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Abstract

Three experiments demonstrate the phenomenon of masking protection, where the threshold for identifying a brief

masked signal is lowered when that signal is presented in conjunction with other sounds that provide no information

about the correct response and which are separated from the distinctive signal by more than a critical band (Gordon,

1997a,b). The ®rst experiment shows that listeners' thresholds for distinguishing a low tone (375 Hz) from a high

tone (625 Hz) is lower when those tones are accompanied by a synthetic speech sound that combines with the tones

to give percepts of /II/ or /e/, respectively. This e�ect is reliable for individual listeners and involves a change in

perceptual sensitivity. The second experiment shows that a similar lowering of identi®cation thresholds is produced

when the distinctive signals are combined with high-frequency, acoustic energy that does not prompt a speech

percept. The third experiment shows that identi®cation thresholds are elevated when the non-distinctive, high-fre-

quency acoustic energy leads and lags the distinctive signals. The results of the experiments indicate that mechanisms

of perceptual object formation that exploit the temporal alignment of energy changes across the spectrum can

contribute to the accurate identi®cation of speech and non-speech sounds. Ó 2000 Elsevier Science B.V. All rights

reserved.

Zusammenfassung

Drei Experimente demonstrieren das Ph�anomen des Maskierungsschutzes (``masking protection''). Hierbei sinkt die

Erkennungsschwelle f�ur ein kurzes maskiertes Signal, wenn das Signal in Gegenwart anderer akustischer Reize dar-

geboten wird, welche keinen Informationsgehalt bzgl. der korrekten Antwort besitzen und die vom Zielsignal weiter als

eine kritische Bandbreite entfernt sind (Gordon, 1997a,b). Das erste Experiment zeigt, daû die Wahrnehmungsschwelle

f�ur den Unterschied zwischen einem tiefen (375 Hz) und einem hohen (625 Hz) Ton niedriger ist, wenn die T�one in

Gegenwart eines synthetischen Sprachreizes dargeboten werden, der in Kombination mit den T�onen beim H�orer die

Wahrnehmung eines /I/ bzw. /e/-Klangs erzeugt. Der E�ekt ist auf individueller Ebene reliabel und bedeutet eine

Ver�anderung der Wahrnehmungssensitivit�at. Das zweite Experiment zeigt, daû eine �ahnliche Senkung von Er-

kennungssschwellen erfolgt, wenn die zu diskriminierenden Signale zusammen mit hochfrequenter akustischer Energie

dargeboten werden, welche keine Sprachwahrnehmung hervorruft. Das dritte Experiment zeigt, daû Er-

kennungsschwellen ansteigen, wenn die Beschallung mit unspezi®scher hochfrequenter Energie den zu diskriminier-

enden Signalen vorhergeht oder folgt. Die Ergebnisse der Experimente weisen darauf hin, daû Mechanismen der
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perzeptuellen Objektbildung, die auf der zeitlichen Anordnung von Energiever�anderungen �uber das Spektrum hinweg

beruhen, zur Identi®kation von sprachlichen und nichtsprachlichen Kl�angen beitragen. Ó 2000 Elsevier Science B.V.

All rights reserved.
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1. Introduction

This paper explores a new phenomenon,
masking protection, as a means to better under-
standing the perception of speech and other types
of auditory objects. Masking protection was re-
cently demonstrated (Gordon, 1997a,b) by study-
ing identi®cation thresholds for masked sounds in
two conditions. In the ®rst condition, listeners had
to identify a simple sound as one of two target
signals. In the second condition, listeners had to
identify a stimulus as one of two complex sounds;
these complex sounds were created by adding an
identical cosignal to each of the target signals.
Identi®cation thresholds were lower when listeners
identi®ed the complex sound created by pairing
the target signal with the cosignal than when they
identi®ed the simple sound consisting of only the
target signal. Thus the presence of the cosignal
protected the target signal from some degree of
masking.

