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Summary

Experiments performed in free field showed that a task of speech stimuli detection is solved more successfully
when a speech signal and a speech-like noise source are spatially separated in distance. The spatial separation of
the sources of the target speech signal and the speech-like masker improved detection of the target speech signal
in noise at a low signal-to-noise ratio of —14 dB. This indicated the release from masking when the sources of
the target signal and the masker were separated by a distance of 3 m, the value of which amounted to 2-3 dB.
Release from masking at equal ratios of the intensity level of the target signal and the masker did not depend on
which source was closer to the listener. This result provides a possibility of adjusting the auditory system to a

specified azimuth angle, at which the sound wave arrives at the ears of the person.

PACS no. 43.60.-c

1. Introduction

In everyday conditions successful communication is pos-
sible when the target speech signal can be detected, and the
level of speech intelligibility in the case of multiple noise
and speech sources is sufficient (cocktail-party problem).
The source of the target speech signal, as a rule, is spa-
tially separated from masking noise and/or speech sources.
Therefore, the task of detection of the target signal in a
noisy environment is greatly aided by the effects of spa-
tial release from masking, among which the most studied
example is the binaural release from masking. It occurs
during dichotic listening to non-speech and speech signals
[1, 2]. This phenomenon is based on the ability of the au-
ditory system to analyze separately the signals arriving at
the right and left ears of participants with an inter-aural
time difference [3, 4, 5]. It is shown that inter-aural time
differences are effective for frequencies below 1000 Hz,
with the maximum amount of release from masking reach-
ing 15-16dB at frequencies of 100-300 Hz, which corre-
sponds to the fundamental frequency range for male and
female voices [6]. At frequencies above 1000 Hz, the re-
lease from masking when signals are played back through
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headphones is determined by binaural decorrelation of the
auditory analysis and amounts to only 2-3 dB.

The separation of sources of the target speech signal and
the masker along the azimuthal coordinate can lead to a re-
lease from masking up to 12dB [7, 8, 9]. Appearing in the
presence of stimuli in free field, inter-aural intensity differ-
ences determined by the acoustic effects of the shadow of
the head and the outer ear demonstrate a complex depen-
dence on the frequency of sound signals. Inter-aural inten-
sity differences are close to zero in the median (or sagittal)
plane of the head and maximal when the source is shifted
to the left or to the right. Inter-aural intensity differences
are frequency-dependent and reach 20dB at frequencies
above 4 kHz.

When the target speech signal and the masker are spa-
tially separated, a part of the binaural advantage occurs in
one ear in which the signal-to-noise ratio rises due to the
shadow effect of the head for high frequencies. In other
words, the head creates an acoustic shadow that gives the
advantage to one of the ears, depending on the location of
the sources of the speech signals [10].

In the last two decades, the mechanisms of binaural re-
lease from masking and their influence on the intelligi-
bility of speech in noise have been intensively studied in
the context of hearing aid technology improvement [11].
These studies allow the creation of a new generation of
hearing aid technology focused on the mechanisms of bin-
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aural interaction. The aim of the technology is to ensure
successful communication under conditions of constantly
increasing real-life noise. Such technology is in demand in
patients with chronic sensorineural hearing loss and age-
related impairment of auditory function i.e. presbycusis,
concerning hearing loss with gradually progressive inabil-
ity to hear, especially for high frequency sounds [12, 13].

Target speech signals and maskers can be separated not
only in azimuth, but also by distance. When the sound
sources are located at different distances from a listener,
the time lag of the signal from a more remote source oc-
curs. It means that spatial separation by distance leads to
temporal separation of the target signal and the masker.
For comfortable communication conditions that do not
require voice enhancement, the distance between talking
people is from about 0.5 m to 4-5m and the time lag can
reach 15 ms. This delay is enough to perceive short sig-
nals separately. In case of longer signals the time effects
are complex and could be accompanied by their mutual
overlapping or echo-effects [14, 15].

