the advantage for perfect
fifths or fourths over tritones. These results replicate previous
findings of superior discrimination of changes from simple to
complex ratios than from complex to simple ratios
(Schellenberg & Trehub, 1994a) and extend those findings by
indicating that the performance asymmetry is not limited to
small intervals (perfect fourths, tritones, perfect fifths) or to
specific discrimination tasks (go/no-go).

An alternative interpretation of the present findings (D. Hu-
ron, personal communication, June 1993) is that listeners in-
terpreted each trial, or combination of two patterns, as a single
overall pattern that conformed to Western scale structure to

varying degrees depending on the test condition. If test trials
evoked listeners’ musical schemas (i.e., their implicit or explicit
knowledge of scale structure), performance might have varied
as a function of the strength of these scale implications. In all
conditions the scale implications of trials would have. differed
according to the direction of the transposition between the stan-
dard (first) and comparison (second ) patterns. For example, in
upward transpositions in Condition 5, different trials (e.g., Ds-
Ds-D-Ds-D, followed by Es-D*.-E,-D*:-E;) may have been
particularly noticeable because the component tones of such
trials did not belong to any single scale. For downward transpo-
sitions, however, component tones of different trials (e.g., Ds-
Ds-D4-Ds-D, followed by C,4-B4-Cy-B4-C,) belonged to several
scales (C major, G major, A minor), making them potentially
less noticeable. Moreover, any interpretation based on degree of
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Figure 2. Mean 4’ scores for adults (Experiment 1) and children
(Experiment 2) as a function of whether the change to be detected was
from a simple frequency ratio to a complex ratio (Conditions 1, 3, 5,
and 7), or from a complex ratio to a simple ratio (Conditions 2, 4, 6,
and 8). A mean d' score of O represents performance at chance levels
(i.e., no discrimination). Performance was better than chance in the
simple-to-complex conditions ( Experiment 1, ps < .01; Experiment 2,
ps < .05), but no different from chance in the complex-to-simple
conditions.
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adherence to musical scale structure would predict that per-
formance should differ as a function of the direction of trans-
position. To test this possibility, we conducted paired -tests
separately for each of the eight conditions that evaluated perfor-
mance differences between upward and downward transposi-
tions. The tests revealed no significant differences and, there-
fore, no support for this alternative explanation.

A subsidiary experiment. 'We also considered the possibility
that the observed performance asymmetry may occur only for
tone patterns that conform to the Western chromatic scale,
which consists of 12 tones that are each a semitone apart. (The
seven-tone Western major scale is a subset of the chromatic
scale.) Because all intervals between tones (within trials and
across trials) were integer multiples of semitones and because
virtually all Western music (even atonal music) is composed
with intervals that are semitone multiples, the tones in the test
session may have sounded somewhat musical to the listeners.
This interpretation may have contributed to the relative coher-
ence of common (simple-ratio) musical intervals. We investi-
gated this possibility by testing an additional 22 adult listeners
in modified versions of Conditions 1 and 2. These conditions
were modified so that, for each trial, transpositions between
patterns were 2.5 (rather than 2) semitones upward (rather
than upward or downward). This modification meant that the
tones of any trial did not conform to the scale structure of any
music these listeners would have heard.

We tested each listener in both conditions: half in modified
Condition 1 first, the other half in modified Condition 2 first.
When compared with chance levels (d' = 0) separately for the
two conditions, performance was significantly better than
chance in modified Condition 1, #(21) = 2.93, p < .01, but at
chance levels in modified Condition 2. Differences in discrimi-
nation performance were examined by means of a repeated-
measures ANOVA with one within-subjects variable (frequency
ratio: modified Condition 1 vs. modified Condition 2) and one
between-subjects variable (testing order). The main effect of
frequency ratio was significant, F(1, 20) = 5.23, p < .05, indi-
cating that listeners were better at detecting a complex-ratio
comparison from a simple-ratio standard than a simple-ratio
comparison from a complex-ratio standard. The main effect of
testing order was not significant and did not interact with the
frequency ratio manipulation. Finally, an independent-samples
t test revealed no performance differences between the original
and modified versions of Condition 1. In short, the performance
asymmetry was evident whether or not the stimuli conformed
to Western or chromatic scale structure.