Masking protection occurs even though the
target signal is the only basis for distinguishing any
of the stimuli. Masking protection was ®rst dem-
onstrated for speech sounds where the target signal
was energy associated with the ®rst formant of a
vowel (low frequency for the vowel /II/ as in `bit' and
higher frequency for the vowel /e/ as in `bet') and
the cosignal was energy associated with the higher
formants of a vowel (Gordon, 1997a). It was sub-
sequently demonstrated for non-speech stimuli
consisting of brief noise bursts (Gordon, 1997b).
For both speech sounds and noise bursts, masking
protection was observed only when there was some
synchrony in the temporal pattern of energy in the
target signal and cosignal. Such temporal pattern-
ing of energy is an important basis of perceptual
coherence in audition. Accordingly, the depen-
dence of changes in identi®cation thresholds on
temporal structure led to the e�ect being called
coherence masking protection.

Masking protection occurs even though the
relevant spectral prominences in the stimulus are
separated by more than a critical band indicating
that there is some kind of interaction in the per-
ceptual processing of acoustic energy at spectrally
well-separated frequencies. An interaction of this
sort would not be expected under traditional
models of hearing that emphasized the operation
of independent sensory channels tuned to narrow
frequency bands. However, such an interaction is
not a complete surprise given developments in
psychoacoustics during the 1980s. The psychoa-
coustic paradigms of comodulation masking re-
lease (or CMR; Hall et al., 1984), modulation
detection interference (or MDI; Yost et al., 1989)
and pro®le analysis (Green, 1988) have had a
major impact on the understanding of hearing by
showing that across-frequency mechanisms oper-
ate early in perceptual processing. Masking pro-
tection is similar to the phenomena demonstrated
in these psychoacoustic paradigms in providing
evidence of across-frequency interactions in the
thresholds of practiced listeners engaged in a
simple task in which feedback is given on the ac-
curacy of performance providing listeners with a
basis for optimizing their performance.

2. Experiment 1

This experiment compared thresholds for iden-
tifying target signals consisting of tones to
thresholds for identifying the same target signals
when they were paired with a cosignal consisting
of the second and third formants of a vowel. The
characteristics of the target signals and the cosig-
nal were selected so that when they were com-
bined, they were perceived as the vowels /II/ and /e/.
The stimuli were presented in noise that was low-
pass ®ltered so that it spectrally overlapped the
energy in the target signal, but was remote
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from the second and third formants of the vowel
cosignal. Comparing performance on vowel
stimuli to tone stimuli allowed us to determine
whether identi®cation of the tones was more
resistant to masking based on their contribution to
the vowel as compared to their identi®cation in
isolation.

2.1. Method

Stimuli. For the no-cosignal condition, the
stimuli consisted of two target signals, sine waves
at 375 and 625 Hz. For the vowel-cosignal condi-
tion, the stimulus consisted of energy above the
®rst formant that was appropriate for either the
vowel /e/ or /II/ . The vowel cosignal was created
using the cascade con®guration of the Klatt syn-
thesizer. A token of the vowel /e/ was synthesized
based on parameters used by Darwin and Gardner
(1986) (see also Gordon, 1997a). The vowel had
the following characteristics: the fundamental fre-
quency was 125 Hz, the ®rst formant had a center
frequency of 625 Hz with a bandwidth of 50 Hz,
3 dB down from the peak amplitude, the second
formant had a center frequency of 2200 Hz with a
bandwidth of 110 Hz, 3 dB down from the peak
amplitude and the third formant had a center
frequency of 2900 Hz with a bandwidth of 170 Hz,
3 dB down from the peak amplitude. The synthe-
sized vowel was high-pass ®ltered at 1250 Hz using
a digital ®lter (Kaiser and Reed, 1978) with a
50 dB stop-band attenuation and a 250-Hz tran-
sition band in order to create a sound that lacked
the energy at the ®rst formant. This high-pass
portion of /e/ was digitally mixed with the low tone
(375 Hz) to create the vowel /II/ and with the high
tone (625 Hz) to create the vowel /e/. The tones
and vowel stimuli were shortened to 40 ms in-
cluding 5-ms linear ramps at onset and o�set using
a waveform editor.

