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This scientific report has been written during the visiting period of Nicolas Grimault at ASU from
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I. INTRODUCTION 32

33

David et al [1-3] have already designed several experi- 3
ments that reported an effect of position cues (ITD/ILD *
and perceived position) to segregate sequences of noise %
bursts first and, more recently, sequences of conso- ¥
nant/vowel syllables. For example, to quickly summarize
the most recent data [3], David and colleagues have pre- %
sented sequences of phonemes, Tha/Sa/Fi/Shu/... with «
the bold syllables coming from azimuth ¢1 and the other
syllables coming from a different azimuth ¢2. These se- *
quences can be segregated based only on the azimuth +
difference A = (¢2 — ¢1). For voluntary segregation in
the azimuthal plan, performances start around d'=1.8
and grow up to d’=3 for A=30°. A A around 8° leads to
intermediate performances (cf figure 5, panel 1 and figure ,
6 panel 1 in [3]). The experimental procedure was to de-
tect a repetition within a stream of syllables interleaved
with an other stream of syllables and these experiments *
were realized using headphones and virtual angular po- *
sitions (¢2 and ¢1) using HRTF. The authors suggest *
that this effect of position cues on stream segregation of *
speech sounds probably contributes to the spatial release *
from masking. In these experiments, virtual environ- *
ments were used and the position of the reference stream *
was fixed and always equal to 0° (o = ¢1 = 0° in figure *
1). Recently, Grange and Culling [4] have suggested that *
head orientation could benefit to speech intelligibility in *
noise. Consequently, the first aim of this project is to
test the hypothesis that head orientation (i.e. variable a*
with fixed A in figure 1, panel A) could also benefit to *®
stream segregation of speech sounds. %
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In the previous experiment, the use of a virtual en-
vironment prevents also to visually locate the sound
sources and probably reduces the potential effect of spa-
tial attention. The second aim of this project is then
to evaluate the effect of spatial attention for voluntary
segregation of speech sequences. Such cues have been
already reported to enhance speech intelligibility for si-
multaneous talkers [5]. The experiments are conducted in
Bill Yost psychoacoustic laboratory, at ASU in Arizona
in a sound booth with low reverberation and equipped
with a stimulation system involving several loudspeakers
(every 15°) and a revolving chair at the middle of the
booth.

II. RATIONAL

As the rotations of the chair can be controlled, the pro-
posed experiment would be either to rotate the listeners
at random (changing « at random and keeping ¢1 and
¢2 constant in figure 1, panel A) or to rotate the sounds
at random around the listeners while always maintaining
constant the angular difference between sources (chang-
ing ¢1 at random and ¢2 accordingly and keeping « con-
stant in figure 1, panel B). Due to experimental con-
straints, the constant angular distance between loud-
speakers (A) is equal to 15°. In the rotated-sound con-
dition, ¢1 would go at random from 0° to 90° by steps
of 15° and « would be fixed to 0°. In this condition,
the couple of speakers are then selected at random for
each sequence presentation and the listener is fixed. As
such, the listener does not know a priori where to listen
at the beginning of the sequence and spatial attention is
potentially reduced. In the rotated-listener condition, ¢1
is fixed to 0° and the listener (i.e. the chair) goes from «
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FIG. 1. schematic relative position of the head (a) and of the two loudspeakers (¢1, ¢2) providing alternating sequences of
syllables. By convention, the sequence that starts first and that may contain a repetition always comes from ¢1. Panel A:
condition Rotated-listener in experience 1. Panel B: condition Rotated-sound in experience 1.

=0° to @=90° at random. In this condition, the sounds o
are always played by the same couple of loudspeakers

and the listener turns around at random. As such, the
listener knows a priori where to listen and spatial at- ,
tention is potentially enhanced. A visual mark is added
to help to clearly identified the loudspeaker located at
¢1=0° (Figure 1, panel A).
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By observing the effect of « in the rotated-listener con-1o
ditions, we should observed the potential effect of heados
orientation for sequential segregation of speech items [4].10
According to [4], depending of the spectrum of the speechios
signal, the best angular difference « of the head fromuos
zero azimuth could be different than ¢ = ¢1 + @ toror
better segregate speech coming from one fixed angle ¢11os
from speech coming from an other fixed angle ¢2 (seeo
Fig 1, panel A). Simulations are provided in the nextio
section as an attempt to predict the best position. Asw
the acoustical cues reaching the ears would be the samen
(in an anechoic room), by comparing the two conditionsus
(rotated-sound versus rotated-listener) we should be ablens
to evidence any effect of spatial attention for sequentialus
segregation of speech items [5]. In fact, a larger effect ofus
segregation in the rotated-listener condition than in theur
rotated-sound condition would be in favor of an effect ofus
spatial attention on stream segregation (i.e. the abilityo
to focus on a particular fixed spatial position to segre-iz
gate sounds, independently of acoustical cues related toix

