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ABSTRACT
Music researchers have noted that structurally important tones
in a melody are related to one another by perfect intervals (fifths
and octaves) and occur frequently and in melody-final position.
Here we ask whether the latter two cues—frequency and final
position—have melodic significance for tone collections lacking
perfect intervals. Three sets of  melodies were generated from a
whole-tone scale (C4-A#4). In one condition, E occurred both
finally and most frequently. In another, E occurred infrequently
but finally, while G# occurred most frequently. In a third
condition, all tones occurred with equal frequency. Participants
were briefly familiarized to one set of melodies, then heard each
melody from the set, followed by each probe tone, creating a
rating profile for each set. Participants in all conditions rated
tones that had occurred in the melodies higher than tones that
had not. Frequency and finality both exerted effects. Averaged
ratings in each condition did not correlate significantly with
Krumhansl and Kessler’s [7] major scale profiles, suggesting
that ratings were not an artifact of familiarity with Western
tonal music. The present work this shows effects of frequency
and final position on note significance, without perfect interval
relationships between the tones.

1. INTRODUCTION

Listeners both within and outside musical cultures perceive
differences in the prominence of different tones in a collection.
In the “probe tone” task [8], listeners are presented with the
same chord sequence or melody multiple times, each time
followed by a different note of the chromatic scale. The listener
rates each chromatic probe tone for goodness-of-fit to the
preceding melody. Validating music-theoretic predictions,
listeners rate tones of greater importance in the key of the
excerpt with higher goodness-of-fit ratings. The highest rating is
given to the tonic, or central note, of the musical excerpt (such
as the tone C in C major), followed by other tones of the tonic
triad (E, G) and the other tones of the scale (B, D, A, F), with
non-scale tones receiving the lowest ratings [7,8]. The highest-
rated tones also tend to be the most frequently used tones and
tend to appear as the final note of a melody. These effects are
evident even in culturally unfamiliar music, though expertise in
a particular style leads to more well-formed expectations of
melodic continuation [2,8,9].

The study of short-term memory (STM), especially serial recall
task performance, is complementary to the probe tone results.
Murdock [11] asked participants to memorize lists of words and
obtained the now famous “serial position curve,” in which more

recent items are better recalled (as are earlier items which
participants have had more time to rehearse). Slobin [12] points
out that in language acquisition, children may direct attention
preferentially toward the ends of units.  Deutsch [4] found in a
matching task (standard tone… distractors… comparison tone)
that short term memory for tones was affected by various
properties of the intervening sequences of distractor tones. Most
pertinent, if the standard tone was repeated in the distractor
sequence, memory was facilitated.

In probe tone studies, tones that appear frequently in a melody
are likely to have stronger short-term perceptual representations,
and are thus more likely to be rated highly when presented as
post-melodic probes. Similarly, notes which are more recently
presented (toward the end of the melody) are less likely to
decay, and also may receive a greater share of attention over the
course of learning [12]. Such effects may be the locus of naïve
participants’ sensitivity [2,9] to the structural properties of
unfamiliar music. The STM model has less explanatory power
for the effects of expertise on probe ratings; long-term memory
may contribute to greater stability of  pitch judgments.

An important question concerns the role of learning in
determining what tones in a collection are structurally important.
Are certain tones (for example, by virtue of their intervallic
interrelationships) preferred a priori, with increased frequency
of use and placement at the end of a melody resulting from this
preference? Or are frequency and recency the cues which lead
the listener to perceive certain tones as structurally important?
Two highly distinct views of tonality perception offer different
weightings of the role of learning. Butler and colleagues [1]
propose a theory of the calculation of tonal center that consists
of three hypotheses. The primacy hypothesis states that listeners,
given only a single note, will perceive that note as tonic until a
stronger candidate comes along. The rare-interval hypothesis
suggests that pitch intervals which occur less often (between
fewer pairs of notes in a scale) are more valuable in finding the
tonal center, as they provide unambiguous information to the
identity of the major scale. The temporal order hypothesis states
that familiar orderings of scale tones are more informative for
key identity. This view seems to imply that once the intervallic
template for a scale is learned, note frequency is a relatively
unimportant cue. This fails to explain how a listener becomes
aware that she is listening to a major-mode composition in the
first place; presumably, some other process or cue indicates this,
and analysis of order and rare-interval information proceeds
according to this assumption. This view predicts that the absence
of rare intervals should dampen one’s sense of tone importance
(produce an undifferentiated tonal profile). A different
perspective is that of Krumhansl and colleagues [7,2,9]. On their
view, listeners are highly sensitive to the frequency of