The masker was a 600-ms white noise, low-pass
®ltered at 1000 Hz and presented at 62 dB SPL.
The target signal (tone or vowel) began 420 ms
after the onset of the masking noise.

Procedure and design. Eight subjects were tested
in the experiment. On each trial, a single signal in
noise was presented and subjects were asked to
identify it by pressing the appropriate key. A one-

up, three-down adaptive-tracking procedure was
used to adjust the signal level in order to determine
listenersÕ identi®cation thresholds. The amplitude
of both the target signal and the cosignal (when
present) were adjusted by this method. The initial
amplitude of the tone portion of the stimuli was
74 dB SPL. The step size of the signal adjustment
was 8 dB for the ®rst two reversals, 4 dB for the
next two reversals and 2 dB for the ®nal 12 re-
versals in a run. The average signal level of the last
eight reversals was taken as the threshold for the
run. An error indicator was presented after in-
correct responses.

Identi®cation thresholds were measured in two
conditions. The ®rst condition was identi®cation
of vowel stimuli (/e/ or /II/). Listeners were told that
they were to decide whether the signal sounded
like the vowel /e/ as in `bet' or /II/ as in `bit'. They
were to press the key labeled `1' if it was /II/ and `2'
if it was /e/. The second condition was identi®ca-
tion of the tone. Listeners were told that they
would hear either a tone with a high pitch or a
tone with a low pitch. They were to use the keys
labeled `1' for the low tone and `2' for the high
tone in order to identify these sounds. Listeners
performed nine runs in each condition, rotating
through the conditions in the order listed above.
The ®rst three runs in each condition were con-
sidered practice and were not included in the
analysis.

2.2. Results and discussion

Fig. 1 shows the mean signal level at threshold
for both experimental conditions for the eight lis-
teners tested in the study. Seven of the eight lis-
teners showed signi®cantly lower thresholds for
the vowel-identi®cation task than for the tone-
identi®cation task. Over all the listeners, thresh-
olds were 3.4 dB lower in the vowel-cosignal con-
dition than in the no-cosignal condition,
F �1; 7� � 31:14; p < 0:001. Thus, pairing the tone
with the higher formants of the vowel provided
protection from masking.

Adaptive-tracking procedures are typically used
in multiple-interval tasks and not in single-interval
tasks like the one used here (Macmillan and Cre-
elman, 1991). The reason for this is that the
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adaptive procedure tracks the signal level at which
listeners achieve a certain percent correct (con-
verging on 79.4% correct in a three-down, one-up
procedure (Levitt, 1971)). Percent correct is a true
measure of sensitivity when there is no response
bias, but progressively underestimates sensitivity
as response bias increases. Multiple interval tasks
have tended not to show much response bias and
therefore are generally assumed to be suitable for
adaptive-testing methods (MacMillan and Creel-
man, 1991). There is no comparable empirical as-
surance that a given single-interval task will not
show much response bias. Accordingly, it is im-
portant to show that the di�erence between per-
formance in vowel identi®cation and tone
identi®cation did not result from there being
greater response bias in the tone-identi®cation task
(where there was no cosignal) than in the vowel-
identi®cation task (where there was a vowel co-
signal). In order to do so, the data for each subject
in each condition (vowel and tone identi®cation)
were partitioned by the amplitude of the signal and
d' was calculated. This analysis was done for signal
levels near the empirical thresholds where obser-
vations were present for both conditions.

Table 1 shows the results of the analysis. The d 0

measure was signi®cantly higher in the vowel-
identi®cation task than in the tone-identi®cation
task for signal levels of 53, 55 and 57 dB SPL.
Thus, a bias-free measure of sensitivity (d 0) shows

that vowel identi®cation is superior to tone iden-
ti®cation in the present task.