At distances to point sources of sound comparable to
the inter-aural distance, along with the time lag, a differ-
ence arises in the azimuthal angles by which the sound
wave arrives at the right and left ears. Earlier it was shown
that when the distance is varied within 1 m to the listener,
inter-aural differences in the signal level change noticeably
[16], which can contribute into spatial release from mask-
ing. The study of speech intelligibility thresholds under
anechoic conditions was performed at distances from the
listener to the sources of the speech signal and the masker
is lower than 1 m [17, 18, 19]. A significant distance effect
was found for speech intelligibility, especially when the
masker characteristics were close to the ones of the target
signal.

The perception of speech stimuli at distances of more
than 1 m in free field i.e. in the absence of reflecting sur-
faces has not been investigated. It is believed that inter-
aural differences will be too small to form a noticeable ef-
fect. At the same time, it has long been known that there is
a so-called acoustic horizon - a distance of 4-5 m from the
listener, after which pronounced underestimation of dis-
tance is observed compared to its overestimation at closer
distances [20, 21, 22, 23]. Such differences in the audi-
tory estimation of distance indicate the shutdown of some
vital mechanism. This mechanism is involved in auditory
processing of information on egocentric distance. Accord-
ing to our hypotheses, this is a binaural mechanism that
takes part in the analysis of auditory information in spatial
configurations typical for speech communication. When
assessing the azimuth angle formed by a point source and
two ears of the participant, it turns out that its threshold
value (about 1 degree) is reached at distances that coin-
cide with the acoustic horizon. It is possible that up to
the distances on which an acoustic horizon is formed, the
binaural mechanism participates in the evaluation of dis-
tance and affects the spatial release from masking. Thus,
at least two factors can cause the thresholds of speech sig-
nal detection to be reduced and speech intelligibility to
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be increased when the sources of the target signal and the
masker are separated by distance: delay of signals in time
and change of inter-aural differences by distance. The ef-
fect of spatial separation by distance up to 3 m on detection
thresholds of speech signals on the background of speech-
like masker has not been studied yet.

The purpose of this study was to estimate the amount of
spatial release from masking when distances from the lis-
tener to the target signal sources and to the masker were in
the range of 1-4 m. To create a typical communication sit-
uation, speech-like noise was used as a noise masker [2],
which was produced by mixing speech of several speakers
- multi-talker babble noise. Such noise created an illusion
of being in a place where a lot of people speak simultane-
ously, so as to reproduce a typical situation for a commu-
nicative contact.

2. Method

2.1. Participants

Twenty-four native Russian-speaking participants aged
18—40 (mean age 24) were involved in the study. Most
of them (21 participants) were naive listeners recruited
from students of psychology courses who participated in
fulfillment of a course requirement. Three participants
were members of our laboratory and had experience of
participation in psychoacoustic experiments. Experiments
were conducted in accordance with the International Eth-
ical Guidelines for Biomedical Research Involving Hu-
man Subjects. Hearing status of the participants was as-
sessed using a pure tone audiometry (Biomedilen AA-02
audiometer) and a random gap-detection test [24, 25]. Suc-
cessful passing of both tests was taken to indicate the ab-
sence of peripheral and central hearing impairments.

2.2. Stimuli

The stimuli were disyllabic words of the Russian lan-
guage, pronounced by four native speakers whose fun-
damental frequencies were 117, 139, 208 and 234 Hz.
Words (“pochva”, “stroka”, “rubezh”, “plata”, “vypusk”,
“kredit”, “ruchka”, “nabor”’) had low frequency of use in
spoken language according to the new national corpus of
Russian language [26]. Monophonic audio recording of
words was carried out in a quiet room. The background
noise level was 30 dB (A) SPL. Dynamic vocal micro-
phone Sennheiser E845 with cardioid directional pattern
and an external USB audio interface Creative E-MU 0202
connected to a desktop PC with Adobe Audition 1.5 soft-
ware were used. In this way, 32 different speech files were
recorded (4 speakers x 8 words).