position). 122

III. SIMULATIONS

Previous studies [4, 6] used binaural simulations to pre-
dict the effect of head movements on Speech Reception
Threshold (SRT) with a concurrent speech masker. To
do so, the authors estimated the Speech to Noise Ratio
(SNR) for different angular positions of the speech and
masker. The most favorable SNR would then predict the
better SRT. In the current experiment, the question is
slightly different as the two concurrent speeches are not
simultaneous. Computing a SNR is then inoperative.
However, doing simulations, could still enable to do, a
posteriori, some correlation of the results with the best
angle a that would provide the largest spectral or tem-
poral differences between ears. Some simulations have
been performed using the average speech signal used in
this experiment convolved with HRTFs (i.e. virtual en-
vironment) to mimic the experimental configuration and
the relative positions of sounds sources and rotated lis-
tener. Figure 2 shows the estimated differences in one
ear for source A and B coming from 0° and 15° when
the listener is rotated from 0° to 90° (condition rotated-
listener, Figure 1, panel A). Figure 2 evidences that the
largest spectral difference in one ear between source A
and B occurs when the listener is facing 7.5°. In other
words, when the listener is at equal angular distance of
both sources. Based on the assumption that monaural
spectral cues are critical for streaming [1-3], this angular
position should then provide the largest streaming effect.

Figure 3 show the difference between ILDs (panel B)
and difference between ITDs (panel D) for two sound
sources (0° and 15°) and a rotated listener moving from



123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

Spectral differences

L L L L
0 10 20 30 40

L L L L
50 60 70 80 90

Head position (degrees)

FIG. 2. Sum of the two monaural spectral differences (in right and left ears) between sources at 0° and 15° when the listener

is rotated from 0° to 90°.
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FIG. 3. Panels A and B show the simulated ILD and the difference between these ILDs for two sound sources (0° and 15°)

and a rotated listener moving from 0° to 90°. Panels C and D
the same configuration.

0° to 90°. As for monaural spectral differences, the differ-14
ences between ILD values is maximum when the listener
is facing 7.5°. The differences between ITD is very low
and about constant for sources only distant of 15°.
Overall, for non simultaneous sounds located at 0°
and 15°, based on the simulations, both the spectral ,,
monaural cues and the difference between ILD predict,,,
the largest segregation at 7.5°. It is unclear how ITD,,
could also influence segregation
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IV. PRE-EXPERIMENT

This pre-experiment is dedicated to estimate the per-#®
formance levels at 0°, 15° and 30° separations (subject
always facing 0°) and to check for any effect of segrega-1s
tion when using real sound sources in a real room and any:so
saturation effect at 15°. In fact, if the performances areis
too low or too high with a 15° difference between sources, s
no room of improvement would remains to evidence anyss

show the simulated ITD and difference between these ITDs in

effect of spatial attention and/or head orientation.

A. Subjects

Five young normal hearing and native female English
speakers from 18 to 31 (mean age 22,8) participated to
this preliminary experiment. One was research assistant
in the lab and the others were students from the depart-
ment and received credits for their participation to this
rather short experiment.

B. Experimental setup and listening Room

The listening room was the same used for previous
studies [7, 8]. It consists of 24 loudspeakers (Boston
Acoustics 100X, Peabody, MA) connected to a computer
through three sound-cards (Audiofire 12) , three ampli-
fiers (AudioSource AMP 1200) and 24 passive attenua-
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FIG. 4. Individual and averaged performances with couple of sources located at different angular positions (abscissa, ¢1/¢2).

The bars indicate the standard error within subjects.

tors (ATLAS SOUND LP, AT 100-RM) in parallel. Their
24 loudspeakers are on an azimuth circle 3 meters in di-is
ameter at pinna height. The loudspeakers are located inis:
a 4.6x3.6x3 meters room lined on all six surfaces withis
0.1 meter thick acoustic foam resulting in a room withiss
a wideband reverberation time (RT 60 ) of 102 ms. Lis-1e
teners were seated in the middle of the azimuth arrayiss
and were monitored by an experimenter through a videoiss
system. Listeners were asked to face straight and to keep

their heads stationary. They were free to look at any

direction without moving the head. 187

188

C. Methods 189
190

The same experimental material and protocol than [3]w
have been used. Only voluntary segregation is estimated:
and the listener is instructed to detect a repetition ini
the sequence of syllables that starts first and that alwaysto
comes from the 0° loudspeaker. As such, spatial atten-
tion is maximized. An interleaved sequence of syllables
is played from 0°, 15°, or 30°. All syllables have been!®
equalized in RMS level and are played at about 65 dB
SPL. All three loudspeakers have been calibrated in theiss
room to deliver the same SPL level at head position us-is
ing a class A sound level meter (Larson Davis 800B). Thess
listener is always facing 0° and three conditions of angu-1e
lar distance between sources have then been tested (0°,20

15°, and 30°). Each sound sequence duration is 5 sec-
onds in average. The three angle conditions are repeated
three times in a block in random order. Each listener
is presented with 14 blocks to reach the same number
of repetitions than in David et al [3] and thus compara-
ble performance levels in terms of d’. Overall, for each
listener, the duration of the experiment is less than 15
minutes.

