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ABSTRACT 
The cocktail party problem remains a significant issue for the hearing impaired. In this study we examine 
the roles of (i) the perception of the locations of different concurrent talkers and (ii) high frequency informa-
tion (>5kHz) in concurrent speech segregation in normal hearing listeners. The results indicate both factors 
significantly affect speech reception threshold. These findings have significant implications for improving 
speech discrimination in noise for the hearing impaired. 

. 

Introduction 
The ability of listeners to segregate a single talker of interest from multiple concurrent talkers has been the 
subject of continual research  for more than half a century and is referred to as the “cocktail party ef-
fect” (Cherry, 1953). A variety of cues that support this remarkable human ability have been identified and 
include the pitch and speed of the speech, the characteristics of the talker (male, female, accent etc), visual 
cues and the spatial location.  
This presentation describes two experiments. First, we have examined the ability of normal hearing listeners 
to determine the location of a target talker using both broadband speech and speech low passed at 8 kHz. In 
this experiment speech stimuli were presented in Virtual Auditory Space individualised for each listener 
(Figure 1). Second, we have examined the contribution that differences in the location of the target and 
maskers to speech unmasking. In this experiment we have manipulated the percept of localisation and of ex-
ternalisation  using Virtual Auditory Space techniques. 

Figure 1 
(a) With headphone listening the source is generally per-

ceived to be inside the head. Interaural differences in the 
level or the time of arrival result in a lateralization of the 
apparent source toward one ear or the other.  

(b) If a sound is located in free space, the listener perceives 
the sound to be located away from the head. The principal 
differences between this situation and condition (a) is that 
the outer ear has spectrally filtered the sound in a loca-
tion dependent manner 

(c) To generate the illusion of a sound in free space, the pat-
tern of sound waves that would have been produced by a 
sound in free space is generated over headphones. This is 
referred to as Virtual Auditory Space (VAS). 

Generating Virtual Auditory Space 
The outer ear filter functions are called the Head-Related Transfer Functions (HRTFs) and are measured in 
an anechoic chamber using small microphones in the ear canal for 400 locations equidistant on an imagi-
nary sphere surrounding each subject. Stimuli were generated in VAS by filtering the stimuli using the ap-
propriate HRTFs for the left and right ear and then presenting using headphones (Etymotic ER2) .   
To establish the fidelity of the rendered VAS the localisation accuracy of the subject for sound located in 
the free (anechoic) field was compared with localisation accuracy for sounds presented in VAS. In each 
case, the performance of the subject was almost identical under both conditions.  

Experiment 2: Speech intelligibility 

The threshold intelligibility of a target talker was determined by varying the  presentation levels in the presence of 
two maskers talkers.  In the spatialised listening conditions, the  target talker was located directly ahead and the two 
masker were located to the left and right of the target by 30º (VAS 30 - Figures 4 & 5). This configuration was 
chosen to best emulate a typical “dinner table” scenario where the target talker might be flanked by masker talkers 
carrying on independent conversations.  
The baseline listening condition was the diotic presentation of both target and maskers so that all sources were 
perceived in the centre of the listerners head. The contribution of the binaural cues was evaluated by applying the 
appropriate interaural time difference and (rms) interaural level differences to the maskers (Dichotic). This gave rise 
to a percept of the target talker in the middle of the head and the maskers closer to the right and left ear respectively.  
The Speech Reception Threshold (SRT) was measured using the Coordinate Response Measure (Bolia et. al. 2000, J. 
Acoust. Soc. Am.107:1065-1066) and an adaptive procedure (QUEST) to adjust the level of the target talker against 
constant level maskers (Figure 4). 
In Figure 4, data for subject SA (left panel) demonstrates the clear variations in the masked thresholds for each of the 
stimulus conditions when the QUEST routine started at 0 dB target to masker ratio, while the start level for subject 
SC (right panel) was varied dependent on the condition. Regardless of the  start criteria and the listening condition, 
these data demonstrate remarkable stability of the masked threshold estimates from around 50 trials on.   
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These data demonstrate clearly that  
(i) The binaural cues (dichotic condition) provide around 8dB intelligibility advantage when 

compared to the diotic condition (no binaural cues). 
(ii) The spectral cues and the attendant percept of externalization (VAS 30 condition) result in a 

further 5 dB intelligibility advantage. 
(iii) The removal of high frequency energy ( > 5 KHz) in the externalised condition (VAS 30 

5K lp) produces a reduction in the unmasking by around 4dB when compared to the full 
band VAS Condition. 