As a speech-like masker, the result of mixing 32 audio
files with duration of 10s was applied, in each of which
the same speech stimulus repeated several times succes-
sively without pauses. When listening to this speech-like
masker, the participants had an auditory sensation similar
to the feeling of being in a place where many people speak
simultaneously. The technique for creating such babble-
noise is described in detail in [2]. From the obtained multi-
talker babble-noise audio file, ten random fragments with
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Figure 1. Examples of speech-like masking and target speech sig-
nals and a diagram of their presentation to the participant. (a)
waveform (top) and spectrogram (bottom) of a speech-like noise
signal used in experiments as a masker. The abscissa indicates the
duration of the signal, s; the ordinate is the frequency, kHz. (b)
waveform (top) and spectrogram (bottom) of the Russian word
“NABOR” (in English: meaning S. SETT), pronounced by a
speaker with average fundamental frequency of voice 117 Hz. (¢)
scheme of presentation of speech and masking speech-like stim-
uli in the implementation of the procedure of two-interval two-
alternative forced choice. Example of location of target speech
signal in the first time interval.

duration of 2 seconds were cut out. Each of the fragments
had a linear rise and fall time of 100 ms. These fragments
were used in experiments as masking signals. The duration
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Table I. Spatial configurations of the sources of the target speech
stimulus (speech) and the speech-like masker, used in different
experiments.

Egocentric distance, m
Number of Series 1 2 4
Experiment 1
Serics 1 speech - masker
Experiment 1
Series 2 - speech masker
Experiment 1 _ _ speech
Series 3 masker
Experiment 2 masker - speech

of 32 speech stimuli was from 515 to 935 ms, so the dura-
tion of the masker was more than twice as long as their du-
ration. Figures 1A,B show waveforms and spectrograms of
a masking speech-like signal that contains fragments with
a formant structure characteristic for speech and a speech
signal - the word “nabor”, pronounced by a male speaker
with a pitch frequency of 117 Hz.

2.3. Apparatus

Acoustic measurements and experiments to evaluate the
spatial release from masking were carried out under con-
ditions of a soundproof anechoic chamber with a volume
of 62.5m> (5 x 5 x 2.5m). The attenuation of external
noise in the chamber was = 40 dB in the frequency range
0.5-16kHz. Acoustic measurements were carried out us-
ing 4145 microphone, 2639 preamplifier and 2606 ampli-
fier of Bruel and Kjer Company in a mode of averaging
the mean square power over a time interval of 1000 ms.

The sound stimuli were played back on a MicroXperts
computer with an external USB audio interface Creative
E-MU 0202, analog signals from which were fed to a two-
channel ONKYO power amplifier, and then to a pair of
SONY XSF1720 loudspeakers, located facing the subject
at the level of his or her ears (0° azimuth, 0° elevation) at
different distances.

2.4. Speech detection assessment

Spatial release from masking was evaluated by measuring
thresholds of detecting the speech signal in babble-noise
for various spatial configurations (Table I). The thresholds
were estimated in the two-interval forced choice paradigm
by the method of constant stimuli (Figure 1C). The thresh-
old level was equal to 75% of correct judgments. Masking
signals were presented by pairs - two intervals with 0.5 s
pause. Randomly selected target speech stimulus had been
appearing on the background of one of the two intervals
equally likely. The level of speech stimuli was 50dB (A)
SPL and was the same in all experimental series. The level
of the speech-like masker was changed to 3 dB (A) incre-
ment and was equal to 55, 58, 61 or 64dB (A) SPL at
the listening position. In other words, the signal-to-noise



Andreeva et al.: Spatial separation benefit

ratios (SNRs) were —5, —8, —11 and —14dB. Each se-
ries consisted of 40 pairs of masking signals with different
SPLs. The pause between the pairs amounted 5 s.

2.5. Experiment I

The influence of speech source remoteness from the lis-
tener on signal detection in speech-like noise was studied
in experiment I. Sixteen participants listened to three se-
ries of stimuli with different positions of two loudspeakers
(Table I). The distance from the listener to the one loud-
speaker, which was the source of the speech-like masker,
was constant and equal to 4 m. In Series 1 and 2 the speech
signals were emitted by the other loudspeaker placed at 1
or 2m from the listener. In Series 3 the only loudspeaker
was used for playback of both the masker and speech sig-
nals, while the other loudspeaker was removed. Therefore,
the distance between sources of speech-like noise and of
the speech signal, or spatial separation, was 3, 2 or Om
(Table I). The spatial configuration of loudspeakers was
changed by an experimenter manually. The order of serial
presentation was random for each of the participants.