The results of the experiment show that pairing
the target tone with the higher formants of the
vowel reduced thresholds for masked identi®ca-
tion, complementing results obtained by Gordon
(1997a). Thus, masking protection is an example
of an interesting class of perceptual phenomena
where a component of a complex stimulus is per-
ceived more easily when it is part of the complex
stimulus than when it is presented on its own.
Perhaps the most studied example of this phe-
nomenon is the word superiority e�ect where the
threshold for recognizing a brie¯y presented visual
letter is lower when that letter is presented in a
word than when it is presented in isolation
(Reicher, 1969). In the domain of speech perception,
masking protection appears to be similar to the
`phonetic precedence' e�ect reported by Whalen
and Liberman (1987). That e�ect is an instance of
duplex perception, where acoustic energy contrib-
utes to the perceptual identity of a speech sound
and simultaneously produces its own non-speech
percept (Rand, 1974; Liberman et al., 1981).
Whalen and Liberman showed that duplex per-
ception could be induced with binaural stimulation
by varying the intensity of the third-formant
transition, a cue to the distinction between `da'
and `ga' in their study. At high intensities, listeners
heard a speech sound and also a chirp corre-
sponding to the particular third formant transi-
tion. Manipulation of the intensities showed that
subjects could identify the speech sounds below the
threshold for detecting the chirp as an independent
percept. The phenomenon reported by Whalen
and Liberman is similar to masking protection
because in both cases listeners are more sensitive
to simple acoustic features based on the contri-
bution of those simple features to the perception of
a complex sound than based on the perceptions
that those features generate independently.

While the phenomena of masking protection
and phonetic precedence are similar, the method
used to demonstrate masking protection over-
comes some uncertainties surrounding the pho-
netic precedence e�ect that derive from the fact
that duplex perception is a subjective state (Bailey
and Herrman, 1993; Hall and Pastore, 1992).

Fig. 1. The mean levels (dB SPL) of the target signals at

threshold for identi®cation are shown when the target signal

was presented with no cosignal and with a cosignal consisting of

the high-pass portion of the vowel. Error bars correspond to the

standard error of the mean.
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Tasks that measure duplex perception require that
listeners respond based on one aspect of their
subjective experience while not using another as-
pect of their subjective experience; there is no ob-
jective way of verifying that listeners are able and
willing to do so. In contrast, the masking protec-
tion paradigm demonstrated here does not rely on
listeners' discernment about the appropriate sub-
jective basis for responding. Listeners are pre-
sented with trial-to-trial feedback and are free to
optimize their performance in any way that they
can. When the distinctive acoustic information is
presented alone performance is not as good as
when it is presented with non-distinctive acoustic
information with which it can be perceptually
combined. This di�erence in performance can
be seen in a bias-free measure of perceptual
sensitivity.

3. Experiment 2

This experiment examined whether masking
protection occurs for complex sounds that lack
some of the critical acoustic features of speech
sounds, but which preserve the temporal relations
that exist between energy in di�erent parts of the
spectrum in the speech sounds. A ®nding that
masking protection occurs for non-speech sounds
in addition to speech sounds would be most par-
simoniously explained by the operation of a gen-
eral auditory mechanism for perceptual
integration rather than by separate mechanisms,
one for speech sounds and one for sounds in
general.