D. Results

The results are plotted on figure 4. In average, for these
listeners, d’ is increasing when increasing the angular dis-
tance between sources from 0° to 30°. The performances
start around d’=0.33 and grow up to d’=1.89 for A=30°.
A reapeted measure ANOVA applied to the data reveals
a significant effect of the angular distance [F(2,8)=41.51,
p<0.001].

E. Discussion

The results of this preliminary experiment evidence
that, when using real sound sources (loudspeakers) in a
real room, segregation still occurs for sound sources sep-
aration equal or over 15°. In the previous study of David
et al [3], when using virtual reality, the performances
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TABLE I. Values of a, ¢1 and ¢2 in the rotated-listener
and the rotated-sound experimental conditions. The last

colums provide the apparent positions of LP 1 and LP22s
2 in right and left ears. By convention, a positive anglezr
value indicates that the sound is on the same side than the ear.»s
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start around d’=1,8 and grow up to d’=3 for A=30°. In,,,
the current experiment, the performances are lower in,,
average but the size of the effect is rougthly similar when,,,
increasing A from 0° to 30°. This discrepancy can be,,
probably explained by a stimulation with loudspeakers,,
in a real room instead of headphones and a simulated,,,
room. Finally, the average performances at 15° equal,,
d’=1.44 are higher than those at 0° and lower than those,,
at 30°. This indicate that the performances at 15° are,,
probably not saturated. In the next experiment, at 15°,,,
we expect lower performances when reduced spatial at-,,
tention is available and slightly better performances when,,,
moving the listener up to the optimal angular position.
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264

V. EXPERIMENT 1 265
266

267

A. Subjects -

269
10 young normal hearing and native (4 males and 60
females) English speakers from 18 to 32 (mean age 23.3)on
participated to this experiment. One was research as-or
sistant in the lab and the others have signed an informors
consent and were paid an hourly wage for their partici-r
pation. One listener, who did abrupt movements duringzs
the test that lead to uncontrolled rotations of the chair,zs
has been excluded. The data in the following are thenar
based on 9 listeners. 278

B. Experimental setup and listening Room

The listening room was the same used for previous
studies [7, 8] and for the preliminary experiment (see
above for details). Listeners were seated in the middle of
the azimuth array and were monitored by a experimen-
tator who always stays in the room. Listeners were asked
to face straight and to keep their heads stationary. They
were free to look at any direction without moving the
head. Listeners were closely monitored to be sure they
did not move their heads and they rarely did so. In the
rotated-listener condition, the chair was rotated before
each sequence presentation using a custom-designed ro-
tating chair moved by a stepper motor with 0.225° micro-
step resolution and controlled by Arduino hardware and
C++ software.

C. Methods

The same experimental protocol than use in David et al
(2017) is used. Only voluntary segregation is estimated
and the listener is instructed to detect a repetition in the
sequence of syllables that starts first (target sequence).
The two interleaved sequences are always played from two
distinct loudspeakers. The target sequence that starts
first and that might contain a repetition is always com-
ing from angle ¢1 and the other interleaved sequence is
coming from ¢2 (Figure 1). The angular distance be-
tween these two loudspeakers (¢1-¢2) was hold constant
through the whole experiment and equal to 15° in ab-
solute value. All syllables have been equalized in RMS
level and are played at about 65 dB SPL. All eight loud-
speakers have been calibrated in the room to deliver the
same SPL level at head position using a class A sound
level meter (Larson Davis 800B). Two conditions of rota-
tion will be introduced and blocked. Each listener is pre-
sented with 7 blocks of each condition (14 blocks overall)
to reach the same number of repetitions than in David et
al [3] and in the pre-experiment. In the rotating listener
condition (Figure 1, panel A), the sources are fixed and
always positioned at 0° and 15°. The listener is rotated
with rotation values equal to 0°, 5°, 7°, 8°, 10°, 15°, 20°,
30°, 45°, 60°, 75° or 90° presented in random order 6
times each, in each block. Based on the previous simu-
lations, several angles around 7.5° have been added. In
the rotating sound condition (Figure 1, panel B), the lis-
tener is fixed and always facing 0°. The loudspeakers are
always separated by 15° and the position of loudspeaker
1 (¢1) equals 0°, 15°, 30°, 45°, 60°, 75° or 90° presented
in random order 6 times each, in each block. As such,
each condition of the rotating-sound block is matched
with a condition in the rotating-listener bloc. The only
difference between theses conditions is that the ear of pre-
sentation is reversed and the listener knows a priori in
which direction to listen to in the rotated-listener condi-
tion. All parameters (a, ¢1 and ¢2) in all conditions are
summarized in Table I. Each sound sequence duration is
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FIG. 5. Averaged performances with a couple of 15° distant sources located at different angular positions (abscissa) related to
the head. The bars indicate the standard error within subjects. The results from condition rotated-listener are plotted with a
continuous line. The results from condition rotated-sound are plotted with a dotted line.

