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ABSTRACT:

In duplex perception, an acoustic element differing from the others in receiving ear or form (e.g., harmonic complex or
sinusoidal) contributes simultaneously to two distinct percepts. Speech has received the most attention, but duplex
perception also occurs with musical chords. By one account, a specialist processing “module” (e.g., phonetic) has
priority access to acoustic information (precedence) that is not subject to scene-analysis constraints. Precedence received
initial support from claims of better performance for speech than non-speech judgments of the same stimuli, but experi-
ments controlled for criterion differences and unintended cues challenged this interpretation. This approach is extended
here to three-note chords comprising tonic and fifth complexes and a sinusoidal third (30-dB presentation range) defin-
ing the mode (major/minor). In experiment 1, listeners first heard a chord and identified its mode; chords were then pre-
ceded by two successive sinusoids—one matching the third, the other mistuned—and listeners identified the matching
tone. In experiment 2, for tone discrimination, the tonic and fifth were replaced by a single complex crafted to produce
equivalent masking of the third but to remove an unintended mode cue. The notion of precedence was not supported;
there was no evidence of better performance for musical than non-musical judgments of the same stimuli.
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I. INTRODUCTION

Exclusive allocation is considered a core principle of
scene analysis in vision and hearing, according to which a
given sensory element can only be allocated perceptually to
one object or stream at the same time. However, in an appar-
ent violation of this principle, there are occasional circum-
stances in which a given element can contribute to two
distinct percepts at once, a phenomenon known as duplex
perception. The duplex perception of speech (Rand, 1974;
Liberman, 1982) has received the most attention, but duplex
perception has also been found for musical chords (Pastore
et al., 1983; Collins, 1985) and even for environmental
sounds, such as the sound of a closing door (Fowler and
Rosenblum, 1990). Duplex perception can also occur for a
mistuned harmonic in a complex tone: The mistuned com-
ponent may be heard as a separate tone but may nonetheless
still contribute to the global pitch of the complex tone
(Moore et al., 1985, 1986). Demonstrations of duplex per-
ception have been taken to indicate the simultaneous opera-
tion of distinct perceptual systems and thus potentially to
provide insights into the architecture of perceptual process-
ing. The aim of the experiments reported here was to
explore further the duplex perception of chords by compar-
ing performance on tasks involving musical and non-

YThe experiments reported here correspond to reconsidered versions of
experiments 4 and 5 in the unpublished doctoral thesis of Bruce (2000). A
poster presentation on this research was given at the Auditory Science
Meeting (Cambridge, UK, September 2024).
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musical judgments of these stimuli while better controlling
for criterion effects and unintended cues.

The duplex perception of speech was originally demon-
strated using elements of a simplified synthetic consonant-
vowel (CV) syllable that, when presented to listeners dich-
otically, gave rise to the simultaneous perception of a speech
sound and a non-speech sound (Rand, 1974; Liberman,
1982). Experiments of this kind, discussed in more detail
below, were used by researchers at Haskins Laboratories to
argue that speech perception involves the operation of a spe-
cialized phonetic module pre-emptive in its use of sensory
information—taking what it needs first without being sub-
ject to the usual scene-analysis constraints (Bregman,
1990)—and so takes precedence over non-speech perception
(Whalen and Liberman, 1987; Liberman and Mattingly,
1989). The argument is based primarily on claims of differ-
ences in responses to the speech and non-speech compo-
nents of a duplex percept (Whalen and Liberman, 1987), but
this result is contentious for procedural reasons, and others
have reported little or no difference in performance between
corresponding speech and non-speech tasks (Bailey and
Herrmann, 1993). An analogous difference in performance
between the musical and non-musical components of a
duplex percept has been reported for chords (Hall and
Pastore, 1992), but this claim has not yet been critically re-
examined.

