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Summary
A previous study showed that the scores on recognition of plosive-vowel syllables improve with noise preceding
the speech, compared to noise gated on and off simultaneously with the signal [1]. To investigate this question
further, the present study examined the influence of masker bandwidth, masker and signal spectral separation
and masker level on the recognition scores of band-pass filtered speech stimuli for different durations of the
preceding noise. When the signal onset was delayed 200 ms from the masker onset, its recognition improved,
compared with gated noise. A smaller increase was observed in the performance for longer delays. The same
amount of improvement in the recognition of the syllables (around 28%) was obtained for band-pass and band-
stop preceding noise. The beneficial effects of these preceding maskers on the scores on recognition of the speech
stimuli used in this study are similar to those obtained in the psychophysical studies on “overshoot” and “auditory
enhancement” phenomena.

PACS no. 43.71.Gv

1. Introduction

Studies on speech perception have shown that background
noise causes perceptual confusions [2, 3, 4, 5]. But when
the masking noise, instead of being presented simultane-
ously, precedes the signal for some duration, it produces
beneficial effects compared to the “gated” noise (noise
gated on and off simultaneously with the signal). This re-
sult was found in previous studies [6, 7, 1].

AinsworthŠs study [7] used preceding noise (noise
starting prior to the signal and continuing with it and off-
set simultaneously) durations of between 200 and 500 ms.
Cervera and Ainsworth [1] used preceding noise of 100
to 800 ms in duration. The greatest benefit (obtained by
comparing the recognition scores for preceding and gated
noise) occurred for preceding noise of 200 ms. Longer de-
lays did not continue to improve the recognition of the syl-
lables.

The results found in these perceptual studies have some
similarities to the “overshoot” effect found in psychophys-
ical studies. [8, 9, 10, 11, 12]. The detection of a brief
tonal signal improves as its onset is delayed (around
200 ms) relative to the onset of a longer masker (of around
400 ms). The overshoot effect has been studied with tonal
[13, 12, 14, 15] and noise [8, 9, 10, 11] maskers.
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On the other hand, the amount of overshoot is not only
critically dependent on those components at the signal fre-
quency, but it also depends on the off-frequency compo-
nents [9, 16, 17, 18, 19, 20].

Another group of studies on the “enhancement phe-
nomenon” have also studied the effects of the presentation
of preceding maskers or “adaptors” [21, 22, 23, 24, 25].
These studies found that a target frequency region can be
perceptually enhanced by previous exposure to a complex
masker in which the component corresponding to the fre-
quency of the target is omitted. The enhancement effect
has been studied with non-speech stimuli [21, 22, 23, 24,
25] and speech-like stimuli [26, 27]. Viemeister and Bacon
[25] interpreted this effect as an adaptation of suppression.
That is, the suppressing effect on the stimuli by the pre-
cursor noise would adapt over time. However, Wright et
al. [28] did not support for this hypothesis.

Whereas a considerable amount of research has stud-
ied the temporal effects of masking on the detectability
of tonal signals, fewer studies have used spectrally com-
plex and longer signals like speech in suprathreshold tasks.
Among them, Summerfield et al. [26, 27] used speech-like
vowels as stimuli and an identification task in their studies.

The present study, examined the phenomenon of “over-
shoot” on a suprathreshold level and with speech stimuli.
This phenomenon was initially studied in a previous work
[1]. The present study, investigates this question further
in an experiment in which the influence of masker band-
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width, masker and signal spectral separation and masker
level on the recognition scores of band-pass filtered speech
stimuli were examined, for different durations of the pre-
ceding noise.

To achieve this objective, an identification task was
used. This type of task has frequently been used in the
speech perception field since the Miller and Nicely [2]
study. The effects of preceding noise on speech recogni-
tion are worthy of consideration, because they can help to
explain the robustness of speech perception in noise.

We performed different comparisons of the spectral
characteristics of the noise maskers. First, we tested whe-
ther preceding band-pass and band-stop noise produce an
advantage in identifying speech stimuli, similar to what
has bee found for signal detection. We expect increases in
the recognition scores for both band-pass and band-stop
preceding noise, in light of our previous findings and the
results from other previous psychophysical studies on the
overshoot effect. In these studies, overshoot was found, not
only for maskers whose components were at the signal fre-
quency, but also for maskers whose components were re-
mote from the signal frequency [9, 16, 17]. In addition, the
studies on the enhancement phenomenon used band-stop
precursors ([24] and [25, 26, 27]). Examining this question
is of special interest because continuous background noise
of different spectral characteristics (either at frequencies
where the speech occurs or at other parts of the frequency
spectrum) is commonly encountered in daily communica-
tion situations. Both types of noise could be equally re-
sponsible for the effects.

We also varied other characteristics of the band- pass
and band-stop preceding noise, and the effects on the
recognition scores were examined. The bandwidth of the
band-pass noise was varied with the purpose of evaluating
its effect. In several studies on overshoot [10, 8, 17, 18, 19]
the effects of masker bandwidth on signal detectability
have been examined. For maskers centered on the signal
frequency, they found an increase in the overshoot effect as
the masker bandwidth increased. However, in the present
study the overall level of the noise was kept constant
across the different bandwidths (meanwhile in the over-
shoot studies what was constant was the spectrum level).
Thus, we expected different results.