Experiment 2

The results of Experiment 1 indicated that interval changes
from simple to more complex frequency ratios are easier to de-
tect than comparable changes from complex to simpler ratios.
Although the adult listeners for the most part had modest levels
of formal musical training, even those with no training would
have had many years of incidental exposure to the common,
simple-ratio intervals of Western musical scale structure and
harmony. In principle, then, extended exposure to Western mu-
sic could be the chief basis of the observed asymmetry, with
listeners generalizing their acquired knowledge of musical re-
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lations to the musically impoverished contexts of Experiment
1. We explored this issue further in the present experiment by
evaluating the performance of young children who had no for-
mal musical training. Using the frequency ratios from Experi-
ment 1, we tested 6-year-old children on their discrimination of
intervallic changes from simple ratios to complex ratios and
from complex ratios to simple ratios. To accommodate chil-
dren’s limited attention span, each child was tested in only one
condition ( between-subjects design ) with a modified version of
the adult procedure. Because the direction of transposition did
not affect adults’ performance in Experiment 1, the present ex-
periment was restricted to upward transpositions.

Method

Participants. The participants were 96 middle-class children aged 6
years to 6 years 6 months who had no formal musical training (i.e., no
individual or group lessons). Their mean age was 6 years 2 months. Six
other children were tested but excluded from the final sample for not
meeting the training criterion (n = 4; see Procedure), misunderstanding
the instructions (n = 1), or not completing the test session (7 = 1).

Apparatus. The apparatus was the same as that in Experiment 1.

Stimuli. 'We adapted the same—different task for children by adding
a third pattern to each trial. Thus, a trial consisted of an initial or stan-
dard pattern (to focus children’s attention on the task), a repetition of
the standard pattern, and a comparison pattern that potentially incor-
porated an interval change. Consecutive patterns were transposed up-
ward by two semitones. On same trials, the interval between high and
low tones was the same for all three patterns; on different trials, the
interval between high and low tones was identical for the first two pat-
terns but different for the third pattern, in which the high tone was dis-
placed by one semitone from an exact transposition. The low tone of
the first pattern was chosen at random from a set of four tones that
included C, (262 Hz) and tones 2, 4, and 6 semitones higher (D,, E,,
and F*,, respectively).

As in Experiment 1, there were eight test conditionsina 2 X 2 X 2
factorial design (see Table 2). Four test conditions ( 1-4) involved small
intervals, another four ( 5-8 ) involved large intervals. In four conditions
(1, 3, 5, and 7), the change was from a simple-ratio interval to a com-
plex-ratio interval; in the other four conditions (2, 4, 6, and 8), the
change was from a complex to a simple ratio. In half of the conditions
(1, 4, 5, and 8), the change represented a decrease in interval size; in
the other half of the conditions (2, 3, 6, and 7), the change represented
an increase in interval size.

Conditions | to 4 examined children’s discrimination of small me-
lodic intervals (i.e., 5-7 semitones). In Condition 1, the interval be-
tween low and high tones of the first two patterns had a simple frequency
ratio of 3:2 (a perfect fifth, 7 semitones). On same trials, the third pat-
tern also had a 3:2 ratio; on different trials the third pattern was smaller
(6 semitones) and had a complex frequency ratio of 45:32 (a tritone).
In Condition 2, the first two patterns of each trial had a complex ratio
of 45:32; the third pattern had the same complex ratio on same trials
but was larger and had a simple 3:2 ratio on different trials. In Condition
3, the first two patterns of each trial had a simple frequency ratio of 4:3
(a perfect fourth, 5 semitones); the third pattern had the same simple
ratio on same trials but was larger (6 semitones) and had a complex
ratio of 45:32 on different trials. In Condition 4, the first two patterns of
each trial had a complex ratio of 45:32; the third pattern had the same
complex ratio on same trials but was smaller and had a simple 4:3 ratio
on different trials. Thus, the magnitude of the change was identical (i.e.,
1 semitone) in all four small-interval conditions.