Most studies of duplex perception have used a dichotic
configuration in which one ear receives the non-
distinguishing parts constituting most of the stimulus (the
“base”), but the critical element carrying the information

©Author(s) 2025. @
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needed to identify the whole stimulus is presented contralat-
erally, in the correct temporal alignment. Under these condi-
tions, the critical element perceptually completes the base
(i.e., the syllable or chord can be identified in the ear receiv-
ing the base) but is heard simultaneously as an additional
(non-speech or non-music) sound in the other ear. In the
classic demonstration of the duplex perception of speech
(Rand, 1974; Liberman, 1982), synthetic CV syllables were
created for which the only cue disambiguating the identity
of the voiced stop (/b/, /d/, or /g/) was the initial third-
formant (F3) transition, which rose or fell to varying
degrees. That element not only supported the consonant per-
cept but was also heard simultaneously as a non-speech
“chirp.” Similarly, presenting the base of a chord (perfect
fifth) to one ear and the distinguishing third to the other led
to the perception of a complete chord in the ear receiving
the base (i.e., the chord was heard as major or minor) and
the third was heard as an additional, isolated note in the
other ear (Pastore et al., 1983; Collins, 1985). Note that the
two modes of listening involved the following: Identifying
the syllable or chord involved synthetic listening, whereas
discriminating the distinguishing chirp or third involved
analytic listening.

Whalen and Liberman (1987) created a variant of the
test paradigm for exploring the duplex perception of speech
that did not involve dichotic presentation or any other spa-
tial cues. This was done by introducing a difference in
source properties between the syllable base (buzz-excited
formants) and the distinguishing element (sine-wave ana-
logue of the F3 transition). Using this approach, they
explored the effects of changing the intensity of the sinusoi-
dal tone glide on the speech and non-speech percepts. The
duplexity threshold was defined as the glide intensity, rela-
tive to the steady F3, above which the syllable was heard as
accompanied by a non-speech sound (heard as a rising or
falling whistle). Strikingly, Whalen and Liberman (1987)
reported that there was a range of intensities below that
required for detection of the glides (i.e., below the duplexity
threshold) for which listeners were still able to distinguish
the initial stop consonant as /d/ or /g/. Estimates of the dif-
ference between the duplexity threshold and the threshold
for syllable discrimination ranged from at least —4 dB
(experimental data) to around —20 dB (anecdotal reports by
those authors based on their own listening). Whalen and
Liberman (1987) regarded this difference in thresholds as
evidence for the precedence of the speech mode in percep-
tion. Specifically, speech perception took first what was
required from the sensory evidence to support the consonant
judgment, leaving only a “residual” for the non-speech judg-
ment (rising vs falling glide). Hence, the non-speech judg-
ment fails first with increasing attenuation of the glide. If
both systems instead either had full access to the available
evidence or shared it equally, there should be no difference
in thresholds.

On two grounds, Bailey and Herrmann (1993) ques-
tioned the claim by Whalen and Liberman (1987) that there
was a range of subthreshold levels [so-called subliminal
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perception; see Hall and Pastore (1992)] over which the
glide nonetheless influenced consonant identity in the base-
+glide syllables. First, Whalen and Liberman (1987) used
the method of adjustment to measure the duplexity thresh-
old, an approach for which the threshold depends on the cri-
terion that the listener sets for detection. Further, the glide
intensity on those trials always began below the threshold,
which is known to lead to an overestimation of threshold
[see, e.g., Bregman (1990), p. 55]. Hence the criterion was
likely more conservative for discriminating glide direction
than syllable identity. Second, Bailey and Herrmann (1993)
argued that properties of the isolated tone glides (rising vs
falling) might themselves provide unintended information
about consonant identity, owing to associative learning.
They used a two-alternative forced-choice method, which is
less susceptible to criterion effects, and found that their esti-
mates of the duplexity threshold—and consequently of the
difference between the thresholds for duplexity and syllable
identification—were much lower than those reported by
Whalen and Liberman (1987). Further, they demonstrated
that listeners could reliably label rising and falling tone
glides as /g/ and /d/, respectively, indicating an unintended
cue to consonant identity that did not require integration of
the syllable base and glide. Overall, they concluded that
there were no glide levels that did not evoke the percept of a
chirp-like sound but which nonetheless allowed the conso-
nant to be identified.