Some aspects of the band-stop noise were studied. An
examination was carried out of whether it would be nec-
essary for the surrounding bands of the precursor noise
to be adjacent to the test signal or not, in order to pro-
duce the improvement on the recognition scores. It was ex-
pected, following the Viemeister and Bacon [25] hypothe-
sis, that the enhancement effect would be due to adaptation
to suppression, and that non- adjacent bands would pro-
duce less enhancement and, therefore, less improvement
on the recognition of the stimulus than adjacent bands. It
was also expected that narrower bands of noise will pro-
duce less enhancement than complementary bands (that is,
band-stop noise with the signal in the band-pass).

Furthermore, the question of whether different SNRs
can produce differential effects on the recognition scores

was examined. Thus, a higher SNR of 12 dB SNR was em-
ployed and compared to the 6 dB SNR condition.

The enhancement effect has also been observed with
different masker intensities. But the signal-to noise rela-
tionships between the precursor and the signal have not
been studied. According to the increased-gain hypothesis
[25], the enhancement effect would occur not only because
the exposure to precursor noise reduces its effective level
and, therefore, its ability to mask, but also because the
newly arriving signal is less susceptible to suppression,
due to adaptation to suppression. These authors suggest
that the enhancement effect not only reduces the effective
auditory level of the pre-existing energy, but that the en-
hanced component also behaves as if it were increased
in intensity. According to this hypothesis, the effective
level in the not previously stimulated frequency region in-
creases. If the SNR were increased or decreased, the ef-
fective level of the signal would be increased or decreased
by the same proportion, and the signal detectability would
not significantly change.

Finally, as three different syllables were used as speech
stimuli on a perceptual task, it was considered necessary to
assess the speech recognition behaviors of the listeners in
more detail, by evaluating their perceptions of individual
plosives across the different noise conditions. To achieve
this, the data were arranged in confusion matrices, and the
results were interpreted in relation to the acoustical char-
acteristics of the individual stimuli. The confusions among
consonants, using masking noise, were studied in the clas-
sic Miller and Nicely study [2] with the English conso-
nants. In that study, the confusions among voiced stops
showed that the /d/ and /g/ pair was more confused than /b/
with the other two voiced plosives. In the present study, it
was expected that the pattern of confusions obtained in the
recognition task, with the Spanish voiced stops, would not
differ substantially from that previous study.

2. Method

2.1. Stimuli

Voiced-stop syllables were used in the present experiment,
as well as in our previous study [1]. These consonants were
chosen because they have common manner of articulation
and voicing features, differing only in the place of articu-
lation feature, which is a frequently confused feature [2].
In the present study, an attempt was made to limit the fre-
quency region of the speech stimuli as much as possible,
so that we could manipulate the effects of the presenta-
tion of the preceding noise either in the same frequency
band as speech or in the “complementary” (where there
was no speech) frequency regions. To accomplish this, a
pilot study established that the voiced plosives combined
with /a/ and band-pass filtered at 920 to 2000 Hz produced
100% correct identification in quiet.

The voiced-stop syllables were spoken by a native male
speaker. They were recorded in a soundproof room using
a Sennheiser HMD 224 microphone set at 25 cm from
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the lips and directly digitalized in the computer with a
sampling rate of 11.025 KHz. The three syllables were
made equal in duration. To isolate the stop-vowel syllable,
200 ms of the speech signal, beginning at the murmur pre-
ceding the plosive burst, were selected. The total 200 ms
of duration of each stimulus included a cosine-squared
onset/offset ramps of 10 ms. The amplitudes of the three
stimuli were also adjusted to make them of equal ampli-
tudes across the entire syllable.

The speech stimuli were then band-pass filtered at 920–
2000 Hz. A 200th order FIR filter was used. This fre-
quency band (920–2000 Hz) comprises 6 Bark (the edges
of the band corresponded to the edges of the 9th to 14th
Bark). The spectral characteristics of each plosive are de-
scribed in section IV.

Maskers consisted of white noise (low-pass 5.5 kHz at
a sampling frequency of 11.025 KHz) passed through a
200th order linear phase FIR filter, using the MATLAB fir
function [29] with a Hanning window, to produce the dif-
ferent band-pass and band-stop filters, by varying the cut-
off frequencies used in the different experimental condi-
tions of this study. They were a) band-pass noise of differ-
ent bandwidths. b) band-stop noise. c) maskers consisting
of two flanking bands, were created by the combination of
two band-pass filters.

In all the conditions, the noise began at 800 ms, 400 ms,
200 ms and 0 ms (gated noise) before the onset of the syl-
lable and continued until the end of the signal (200 ms
later). The onset and end of the noise were also subjected
to a Hanning window. The different filtered noises were
added to the signal to make the SNR during the syllable
equal to 6 dB SPL (except in one of the conditions where
a higher SNR of 12 dB was employed). The overall level
of the noise was the same in all the conditions, allowing
the spectrum level to vary in each condition.