3.1. Method

Stimuli, design and procedure. The stimuli for
the experiment included the no-cosignal and
vowel-cosignal stimuli from the previous experi-
ment as well as two additional types of stimuli that
changed features of the high-pass component of
the vowels. The complex-tone cosignal consisted of
a series of seven, equal-amplitude harmonics pro-
gressing from 2250 to 3000 Hz. This cosignal was
similar to the high-pass portion of the vowel in
that both consisted of a harmonic progression re-

lated to the same fundamental frequency of
125 Hz; the target signal in both cases was also a
harmonic of the same fundamental. The complex
tone also provided energy in the same range of the
spectrum as did the high-pass portion of the vowel.
The complex tone di�ered from the high-pass
portion of the vowel in that all of its harmonics
had the same amplitude whereas the formant
structure in the high-pass portion of the vowel
resulted in two prominences in the 2200±2900 Hz
region. The stimuli also di�ered in that energy in
the high-pass portion of the vowel extended below
and above the frequencies in which energy was
present in the complex-tone cosignal. The noise-
band cosignal consisted of white noise band-pass
®ltered between 2200 and 2900 Hz. Thus, this co-
signal had energy in the same part of the spectrum
as the complex-tone cosignal, but it lacked the
harmonic structure of the complex-tone cosignal.

The general procedure was the same as in the
previous experiment. For the tone-identi®cation
task and the vowel-identi®cation task, the char-
acterization of the stimuli given to the listeners was
the same as in the previous experiment (i.e., the
stimuli were characterized as tones and vowels,
respectively). For both the complex-tone and
noise-band cosignals, the stimuli were character-
ized as complex sounds which subjects were in-
structed to identify on the basis of whether they
contained a low-pitch or high-pitch sound. Four
listeners performed eight runs in each condition,
rotating through the conditions in the order: vowel
cosignal, noise-band cosignal, complex-tone co-
signal and no cosignal. The ®rst run in each con-
dition was considered practice and was not
included in the analysis.

3.2. Results and discussion

Fig. 2 shows the mean signal level at identi®-
cation threshold for each of the experimental
conditions for each listener. A repeated-measures
analysis of variance showed that there were sig-
ni®cant di�erences among the four conditions,
F �3; 9� � 30:7; p < 0:001. A planned contrast
showed that the di�erence between the no-cosignal
condition and the average of the cosignal
conditions was signi®cant across subjects,
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t�3� � 10:74; p < 0:002. Contrasts showed that
were no signi®cant di�erences among the cosignal-
present conditions.

The results show that masking protection of
comparable magnitude occurs for speech sounds
and non-speech sounds that are matched to the
speech sounds on certain dimensions. The com-
plex-tone and noise-band cosignals lacked some of
the important features of the high-pass vowel co-
signal. The complex-tone lacks the energy contour
that the formant structure of the vowel imposes on
the harmonics. The noise-band cosignal is aperi-
odic. The stimuli that resulted from combination
of the complex-tone and noise-band cosignals with
the target signal did not sound like speech. The
®nding that masking protection occurs for both
speech sounds and non-speech sounds is most
parsimoniously explained by operation of general
auditory mechanisms.

The results of this experiment are consistent
with those of Gordon (1997b). That paper presents
a series of three experiments in which the noise-
band cosignal used in the present experiment was
combined with a target signal consisting of a
narrow band of noise. Masking protection was
exhibited with those stimuli by listeners who were
not presented with any speech stimuli during the
experiments and were not instructed to identify
any stimuli as speech. Thus, masking protection in
those experiments is very unlikely to have occurred

because listeners attempted to hear the non-speech
sounds in a speech mode of listening. The current
®ndings add to those reported by Gordon (1997b)
by extending the range of non-speech stimuli for
which masking protection has been observed and
by showing that masking protection in such stim-
uli is reliable for individual listeners.

The results of the current experiment along with
those of Gordon (1997b) are broadly similar to
other ®ndings where adding noise (or other non-
informative acoustic energy) facilitates the identi®-
cation of a signal. Spectral restoration of speech, as
shown by Warren et al. (1997), is an e�ect where the
intelligibility of speech that has been ®ltered into
two very narrow bands is enhanced when broad-
band noise is inserted between the two speech
bands. The spectral restoration e�ect has been
studied using sentence-length speech stimuli and has
been found to be sensitive to the degree of linguistic
redundancy in the stimuli. This contrasts with the
masking protection paradigm which uses very brief
stimuli that lack any linguistic redundancy. Thus,
di�erent mechanisms may underlie these two e�ects
though both re¯ect listenerÕs ability to perceive
speech in challenging acoustic environments. An-
other ®nding, by Shriberg (1992), shows that noise
can induce perceptual restoration in ®ltered vowels
and in doing so enhances vowel identi®cation.
ShribergÕs stimuli are similar in duration and lin-
guistic redundancy to those used in the masking
protection paradigm suggesting that similar pro-
cessing mechanisms may underlie the two e�ects.