Hall and Pastore (1992) created an analogous non-
spatial variant of duplex perception for musical chords,
using a chord base (perfect fifth) composed of two harmonic
complex tones (synthesized piano sounds) and a sine-wave
analogue of the distinguishing third (same attack and decay
envelope as for the complex tones). Like Whalen and
Liberman (1987), they reported a considerable difference
between the thresholds for duplexity and chord identifica-
tion as the level of the third was varied, ranging from an
average of —9dB (experiment 1) to —18 dB (experiment 2).
Hall and Pastore (1992) attributed the superior performance
on chord identification to the effects of the highly learned
schemas of Western music, rather than to the existence of a
specialized module for music perception. In other words,
modes of processing based on “figurally good” objects, such
as complete chords or syllables, take precedence over other
kinds of processing. In their first experiment, a yes/no task
was used to measure tone detection, but a same/different
task was used to measure chord discrimination. Therefore,
the differences in threshold may have arisen, at least in part,
from differences in detection criterion between the two
tasks. Their second experiment replaced chord discrimina-
tion with chord identification and used a two-interval
forced-choice method to measure tone detection, for which
little or no criterion effect would be expected. However,
both of their experiments used only one instance of the per-
fect fifth (no variation in fundamental frequency, FO) as the
chord base, and so there was ample opportunity for listeners
to learn the association between the frequency of the sinu-
soidal third and the mode of the chord.
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Extending the approach of Bailey and Herrmann
(1993), the two experiments reported here provide a re-
examination of the duplex perception of musical chords in a
context where criterion differences between tasks and
opportunities for associative learning of unwanted cues
were minimized. Using more reliable procedures to measure
thresholds greatly reduced differences in performance
between chord identification and tone discrimination. The
notion of precedence as the mechanism underpinning duplex
perception was not supported.

Il. EXPERIMENT 1

Listeners made musical (mode-identification) and tone-
discrimination judgments using the same stimuli. Two-
interval forced-choice methods were used for both tasks to
limit criterion effects and the chord stimuli were drawn
from a set spanning a range of FO frequencies to reduce the
likelihood of associating a given third with a particular
mode.

A. Method
1. Listeners

Ten listeners took part; all were adult volunteers (age
range: 18-30years), who reported normal hearing and were
paid for participating. Most listeners were Psychology stu-
dents at the University of Birmingham; the others were local
residents involved in the music scene. All listeners either
played or had played a musical instrument and had obtained
appropriate qualifications (e.g., Royal College of Music
grades). A screening test was given before the main experi-
ment to confirm that all listeners could reliably identify
major and minor chords. The screening stimuli differed
from those used in the reference condition of the main
experiment only in that the third was a complex tone (like
the tonic and fifth) and the chords were drawn from a nar-
rower FO range (tonic FO: 400-424 Hz). To assist labelling,
the screening began with a brief demonstration of exemplar
major and minor chords, and listeners were reminded of the
typical cultural associations of these modes in Western
music with happiness and sadness, respectively [e.g., Burns
and Ward (1982)]. All listeners exceeded the criterion for
inclusion of 70% accuracy for mode identification. The abil-
ity of listeners to perform the tone-discrimination task
(described below) was not screened.

2. Stimuli and conditions

The same chord stimuli were used for the musical and
tone-discrimination judgments, but the stimulus configura-
tions differed. All stimuli were presented diotically. In the
mode-identification task, a single chord was presented on
each trial. The tonic and fifth were complex tones compris-
ing six harmonics added in sine phase and with a spectral
roll-off of 6 dB/octave. The note representing the third was a
pure tone. As for Hall and Pastore (1992), this arrangement
was analogous to that of Whalen and Liberman (1987), for
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which the base comprised buzz-excited formants (harmonic
complex) and the distinguishing F3 transition was a pure-
tone glide. These triads closely approximated equal temper-
ament, differing only in that the ratio of FO frequencies for
the tonic and fifth was set exactly at 2:3 [see Vos (1982)].
Although the frequencies used did not correspond to specific
notes on any scale used in Western music, the relative fre-
quencies were appropriate for the perception of major and
minor chords. Specifically, the frequencies of each major
and minor third were set to have ratios, relative to the tonic
FO, of 1:1.26 and 1:1.19, respectively.

To prevent listeners from identifying mode based on
the frequency of the third, a set of 11 thirds was used
(400 Hz—600Hz, in 20-Hz steps) and chords were con-
structed such that each third was equally likely to corre-
spond to the major or minor mode. The token used on any
given trial was selected randomly, and with equal likeli-
hood, from the available set. The wide range of thirds also
ensured that the FO ranges for the tonic and fifth showed
considerable overlap across the two modes (tonic FO,
317.5Hz—476.2 Hz [major] and 336.1 Hz—504.2 Hz [minor];
fiftth FO, 476.2 Hz—714.3 Hz [major] and 504.4 Hz-756.3 Hz
[minor]). Each chord had a trapezoidal amplitude envelope
and was 500 ms long, including 50-ms linear onset and off-
set ramps. In the reference condition, the pure-tone third
was presented at the same level as the FO components of the
tonic and fifth—75dB sound pressure level (SPL)—giving
an overall presentation level for the chord of 80 dB SPL. In
the other conditions, the attenuation of the third ranged from
5 to 30dB in 5-dB steps. Hall and Pastore (1992) used the
same range of attenuation for their pure-tone thirds.