The manipulations of both the speech signal and the
maskers were performed using MATLAB [29] routines.
All the stimuli (speech and noise) in the different experi-
mental conditions were presented at 70 dB SPL

2.2. Listeners and procedure

A group of 11 listeners participated voluntarily in the ex-
periment. All of them were students at the University of
Valencia and native Spanish speakers. Their ages ranged
from 22 to 31 years, and all of them had pure-tone air
conduction thresholds of less than 20 dB SPL from 125
to 6000 Hz [30].

The listeners performed the experiment individually in
a sound attenuated room. The stimuli were presented diot-
ically through Sennheiser HD 435 headphones at the level
of 70 dB SPL and controlled by a computer. Each time a
stimulus was presented, the listener was instructed to press
“B”, “D” or “G” on the keyboard of the computer. After
the key was pressed, the next stimulus was presented 2 s
later.

The stimuli were presented in random order. The ses-
sions were divided into blocks of 60 stimuli (3 syllables
× 4 durations of the noise × 5 times). There were eight

blocks corresponding to each condition of filtering char-
acteristics of the noise. A practice block was presented
at the beginning of the first session. In each session, dif-
ferent blocks were presented. The listeners performed the
different blocks in different sessions in random order over
a few weeks. Feedback was provided during the practice,
but not during the experiment. Each condition was scored
by counting the number of correct identifications. The dif-
ferences between the percent scores obtained in gated and
continuous 800 ms maskers provided a measure of the ben-
eficial effects of the preceding noise.

2.3. Data analysis

The percent recognition scores, obtained in the percep-
tual task in each condition of filtering characteristic of
the preceding noise (or “type” of noise) and duration of
the noise by each listener were analyzed using a two-way
intra-subjects ANOVA [31]. In this analysis, the main ef-
fects for both type of noise and duration of the noise were
tested. Afterwards, in accordance with the objectives of the
study, some comparisons among different filtering charac-
teristics of the noise were examined separately by using
the Bonferroni post-hoc test [32]. The differences among
the levels of the duration of the noise were also tested.

The data were also arranged in confusion matrices to
examine the perceptual errors. A confusion matrix was ob-
tained for each type of masker and two of the durations of
the masker (0 and 800 ms) . In the confusion matrices the
first vertical line represents the stimulus, and the first hor-
izontal line represents the response. The number of each
cell is the frequency with which each stimulus-response
pair was observed. Thus, the values in the diagonal repre-
sent the correct scores, and the off-diagonal values repre-
sent the confusions among the plosives.

The question arising from the confusion matrices was
whether there were certain patterns of confusions (the er-
rors were not scattered randomly), and, if so, whether
these patterns of errors were influenced both by the du-
ration of the noise and by the filtering characteristics of
the noise.

To accomplish this objective, a log-linear analysis was
conducted. The aim of this method is to explain the cell
frequencies of the confusion matrix tables with the mini-
mum number of terms, and then eliminate one term in each
round through a process of backward elimination (back-
ward hierarchical method). Each time a term was removed,
the assessment of goodness-of-fit was calculated by means
of a likelihood ratio chi-squared approximation, the G2

statistic (or multivariate chi-square) [33]. This method was
used for the analysis of consonant confusion matrices in a
previous study by Bell et al. [34]. In this analysis, the di-
agonal values (correct scores) were not considered.

A four-dimensional matrix (S×R×D×N) representing
stimuli [S], response [R], duration of the noise [D] and
type of noise [N] was used in each of the comparisons
of the filtering characteristics of the noise (type of noise)
used in the present experiment. The independent model

1038



Cervera: Temporal effects of preceding noise ACTA ACUSTICA UNITED WITH ACUSTICA
Vol. 93 (2007)

was [N] [D] [S] [R], and the saturated model was the four-
way interaction [NDSR], which represents the combined
effects of type of noise and noise duration on the stimuli-
response patterns. Among the two-way associations [ND]
[NS] [NR] [DS] [DR] [SR], the [SR] association was of
particular interest, as it represents the stimuli-response as-
sociation or error patterns. Among the three-way inter-
actions [NDS] [NDR] [DSR] [NSR], the [DSR] and the
[NSR] associations were especially interesting, as they re-
flect the effects of the duration of the noise on the stimuli-
response patterns and the effects of type of noise on the
stimuli-response patterns, respectively.

The analysis was begun with the higher association
or saturated model. Then the all three-way associations
model was tested against the saturated model. If the G2

value was non-significant, this model fitted the data (it
did not differ from the saturated one, which represents
the perfect fit) and, therefore, was accepted. Then, the all
two-way association model was tested, thus eliminating as
many interactions as possible, while maintaining an ade-
quate fit between expected and observed frequencies.