The remaining four test conditions involved large intervals. The in-
terval between the low and high tones of the first and second patterns in
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Condition 5 had a simple frequency ratio of 2:1 (octave, 12 semitones).
On same trials, the third pattern also had a 2:1 ratio; on different trials,
the third pattern was smaller (11 semitones, a major seventh) and had
a complex ratio of 15:8. In Condition 6, the first two patterns of each
trial had a complex ratio of 15:8; the third pattern had the same com-
plex ratio on same trials but was larger and had a simple ratio of 2:1 on
different trials. In Condition 7, the first two patterns of each trial had a
simple ratio of 2:1, the third pattern had the same simple ratio on same
trials but was larger (13 semitones, a minor ninth) and had a complex
ratio of 32:15 on different trials. In Condition 8, the first two patterns of
each trial had a complex ratio of 32:15; the third pattern had either the
same complex ratio (same) or was smaller with a simple ratio of 2:1
(different). As for small intervals, then, the magnitude of the change
was identical (i.e., 1 semitone) in all four large-interval conditions.

Changed patterns in the training trials were formed as in Experi-
ment {.

Procedure. There were 12 children randomly assigned to each of
the eight conditions. The experimenter first introduced the concept of
transposition by playing “Happy Birthday” on a small keyboard and
asking the child to identify the song. The experimenter played “Happy
Birthday™ again, transposed upward, and asked the child if the new song
was also “Happy Birthday.” The experimenter stressed that a song could
be the same even though it was higher or lower. Children were then told
that they would hear a song that would be played three times. The sec-
ond time, the song would be the same as the first but higher in pitch.
The third time, the song would be even higher, and it might be the same
or it might have a change. The children’s task was to determine if the
third song had a change. They were asked to nod their head and say
“yes™ if they heard a change or to shake their head and say “‘no” if they
did not hear a change.

The test phase was preceded by a training phase that began with two
demonstration trials, the first a same trial, the second a different trial.
Changed patterns in the training phase were formed as in Experiment 1.
After the demonstration trials, children were asked whether they heard a
change in the third pattern of each training trial. Correct responses
(“‘yes” on different trials, “‘no” on same trials) were rewarded by the
illumination and activation of a mechanical toy for 4 s. Children pro-
ceeded to the test phase only if they met the training criterion (4 con-
secutive correct responses within a maximum of 20 trials), at which
time training was discontinued. Children typically reached the criterion
in five trials (M = 5.0). After meeting the training criterion, children
were told that the “new game” (the test phase) would be just like the
“old game™ (the training phase), except that the changes would be
smaller. Thus, they would have to listen very carefully. The experi-
menter wore headphones (with masking music) during the test phase
to preclude detection of the type of trial. The experimenter recorded
children’s yes and no responses (head nods and head shakes) with the
touch-sensitive control device. As in the training phase, correct re-
sponses were rewarded with the illumination and activation of a me-
chanical toy for 4 s. Each condition had 24 test trials: 12 same (no
change) and 12 different (change). The entire test session took approx-
imately 15 min.

Results and Discussion

Children’s discrimination performance (raw data) for each
condition is summarized in Table 3. To eliminate response bias,
we transformed proportions of hits and false alarms to 4’ scores
for each child, as in Experiment 1. Analyses were conducted
with the &’ scores. Preliminary analyses involved separate com-
parisons of performance with chance levels for each condition.
Aswas the case for Experiment 1, performance was significantly
better than chance in all conditions in which the change was
from a simple to a complex ratio—Condition 1, £(11) = 2.76,
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p <.05; Condition 3, £(11) = 3.88, p < .005; Condition 5, t(11)
= 2.23, p < .05, and Condition 7, £(11) = 2.87, p < .05—but at
chance levels when the change was from a complex to a simple
ratio.

