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ABSTRACT* 

Human speech directivity plays a role in speech perception, 
including for speech recognition in complex acoustic 
environments. When multiple talkers are in a room, the 
target talker's speech will be masked by both direct and 
reflected sound from background talkers. Because of speech 
directivity, the interfering signal at the ear of the listener 
will be dependent on background talkers' head orientations 
and locations relative to the listener and to reflective 
surfaces, as well as absorption characteristics of the 
reflective surfaces. We have examined horizontal speech 
directivity using anechoic, multi-channel, high-fidelity 
recordings of male and female talkers. Although speech 
generally becomes more directional as frequency increases, 
the relationship between directionality and frequency is 
nonmonotonic. There is some evidence for a sex effect, but 
at a limited set of frequencies. These factors may have 
implications for speech perception. 
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perception 

1. INTRODUCTION 

Speech directivity patterns convey acoustic cues to 
determine a talker’s head orientation. To a first 
approximation, rotating the talker’s head acts as a shallow 
low-pass filter, with the cutoff frequency decreasing as head 
angle increases (see Figure 1) [1-3]. Speech directivity 
patterns are also temporally dynamic, with different 
phonemes differing in their radiation patterns [3-4]. This is 
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because speech directivity is affected by subtle changes in 
articulator placement or vocal tract geometry, size of the 
mouth opening, face and body geometry, and site of sound 
source generation within the vocal tract [5]. 

2. HEAD ORIENTATION DISCRIMINATION 

Human listeners’ ability to utilize acoustic directivity cues 
for talker head orientation discrimination has been 
demonstrated previously using a live talker or speech 
presented over a rotating loudspeaker. Taking a different 
approach, we measured the minimum audible change in 
talker head orientation using speech signals recorded 
simultaneously from different microphone locations 
surrounding a talker [6-7]. A large effect of talker on head 
orientation discrimination was consistent with the variation 
in individual speech directivity patterns: stimuli from two 
talkers who exhibited more directional radiation patterns 
yielded better discrimination performance than stimuli from 
two less directional talkers [7]. Additionally, we found that 
highly directional extended high frequencies (EHFs; >8 
kHz), typically thought to be inconsequential for speech 
perception, support a listener’s ability to discriminate talker 
head orientation [6-7].  

3. SPEECH-IN-SPEECH RECOGNITION 

Whereas the traditional speech-in-speech experiment 
simulates a listening scenario where both the target talker 
and maskers are facing a listener (owing to speech materials 
being recorded with a microphone directly in front of each 
talker), it would be unusual to have multiple talkers all 
facing a listener and talking at the same time in a real-world 
“cocktail party.” We and others have demonstrated talker 
head-orientation-related (THOR) benefits when masker 
talkers face away from a listener, relative to when masker 
talkers face the listener [8-9]. Furthermore, due to the 
directionality of EHFs in speech, a listener at the real-world 
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cocktail party receives EHF spectral energy primarily from 
a talker facing the listener, whereas masking energy from 
background talkers is lacking EHF energy (Figure 1). This 
directionality makes EHF energy a salient cue for detection 
and segregation of the target talker from background 
talkers, in addition to increasing accessibility of phonetic 
information at EHFs. Similar to how visual cues of a social 
partner’s head orientation and gaze might direct attention to 
that partner or other objects of interest, highly directional 
EHFs could herald the potential importance of speech 
signal, thereby drawing the listener’s attention to that signal 
(i.e., high-amplitude EHF energy will only be received from 
a talker that is directly facing a listener [see Figure 1], 
which likely indicates that the listener is the intended 
recipient of this utterance). We have demonstrated the 
consequences of EHF directionality, showing that low-pass 
filtering speech at 8 kHz reduced speech-in-speech 
recognition when the target talker was facing the listener, 
but co-located maskers faced away from the listener [6, 10-
12]. 
 

 
Figure 1. Long-term average speech spectrum for a 
target talker facing 0º (blue) and a two-talker masking 
facing different angles (grayscale). 

4. SPEECH DIRECTIVITY 

Given the role of speech directivity in speech perception, 
we undertook to analyze a publicly available multi-
directional anechoic speech corpus of 15 female and 15 
male talkers [13] to examine factors that might influence 
speech directivity. Utilizing methods we used previously 
[14], we calculated a frequency-dependent speech 
directivity index [15], and replicated our previous finding of 
the nonmonotonicity of the directivity index function [14]. 
We also found that talker sex had a small effect on the 
directivity index at a limited set of frequencies: male talkers 

exhibited slightly greater directionality toward 0º at 
approximately 1 kHz and 6-7 kHz.  

5. CONCLUSIONS 

Speech directivity patterns provide THOR cues for head 
orientation discrimination and speech recognition. In future 
work, we intend to examine the perceptual relevance of 
THOR cues for speech recognition in real-world, 
reverberant, complex listening environments. 
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