3. Results. ANOVA

The scores were analyzed in a two-way ANOVA. Eight
levels of type of the preceding noise (band-pass, band-
stop, narrow band-pass, wider band-pass, non-adjacent
bands, narrow adjacent bands, narrower adjacent bands,
band-stop at 12 SNR) were considered in the analysis,
and four levels (0 ms or coincident, 200 ms, 400 ms and
800 ms) of the duration on the preceding noise. The main
effects for both type of noise and duration of the noise
were significant (F = 15.26, df = 7, p < 0.01, and F =
20.12, df = 3, p < 0.01 respectively). The interaction was
not significant. Differences among the levels of duration of
the noise, by means of the Bonferroni test showed signifi-
cant differences between 0 and 200 ms (p< 0.01), between
0 and 400 ms (p < 0.01), and between 0 and 800 ms (p <
0.01). The differences in the recognition scores among the
levels of type of noise that were of interest in the present
study were examined in more detail separately, as well as
the perceptual errors.

3.1. Comparison of the band-pass and band-stop
preceding noise

Figure 1, a and b, shows the means and standard devia-
tions of the percent recognition scores calculated across all
subjects for both band-pass and band-stop (920–2000 Hz)
preceding noise, at the different durations of the noise.
The trajectories of the two lines representing the recog-
nition scores at the different noise durations show that
the recognition increases as the precursor noise duration
increases. The improvement on the intelligibility of the
syllables (the difference between 800 ms and coincident
noise conditions) was the same in both conditions (around
27.87%). The Bonferroni post-hoc test examining the dif-
ferences between the scores in band-pass and band-stop
conditions was significant (p < 0.01).

The percent scores were arranged in confusion matri-
ces, shown in Table I, a and b. These data were ana-
lyzed by means of a likelihood ratio chi-squared approx-
imation, or G2 statistic, following the method described
in the previous section. The data matrix consisted of a
four-dimensional 3×3×2×2 matrix representing stimuli,
response, duration and type of noise. The all two-way as-
sociation model fitted the data (G2 (df=18) = 13.73, p >
0.01). Therefore, it was selected over the higher-order as-
sociation models. Among the two- way associations, it was
especially important to test the [SR] term. The elimination
of the [SR] term from the model did not produce a good fit.
The conclusion can be drawn that, first, the pattern of con-
fusions was systematic (not randomly distributed among
the cells). Second, although the absolute number of correct
scores was affected by the duration and type of noise (as
the ANOVA and post-hoc tests showed), the patterns of er-
rors were not affected by them. An inspection of the resid-
uals and the confusion matrices showed that these patterns
corresponded to the confusions between /da/ and /ga/. /ba/
was less confused, as expected.

3.2. Bandwidth effects of the band-pass preceding
noise

The bandwidth effects of preceding band-pass noise cen-
tered on the speech signal on the recognition scores were
examined. It should be noted that, in this experiment, the
overall level of the masker was kept constant. Thus, as
bandwidth is increased, the spectrum level is decreased.
Three different bands of noise of different bandwidth were
used: band-pass 920–2000 Hz, a narrower band-pass noise
(1080–1720 Hz), that is, a band of noise of 1 Bark less
above and below the band-pass signal; and a wider band
of noise at 1 Bark above and below (770–2320 Hz) the
band-pass signal.

The percent recognition scores for the three conditions
of the bandwidth of the preceding noise are shown in Fig-
ure 1a, c, and d, across the different durations of the noise.
The trajectories of the three lines representing the recogni-
tion scores throughout the duration of the preceding noise
show that the recognition increases as the precursor noise
duration increases The amount of increment after 800 ms
of the precursor noise for the coincident band condition
was, as mentioned in the preceding section, 27.87%. For
the narrower band, the increment was 22.42%, and for the
wider band, it was 21.21%.

Post-hoc contrast by means of the Bonferroni test
showed significant differences between band-pass and the
narrower band-pass (p < 0.01), and between the narrower
band-pass and the wider band-pass (p < 0.01). There were
non-significant differences between band-pass and wider
band-pass conditions.

The data in the confusion matrices presented in Table I,
a, c and d, were analyzed using the hierarchical log lin-
eal approach with G2 statistics. The data matrix consisted
of a four-dimensional 3×3×2×3 matrix representing stim-
uli, response, duration and type of noise. The all two-way

1039



ACTA ACUSTICA UNITED WITH ACUSTICA Cervera: Temporal effects of preceding noise
Vol. 93 (2007)

Preceding noise duration (ms) Preceding noise duration (ms)