During listening to each of the experimental series, the
participants were seated in an armchair so that the loud-
speakers were directly in front of them at the height of their
ears. Participants were not blindfolded and could see the
loudspeakers. Participants listened to all the experimental
series once. After listening to a pair of masking signals,
the participant had to respond to the question: “What in-
terval in the pair, first or second, contains speech signal?”
by pushing one of two buttons on a control panel. Listen-
ersS answers were recorded automatically. Series had ap-
proximately 10 minutes duration and after each of them
the participant was provided with 5 minutes of rest.

2.6. Experiment I1

The effect of mutual placement of the masker and target
speech signal sources on detection of the latter under con-
dition of their maximal spatial separation was investigated
in Experiment II. Eight participants took part in the exper-
iment. Speech stimuli were presented to the participants
at a distance of 4 m, and speech-like noise - from a dis-
tance of 1 m (Table I). The experimental procedure, tem-
poral structure of the experimental series and the levels of
masking signals and speech signals were the same as in
Experiment I. Percentages of correct judgments at differ-
ent SNRs in Experiment II were compared to the data from
Experiment I series 1.

3. Results

3.1. Experiment I

The percentages of correct judgments were evaluated for
four SNRs (-5, —8, —11, —14 dB) and for three distances
between sources of the speech signal and the masking sig-
nal - 3, 2 and Om. The data are presented as histograms
showing the distribution of participants§ number by these
percentages for different SNRs and distances (Figure 2).
These histograms demonstrate that with decrease of SNR

Document downloaded by @DAEL, 2026-10-28 23:03:52 - personal use only

ACTA ACUSTICA UNITED WITH ACUSTICA
Vol. 105 (2019)

number of subjects

S
%
=
(]
£
o
°
= i
8 s0
6 -t
© 40
30
20
i
number of subjects
5 m 0 7 4 6 8 10 12
100
90
S & & & & o
P
g Nfrzzzr
‘é i B s5d8
- d -8dB
8 40 [] -14dB
I
30
20

number of subjects

correct judgments, %

Figure 2. Distribution of the participants in the percentage of cor-
rect judgments in task of speech detection in the Experiment I.
On the abscissa axis - the number of participants with a given
percentages of correct judgments, along the ordinate axis - per-
centage of correct judgments, %. Symbols above indicate the dis-
tance between sources of speech and speech-like noise, m. The
numbers on the left denote the signal-to-noise ratio, dB.

the peaks of the distribution shift towards lower percent-
ages and the range of percentages become wider. For
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—5dB SNR the peak was observed at 100% of correct
judgments for all three distances. In case of the lowest
SNR (—14dB), the peak was at 60% of correct judgments
for distances of 0 and 2 m, and 80% for 3 m distances. At
high SNRs (-5 and —8 dB), regardless of spatial separa-
tion, all participants detected speech signals in 80-100%
of cases, which means that the detection was higher than
the 75% threshold level. With SNR decreasing to —11 dB,
variability of percentages became wider (50-100%), and
in some participants the percentage became less than 75%.
Moreover, the number of such participants varied depend-
ing on the spatial separation: it was seven listeners when
the speech signal and the masker were presented from
the same loudspeaker (Series 3), and five listeners when
spatial separation of loudspeakers was 2 (Series 2) and
3m (Series 1). For -14dB SNR in cases of co-location
of sources and 2 m spatial separation between them only
one participant had above threshold percentage of correct
judgments - 80%. On contrary, with 3 m distance between
sources seven of 16 participants could detect speech stim-
uli in 80% or more cases. Thus, for the lowest SNR the
distribution of the percentage was the narrowest for spa-
tial separation of 3 m.

Data averaged by the group are presented by psycho-
metric curves in Figure 3. These curves demonstrate more
clearly the same changes in percentage of correct judg-
ments with SNR as the distribution in histograms de-
scribed above. Step-by-step lowering of the SNR led to
a decrease in percentage of correct judgments for all three
spatial configurations of sources.