In the tone-discrimination task, each stimulus was a
sequence of three sounds—two pure tones and a chord. The
pure tones had the same duration and amplitude ramps as
their counterpart within the chord; all sounds were separated
by 0.5-s silences, giving a total stimulus duration of 2.5s.
One of the pure tones (the target) was identical in frequency
to the third of the chord, and the other (the foil) was mistuned
by *5%. This extent of mistuning was chosen to be broadly
comparable with the frequency separation for a major third
and minor third with respect to a common perfect fifth; this
was intended to help optimize the comparison between the
synthetic and analytic modes of listening required for the two
tasks. The level of the pure tones was set equal to that of the
third in the chord, as appropriate for the level of attenuation
used on any given trial. The pure tones remained clearly audi-
ble at maximum attenuation (30 dB, giving 45 dB SPL).

All stimuli were generated using mitsyN (Henke, 1997)
at a sampling rate of 16kHz, stored on disk, and played
back via a 16-bit digital-to-analogue converter. They were
low-pass filtered at 5.2kHz (roll-off = 100 dB/octave) and
presented through Sennheiser (Hannover, Germany) HD
480-131I earphones. The output level was set using a pro-
grammable attenuator (0.25-dB steps) and calibrated using a
sound-level meter [Briiel and Kjaer (Naerum, Denmark)
type 2209] coupled to the earphones via an artificial ear
(Bruel and Kjaer, type 4153).
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3. Procedure

Stimuli were played to the listeners in a single-walled
sound-attenuating booth [Industrial Acoustics (Winchester,
UK) 401A] housed within a quiet room. The two tasks were
run in a single session but separately, to allow listeners to
optimize their listening strategy for the task in hand. The
mode-identification task was always completed first. There
was a short rest break between tasks, and each began with a
warm-up comprising one block of the appropriate stimuli,
the data from which were discarded. In total there were 560
trials for the main experiment, with 280 per task (2
chords x 7 attenuations x 20 blocks); stimulus order was
randomized anew for each block. For the tone-
discrimination task, the 20 blocks of trials comprised five
repetitions of the four permutations of note order (target,
+5% mistuned foil; target, —5% mistuned foil; +5% mis-
tuned foil, target; —5% mistuned foil, target).

In the mode-identification task, listeners indicated
whether they heard the chord as major or minor by pressing
“M” or “N” on the keyboard, respectively. Tone discrimina-
tion was measured using a two-alternative forced-choice
task, in which listeners indicated whether the note within the
chord was present in the first or second interval by pressing
key “1” or “2,” respectively. Listeners were encouraged to
make their judgments quickly and accurately, but their
responses were not time limited. On each trial, feedback on
the accuracy of the response was given on-screen immedi-
ately afterwards for both tasks. The next trial began 0.5s
after it was initiated by the listener.

B. Results and discussion

Figure 1 shows the mean percentage scores (and inter-
subject standard errors) for each task across conditions. The
top panel shows the overall results for each task when col-
lapsed across stimulus mode; results for mode identification
and tone discrimination are displayed using filled circles and
squares, respectively. The middle and bottom panels show
the results separately for major and minor stimulus configu-
rations in the mode-identification and tone-discrimination
tasks, respectively; results for major and minor chords are
displayed using open upward and downward triangles,
respectively. Results for the two tasks were analyzed
together using a three-way repeated-measures analysis of
variance (ANOVA); the measure of effect size reported here
is partial eta squared (nﬁ). The independent variables were
task (two levels: mode identification or tone discrimination),
stimulus mode (two levels: major or minor), and attenuation
of the pure-tone third (seven levels: 0-30 dB). The outcomes
of the ANOVA are summarized in Table I. All statistical
analyses were computed using SPSS STATISTICS (version 26,
2019; IBM Corp., Armonk, NY).