In the main analysis, we examined differences in discrimina-
tion performance across conditions with a between-subjects
ANOVA that included two levels of interval size (small vs.
large), two levels of change in frequency ratio (simple-to-com-
plex vs. complex-to-simple), and two levels of change in in-
terval size (increase vs. decrease). The main effect of frequency
ratio was significant, F(1, 88) = 22.02, p < .0001, and there
were no interactions between variables. As with adults, children
were significantly better at detecting changes from simple fre-
quency ratios to complex ratios than they were at detecting
changes from complex ratios to simple ratios. Mean &’ scores as
a function of the frequency ratio manipulation are shown in
Figure 2.

The main effect of the change in interval size (increase or
decrease) was also significant, F(1, 88) = 6.54, p < .05. This
result indicates that children were better at detecting increases
in interval size than they were at detecting decreases. The ex-
clusive use of upward transpositions in the present experiment
meant that whenever interval size increased, the tones of the
third pattern on different trials extended beyond the range of
the third pattern on same trials; when interval size decreased,
the tones on different trials remained within that range. Thus,
frequency range cues may have made interval size increases
more salient than interval size decreases.

The significant effect of increasing or decreasing interval size
for children but not for adults may also reflect developmental
differences in perceptual processing strategies. Children may fo-
cus less on relative pitch cues and more on absolute cues (e.g.,
pitch range) than adults do. In this regard, children may be
more similar to infants who detect pitch changes outside the
range of a tone pattern more easily than those within the range
(Trehub, Thorpe, & Morrongicllo, 1985). Further evidence that
absolute pitch processing is a relatively primitive strategy comes
from songbirds (Hulse & Cynx, 1985; Page, Hulse, & Cynx,
1989), who outperform humans on some tasks that depend
upon memory for absolute pitch (Njegovan, Ito, Mewhort, &
Weisman, 1995; Weisman, Njegovan, & Ito, 1994). Even
though 6-year-olds may have focused more on absolute pitch
cues than did adults, they still exhibited asymmetric perfor-
mance based on the relative simplicity of frequency ratios re-
gardless of whether the changes produced increases or decreases
in interval size.

General Discussion

Changes from simple frequency ratios (2:1, 3:2, or 4:3) to
more complex ratios (15:8, 32:15, or 45:32) were easier to de-
tect than were changes from complex to simpler ratios. Such
asymmetries in performance were evident in aduilts and in 6-
year-old children who had never taken music lessons. The re-
sults from adulit listeners replicate and extend previous research
with a different discrimination task and different intervals
(Schellenberg & Trehub, 1994a). Children’s adultlike pattern
of asymmetries implies that simple-ratio intervals are relatively
more coherent than complex-ratio intervals across develop-
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ment, which is consistent with the notion that scale structures
reflect natural (psychoacoustic) as well as cultural factors
(Terhardt, 1977, 1984).

What is the origin of perceptual asymmetries for intervals
based on the simplicity of their frequency ratios? The relative
coherence of simple ratios could arise from processing predis-
positions (i.e., inherent processing tendencies) or innate learn-
ing preferences (Marler, 1990). In either case, the implication
is that musical scale structures have a psychoacoustic basis in
simple frequency ratios. The obtained asymmetries in interval
discrimination have parallels in similarity judgments between
pairs of tones (Bharucha, 1984; Krumbhansl, 1979), chords
(Bharucha & Krumbhansl, 1983), and melodies (Bartlett &
Dowling, 1988). Such asymmetries may signal the presence of
cognitive reference points (Rosch, 1975a) or perceptual an-
chors that promote efficient processing of particular auditory
patterns (€.g., intervals with simple frequency ratios ) relative to
others (e.g., intervals with complex frequency ratios). Intervals
with simple ratios may function as natural prototypes (Rosch,
1973, 1975b), or inherently good (coherent) instances of in-
tervals. As a result, such intervals would be more easily learned
than other less prototypical intervals and more readily dif-
ferentiated from other intervals. Indeed, the worldwide in-
fluence of Western music ( Nettl, 1985) may stem in part from
the structural significance of natural, or prototypical, intervals
in Western scales. Nevertheless, the source of their status as nat-
ural prototypes remains unclear. Although some theorists
(Boomsliter & Creel, 1961; Patterson, 1986; Roederer, 1979)
contend that pairs of tones related by simple ratios create more
regular patterns of neuronal activity than do pairs with complex
ratios, there is no evidence to support such claims (see Burns
& Ward, 1982). If simple frequency ratios are inherently good
intervals for human listeners, one could look for similar evi-
dence among certain nonhuman species. Unfortunately, evi-
dence of relative pitch processing in songbirds is equivocal
{Hulse & Cynx, 1985; Hurly, Ratcliffe, Weary, & Weisman,
1992; Page et al., 1989; Weisman et al., 1994; Weisman & Rat-
cliffe, 1989), and there are no indications that songbirds favor
some frequency ratios over others. Nevertheless, songbirds seem
to perceptually group tone patterns on the basis of the simplicity
or complexity of their frequency ratios (Hulse, Bernard, &
Braaten, 1995).