5 seconds in average. Overall, for each listener, the du-:0:
ration of the experiment is around three hours separatedso
in two sessions (8 and 6 blocks respectively to reach 14sos
blocks). The loudspeaker at 0° is visually marked with asos
red dot to be easy to spot in the rotated-listener condi-sor
tion in order to facilitate the spatial attention. 308

309

310

D. Results 311

312

The performances are plotted in Figure 5 function™
of the position of the loudspeaker related to the head.™
In condition rotated-listener, (a-¢1) in the left ear is™
used for the abscissa (Table I). In condition rotated-
sound, (¢l-a) in the right ear is used for the abscissa
(Table I). As such, the only remaining acoustic differ-°
ence across conditions rotated-listener and rotated-sound
is the ear of presentation which should made the twosy
conditions comparable for young normal hearing listen-ss
ers. For each listener, as in the preliminary experiment,sio
d’ computation is based on 42 repetitions in each con-so
dition. The syllable was repeated in about half thesx
repetitions so, the hit rate is computed as the num-s»
ber of response repeated when there was a repeat inss
the sequence and the false alarm rate is computed ass
the number of responses repeated when there was noss
repeat in the sequence. A repeated measure ANOVAsxs

5

and a Bayesian repeated measure ANOVA has been ap-
plied to the data using the JASP software [9-11]. Nei-
ther the effect of the angular position [F(6,48)=0,87,
p=0,52, BF4;=10,70] nor the effect of the rotated con-
dition [F(1,8)=3,14, p=0,11, BFy;=1.29] are significant.
The interaction betwen there two factors is not signifi-
cant either [F(6,48)=1,44, p=0,22, BFy;=13.54]. More-
over, based on the simulation, to check for a potential
effect of head position, a dedicated Bayesian repeated
maesure ANOVA has been applied to the data in the
rotated-listener condition restricted to angles from 0° to
15°. This analysis reveals not signicicant effet of head
position [F(5,40)=0,17, p=0,97, BF;=12.38].

E. Discussion

Based on the preliminary experiment, the expected size
of the effects is small (around 0.5 variation in d’). This
observation led us to do a large number of repetitions (42
in each condition) and a reasonable number of listeners
(10). However, the data plotted in Figure 5 are still very
noisy, the results are not significant and the Bayesian
factor, lower than two, does not enable to rule out a po-
tential effect of the rotated condition. As an attempt
to reduce the noise in the data, we have introduced a
training period. To determine the adequate training pe-
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riod based on an objective criterion, the training curvessss
across blocks have been estimated and plotted in Fig-ss
ure 6. The training effect is significant [F(6,48)=3.50,ssr
p<0.01] and a post hoc analysis reveals that the perfor-sss
mances in block one are lower than in all other blocks.sso
So, based on this training curve, it appears clearly thatseo
some training occurs during the first block which has then
be ignored in a second analysis plotted on Figure 7. A
Bayesian repeated measure ANOVA has been applied to
the data after the training occurs (36 last repeats). Still,
neither the effect of the angular position [F(6,48)=1,22,
p=0,31, BF(;=8,39] nor the effect of the rotated con-
dition [F(1,8)=1,58, p=0,24, BF(;=1,97] are significant.
The interaction betwen there two factors is not significant
either [F(6,48)=,85, p=0,11, BF(;=15,63].

For now, the noise prevent then to conclude anything
about the data but the Bayesian factor, lower than two,
does not enable to rule out a potential effect of the ro-
tated condition and it seems that the performances in the
rotated-listener condition are over those in the rotated-
sound condition from 0° to 60°. We should be very cau-
tious but this could reveal an effect of spatial attention
in this angular range. Both auditory and visual spatial
attention could be involved in the rotated-listener con-
dition. The visual area in human is about 60°. So, this
limitation could reduce the effect of visual spatial atten-
tion in the rotated-listener condition from 60° to 90°.

Additionnally, the Bayesian factor higher than 10 indi-

cate no effect of head position for segregating two sound
sources located 15° apart.

To conclude, further data collection are required to
better understand the underlying mechanisms involved in
this experiment. In order to think further, the individual
performances after training are plotted in Figure 8.
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