Attenuation was the only factor associated with a signif-
icant main effect (p < 0.001). Mean performance was good
in both tasks for the reference case (0dB, >90%) but fell
progressively as the level of the pure-tone third was lowered
(Fig. 1, top panel). There was a highly significant interaction
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FIG. 1. Results of experiment 1. (Top panel) Results for each task, collapsed
across stimulus mode. (Middle and bottom panels) Results are shown sepa-
rately for major and minor stimulus configurations in the mode-identification
and tone-discrimination tasks, respectively. For greater clarity, error bars are
shown in one direction only. Dotted lines indicate chance performance (50%).

between task and attenuation (p < 0.001), corresponding to
the shallower function for tone discrimination than for mode
identification. In the latter case, accuracy fell to chance for
the highest levels of attenuation but remained above it

Brian Roberts 1249

6€:01:L1 G202 1snbny gz


https://doi.org/10.1121/10.0038976

TABLE I. Summary of the three-way repeated-measures ANOVA for
experiment 1. Task had two levels (chord identification or tone discrimina-
tion), stimulus mode had two levels (major or minor), and attenuation
(intensity of the third) had seven levels (0-30dB, in 5-dB steps). All signifi-
cant terms are shown in bold.

Factor df F P 11%

Task (T) (1,9) 0.810 0.392 0.083
Mode (M) (1,9) 0.482 0.505 0.051
Attenuation (A) (6, 54) 120.988 <0.001 0.931
TxM (1,9) 0.013 0.912 0.001
TxA (6, 54) 7.886 <0.001 0.467
MxA (6, 54) 3.047 0.012 0.253
TxMx A (6, 54) 1.120 0.363 0.111

(~60%) in the former. A possible explanation for this differ-
ence between tasks is discussed below. The only other sig-
nificant interaction was between stimulus mode and
attenuation (p =0.012), which arose mainly from the ten-
dency for minor chords to give higher scores than major
chords for both tasks at mid-range attenuations (Fig. 1, mid-
dle and bottom panels). There is no obvious reason for this
interaction, and it is not considered further.

Adaptive procedures are often used to estimate thresh-
olds in two-alternative forced-choice tasks (Levitt, 1971),
for which one-up, two-down and one-up, three-down stair-
cases converge on 70.7% and 79.4% accuracy, respectively.
Hence, scores in the range 70%—80% on the psychometric
function are widely taken to indicate “threshold” perfor-
mance. Attenuation of the third by 10—15 dB produced accu-
racy in this range in both tasks, corresponding at 75%
performance to a difference in tone attenuation of less than
1 dB for the two tasks. This outcome is not consistent with
the notion that subliminal perception took place [cf. the
much larger average difference in thresholds of —9dB for
Hall and Pastore (1992), experiment 1]. Nonetheless, for the
largest attenuations tested (20-30 dB), performance was bet-
ter for tone discrimination than mode identification.

Note that even the most attenuated tones remained eas-
ily audible when heard in isolation, and so listeners may
have been able to make a sequential comparison with the
perfect fifth to ascertain which one was in the correct ratio
to form a major or minor chord. Listener comments sug-
gested that this might have been used as a cue [see also Hall
and Pastore (1992)]. If so, this cue would be an imperfect
one, because the frequency difference between target notes
and foils (5% mistuning) is similar to that between major
and minor thirds (one semitone ~ 6%), such that —5% on a
match to the major third is close to the minor position and
+5% relative to the minor third is close to the major. Hence,
in principle, relying solely on this cue once the embedded
third was attenuated to the point that it no longer supported
chord identification could have allowed up to 100% accu-
racy in half the trials (foil: +5% relative to major third or
—5% relative to minor third) but near-chance accuracy on
the other half, setting an overall performance ceiling close
to 75%. In practice, performance at the greatest attenuation

1250  J. Acoust. Soc. Am. 158 (2), August 2025

used was poorer than this on average (~60% correct), but
inspection of the data for individual listeners showed that
they were evenly split between those who could and could
not use the strategy of sequential comparison. A revised
tone-discrimination task was used in experiment 2 to
address this unwanted musical cue.

lll. EXPERIMENT 2

This experiment used the same stimuli as for experi-
ment 1 in the mode-identification task, but differed in that
the two complex tones making up the perfect fifth were
replaced in the tone-discrimination task by a complex tone
intended to provide equivalent peripheral masking of the
embedded pure-tone third without providing an unwanted
musical cue. Hall and Pastore (1992; experiment 2)
achieved a similar goal by replacing the two complex tones
making up the perfect fifth with a narrow-band noise
masker. However, band-limited noise has appreciable ampli-
tude modulation and their use of peak- rather than average-
level matching to set its overall level may have contributed
to the substantial difference in thresholds between tasks that
they observed (—18dB on average). Therefore, a discrete-
spectrum masker was used instead.

