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INTRODUCTION 1

David et al [START_REF] David | Room and head colouration can induce obligatory stream segrega-tion[END_REF][START_REF] David | Sequential streaming, binaural cues and lateralization[END_REF][START_REF] David | Discrimination and streaming of speech sounds based on differences in interaural and spectral cues[END_REF] have already designed several experi-2 ments that reported an effect of position cues (ITD/ILD 6 panel 1 in [START_REF] David | Discrimination and streaming of speech sounds based on differences in interaural and spectral cues[END_REF]). The experimental procedure was to de-16 tect a repetition within a stream of syllables interleaved 17 with an other stream of syllables and these experiments 18 were realized using headphones and virtual angular po-19 sitions (φ2 and φ1) using HRTF. The authors suggest 20 that this effect of position cues on stream segregation of 21 speech sounds probably contributes to the spatial release 22 from masking. In these experiments, virtual environ-23 ments were used and the position of the reference stream was fixed and always equal to 0 • (α = φ1 = 0 • in figure 25 1). Recently, Grange and Culling [START_REF] Grange | The benefit of head orientation to speech intelligibility in noise[END_REF] have suggested that 26 head orientation could benefit to speech intelligibility in noise. Consequently, the first aim of this project is to 28 test the hypothesis that head orientation (i.e. variable α 29 with fixed ∆ in figure 1, panel A) could also benefit to 30 stream segregation of speech sounds. * nicolas.grimault@cnrs.fr; Corresponding author.

In the previous experiment, the use of a virtual en- By observing the effect of α in the rotated-listener conditions, we should observed the potential effect of head orientation for sequential segregation of speech items [START_REF] Grange | The benefit of head orientation to speech intelligibility in noise[END_REF].

According to [START_REF] Grange | The benefit of head orientation to speech intelligibility in noise[END_REF], depending of the spectrum of the speech signal, the best angular difference α of the head from zero azimuth could be different than φ = φ1 + φ2-φ1 2 to better segregate speech coming from one fixed angle φ1 from speech coming from an other fixed angle φ2 (see Fig 1,panel A). Simulations are provided in the next section as an attempt to predict the best position. As the acoustical cues reaching the ears would be the same (in an anechoic room), by comparing the two conditions (rotated-sound versus rotated-listener) we should be able to evidence any effect of spatial attention for sequential segregation of speech items [START_REF] Kidd | The advantage of knowing where to listen[END_REF]. In fact, a larger effect of segregation in the rotated-listener condition than in the rotated-sound condition would be in favor of an effect of spatial attention on stream segregation (i.e. the ability to focus on a particular fixed spatial position to segregate sounds, independently of acoustical cues related to position).

III. SIMULATIONS 92

Previous studies [START_REF] Grange | The benefit of head orientation to speech intelligibility in noise[END_REF][START_REF] Deshpande | Blind localization and segregation of two sources including a binaural head 389 model[END_REF] used binaural simulations to pre- 

C. Methods

The same experimental material and protocol than [START_REF] David | Discrimination and streaming of speech sounds based on differences in interaural and spectral cues[END_REF] have been used. Only voluntary segregation is estimated 5 seconds in average. Overall, for each listener, the duration of the experiment is around three hours separated in two sessions (8 and 6 blocks respectively to reach 14 blocks). The loudspeaker at 0 • is visually marked with a red dot to be easy to spot in the rotated-listener condition in order to facilitate the spatial attention.

D. Results

The performances are plotted in Figure 5 function of the position of the loudspeaker related to the head.

In condition rotated-listener, (α-φ1) in the left ear is used for the abscissa (Table I). In condition rotatedsound, (φ1-α) in the right ear is used for the abscissa (Table I). As such, the only remaining acoustic difference across conditions rotated-listener and rotated-sound is the ear of presentation which should made the two conditions comparable for young normal hearing listeners. For each listener, as in the preliminary experiment, d' computation is based on 42 repetitions in each condition. The syllable was repeated in about half the repetitions so, the hit rate is computed as the number of response repeated when there was a repeat in the sequence and the false alarm rate is computed as the number of responses repeated when there was no repeat in the sequence. A repeated measure ANOVA and a Bayesian repeated measure ANOVA has been ap-303 plied to the data using the JASP software [9][START_REF] Dienes | Using Bayes to get the most out of 399 non-significant results[END_REF][11] 
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  and perceived position) to segregate sequences of noise 4 bursts first and, more recently, sequences of conso-5 nant/vowel syllables. For example, to quickly summarize 6 the most recent data [3], David and colleagues have pre-7 sented sequences of phonemes, Tha/Sa/Fi/Shu/... with 8 the bold syllables coming from azimuth φ1 and the other 9 syllables coming from a different azimuth φ2. These se-10 quences can be segregated based only on the azimuth 11 difference ∆ = (φ2 -φ1). For voluntary segregation in 12 the azimuthal plan, performances start around d'=1.8 13 and grow up to d'=3 for ∆=30 • . A ∆ around 8 • leads to 14 intermediate performances (cf figure 5, panel 1 and figure 15
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  FIG.1. schematic relative position of the head (α) and of the two loudspeakers (φ1, φ2) providing alternating sequences of syllables. By convention, the sequence that starts first and that may contain a repetition always comes from φ1. Panel A: condition Rotated-listener in experience 1. Panel B: condition Rotated-sound in experience 1.
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 324 Figure3show the difference between ILDs (panel B)

The results are plotted on figure 4 .