When there was no spatial separation of sources of
speech signals and the masker average percentages of cor-
rect answers were 94, 91, 79 and 58% for —5, —8, —11 and
—14dB SNR, respectively. No statistically significant dif-
ference in percentages of correct judgments was revealed
between —8 and —5dB cases. The differences in correct
judgments between —8 and —11dB , and —11 and —14 dB
were significant (N-ties=3, p=0.004; N-ties=1, p=0.001,
both one- tailed). The percentage of correct judgments was
significantly higher than the threshold level of 75% for -5
and -8dB SNR (p<0.001, one-sided binomial criterion),
did not differ from the threshold level for —11dB SNR
(p=0.2, one-sided binomial criterion), and was signifi-
cantly lower for —14dB SNR (p<0.001, one-sided bino-
mial criterion), i.e. with co-location of sources the thresh-
old amounted -11 dB SNR.

For 2 m spatial separation, average percentages were 95,
91, 82 and 53% for -5, —8, —11 and —14dB SNR, re-
spectively. No significant difference of percentages was
observed between —5 and —8 dB SNR. Percentages cor-
responding to the following SNRs was significantly differ-
ent from each other: —8 and —11 dB (N-ties=8, p=0.044,
one-tailed), and —11 and —14dB (N-ties=1, p=0.0007,
one-tailed). Percentages were significantly higher than the
threshold level in case of —5 and —8dB SNR (p<0.001,
one-sided binomial criterion), did not differ from the
threshold level for —11 dB SNR (p=0.064, one-sided bi-
nomial criterion) and were significantly lower for —14 dB
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Figure 3. The total percentages of correct judgements in task
of speech stimuli detection on the background of a speech-like
masker for groups of participants at different signal-to-noise ra-
tios. The abscissa is the signal-to-noise ratio, dB, and the ordinate
is the percentage of correct judgements,%. The legend indicates
data from Experiment I (solid lines, N=160) and Experiment II
(dashed line, N=80).

SNR (p<0.001, one-sided binomial criterion). Thus, the
threshold in the case of 2 m spatial separation was the same
as for co-location and amounted —11 dB SNR.

In the case of 3 m spatial separation average percentages
of correct judgments amounted 96, 94, 77 and 69% for —5,
—8, —11 and —14dB SNR, correspondingly. The differ-
ence between percentages for —8 and —11 dB were signif-
icant (Wilcoxon matched pairs test, N- ties=4, p=0.002,
one-tailed), while for —5 and —8 dB, or —11 and —14 dB
pairs, no significant difference was revealed. The percent-
ages for —5 and —8 dB SNRs were significantly greater
than threshold level (p<0.001, one-sided binomial crite-
rion). The percentage did not differ from the threshold
level when SNRs amounted —11 and —14 dB (p=0.34 and
p=0.12, one-sided binomial criterion), i.e. the threshold
for 3 m spatial separation was between —11 and —14dB
SNR. Thus, step-by-step lowering of SNR resulted in a
steady decrease of percentage of correct judgments in
all three spatial configuration. The percentage reliably
dropped to sub threshold level for —14 dB SNR only in
cases of 0 and 2 m spatial separation of sources. The per-
centage still did not differ from the threshold level when
separation amounted 3 m.

The following comparison of data obtained for differ-
ent spatial configurations with the same SNR makes the
observed differences more noticeable. In case of —14 dB
SNR the percentage of correct judgments was significantly
higher for 3 m separation than for 2 and Om (3 and 2 m:
N-ties=3, p=0.007; 3 and O m: N-ties=5, p=0.016, both
one-tailed). The improvement of speech signal detection
for -14 dB SNR amounted to 11% when distance between
speech and noise sources increased from O to 3m. Im-
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provement of speech signal detection observed between
conditions at 2 and 3m separation amounted to 15%.
There was no statistically significant difference in speech
detection between conditions of 0 and 2m separation of
masker and speech signal sources (N-ties=3, p=0.5, one-
tailed). No differences were found between percentages in
the case of employed spatial separations for —11, —8 or
—5dB SNRs.