4. Experiment 3

This experiment examined the dependence of
identi®cation thresholds on the temporal align-
ment of energy in the cosignal and target signal. A
®nding that identi®cation thresholds were in¯u-
enced by temporal alignment of parts of the
stimulus would indicate that masking protection is
due in part to the con®guration of the parts of the
stimulus. Research by Darwin and his colleagues
(Darwin, 1984a,b; Darwin and Cioca, 1992; Dar-
win and Sutherland, 1984; Hill and Darwin, 1996)
on supra-threshold vowel identi®cation, pitch
perception and binaural fusion has shown that

Fig. 2. The mean signal levels (dB SPL) of the target tones at

threshold for identi®cation are shown when the target tone was

presented with no cosignal, the vowel cosignal, the complex-

tone cosignal and the noise-band cosignal. Error bars corre-

spond to the standard error of the mean.
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asynchronies in the onsets and o�sets of acoustic
energy can in¯uence the degree to which acoustic
energy contributes to phonetic perception. Fur-
ther, research in the streaming paradigm (Bregman
and Pinker, 1978) has shown that alignment of the
onsets and o�sets of tones plays a role in whether
they are perceived as part of the same or di�erent
auditory streams. The masking protection para-
digm complements these methods in important
ways. Feedback can be given to the listener in
masking protection because the task involves an
objectively correct answer. Providing a listener
with substantial practice and feedback promotes
the development of optimal (or near-optimal) task
strategies, which increases the likelihood that ef-
fects in the masking protection task reveal basic
perceptual processes rather than higher-level stra-
tegic or decision processes. In contrast, current
paradigms for suprathreshold identi®cation do not
involve objectively correct answers and feedback,
therefore results may re¯ect either basic perceptual
processes or decision processes.

4.1. Method

Stimuli, design and procedure. The stimuli varied
in the temporal relation between the cosignal
(consisting of the high-pass portion of the vowel)
and the target signal (consisting of a tone of either
375 or 625 Hz). In the synchronous-cosignal con-
dition, the cosignal and target signal were gated on
and o� simultaneously; the stimuli in this condi-
tion matched those used in the vowel-cosignal
conditions of Experiments 1 and 2. In the fringing-
cosignal condition, the cosignal began 40 ms be-
fore the target signal and ended 40 ms after the
target signal. Asynchronies of this magnitude have
been shown to decrease the contribution of
acoustic energy into a phonetic percept in supra-
threshold identi®cation tasks (Darwin, 1984a,b;
Darwin and Sutherland, 1984).

The general procedure was the same as in the
previous experiment. Ten subjects were instructed
to identify both the synchronous and fringing
stimuli as vowels. They performed six runs in each
condition, alternating between the conditions. The
®rst two runs in each condition were considered
practice. Two listeners (Subjects 1 and 2) in the

experiment also participated in the previous
experiment.

4.2. Results and discussion

Fig. 3 shows the mean signal level at identi®-
cation threshold for both experimental conditions.
Listeners showed lower thresholds, by an average
of 7.1 dB, for the synchronous stimuli compared to
the fringing stimuli. This di�erence was signi®cant
as shown by a repeated-measures analysis of
variance, F �1; 9� � 38:49; p < 0:001.