Diotic  
No binaural cues 

Dichotic  
ITD & ILD cues 

Full-Band VAS 30 
All cues available 

Low-Pass VAS 
20Hz to 5 kHz 

Spectral analysis of wide band speech 
While it has been known for some time that that human speech contains energy at frequencies above 5 kHz 
(Figure 2a), the received view for more than half a century, is that this information does not contribute to 
speech intelligibility or comprehensibility. Although this energy is associated mainly with the fricatives and 
plosives in speech, we have using a wide frequency bandwidth  recordings (20Hz to 16kHz: e.g. Figure 2b) 
that nearly all words examined contained perceptually significant  high frequency energy 

A 
B 

Figure 2 (A) The spectrogram of the sentence “I can see you” (Moore, B (2003) An Introduction to the Psy-
chology of Hearing, 5th Edition); (B) Panel (a) the spectrogram of a recorded period of silence (b) the word 
“sludge” low pass filtered at 16 kHz and (c) at 8 kHz. 

Figure 5: The results of an adaptive  procedure (QUEST) are shown for the four principal stimulus 
conditions for two subjects.  

Figure 6: The  mean speech reception thresholds are shown for 7 subjects for each of the listening con-
ditions. The listening conditions and the perceptual consequences are illustrated in the four cartoons at 
the top. The colours of the histogram bars correspond to the colours of the conditions in Figure 5. The 
SD of the mean SRT for each listening condition is indicated on each histogram bar. 

Conclusions - Experiment 2 
These data demonstrate substantial additional unmasking (around 5 dB) afforded by the externalisation 
using virtual space stimuli, over that due to the differences in the binaural cues derived form the differ-
ent locations of the target and the maskers.  
While previous “single channel” studies have indicated that information in speech above 5kHz does not 
contribute to speech intelligibility, these data indicate that as much as 5dB unmasking afforded by the 
externalisation of the target sources is dependent on energy above 5 kHz. Subjects reported that the ex-
ternalisation percept was much reduced when compared to the wide bandwidth VAS. 
These data have important implications for systems designed to support multiple source communica-
tions using either free field or virtual space sources. 
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Experiment 1: Localisation of speech 
Localisation of broadband (20 Hz – 16 kHz) and low-pass filtered (20 Hz – 8 kHz) speech was compared in 5 nor-
mal-hearing listeners. The Harvard list of monosyllabic words was recorded using a vocally-trained actor and were 
low-pass filtered at 16 kHz or 8 kHz (cliff edge 60dB down). The average word duration was 710 ms (range: 418 to 
1005 ms).  
Localisation testing required the subject to stand in darkness in the centre of the anechoic chamber and indicate the 
perceived direction of a series of single words by pointing his/her nose. Head position was monitored using an elec-
tromagnetic tracker mounted on the head. Targets were presented randomly from 76 evenly distributed ‘virtual’ loca-
tions and the different stimuli were interleaved. Each of the 76 locations was tested for each of the stimulus condi-
tions a total of five times.  

Figure 4 The overall localisation performance for 
sound sources presented in VAS is shown for three dif-
ferent stimuli: broad band noise (bb noise), broadband 
speech (bb speech) and speech low passed at 8 kHz. Lo-
calisation errors can be partitioned into lateral angle 
errors (corresponding to binaural cue processing) and 
cone-of-confusion errors (corresponding to spectral cue 
processing: See Figure 3). 
There are no systematic differences in the lateral angle 
error regardless of the stimulus. While there is little dif-
ference between the localisation accuracy for broad-
band noise and broadband speech, the removal of high 
frequency energy (> 8 kHz) resulted in a significant re-
duction in localisation performance.   
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Figure 3 (a) The lateral angle α from the 
midline defines a plane which cuts a vertical 
circle on the co-ordinate sphere. (b) The po-
lar angle is the angle on this circle where 0° 
is the front-most location and 180° is at the 
back. 
 

Conclusions - Experiment 1 
Accurate localisation of speech depends on the frequencies up to 16kHz. All of the words in the list contained some 
high-frequency information and the preservation of even relatively low levels improved localisation, (data not 
shown) particularly by reducing the cone of confusion errors.  
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