To assess the role of spatial separation and the signal-to-
noise ratio in detection of speech stimuli against a speech-
like noise background, we used non-parametric Friedman
4 x 3 ANOVA for comparing multiple dependent sam-
ples. In this case, the percentage of correct judgments was
used as a dependent variable, and SNR (-5, -8, —11, and
—14 dB) and spatial separation (0, 2 and 3 m) were utilized
as independent variables. The Friedman test showed that
the SNR dramatically influenced speech detection in the
entire range of employed distances between the sources
of speech and masking signals, 0.2 (3, N=48, p<0.001).
Mean speech detection percentages were 95, 92, 79 and
60% for SNRs of —5, —8, —11 and —14 dB, respectively.
Thus, in case of —14 dB SNR the detection percentage was
lower than 75% threshold. The distance between sources
of speech and noise signals was also found to be signifi-
cant for detection percentage of the former, 0.2 (2, N=64,
p<0.05).

Mean detection percentage amounted 80% for 0 m, and
90% for 2 and 3 m separations of the sources, i.e. distance
parameter significantly affected speech signal detection.
The data indicate that spatial separation of sources of the
masker and the speech signal by distance improves speech
detection when SNRs are low. For —11 dB SNR percent-
age did not differ from the threshold level in all three spa-
tial configurations. In case of —14 dB differences between
detection percentage and threshold level were not found
only for 3m separation. It means that in the latter case
the threshold was between —11 and —14dB, i.e. spatial
release from masking was less than 3 dB SNR. A second
experiment was performed to test the hypothesis that the
observed improvement of speech detection under condi-
tion of near threshold values of SNR was due to the spatial
separation of their sources, but not due to their mutual lo-
cation relative to the listener.

3.2. Experiment II

In Experiment II the distance from the listener to the
source of the target speech signal was 4 m, and the source
of the speech-like noise was placed at 1 m away from the
listener, while using the same set of SNRs at the place of
listening that was used in Experiment I. The histograms,
which show the distribution of participantsg number by
percentages of correct judgments for different SNRs, are
shown in Figure 4. The peaks of distributions shifted with
a decrease of SNR towards lower percentages, and the
range of percentages became wider, as in Experiment I
(Figure 2). The distribution peaks for the case of Exper-
iment II (spatial configuration) were slightly moved to-
wards lower percentages, in comparison with the corre-
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Figure 4. Distribution of the participantss by the percentage of
correct judgements in task of speech detection in the Experiment
II. On the abscissa axis - the number of participants with a given
percentages of correct judgements, along the ordinate axis - the
percentage of correct judgements, %. The numbers on the right
indicate the signal-to-noise ratio, dB.

sponding peaks for the case of Experiment I, series 1. For
SNRs of —5 and —8dB, all participants except one de-
tected speech signals with above-threshold levels, one par-
ticipant showed 70% of correct judgements in the case of
—8dB SNR. For —11dB SNR five of eight participants
had above-threshold percentage of correct judgments. At
a near threshold SNR (—14 dB), two participants detected
target signals at 80% or higher, half of the participants
showed 70% detection level, and two demonstrated 60%
detection level.

The data averaged by group are presented in Figure 3.
The percentage of correct judgments decreased with de-
creasing SNR: 93, 88, 80 and 73% for -5, -8, —11
and —14 dB SNRs, respectively. A statistically significant
decrease of detection percentage was found only when
comparing percentages of correct judgments at —8 and
—14dB SNR (N-ties=2, p=0.027, one-tailed), and at —5
and —14dB SNRs (N-ties=1, p=0.017, one-tailed). In
cases of —5 and —8 dB SNRs the percentages were above
the threshold level (p<0.01 and p<0.05, respectively, one-
sided binomial criterion), while for —11 and —14 dB SNRs
the percentage did not differ from the threshold level
(p=0.22 and p=0.39, one-sided binomial criterion). Thus,
speech detection threshold was between —11 and —14 dB
SNRs similar to results of Experiment I, series 1. This
means that in both cases the release from masking in com-
parison with the situation of co-location of sources was
observed and its value was less than 3 dB SNR.