2.3 Procedure

PsyScope [3] software was used to present the stimuli.
Participants in each condition initially received 36 trials of
listening exposure (3 exposures of each melody) before any
probe tone judgments were made. Following exposure, they
were instructed to listen to each melody, followed by a probe
tone (after a 500-ms pause), and to rate how likely it was that
the probe tone had been contained in the preceding melody. The
first 12 trials of randomly-chosen melody followed by
randomly-chosen probe tone were discarded as practice trials.
The remaining 144 combined all melodies with all 12 probe
tones in random orders which were different for each
participant.

3. RESULTS AND DISCUSSION

First, all ratings of a single probe tone for a single participant
were averaged together to yield an average rating for that
participant. This resulted in a single 12-value probe-tone profile
for each participant. Then, planned ANOVAs were conducted in
each condition separately for several contrasts of interest. To
assess the possible influence of major-scale familiarity on
ratings, correlations between averaged ratings in each condition
(Figure 1) and all major-scale profiles7 were calculated.

3.1 Tone comparisons

We hypothesized that if participants were able to discern the
structure of the scale being used, then they should rate tones
occurring in the melodies more highly than tones not occurring
in the melodies. Accordingly, in all conditions, participants
rated tones present in the stimuli higher than tones not present
(F1(1,11) = 40.82, F2(1,11) = 12.12, F3(1,11) = 60.01, all p <
.01).

A second hypothesis was that, if participants were sensitive to
frequency-of-occurrence information, they should rate more
highly the tones which occurred more often. Therefore, we
compared ratings of tones which occurred four times to tones
which occurred twice, and tones which occurred twice to those
occurring only once. In the frequent=final condition (Figure 1a),
the most frequent tone (E, also the final tone) was rated more
highly than twice-occurring tones (F(1,11) = 103.36, p < .001),
though twice-occurring tones were not rated more highly than
singly-occurring tones (F(1,11) = 1.55, ns). Similarly, in the
frequent≠final condition (Figure 1b), the most frequent tone
(G#) was rated more highly than the second most, but the
seconds were not rated higher than the singly-occurring tones
(F(1,11) = 9.35, p < .05; F(1,11) = 2.72, ns).

A third hypothesis was that, if frequency of occurrence and
finality exerted separate effects on ratings, then both frequent
and final tones should have been rated highly. Indeed, in the
frequent≠final condition, the final tone E, in addition to the
most frequent G#, received higher ratings than the average of
the other tones present (F(1,11) = 6.13, p < .05), and the ratings
E and G# were indistinguishable (F(1,11) = .33, ns). By
contrast, in the frequent=final condition, only E received ratings
above the average of other occurring tones, and exceeded
ratings for G#, in this condition only a singly-occurring tone
(F(1,11) = 57.69, p < .001).

To address the concern that spurious results might have been
generated from tone preferences unrelated to the characteristics
of the tones used in the experiment, we examined the control
condition (Figure 1c). Informal visual inspection leads to the
observation that participants seemed to prefer midrange tones.
This is not unlike previous results [8] with non-musicians, in
which tones proximal in pitch to the pre-probe note were rated
more highly. Statistically, while the tone G# was rated higher
than other occurring tones (F3(1,11) = 8.52, p < .05), E was not
(F3(1,11) = .05, ns). This G# preference appears to be a range-
mediality effect, as corroborated by a test showing that F#, also
a range-medial tone, also outrated the other occurring tones
(F3(1,11) = 17.24, p < .01). In neither of the other conditions
was there any such preference for F# (F1(1,11) = 5.75, p < .05 in
the opposite direction, F2(1,11) = .03, ns). We use these data as
confirming evidence that the results in the first two conditions
truly reflected effects of both recency (final position) and
frequency-of-occurrence information.