 4 and the listener is instructed to detect a repetition in the sequence of syllables that starts first and that always comes from the 0 • loudspeaker. As such, spatial attention 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 the room to deliver the same SPL level at head position using a class A sound level meter (Larson Davis 800B). The listener is always facing 0 • and three conditions of angular distance between sources have then been tested (0 • , 15 • , and 30 • ). Each sound sequence duration is 5 sec-179 onds in average. The three angle conditions are repeated 180 three times in a block in random order. Each listener 181 is presented with 14 blocks to reach the same number 182 of repetitions than in David et al [3] and thus compara-183 ble performance levels in terms of d'. Overall, for each 184 listener, the duration of the experiment is less than 15 In average, for these 188 listeners, d' is increasing when increasing the angular dis-189 tance between sources from 0 • to 30 • . The performances 190 start around d'=0.33 and grow up to d'=1.89 for ∆=30

218FIG. 5 .

 5 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.

318FIG. 6 .

 6 FIG.6. Averaged performances across all participants and conditions for each block of presentation. The bars indicate the standard error within subjects.

FIG. 7 .

 7 FIG. 7. Averaged performances after training 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.

TABLE I .

 I Values of α, φ1 and φ2 in the rotated-listener and the rotated-sound experimental conditions. The last colums provide the apparent positions of LP 1 and LP 2 in right and left ears. By convention, a positive angle value indicates that the sound is on the same side than the ear.

			Chair LP 1 LP 2 Right ear Left ear
			α	φ1 φ2 φ1-α φ2-α α-φ1 α-φ2
			0	0	15	0	15	0	-15
			5	0	15	-5	10	5	-10
			7	0	15	-7	8	7	-8
			8	0	15	-8	7	8	-7
			10	0	15 -10	5	10	-5
		Rotated	15	0	15 -15	0	15	0
		listener	20	0	15 -20 -5	20	5
			30	0	15 -30 -15 30 15
			45	0	15 -45 -30 45 30
			60	0	15 -60 -45 60 45
			75	0	15 -75 -60 75 60
			90	0	15 -90 -75 90 75
			0	0	-15	0	-15	0	15
			0	15	0	15	0	-15	0
		Rotated Sound	0 0 0	30 45 60	15 30 45	30 15 -30 -15 45 30 -45 -30 60 45 -60 -45
			0	75	60	75 60 -75 -60
			0	90	75	90 75 -90 -75
		start around d'=1,8 and grow up to d'=3 for ∆=30 • . In
	213						
	214		V.	EXPERIMENT 1
								192
	215			A. Subjects		193	a significant effect of the angular distance [F(2,8)=41.51,
								p<0.001].
	216	10 young normal hearing and native (4 males and 6
	217	females) English speakers from 18 to 32 (mean age 23.3)
		participated to this experiment. One was research as-

• . 191 A reapeted measure ANOVA applied to the data reveals 194 E. Discussion 195 The results of this preliminary experiment evidence 196 that, when using real sound sources (loudspeakers) in a 197 real room, segregation still occurs for sound sources sep-198 aration equal or over 15 • . In the previous study of David 199 et al [3], when using virtual reality, the performances 200 201 the current experiment, the performances are lower in 202 average but the size of the effect is rougthly similar when 203 increasing ∆ from 0 • to 30 • . This discrepancy can be 204 probably explained by a stimulation with loudspeakers 205 in a real room instead of headphones and a simulated 206 room. Finally, the average performances at 15 • equal 207 d'=1.44 are higher than those at 0 • and lower than those 208 at 30 • . This indicate that the performances at 15 • are 209 probably not saturated. In the next experiment, at 15 • , 210 we expect lower performances when reduced spatial at-211 tention is available and slightly better performances when 212 moving the listener up to the optimal angular position.

  . Nei-

	304	
	305	ther the effect of the angular position [F(6,48)=0,87,
	306	p=0,52, BF 01 =10,70] nor the effect of the rotated con-
		dition [F(1,8)=3,14, p=0,11, BF 01 =1.29] are significant.
	308	
	309	cant either [F(6,48)=1,44, p=0,22, BF 01 =13.54]. More-
	310	over, based on the simulation, to check for a potential
	311	effect of head position, a dedicated Bayesian repeated
	312	maesure ANOVA has been applied to the data in the
	313	rotated-listener condition restricted to angles from 0 • to
	314	15 • . This analysis reveals not signicicant effet of head
	315	position [F(5,40)=0,17, p=0,97, BF 01 =12.38].
	316	E. Discussion
	317	Based on the preliminary experiment, the expected size
		of the effects is small (around 0.5 variation in d'). This

307

The interaction betwen there two factors is not signifi-
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