A. Method

Ten listeners took part, six of whom also participated in
experiment 1. Except where indicated, the method was the
same as for experiment 1. The range of attenuations applied
to the third was changed from 0-30dB to 5-35dB, again
using 5-dB steps. This change was intended further to opti-
mize the test range with respect to near-chance performance.
For the mode-identification task, the stimuli and procedure
were otherwise identical to those for experiment 1. For the
tone-discrimination task, the pair of complex tones making
up the perfect fifth was replaced by a ten-component
“masking complex” with a flat spectrum and an FO fre-
quency equal to half that of the tonic (see Fig. 2). The fre-
quencies of harmonics 2 and 3 of this complex were equal
to the FOs of the original tonic and fifth, and each harmonic
had the same level as the FO components of those notes, pro-
viding a “frame” corresponding to the perfect fifth within
which the pure-tone third could be added in the appropriate
ratio to provide analogues of the major and minor chords
used in the mode-identification task.

The masking complex had the same amplitude envelope
as the pair of complexes it replaced. It was intended greatly
to reduce or eliminate the opportunity for listeners to use
modal information for their discrimination of the pure-tone
third. Note that the masking complex constituted a perceptu-
ally fused harmonic series with an FO one octave below that
of the tonic it replaced. Consequently, the third did not cor-
respond to a harmonic of FO, whether it was in the major or
minor position with respect to components 2 and 3.
Mistuning is known to promote segregation and hence was
expected to increase the salience of the pure-tone third
(Moore et al., 1986). Although the masking complex was a
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FIG. 2. Schematic depicting the stimu-
lus configuration used in experiment 2.
The “masking complex” consisted of
harmonics 1-10 (solid black lines) of
an FO frequency one octave below that
of the original tonic. Harmonics 2 and
3 acted as a “frame,” defining the per-
fect fifth, within which the pure-tone
third was added in either the major
(dashed line) or minor (dotted line)
position.

little more intense overall than the pair of complex tones it
replaced, only components 2 and 3 of this complex would
have had any appreciable masking effect on the third
(Glasberg and Moore, 1990). This is very similar to the
masking effect on the third of the original pair of complexes
making up the perfect fifth, which arose primarily from the
FO components of the tonic and the fifth.

B. Results and discussion

Figure 3 shows the mean percentage scores (and inter-
subject standard errors) for each task across conditions. The
top panel shows the overall results for each task when col-
lapsed across stimulus mode. The middle and bottom panels
show the results separately for major and minor stimulus
configurations in the mode-identification and tone-
discrimination tasks, respectively. The ANOVA was con-
structed in the same way as for experiment 1, but here the
range of attenuation applied to the third was 5-35dB. The
outcomes are summarized in Table II.

Once again, attenuation was the only factor associ-
ated with a significant main effect (p < 0.001); mean per-
formance was good in both tasks in the reference case
(>90%) but fell progressively until it approached chance
as the level of the pure-tone third was lowered (Fig. 3,
top panel). However, the pattern of interactions observed
here was different. The effects of attenuation on overall
performance were very similar for the two tasks, and
there was no interaction between task and attenuation
(p=0.965). Most notably, the greater accuracy for tone
discrimination than mode identification found for the
larger attenuations in experiment 1 did not occur here.
This indicates that replacing the pair of complex tones
making up the perfect fifth (experiment 1) with a mask-
ing complex with an FO one octave below that of the
tonic was effective in preventing listeners from inferring
which tone matched the embedded third using sequential
comparison. In this regard, it should be acknowledged
that the stimulus configuration used here did not neces-
sarily rule out all unintended musical cues. Although it
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was considered an unlikely strategy, a decision involving
a sequential comparison between the pure tones and the
complex based on distinguishing the major and minor
tenth might have been possible. There was, however, no
indication in the results that listeners were able to do so.