3.2 Correlations with major scales

We also examined the question of major scale influence by
calculating correlation coefficients of the average profile in each
condition with Krumhansl and Kessler’s [7] major scale profiles.
Given the strength of the major third (M3) relationship between
tones in the artificial stimuli and between the first two tones of
the tonic triad in the major mode, one might reasonably expect
some similarity to exist in ratings for the current stimulus
profiles and major scale profiles. However, these 36 correlations
ranged from r = .-.32 to r = .49, and none achieved statistical
significance, suggesting that there is not an influence of
similarity to any major scale evident in the ratings provided by
our listeners. This compares with correlations between averaged
obtained profiles in each condition and the frequencies of
occurrence of the tones in that condition of  r1 = .89 (p< .0001),
r2 = .66 (p = .0165), and r3 = .82 (p= .0004), for first, second,
and third conditions respectively.

4. CONCLUSIONS

Previous probe tone studies [8,2,9] showing positive correlations
of frequency of occurrence with tone goodness-of-fit ratings
have examined natural musical stimuli, or artificial stimuli [10]
including perfect intervals (P5s). In this experiment, we utilized
artificial musical stimuli which lacked any perfect intervals, and
found that listeners showed effects similar to previous probe
tone studies: they rated frequent tones as more important than
infrequent tones, and rated occurring tones more highly than
non-occurring tones. Melody-final tones were also given high
ratings. Though it is perhaps problematic to equate tone
preferences with judgments of tonal center, we suggest based on
our results that the importance of arbitrarily-chosen tones in a
set may be augmented by the addition of the cues of recency and
frequency. A perfect fifth or octave interval, or rare pitch
intervals, neither of which were present in our stimuli, may not
be necessary for recognition of important tones in a set.

We also found that listeners’ responses were not highly
correlated with tonal profiles for any major scale. This differs
from previous research [2,9] finding that ratings of unfamiliar
musical stimuli are similar to ratings for Western tonal
structures. Our results likely reflect a greater dissimilarity
between our stimuli and Western tonal stimuli than between



Western and non-Western natural musical stimuli, as well as the
listeners’ sensitivity to frequency of occurrence and recency of
tones.

Our results are consonant with the STM literature [4,11]. If
tones are rated more highly when they are better recognized,
and they are recognized more accurately when they occur more
often in the preceding context (or have occurred very recently),
it stands to reason that recent and frequent probes are given
higher ratings. The extent to which these expectations may be
internalized and generalized to new situations is not yet known.
Recency and frequency may not necessarily be instructive in
real music learning, but if they were it would more readily
explain such phenomena as malleability of tonal perception (as
seen in studies of the effects of expertise in non-Western
musical styles [2,9]), and, comprehension of multiple tonal
systems (e.g. the major/minor dichotomy, or more dissimilar
systems such as classical and jazz styles).

Future work using artificial musical stimuli will focus on the
role of learning (in the long term) in perception of musical
microstructure, and on the roles of other cues in ascertaining
tone importance, such as familiarity of interval size. A current
project in our lab is exploring the role of  simple-ratio interval
size, using stimuli contructed from a whole-tone scale
containing either 4:5-ratio major thirds (M3s), or M3s that are
stretched or compressed relative to the simple-ratio M3. Will
the simple ratio aid listeners in determining the relative
importance of tones? The aim of this exploration is to discover
both the malleability and the limits of human tonal perception,
aiding our understanding of human cognition and suggesting
new directions for musical creativity.
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