Band-pass 920-2000 Hz noise

20

30

40

50

60

70

80

90

0 200 400 600 800

%
c
o
rr

e
c
t

a

Band-stop 920-2000 Hz noise

20

30

40

50

60

70

80

90

0 200 400 600 800

%
c
o
rr

e
c
t

b

Band-pass 1080-1720 Hz noise

20

30

40

50

60

70

80

90

0 200 400 600 800

%
c
o
rr

e
c
t

c

Band-pass 770-2320 Hz noise

20

30

40

50

60

70

80

90

0 200 400 600 800

%
c
o
rr

e
c
t

d

Band-stop 630-2700 Hz noise

20

30

40

50

60

70

80

90

0 200 400 600 800

%
c
o
rr

e
c
t

e

Band-stop 920-2000 Hz noise at 12 SNR dB

20

30

40

50

60

70

80

90

0 200 400 600 800

%
c
o
rr

e
c
t

f

510-920 Hz and 2000-3150 Hz band-pass noise

20

30

40

50

60

70

80

90

0 200 400 600 800

%
c
o
rr

e
c
t

h
300-920 Hz and 2000-4400 Hz band-pass noise

20

30

40

50

60

70

80

90

0 200 400 600 800

%
c
o
rr

e
c
t

g

Figure 1. Recognition scores (% plosives correct) and their standard deviations as a function of the duration of the preceding noise
for a) band-pass 920–2000 Hz noise, b) band-stop 920–2000 Hz noise, c) band-pass 1080–1720 Hz noise (narrower band-pass), d)
band-pass 770–2320 Hz noise (wider band-pass), e) band-stop 630–2700 Hz noise (non adjacent), f) band-stop 920–2000 Hz noise at
12 SNR, g) 300-920 Hz and 2000–4400 Hz band-pass noise (two narrow adjacent bands), and h) 510–920 Hz and 2000–3150 Hz noise
(two narrower adjacent bands).

association model fit the data well and, therefore, was ac-
cepted [G2 = 23.75 (df=30) (p > 0.05)]. The elimination
of the [SR] term did not produce a good fit. The conclusion
drawn is that, although the total number of correct scores
varied with the type of the noise, the patterns of errors did
not. An inspection of the residuals and the confusion ma-
trices in Table I a, c and d showed that /da/ and /ga/ were
more confused than /ba/ was with them.

3.3. Effects of adjacent and non-adjacent bands of
preceding noise surrounding speech

Two different types of noise were examined. In the “adja-
cent bands” condition (band-stop 920–2000 Hz ), the pre-
cursor noise was presented in the part of the frequency
spectrum complementary to the signal, that is, the part
where the signal had no energy. In the “non-adjacent
bands” condition (band-stop 630–2700 Hz), the precursor
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Table I. Confusion matrices of /ba/ /da/ and /ga/ in 0 ms and 800
ms noise in different filtered noise conditions. The first column
represents the stimuli and the first row represents the response.

0 ms 800 ms
/ba/ /da/ /ga/ /ba/ /da/ /ga/

a. Band-pass 920–2000 Hz

/ba/ 54.5 30.9 14.5 78.2 3.6 18.2
/da/ 5.4 41.8 52.7 7.3 50.9 41.8
/ga/ 23.6 50.9 25.4 1.8 21.8 76.4

b. Band-stop 920–2000 Hz

/ba/ 78.2 14.5 7.3 94.5 3.6 1.8
/da/ 9.1 34.5 56.4 3.6 61.8 34.5
/ga/ 5.4 41.8 52.7 1.8 5.4 92.7

c. Band-pass 1080–1720 Hz

/ba/ 27.3 38.2 34.2 60 10.9 29.1
/da/ 20 21.8 58.2 21.8 38.2 40
/ga/ 20 41.8 38.2 18.2 25.4 56.4

d. Band-pass 770–2320 Hz

/ba/ 76.4 14.5 9.1 92.7 3.6 3.6
/da/ 1.8 49.1 50.9 0 61.8 38.2
/ga/ 7.3 61.8 30.9 1.8 32.7 65.4

e. Band-stop 630–2700 Hz

/ba/ 76.4 16.4 7.3 80 12.7 7.3
/da/ 7.3 45.4 47.3 0 63.6 36.4
/ga/ 10.9 34.5 54.5 1.8 18.2 80

f. Band-stop 920–2000 Hz at 12 SNR

/ba/ 60 23.6 18.2 90.9 5.4 3.6
/da/ 3.6 56.4 38.2 3.6 54.5 41.8
/ga/ 5.4 32.7 60 0 1.8 98.2

g. 300–920 Hz and 2000–4400 Hz band-pass noise

/ba/ 89.1 10.9 0 94.5 5.4 1.8
/da/ 3.6 47.3 49.1 0 56.4 47.3
/ga/ 7.3 40 52.7 1.8 14.5 83.6

h. 510–920 Hz and 2000–3150 Hz band-pass noise

/ba/ 81.8 10.9 7.2 83.6 9.1 7.3
/da/ 1.8 43.6 54.5 5.4 45.4 49.1
/ga/ 3.6 36.4 60 1.8 14.4 83.6

bands of noise were set at two Bark from the edges of the
speech band (920–2000 Hz).

Figure 1 b and e, shows the recognition scores for the
two different types of noise, as a function of the duration of
the noise. It can be seen that the scores increased as the du-
ration of the noise increased The amount of the improve-
ment on the recognition scores after 800 ms of preceding
noise was 27.88% for the adjacent bands (band-stop noise)
and 16% for the non-adjacent bands conditions. The Bon-
ferroni post-hoc test examining the differences between
the scores in adjacent and non-adjacent bands conditions
was not significant.

