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Abstract

Talkers modify their speech production in noisy environments partly as a reflex but also as an intentional communicative strategy to
facilitate the transmission of the speech signal to the interlocutor. Previous studies have shown that talkers can adapt both auditory and
visual elements of speech produced in noise. The current study examined whether talkers adapt their auditory and visual speech produc-
tion strategy as a function of their communicative setting. Participants completed an interactive communication game in various quiet
and in noise conditions with/without being able to see their interlocutor. We found that the energy of talkers’ speech modifications was
significantly lower in conditions when interlocutors could see each other relative to conditions where they could not. Further, talkers
increased the saliency of their visual speech production (measured as lip-area and lip-width) in noisy conditions for face-to-face commu-
nication. In a set of perception studies, using the speech materials from the production study as stimuli, we also demonstrated that the
shift in speech production strategy across the face-to-face and non-visual communicative conditions corresponded with changes in the
auditory and auditory–visual intelligibility of the speech signal produced. The results suggest that talkers actively monitor their environ-
ment and are able to adopt appropriate speech production strategies for efficient and effective communication in adverse conditions.
� 2015 Elsevier B.V. All rights reserved.
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1. Introduction

One of the key factors underlying our ability to commu-
nicate in noise is that we adapt our speech production in
noisy environments. When faced with noise, talkers adopt
a speech production style known as Lombard speech (fol-
lowing Lombard, 1911). Lombard speech is characterised
by increases in loudness, vowel duration and F0, as well
as a shifting of energy in the speech spectrum from lower
to mid/high frequencies, i.e., reduced spectral tilt (e.g.,
Cooke and Lu, 2010; Junqua, 1993; Patel and Schell,

2008). Some studies also suggest that the dispersion of
vowel properties is altered for Lombard speech (e.g.,
Bond et al., 1989; Cooke and Lu, 2010). These modifica-
tions make the auditory signal significantly more intelligi-
ble for the listener in noisy environments (e.g., see Lu
and Cooke, 2008; Pittman and Wiley, 2001; Van
Summers et al., 1988).

Initial research examining the effects of noise on speech
production conceptualised Lombard speech as a reflex,
triggered by a reduction in the audibility of one’s own voice
(e.g., see Egan, 1972; Pick et al., 1989). Many studies have
demonstrated that talkers will adapt their speech produc-
tion when auditory feedback is attenuated by the presence
of noise or by conditions that simulate hearing loss (e.g.,
Chang-Yit et al., 1975; Chen et al., 2007; MacDonald
et al., 2010). More recently, however, research examining
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Lombard speech under task conditions where there is inter-
action and feedback between interlocutors has provided
evidence that Lombard speech production changes are also
tailored to benefit the listener in noise. For example, the
speech production changes made when interacting with
an interlocutor in noise (i.e., where there is a ‘‘premium
on intelligible communication”, Lane and Tranel, 1971,
p. 262) tend to be larger and more pronounced compared
to those where communication is either absent or minimal,
such as for reading lists or simply repeating words
aloud(e.g., Cooke and Lu, 2010; Garnier et al., 2010;
Junqua et al., 1999). Additionally, talkers also adjust their
speech production in response to the properties of the
background noise for the benefit of the interlocutor
(e.g., see Aubanel and Cooke, 2013a, 2013b; Cooke and
Lu, 2010; Lu and Cooke, 2008).

Collectively, these findings have led to the proposal that
Lombard speech is the result of both adaptation to noise
and communicative strategies (Garnier et al., 2010;
Hazan and Baker, 2011; Lane and Tranel, 1971). This pro-
posal points to the need to study Lombard speech in com-
municative situations, where there is feedback and
interaction between interlocutors, in order to explore the
modifications that are made as a function of adaptation
to noise, and those that are motivated by improving the
intelligibility of speech for the listener.