Differences of percentages were evaluated for the cases
of maximal spatial separation and both spatial configura-
tions of speech and speech-like noise sources (Experiment
IT and Experiment I, series 1). No differences were ob-
served, at any SNR, between the two spatial configurations
(Mann-Whitney test for independent samples). As shown
above, in both configurations the percentages did not differ
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significantly from 75% threshold value in case of —11 dB
SNR and —14 dB SNRs, and were higher than the thresh-
old level for —5dB SNR and —8 dB SNR, i.e. percentages
of speech signals detection on the background of a speech-
like masker did not depend on which source was near to
the listener.

4. Discussion

Spatial separation of the sources of the target speech sig-
nal and the speech-like masker increased the detection per-
centage at the lowest signal-to-noise ratio. This indicated
the existence of release from masking when the sources
of the target signal and the masker are separated by a dis-
tance when they are more than 1 m from the listener. The
release from masking did not depend on which source was
closer to the listener, at equal ratios of the intensity levels
of the target signal and the masker. This symmetrical situ-
ation, when sources are placed directly in front of a subject
at different distances, allows one to assume the possibility
of auditory spatial tuning to egocentric distance character-
ized by a certain opening angle, under which the sound
wave arrives to the left and right ears of the participant.

It is known that for azimuth angles even a separation
of 4-10 degrees is enough to achieve significant improve-
ment of performance in detection and speech discrimina-
tion tasks [4]. In case of maximal spatial separation by dis-
tance used in our study (3 m) the opening angle difference
for the speech signal and the masking signal sources was
about 8 degrees. Decrease of distance between the sources
led to a reduced difference in their opening angles. This
could be the reason why we did not observe any signifi-
cant improvement of speech signals detection in the case
of 2 m separation of sources compared to the situation of
their co-location.

Thus, the experiments showed the efficiency of sepa-
rating sources (at O degrees azimuth) of speech-like noise
and speech by distance for the task of detecting speech
stimuli. In the scientific literature, we have not found any
work in which the thresholds of detection of speech sig-
nals at different distances between the target speech signal
and the masker were performed. Therefore, a comparison
can be made for the parameters of release from masking
in the case of speech discrimination tasks. Release from
masking at distances greater than 1 m was observed when
simulating the frontal location of speech sources and the
masker in reverberant spaces where the ratio of the direct
wave energy and reverberant energy is an important cue
for distance estimation [27]. This research was carried out
using virtual reality technology based on binaural room
impulse responses. Reproduction of the location of sound
sources in acoustic virtual reality technology was achieved
by interpolating a set of head-related transfer functions
that were previously measured for a set of source posi-
tions [28]. Release from masking was estimated for 0.5 m
distance to the target speech source, with the co-location
of the masker and with a fourfold increase of the masker
distance — up to 2 m.
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Release from masking in these conditions amounted
3 dB on an average data [27]. It should be noted that with a
further increase in the distance to the masker (5 and 10 m),
no additional release from masking was observed. The au-
thors also report an increase in the individual scatter of
data with increasing distance, which may be caused by the
acoustic horizon effect described in the introduction. Thus,
despite the significant differences in the method of presen-
tation of stimuli and in the evaluation of thresholds for de-
tecting and intelligibility of the speech signal, the data of
the abovementioned work confirm our result on the pres-
ence of release from masking when the sources are sepa-
rated by distance within the limits of acoustic horizon.

The selection of stimuli used in our study was deter-
mined by the need to create a Russian version of the Coor-
dinate Response Method (CRM), which is widely used for
investigations on the release from masking of target speech
signals [29, 30]. The present experimental work is the first
step to creation of a Russian-language version of the CRM
that will allow us to compare the release from masking ef-
fects in subsequent experiments to study the effect of sepa-
ration over the distance of the target speech source and the
masker on speech intelligibility. Since the speech signal
has information redundancy, it can be assumed that in the
problem of speech intelligibility, the separation efficiency
by distance will be higher than that found in this study.
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