The data obtained from the perceptual task were ar-
ranged in confusion matrices in Table I b and e and submit-
ted to a log-linear analysis. A four-dimensional 3×3×2×2
matrix, representing stimuli, response, duration and type
of noise, was used to find the best unsaturated model. The
all two-way association model fitted the data [G2 = 10.78
(df=20), p > 0.05]. The elimination of the [SR] term did
not produce a good fit to the data. It was concluded that, al-
though the number of correct scores was significantly dif-
ferent across the different duration of the noise, the pat-
tern of errors was not. At the same time, the two types of
noise produced similar pattern of errors. This pattern cor-
responded to the confusions between /da/ and /ga/, as in
the previous experimental conditions.

3.4. Effects of adjacent bands of different band-
widths

Surrounding bands of preceding noise adjacent to the
speech band were examined using three different band-
widths. One of them was band-stop noise 920–2000 Hz.
This corresponds to approximately 7 Bark above and be-
low the band-pass signal. The other precursors consisted
of two bands of noise at 5 Bark above and below the sig-
nal (300–920 Hz and 2000–4400 Hz) (“narrow adjacent
bands”), and at 3 Bark above and below the signal (510–
920 Hz and 2000–3150 Hz) (“narrower adjacent bands”).

Figure 1 b, g and h, show the percent recognition scores
of these three conditions of type of noise a function of the
duration of the noise. It can be seen that the identifica-
tion scores increase with the duration of the three types
of noise. The amount of improvement of the recognition
scores was 27.88% for the band-stop, and 15.75% and
9.1% for the narrower bands 5 Bark and 3 Bark above and
below the speech band, respectively. The post-hoc com-
parisons showed significant differences between band-stop
and narrower adjacent bands (p < 0.01), but not between
band-stop and narrow adjacent bands, or between narrow
adjacent bands and narrower adjacent bands.

The confusion matrices obtained corresponding to these
type of noise are shown in Table I, b, g and h. The patterns
of errors obtained in these matrices were examined across
type of noise and duration of the noise, using log-linear
analysis. A four-dimensional 3×3×2×3 matrix, represent-
ing stimuli, response, duration of the noise and filtering
noise, was used. The all two-way association model fitted
the data [G2 = 4.04 (df= 28) (p > 0.05)]. The elimination
of the [SR] did not fit the data. The conclusion follows that
the pattern of errors was not significantly different in the
two durations of the noise or in the three types of noise. As
in the previous experimental conditions, it corresponded to
the confusions between /da/ and /ga/

3.5. Effects of the SNR of the band-stop masker

Two different SNRs of the band-stop (920-2000 Hz) pre-
cursor were compared: 6 and 12 dB SNRs. Figure 1 b
and f, show the recognition scores of the two conditions,
as a function of the duration of the precursor noise. The
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post- hoc comparisons by means of the Bonferroni test be-
tween band-stop noise at 6 SNR and 12 SNR showed non-
significant differences.

The data in the confusion matrices in Table I b and
f, were submitted to a log-linear analysis. A matrix of
3×3×2×2, representing stimuli, response, duration and fil-
tering characteristics of the noise, was used. The all three-
way association model fitted the data [G2 (df=4) = 6.13,
(p > 0.05)]. Therefore, the interaction of duration and fil-
tering characteristics of the noise on the pattern of stimuli-
response can be deleted from the model. Then the two-way
association model was tested against the three-way asso-
ciation model, and it did not fit the data. Therefore, the all
three-way association model could not be rejected. Finally,
the [DER] term was tested, which represents the effects
of duration on the pattern of errors, and the term [NER],
which represents the effects of filtering noise on the pattern
of errors, successively, against the all three-way associa-
tion model. In the first case, a G2 was obtained that did not
fit the data. In the second case, the model fitted the data
[G2 (df=4) = 4.23 (p > 0.05)]. The conclusion was that
the pattern of errors was influenced by the duration of the
noise, but not by the type of noise. An inspection of the
residuals and the confusion matrices shows that at 0 ms
or gated noise, the most frequent errors corresponded to
the confusions between /da/ and /ga/, but at 800 ms noise,
only the confusions of /ga/ with /da/ are maintained, but
not those of /da/ with /ga/.

4. Acoustic analysis of individual plosives

The pattern of errors shown by the confusion matrices
needed to be interpreted in relation to the acoustical char-
acteristics of the different plosives. As the three speech
stimuli (/ba/, /da/, and /ga/) differ in the place of articula-
tion feature, this cue would have to be used by the listeners
for correct identification.

As has been shown, both the spectrum of the burst [35]
and the characteristics of the formant transitions [36, 37]
are important cues to the perception of plosives. Thus, lin-
ear prediction spectra were computed at the burst of each
plosive (approximately 10-ms from the onset) and approx-
imately 45 ms later (approximately at or before the release
of voiced plosives). Each plosive burst was analyzed by
computing a 4th order LPC spectrum with a 10 ms win-
dow. LPC spectra were also computed 45 ms later. From
the two spectra, the time course of the formant transitions
can be estimated. These spectra are shown in Figure 2 as
solid and dashed lines, respectively.

