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In many studies, the influence of intelligibility of the interfering speech is avoided by reversing it
in time. Usually, intelligibility with time-reversed interfering speech indeed is higher compared to
that with normal interfering speech. However, due to the nature of speech, reversed speech also
gives rise to increased forward masking. The latter will result in a decrease in intelligibility. Thus,
differences in intelligibility as a consequence of reversing speech in time are due to two opposite
effects. This paper describes a speech reception threshold �SRT� test with intelligible and
unintelligible interfering speech played normally and time-reversed. With Dutch listeners, Swedish
reversed interfering speech gave a rise in SRT of 2.3 dB compared with the Swedish interfering
speech �played normally�. The difference can be attributed to differences in forward masking. Dutch
time-reversed interfering speech gave a decrease in SRT of 4.3 dB compared to �intelligible� Dutch
interfering speech. The latter is the result of both a release from informational masking and an
increase in forward masking. Therefore, the amount of informational masking is larger than 4.3 dB
and, if one assumes similar differences in forward masking for Dutch and Swedish speech, may
amount to 6.6 dB. © 2005 Acoustical Society of America. �DOI: 10.1121/1.2000751�
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I. INTRODUCTION

There are various papers describing speech intelligibility
in the presence of one or more interfering talkers �e.g., Fes-
ten and Plomp, 1990; Bronkhorst and Plomp, 1992;
Bronkhorst, 2000; Drullman and Bronkhorst, 2000; Brun-
gart, 2001; Brungart et al., 2001; Brungart and Simpson,
2002; Summers and Molis, 2004�. Remarkably, intelligibility
appears to vary greatly between conditions, which in part
might be due to the degree of similarity between the target
speaker �here: “target” or “signal”� and the interfering speak-
ers �here: “masker” or “noise”�. The more similar the target
and masker are, the more the listener is confused or dis-
tracted, which in turn results in poorer performance. Differ-
ences between target and masker with respect to gender
�male or female speech� or intelligibility of the interfering
speech �native or foreign language� have only a small effect
with respect to actual energetic masking of the target, but
certainly can have a large effect on intelligibility. The phe-
nomenon of excess masking is often labeled as informational
masking �Drullman and Bronkhorst, 2000; Bronkhorst, 2000;
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Brungart, 2001; Brungart et al., 2001�. This paper concen-
trates on the part of informational masking due to intelligi-
bility of the interfering speech.

In order to study the speech intelligibility in speech-like
maskers, and at the same time avoid the informational mask-
ing component due to the intelligibility of the interfering
speech, many researchers use fluctuating speech-shaped
noise �Festen and Plomp, 1990; Bronkhorst and Plomp,
1992; Peters et al., 1998; Versfeld and Dreschler, 2002� or
play the interfering speech signal backwards �Festen and
Plomp, 1990; Summers and Molis, 2004�. Fluctuating
speech-shaped noise is made by modulating the long term
speech spectrum with the speech envelope of the interfering
talker. The envelope can be extracted from broad band
speech �one band�, two bands �Festen and Plomp, 1990�,
three bands �ICRA noise; Dreschler et al., 2001�, or even
more. The fluctuating speech-shaped noise has more or less
the same intensity fluctuations in time as real speech, has the
same long-term spectrum of speech, but is generally unintel-
ligible because the fine structure is lost.

By using time-reversed speech as a masker, the spectral
contents of speech are in essence untouched. The reversed
speech is not intelligible and therefore this component of the
informational masking by definition is removed. However,
the envelope of time-reversed speech is reversed as well. The

shape of temporal envelope of speech is typically dominated
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by plosive sounds �Rosen, 1992�, and the envelope of these
sounds is characterized by quick onsets �steep slope� and
slow decays �shallow slope�. Reversal of the speech signal
thus results in temporal envelopes that have abrupt offsets.
Since the auditory system does not follow the offset instan-
taneously, but rather displays a decay of the envelope across
time, abrupt changes cannot be followed accurately, hence
soft signals can be easily masked by a preceding strong sig-
nal �called forward masking�.

Irino and Patterson �1996�, Carlyon �1996�, Stecker and
Hafter �2000�, and Schlauch et al. �2001� examined the per-
ception of stimuli with ramped envelopes �gradual attack and
abrupt decay� and damped envelopes �abrupt attack and
gradual decay�. The sum of these studies reveal that ramped
signals are subjectively judged longer in duration and are
perceived louder compared to damped signals. This is ex-
plained by the abrupt offset at a high level of a ramped sound
which results in a persistence of perception, and more for-
ward masking compared to a damped sound. The same ef-
fects could be expected by time reversed speech since its
envelope is more ramped compared to the damped normally
played speech �Rosen, 1992�.