These results show that identi®cation thresholds
for the vowels are signi®cantly higher when the
vowel cosignal both leads and trails the target
signal by 40 ms (fringing condition) than when the
cosignal and target signal are gated on and o� si-
multaneously (synchronous condition), a ®nding
that shows that threshold-level identi®cation is not
simply in¯uenced by having the cosignal present
simultaneously with the target signal. This ®nding
is consistent with ®ndings by Darwin (Darwin,
1984a,b; Darwin and Sutherland, 1984) that onset
and o�set asynchronies between a tone and a
vowel reduce the contribution of the tone to the
identi®cation of the vowel. The present ®nding
shows that such asynchronies in¯uence threshold-
level identi®cation in addition to their in¯uence in
the suprathreshold task used by Darwin, indicat-

Fig. 3. The mean signal levels (dB SPL) of the target tones at

threshold for identi®cation are shown when the target tone was

presented with a synchronous vowel cosignal and with a

fringing cosignal which began 40 ms before the target signal and

ended 40 ms after the target signal. Error bars correspond to the

standard error of the mean.
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ing that in this case the two types of methods give
converging results. Nonetheless, the masking pro-
tection paradigm provides an important check on
results obtained with suprathreshold identi®cation
and it addresses a facet of perceptual integration ±
protection from masking ± that is not assessed by
suprathreshold identi®cation.

The results of the experiment are also consistent
with previous ®ndings on masking protection in
the perception of vowels (Gordon, 1997a) and of
noise bursts (Gordon, 1997b). Gordon (1997a)
measured identi®cation thresholds for noise-band
target signals (50-Hz wide centered on 375 and
625 Hz) in three conditions: synchronous vowel
cosignal, fringing vowel cosignal and no cosignal.
Gordon (1997b) measured identi®cation thresh-
olds for the same target signals, substituting the
noise-band cosignal for the vowel cosignal. In both
studies, identi®cation thresholds were lowest in the
synchronous-cosignal condition. Identi®cation
thresholds did not di�er signi®cantly in the fring-
ing-cosignal and no-cosignal conditions. Those
®ndings show that masking protection that is
present with synchronous cosignals is eliminated
with fringing cosignals for both speech sounds and
non-speech sounds.

5. Summary

Masking protection occurs when the threshold
for identifying a masked signal is reduced by the
presence of spectrally distant acoustic energy with
which the signal can form a coherent perceptual
object (Gordon, 1997a,b). The present paper ex-
tends previous research on masking protection in
the following ways. (1) Masking protection was
shown to occur for a broader range of stimulus
types than have been used before. In particular,
masking protection was observed for target signals
consisting of tones whereas previous work had
shown it for target signals consisting of noise
bands and synthesized ®rst formants. Further,
masking protection was shown with cosignals
consisting of complex tones of equal amplitude
tones in addition to the noise bands and synthe-
sized higher formants that have been used previ-
ously. (2) Masking protection was demonstrated to

be reliable for individual listeners. (3) Masking
protection was shown to involve a change in lis-
tenersÕ sensitivity in identifying the target signal
and not to result from criterion shifts. In particu-
lar, in a critical range of signal levels, d 0 was shown
to be greater in the target-signal-plus-cosignal
condition than in the target-signal-alone condition.

The present work in combination with earlier
work (Gordon, 1997a,b) establish masking pro-
tection as a clear example of where the perception
of a component of a stimulus is enhanced by its
being part of a more complex stimulus despite
substantial spectral separation between the parts
of the stimulus. Gordon (1997a,b) discusses two
possible mechanisms for this enhancement. The
®rst mechanism is that the cosignal serves as a
temporal marker that helps the listener locate the
target signal in time, thereby facilitating its rec-
ognition. The second mechanism is based on the
idea that the cosignal makes the listener more
sensitive to the frequency of the target signal be-
cause it provides a concurrent perceptual basis for
estimating the expected energy level at the possible
frequencies of the target signal. Similar mecha-
nisms have been advanced to explain the percep-
tion of complex acoustic signals in other tasks.
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