Two interactions were significant. One was the
interaction between task and stimulus mode (p=0.020),
which arose mainly because scores were higher overall
for major chords in the mode-identification task but for
minor chords in the tone-discrimination task (Fig. 3,
middle vs bottom panels). The other was the three-way
interaction (p =0.011), which arose because the interac-
tion of stimulus mode with task was strongest at mid-
range attenuations. There is no obvious reason for these
interactions involving stimulus mode, and they are not
considered further.

As noted above, the psychometric functions obtained in
this experiment for the mode-identification and tone-
discrimination tasks were very similar. For a notional
threshold corresponding to 75% performance, the difference
in tone attenuation between the two tasks was small and in
the opposite direction to that predicted based on precedence
of the musical mode of listening (about +2 dB). Most nota-
bly, performance in both tasks approached chance for an
attenuation of 35 dB. This is in marked contrast to the corre-
sponding experiment of Hall and Pastore (1992), for which
mode-identification performance remained above 70%, even
at the lowest level tested (—30 dB relative to the pair of com-
plexes making up the perfect fifth), despite chance perfor-
mance in tone discrimination. Following Bailey and
Herrmann (1993), this outcome indicates that comparable
performance is obtained for the two kinds of judgment when
stimulus design and task constraints are optimized to reduce
or eliminate unintended cues and criterion effects. There
was no evidence for subliminal perception.

IV. CONCLUDING REMARKS

The duplex perception of speech continues to interest
researchers [e.g., Stilp et al. (2022) and Rizzi and Bidelman
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FIG. 3. Results of experiment 2. (Top panel) Results for each task, collapsed
across stimulus mode. (Middle and bottom panels) Results are shown sepa-
rately for major and minor stimulus configurations in the mode-identification
and tone-discrimination tasks, respectively.

(2023)], but the duplex perception of musical chords has
received little or no attention since the study of Hall and
Pastore (1992). Introducing a difference in acoustic form
between the tonic and fifth (harmonic complexes) and the
third (pure tone) undoubtedly leads to duplex perception,
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TABLE II. Summary of the three-way repeated-measures ANOVA for
experiment 2. Task had two levels (chord identification or tone discrimina-
tion), stimulus mode had two levels (major or minor), and attenuation
(intensity of the third) had seven levels (5—-35dB, in 5-dB steps). All signifi-
cant terms are shown in bold.

Factor df F P 11[2,

Task (T) (1,9) 0.477 0.507 0.050
Mode (M) (1,9) 0.401 0.543 0.043
Attenuation (A) (6, 54) 74.330 <0.001 0.892
TxM 1,9 7.947 0.020 0.469
TxA (6, 54) 0.231 0.965 0.025
Mx A (6, 54) 0.331 0918 0.035
TXxMX A (6, 54) 3.093 0.011 0.256

but the experiments reported here contradict the claim by
Hall and Pastore (1992) that the duplex perception of
musical chords involves subliminal perception. When
care is taken to reduce greatly or eliminate criterion dif-
ferences between corresponding tasks, and opportunities
for inference and the associative learning of unintended
cues, differences in performance across mode and tone
tasks are largely absent. This outcome parallels that
reported by Bailey and Herrmann (1993) for the duplex
perception of CV syllables and is not consistent with the
notion of priority access to the sensory data (precedence)
for categorical judgments of speech or music. At presen-
tation levels where the critical sensory evidence to sup-
port discrimination is audible, synthetic and analytic
modes of listening both have access to the information it
carries.

The results of the study presented here, and those of
Bailey and Herrmann (1993), are in accord with the account
of duplex perception offered by Bregman (1987, 1990). In
that account, duplex perception is considered to arise in the
context of acoustical transparency—sounds originating from
the same direction mix rather than occluding one another—
and the low weighting given to spatial cues for auditory
grouping when in competition with other cues [e.g., Deutsch
(1975) and Darwin and Ciocca (1992)]. In this context,
duplex perception arises when the critical acoustic element
fits well into two perceptual organizations at once. For
example, when the distinguishing F3 transition or third note
is presented in a different ear or with different source prop-
erties to the rest of the sound, there is evidence that it forms
a separate auditory object, but at the same time it completes
a “strong form” based on highly learned schemas of cate-
gory (speech or music), enabling a judgment of the whole
sound.
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