Forward masking has a clear effect on speech intelligi-
bility �Festen, 1987�. The recovery time from forward mask-
ing is in the range of 100–200 ms �Moore, 2003�. For com-
pleteness, a second type of masking, present in human
auditory perception, should be mentioned, viz., backward
masking. In this case, a soft signal is masked by a louder
signal that follows it. The phenomenon of backward masking
is still poorly understood �Moore, 2003�. The amount of
backward masking obtained with practiced subjects often is
little or none �Moore, 2003�. Its effect on speech intelligibil-
ity is still unclear and probably not very large.

By reversal of the speech masker in time, one expects on
the one hand an improvement in intelligibility of the target
speech due to the fact that the masking speech becomes un-
intelligible �partly release from informational masking�, and,
on the other hand a decrease in performance due to the fact
that the temporal envelope of the reversed speech causes an
increase of forward masking. Festen and Plomp �1990� and
Summers and Molis �2004� found a slight improvement in
performance when using reversed speech instead of normal
speech as a masker. This improvement is the result of both
effects combined. From these experiments it is not possible
to assess the individual contribution of both components.

The goal of the current experiment is to separate infor-
mational masking due to intelligibility of the interfering
speech from forward masking. Additional masking due to
time reversal of the speech is assessed by measuring the
speech intelligibility in masking speech of a foreign lan-
guage. Since the foreign speech is not intelligible �neither
forward nor backward�, differences in intelligibility due to
time reversal must be due to differences in forward masking
alone. The same experiment is repeated in native interfering
speech. Differences in intelligibility due to time reversal then
are the combined effect of an increase in forward masking
and a decrease in informational masking. Since the speech

materials are similar, and since the single effect of additional
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masking due to time reversal is known, the effect of infor-
mational masking due to intelligibility of the interfering
speech can be estimated.

II. METHOD

A. Subjects

Eight normal-hearing subjects �3 male, 5 female� partici-
pated. Their mean age was 25 years and ranged from 21 to
39 years. Subjects were native speakers of the Dutch lan-
guage. Subjects had at least high school education. Each sub-
ject had pure-tone thresholds of 15 dB HL or better at octave
frequencies from 125 to 8000 Hz �ANSI S3.6, 1996�.

B. Stimuli

The target speech material consisted of short every-day
sentences, uttered by a male speaker �Versfeld et al., 2000�.
The speech material comprised 39 lists of 13 sentences and
was developed for a reliable measurement of speech intelli-
gibility in noise. The speech was stored with a sampling rate
of 44.1 kHz and 16 bits resolution.

Swedish and Dutch speech was used as interfering
speech. The Swedish speech was developed by Hagerman
�1982� and consisted of short sentences read by a female
speaker. For the Dutch language, a corpus similar to that of
Hagerman �1982� was developed. The Dutch sentences were
uttered by a different female speaker. The Dutch speech was
rescaled to obtain the same speaking rate as that of Hager-
man’s �1982� set, viz., 3.5 s per sentence. Scaling was done
by use of the PSOLA method �Pitch-Synchronous Overlap
Add, a method for manipulating the pitch and duration of an
acoustic speech signal, Moulines and Charpentier, 1990�.
Pseudorunning speech was obtained by concatenation of sen-
tences in succession without pauses.

C. Procedure

Subjects were tested individually in a sound-insulated
booth. The monaural speech-reception threshold was mea-
sured at the better ear for a fixed noise level of 65 dBA.
Signals were played out via an Echo soundcard �Gina 24/96�
on a PC at a sample frequency of 44.1 kHz and were fed
through a TDT Microphone Amplifier �MA2� and a TDT
Headphone Buffer �PA4� via THD 39P headphones. After the
presentation of a sentence, the subject’s task was to repeat
the sentence he or she had just been presented. A sentence
was scored as correct if all words in that sentence were re-
peated without any error. A list of 13 sentences, unknown to
the subject, was used to estimate the level at which 50% of
the sentences was reproduced without any error, the so-called
speech reception threshold, or SRT. For a given condition,
the first sentence of the list started far below the expected
SRT. The sentence was repeated each time at a 4 dB higher
level until the subject was able to reproduce it correctly. The
12 remaining sentences in that list were presented only once,
following a simple up-down procedure with a step size of 2
dB. The SRT was estimated according to the procedure de-
scribed by Plomp and Mimpen �1979�, i.e., by taking the

mean signal to noise ratio �SNR� of sentence 5 to 13 plus the
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estimated SNR that would have been used for the 14th sen-
tence. With each sentence presentation, a random sample of
the interfering speech was taken. It started 1200 ms before
the start of the sentence and stopped at least 800 ms after the
sentence.