The coherence of simple frequency ratios could also stem
from exposure to the overtone series of complex tones. For ex-
ample, Terhardt (1974, 1978, 1984) claimed that infants are
predisposed to attend to human speech (see also Fernald,
1992)—rather than simple frequency ratios per se—just as
songbirds selectively attend to the songs of conspecifics
(Dooling, 1989; Marler & Peters, 1989; Sinnott, 1989). He ar-
gued, further, that exposure to speech leads to familiarization
with the simple frequency ratios among its simultaneous com-
ponents. In turn, pairs of nonspeech tones that are related by
simple ratios have an affinity (i.e., a coherence) that distin-
guishes them from other pairs. For Terhardt’s views to be rele-
vant to the present findings, however, 6-year-old children would
have to be able to generalize implicit knowledge of relations
between the simultaneous components of speech to patterns of
successive pure tones.

Because of the prominence of simple frequency ratios in
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Western scale structure and harmony, it is also possible that
these intervals are learned rapidly and effortlessly simply by
means of informal exposure to music. Krumhansl (1990)
found that tones judged to be more stable in a musical key occur
more frequently in a variety of Western musical styles. These
stability judgments are also highly correlated with the relative
simplicity of the frequency ratio between individual tones and
the reference tone (tonic) of a key (Schelienberg & Trehub,
1994b). Thus, although complex ratios are common in Western
music (e.g., in dominant seventh chords), these associations
impiy that simple ratios are relatively more common. Hence
the superior performance on changes from simple to complex
ratios than on the reverse changes could stem from the relative
familiarity and perceptual stability of the simple-ratio standard
pattern, the relative unfamiliarity and salience of the complex-
ratio comparison pattern, or both (see Schellenberg & Trehub,
1994a). There is considerable evidence, however, that culture-
specific tonal relations are acquired throughout childhood
(Andrews & Dowling, 1991; Bartlett & Dowling, 1980; Krum-
hansl & Keil, 1982; Lynch & Eilers, 1991; Morrongiello & Roes,
1990; Sloboda, 1985; Trainor & Trehub, 1994; Zenatti, 1993)
and at an accelerated pace for children with musical training
(Dowling & Harwood, 1986; Lynch & Eilers, 1991; Morron-
giello & Roes, 1990; Morrongiello, Roes, & Donnelly, 1989).
For example, although first- and second-grade children have
some sense of which tones belong to a particular scale ( Trainor
& Trehub, 1994), hierarchical differentiation of tones remains
incomplete even after the sixth grade (Krumhansl & Keil,
1982). Thus, if knowledge of scale structure is the principal
source of the observed asymmetries, these asymmetries should
increase with age as such knowledge increases. Our results in-
dicate, however, that despite the differences in overall perfor-
mance efficiency between 6-year-old children and adults, the
asymmetries are essentially equivalent across these age groups.
These findings are inconsistent with the interpretation that
young children’s performance asymmetries reflect generaliza-
tion of acquired musical knowledge to the musically impover-
ished contexts of the present investigation. Moreover, because
adults’ performance was unaffected by differences in the degree
to which the stimuli adhered to known scale structures, it seems
unlikely that knowledge of such structures would be the princi-
pal source of children’s response patterns.