It can be seen that the burst of /ba/ has a peak at about
1100 Hz and at 1750 Hz, /da/ has a peak at 1400 Hz and
at 1750 Hz, and /ga/ shows a main peak at 1450 and an-
other peak at about 1850 Hz. The structure of the spectra
obtained 45 ms later shows that /ba/ has a main peak at
about 1080 Hz and at 1800 Hz, whereas /da/ and /ga/ have
peaks at more similar frequency regions; that is, /da/ has a
peak at about 1410 and at 1700 Hz, and for /ga/ there is a
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Figure 2. Spectrum of band-pass filtered /ba/ (top), /da/ (middle)
and /ga/ (bottom) at the plosive burst (solid line) and 45 ms later
(dashed line).

main peak at about 1350 Hz and at 1750 Hz. Thus, the sec-
ond transition of /ba/ rises (from 1750 Hz to 1800 Hz), but
it falls for /da/ (from 1700 Hz to 1700 Hz) and /ga/ (from
1850 Hz to 1750 Hz). The direction of the transitions of
the plosives was as expected [36].

5. Discussion

The most important finding in the present study was that,
when the noise preceded the syllable with a duration of
200 ms or more, the recognition of the syllables improved,
compared to the recognition in gated noise. This result was
consistent throughout the different comparisons of the fil-
tering characteristics of the noise, in this study. The results
from the present study are not directly comparable with
the previous data in the overshoot experiments. In these
previous studies, the improvement of signal threshold de-
tectability (in dB) was assessed as a measure of the effect.
In the present study, the scores on recognition of conso-
nants in an identification task was measured. Both the task
and the stimuli are different. However, some similarities
between the psychophysical studies and the present study
have been found.

Gated or simultaneous noise, either presented in the
same frequency region as speech or in remote frequencies,
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produced negative effects on the recognition of the sylla-
bles employed in this study, as expected. The most dele-
terious effect was found for band-pass noises overlapping
the speech signal. On the other hand, flanking bands of
noise, either adjacent or non adjacent to the speech band,
caused the least amount of masking.

5.1. Effects of band-pass noise

Among the three different band-pass noises used in the
study, the narrower noise produced more masking than
band-pass noise spectrally coincidental with the speech
band, and band-pass noise wider than the speech band. It
seems that, as the masker bandwidth increases, the mask-
ing effect decreases. This happens by keeping the overall
level of the masker constant, but allowing the spectrum
level to vary.

On the other hand, the increases in the recognition
scores through the increasing duration of the preceding
noise showed similar time course in the three maskers.

These results do not agree with the findings of the psy-
chophysical studies on the overshoot effect. In those stud-
ies in which the bandwidth was manipulated [10, 17, 18, 8,
19], masker bandwidth increases produced increases in the
overshoot effect. This occurred because masker bandwidth
increases involved increases in the overall level. This con-
found was pointed out by Wright [19], who used con-
stant spectrum levels for band-pass maskers and constant
overall levels for band-stop maskers. The choice to keep
the overall level constant across the different band- pass
noises, used in the present study, was made in order to
be consistent throughout the different experimental condi-
tions (except when the SNR was manipulated). The SNR
in the speech band (920–2000 Hz) varied when the band-
width of the band-pass noise varied, but not in the other
experimental conditions, in which the noise does not over-
lap the speech band.

Thus, it is possible that the narrower band, which has a
greater density level than the wider bands, may more eas-
ily obscure those perceptual cues contained in the 1080–
1720 Hz band that might be relevant to the perception of
the syllables.

However, the results in the present study are not directly
comparable with those of the overshoot studies because
the spectrum level varied with the variations in bandwidth,
and also because of the complexity of the speech stimuli
extended over a broader band (compared with tonal signals
employed in the psychophysical studies).

5.2. Effects of band-stop noise

Preceding band-stop noise, presented at frequencies com-
plementary to the speech (band-stop 920–2000), produces
important beneficial effects (around 28% improvement) on
the recognition scores (compared to gated noise), simi-
lar to 920–2000 band-pass noise. These results were ob-
tained for maskers presented at 6 dB SNR. For a band-stop
masker presented at a lower level (12 dB SNR), 22.43%
improvement was found, which was not significantly dif-
ferent from the noise at 6 dB SNR. This result suggests that

for these favorable SNRs, the SNR does not seem to be
very important, although additional experiments including
other SNR conditions will be needed in order to reach a
conclusion.

Preceding narrow adjacent bands, presented outside the
speech band, also produced beneficial effects even with
bandwidth changes, with between 9% and 15% improve-
ment (narrower and narrow adjacent bands, respectively),
as well as non-adjacent bands (with around 16% improve-
ment).

These results agrees with the findings in the classi-
cal overshoot studies. When the maskers were presented
at frequencies not overlapping the signal frequency they
also produced a decrease in the signal detection thresh-
old [8, 9]. Wright [19] used maskers that did or did not
spectrally overlap the signal. Carlyon [38] showed that
“notched noise” produced a “release of masking” on tonal
signals of different frequencies. Carlyon and White [18]
used maskers close to and “remote” from the signal fre-
quency. Bacon and Savel [20] found beneficial temporal
effects using “off-frequency” narrow-band maskers. And
the studies by Viemeister [24], Viemeister and Bacon [25],
and Summerfield et al. [27] also used band-stop maskers
to produce the enhancement effect.