In total four masking conditions were tested: Dutch
masker forward, Dutch masker reversed, Swedish masker
forward, and Swedish masker reversed. The experiment was
partitioned into two blocks, a test and a retest. To avoid
confounding of measurement condition order and sentence
lists, the order of conditions and sentence lists was counter-
balanced across subjects according to an 8 by 8 Latin Square
method. In total, each subject received 8 lists of 13 sentences
preceded by 3 practice lists.

III. RESULTS

Figure 1 shows the SRT values averaged across subjects
and test-retest for each of the four conditions of the interfer-
ing speech. Error bars denote the standard error of the mean.
A 4�condition��2�test/ retest��8�subject� analysis of vari-
ance �ANOVA� was performed on the data set. Of the main
effects, only differences in “condition” were significant
�F�3,21�=24.6, p�0.001�. The SRT of the retest was on
average 1.2 dB better than the test, but this difference was
not significant �F�1,7�=4.6, p�0.05�. Also, differences be-
tween subjects were just not significant �F�7,4�=5.6, p
�0.05�. None of the interactions were significant.

The difference in SRT between the two conditions with
Swedish speech was significant �Tukey’s HSD test, z=2.4,
p=0.02� and was on average 2.3 dB. Thus, by time reversing
speech, the SRT increases �i.e., performance worsens� from
−13.9 to −11.6 dB. The difference between the two condi-
tions with Dutch interfering speech was also significant
�Tukey’s HSD test, z=4.28, p�0.001�. Here, time reversal
of the masking speech causes the SRT to improve by 4.3 dB.
The latter effect was apparent in all subjects, and the result is

FIG. 1. Speech reception threshold �dB� as function of interfering speech
type. Error bars denote the standard error of the mean.
in agreement with that of Festen and Plomp �1990�. Last, the
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difference between the two conditions with reversed masking
speech was also significant �Tukey’s HSD test, z=3.6, p
�0.001�.

IV. DISCUSSION

The most important finding of the present experiment is
that time reversal of foreign, nonintelligible speech that is
used as a masker, affects intelligibility and causes the SRT to
increase by more than 2 dB. Most likely, reversal of the
envelope of the speech signal results in an increased contri-
bution of forward masking. The main conclusion to be drawn
from this experiment is that reversal of a speech masker in-
deed introduces additional masking on top of energetic
masking in the form of forward masking.

Time reversal of intelligible �Dutch� masking speech re-
sults in a decrease in the SRT of 4.3 dB. This difference is
the result of the elimination of intelligibility of the masker on
the one hand �enhancing speech intelligibility�, and the intro-
duction of additional forward masking on the other hand
�decreasing speech intelligibility�. If one assumes that the
additional amount of forward masking is similar for the
Swedish and Dutch masking speech, then in the present ex-
periment the effect of informational masking due to intelli-
gibility of the speech masker can be estimated to be 4.3
+2.3=6.6 dB.

If intelligibility of the speech masker were the sole fac-
tor determining the amount of informational masking, one
would expect the SRT with Swedish reversed speech and
Dutch reversed speech to be similar. In the present experi-
ment this is not true; the difference is about 3.6 dB. Appar-
ently, the Dutch reversed speech is a poorer masker �SRT
=−15.2 dB� than the Swedish reversed speech �SRT
=−11.6 dB�. If Dutch interfering speech played in reverse
sounds more similar to Dutch speech than Swedisch speech
played either forward or in reverse, one would expect the
opposite. It is interesting to note that subjects told they could
not distinguish between the Swedish reversed speech and the
Dutch reversed speech. Also, they misjudged the reversed
Dutch speech for Swedish speech and vice versa. Therefore,
the effect probably is not very large. As mentioned in Sec. I,
other factors than intelligibility contribute to informational
masking. From the present results, it is difficult to say which
of the many potential factors contributed most; perhaps dif-
ferences in intonation, rhythm, mean pitch, modulation spec-
trum, or differences in the long-term speech spectrum. If the
interfering native and non-native speech were uttered by the
same person, with the same pronounced intonation, rhythm,
and pitch, one would expect the SRTs in the reversed condi-
tion to be more alike. But even then, differences might still
exist due to specific characteristics of the language.

The present experiment is a first attempt to separate en-
ergetic masking from informational masking. Future research
with different native and non-native interfering speech, ut-
tered by the same person may give more insight into the
effects of forward masking and informational masking on

speech intelligibility.
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V. CONCLUSIONS

By using speech from different languages, played both
forward or time-reversed, it is possible to disentangle the
effects of informational masking caused by intelligibility of
the interfering speech and energetic masking. However, time
reversal of speech results in an increase in temporal �for-
ward� masking. In the present experiment, this effect is about
2.3 dB. The release from informational masking by making
intelligible speech unintelligible by reversing it in time is
obscured by an increase in forward masking. In the present
experiment, it is shown that informational masking might be
as large as 6.6 dB if one assumes the same amount of addi-
tional forward masking with Dutch and Swedish reversed
speech.
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