The hyper- and hypo-articulation (H&H) model
described by Lindblom (1990) provides a useful theoretical
framework that can accommodate the reflexive and com-
municative adaptations of Lombard speech. This model
proposes that variability in produced speech reflects a
dynamic adjustment that attempts to satisfy the competing
goals of minimising articulatory effort and maximising
intelligibility. When demands for intelligibility are low,
talkers are more likely to revert to a reduced style of speech
production (i.e., ‘hypo-speech’) which minimises the effort
of production. However, when the demands for intelligibil-
ity are increased (such as when talking in noise), talkers are
more likely to increase the clarity of their produced speech
in order to effectively communicate with their conversa-
tional partner. One of the implications of the H&H model
is that talkers are sensitive not only to the constraints
placed on them by the environment (i.e., noise), but also
to the specific needs of the listener. Through ongoing feed-
back and interaction between speech partners, talkers are
able to converge upon production strategies that optimally
balance efficiency of output with effectiveness of communi-
cation (Lindblom, 1990).

Based on the H&H model of production, changes in the
communicative environment may be expected to have a sig-
nificant impact on speech production in noise. However,
previous research has primarily focused on the effect of
the auditory environment (i.e., the level of noise presented
to the talkers) on the auditory signal properties of Lom-
bard speech. Relatively few studies have examined how dif-
ferences in communicative setting might influence speech
production in noise (although see Aubanel et al., 2012;

Cooke and Lu, 2010; Garnier et al., 2010; Hazan and
Baker, 2011). In the current study, therefore, we examined
whether talkers make different auditory and visual speech
adaptations in noise depending on whether they are com-
municating with their interlocutor face-to-face (FTF), or
whether they have to rely only on auditory cues to commu-
nicate (i.e., in a non-visual (NV) condition).

It is currently unclear whether Lombard speech produc-
tion varies between FTF and NV conditions. Previous
studies examining Lombard speech in communicative set-
tings have either restricted communication to NV condi-
tions (e.g., Cooke and Lu, 2010), or to FTF conditions
(e.g., Garnier et al., 2010). However, there are several rea-
sons to expect that this variation in communicative setting
(i.e., FTF vs. NV) will matter for Lombard speech produc-
tion. First, it is well established that seeing the talker’s
moving face (visual speech) enhances speech perception
in noise (e.g., Robert-Ribes et al., 1998; Ross et al., 2007;
Sumby and Pollack, 1954; Summerfield, 1987). Second, it
has been demonstrated that speech produced in noise is
also accompanied by changes to the visual speech signal
(‘‘visual Lombard speech”, e.g., see Garnier et al., 2010;
Kim et al., 2011). While larger lip/jaw motion is generally
required to produce louder speech (e.g., see Schulman,
1989), these visible Lombard speech changes have been
demonstrated to lead to greater enhancements in the audi-
tory–visual (AV) intelligibility of the speech signal the
interlocutor receives (Kim et al., 2011), suggesting that
talkers might have some flexibility to adapt the intelligibil-
ity of their visual Lombard speech for their interlocutor.
Plausibly then, when the interlocutors can see each other,
compared to when they cannot, there will be less need for
the talker to strive to make the auditory signal intelligible.
Equally, for both talker and listener, there will be an
increased premium on producing visually intelligible
speech. Therefore, it can be predicted that talkers will make
more pronounced visual but less pronounced auditory
modifications in FTF communication, relative to non-
visual (NV) conditions.

The aim of the current study was to test this prediction
by addressing two specific questions: (1) whether talkers in
noise adopt different speech production strategies across
communicative conditions where they either can or cannot
see their interlocutor; and (2) if so, whether the modifica-
tions talkers make to their auditory and visual Lombard
speech across the different communicative settings lead to
changes in intelligibility.

To examine the first question we conducted a speech
production study where we analysed talkers’ auditory
and visual Lombard speech in FTF and NV conditions.
An important consideration in the study was to examine
speech production in settings where there was an emphasis
on the need for talkers to communicate to complete the
task. That is, we wanted to examine speech produced in
conditions where talkers were free to interact with one
another, received feedback as to the success or failure of
their communication, and were able to adapt their speech

38 M. Fitzpatrick et al. / Speech Communication 74 (2015) 37–51



Download English Version:

https://daneshyari.com/en/article/566717

Download Persian Version:

https://daneshyari.com/article/566717

Daneshyari.com

https://daneshyari.com/en/article/566717
https://daneshyari.com/article/566717
https://daneshyari.com