5.3. Comparison of band-pass and band-stop pre-
ceding noise

The overshoot effects obtained with maskers overlapping
the signal have been traditionally interpreted as supporting
the adaptation hypotheses, [39, 14, 38]. The similarity with
the physiological studies by Evans [40] and Gibson et al.
[41] suggests this possibility. The results obtained in the
present study with speech stimuli and band-pass maskers
would be consistent with this interpretation as well.

On the other hand, the effects of the maskers not over-
lapping the signal, more specifically, presented at com-
plementary speech frequency regions relative to the fre-
quency signal, in the studies on enhancement phenomena
[21, 22, 23, 24, 25, 27] have been interpreted as an adap-
tation of suppression [25].

The results obtained in the present study using band-
stop maskers could be related to the same mechanisms un-
derlying the auditory enhancement phenomenon. That is,
the subsequent presentation of the speech signal in that
part of the frequency spectrum where there was no previ-
ous energy could produce an enhancement of it.

The temporal effects of masking noise on the recogni-
tion of plosive-vowel syllables, shown in this study using
different band-pass and band-stop maskers, suggest that
more than one mechanism may be involved. Both effects
can be observed under a variety of circumstances. The ef-
fects of band-pass continuous noise can be observed, even
if the noise does not completely coincide in the same fre-
quency region as speech. The effects of off-frequency con-
tinuous noise can also be observed under different circum-
stances.

The time course of masking seems to be similar for all
the conditions used in this study. Most of the increments
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in the intelligibility of the syllables, produced by the dif-
ferent types of precursor noise, were produced in the first
200 ms, and then the increments were smaller and tended
to stabilize. This result is congruent with findings obtained
in a previous study [1] and with the results obtained in the
psychophysical studies. In the classical overshoot exper-
iments, typically maskers of 400 ms were used, and the
greatest effects were found when the signals were delayed
200 ms from the onset of the masker. Zwicker [9] found a
“ steady-state condition” at the 200 ms delay of the signal,
because longer durations of the masker did not further de-
crease the thresholds of signal detectability. Carlyon [38]
and Carlyon and White [18] obtained maximum “release
from masking” at about 300 ms. Bacon and Healy [42] and
Bacon and Liu [43], using “precursor” maskers from 50 to
400 ms, obtained maximum effectiveness when the precur-
sor had a duration of about 200 ms.

In the enhancement studies, the same time course was
found, although the point at which the effect was maxi-
mal can vary, depending on the study, from around 50 to
500 ms [24, 26, 27].

On the other hand, some physiological studies that ex-
amine the role of the efferent system in the phenomenon
of overshoot suggest that its activation is relatively slow
and requires about 200 ms to reach its maximum effective-
ness [44, 45]. This time duration agrees, in general, with
the time duration found in the psychophysical studies, as
well as in the present study.

5.4. Analysis of the confusions among consonants

The patterns of errors observed in the confusion matri-
ces were consistent across both the duration of the noise
and the filtering characteristics of the noise (an excep-
tion must be noted in the case of band-stop noise, which
presented different patterns of confusions between the 0
and 800 ms conditions). The most frequent errors were the
confusions of /da/ with /ga/ and /ga/ with /da/, with /ba/
being more easily distinguished than the other two. The
acoustical analysis of the syllables provides the basis for
an interpretation of the data. Both the burst spectrum and
the spectrum at the transition of both /da/ and /ga/ showed
spectral peaks in closer proximity than those of /ba/, which
shows a first peak (both the one corresponding to the burst
and the one obtained at the transition) in a lower frequency
region than /da/ and /ga/. In addition, the second formant
transition rises for /ba/, and it falls for /da/ and /ga/. This
may be the reason /ba/ was less confused with the other
plosives than /da/ and /ga. Consequently, /ba/ was easier
to distinguish. This same pattern of errors was observed in
previous studies of perception of consonants in noise [2].

6. Conclusions

The presentation of a noise, either band-pass or band-stop,
prior to the speech stimuli, produced an improvement in
its recognition, compared with noise gated on and off with
the signal. The effect can be obtained with different con-
ditions of masker bandwidth, masker and signal spectral

separation, and masker level. The greatest benefit was ob-
tained when the preceding noise was presented either in
the same frequency region as the speech, or in the com-
plementary frequency regions, producing around 28% im-
provement in the recognition scores. Similarly to what oc-
curred in the psychophysical studies of the overshoot ef-
fect, a duration of 200 ms of a precursor masker seems to
be critical in obtaining this effect. Although recognition
is different from signal detection, they probably involve
some of the same processing, and similar beneficial effects
obtained with detection of signals can be found with iden-
tification of speech stimuli.

The results obtained in the present study also suggest
that both within-and across-channel processes seem to be
involved in the improvement on the recognition of stop-
vowel syllables as a consequence of lengthening the du-
ration of the masker. These processes would play an im-
portant role in the perception of speech in natural con-
ditions, where background continuous noise of different
spectral characteristics is often present. By means of these
processing mechanisms, the auditory system would atten-
uate background noises and, at the same time, preserve the
ability to represent changes in amplitudes, enhancing the
perceptual representation of the speech signal.
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