In some contexts, however, first- and second-grade children
seem to be sensitive to the complete hierarchy of tonal relations
within a major scale (Cuddy & Badertscher, 1987; Speer &
Meeks, 1985), implying that enculturation (i.e., greater famil-
iarity with simple than complex ratios because of exposure to
music) cannot be ruled out as a source of the processing asym-
metries. Cuddy and Badertscher (1987) reported that first- and
second-grade children’s ratings of how test tones fit to different
melodic contexts were highly correlated with aduit musicians’
ratings in similar contexts, r = .92 (Krumhansl, 1990, p. 30).
However, a reanalysis of these ratings (Cuddy & Badertscher,
1987, Table 1) revealed that they were also highly correlated
with the durations of tones in the stimulus context, r = .88 (see
D. Butler, 1989), and with the relative simplicity of frequency
ratios between individual test tones and the most frequently oc-
curring tone in the stimulus context, r = .90 (see Schellenberg &
Trehub, 1994b). As a result, it is unclear whether these children
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were responding on the basis of their knowledge of musical scale
structure, the durations of the tones, or the relative simplicity
of frequency ratios.

Definitive evidence for inherent processing advantages for
simple frequency ratios and their status as natural prototypes
would require evidence from listeners with no exposure to
Western music or to any musical system in which these ratios
predominate. The worldwide influence of Western music
(Nettl, 1985) and the cross-cultural prominence of simple fre-
quency ratios (Meyer, 1956; Trehub et al., in press) provide sig-
nificant obstacles to the accumulation of appropriate evidence.
Having established that untrained 6-year-olds exhibit percep-
tual asymmetries that are comparable to adults, it is reasonable
to consider the interval processing skills of listeners who are
substantially younger. Previous studies provide indirect but
highly suggestive evidence of sensitivity to simplicity of fre-
quency ratios in infancy. For example, infants perceive tones an
octave apart (2:1 ratio) as more similar than tones slightly less
or slightly more than an octave apart (Demany & Armand,
1984). Infants also show superior discrimination of alterations
to pure-tone sequences that conform to Western scale structure
compared with those that do not (Cohen, Thorpe, & Trehub,
1987; Trainor, 1991; Trainor & Trehub, 1993a, 1993b), as is
the case for young children ( Trehub, Cohen, Thorpe, & Mor-
rongiello, 1986). Because the five-tone sequences in the studies
of Trehub and her associates had three different tones (i.e.,
more than one interval), the perfect fifth interval (3:2 ratio),
which was present ( between nonadjacent tones) in the Western
sequences, cannot be unequivocally interpreted as the factor re-
sponsible for the enhanced performance. A further study that
preserved the perfect fifth relation but disrupted the remaining
relations among component tones ( Trainor & Trehub, 1993b)
also revealed superior performance for tone sequences with the
perfect fifth. Finally, Schellenberg and Trehub’s (1994b) reanal-
ysis of Trainor’s (1991 ) infant discrimination data revealed that
performance improvements were associated with greater dis-
parities in ratio simplicity between the standard and compari-
son patterns.

We can use Geary’s (1995) formulation of evolutionary and
cultural influences on cognitive development as a means of plac-
ing the alternative interpretations of the present findings in per-
spective. Geary distinguished between biologically primary cog-
nitive abilities—those evolved through natural selection, which
are therefore universal—and secondary abilities—those that
stem from primary abilities but are transferred to another do-
main and are subject to cultural influences. Simple-ratio in-
tervals may be natural prototypes with corresponding process-
ing advantages that reflect a primary ability. Alternatively,
coherence may result from culture-specific exposure or famil-
iarity to a music of a particular culture, indicating a secondary
ability. A further possibility is that the asymmetry is a by-prod-
uct of innate sensitivity to speech, being secondary in the sense
that it co-opts an innate ability, but primary because of the uni-
versality of speech. Regardless of the explanation, our finding
of perceptual asymmetries based on frequency ratios in young
listeners with no musical training provides the impetus for fur-
ther research with younger and less experienced children from
our own and other cultures. Such research would shed light on
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the requisite experiences for the development of the asymme-
tries reported here.
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