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Preface

At the Interspeech conference 2015, in Dresden, John (Ohala) aiglgeh J
(Trouvain) what he thinks about organizing a special session on attractive voices,
maybe for the next conference in this series. A former visiting researcher in
Berkeley, Melissa (Barkat-Defradas), had already expressed some ideas on such an
event on this topic. John has a long-standing interest in evolutionary aspects of
speech and voice, Melissa works in an interdisciplinary research team on all kinds
of aspects of evolution, andirgen has some background in paralinguistic char-
acteristics of speech. At the same conference in DresdegenJ introduced
Benjamin (Weiss) to John with Benjamin as the optimal complement to this team
since he has published several papers on social likeability of voices.

It was then at Interspeech in Stockholm 2017, that we were able to organize the
planned special session on voice attractiveness. We considered this event as the
perfect setting for presenting research dealing with many aspects: perceived vocal
preferences of men, women, and synthesized voices in welkdesocial situa-
tions, acoustic correlates of voice attractiveness/pleasantness/charisma, interrela-
tions between vocal features and individual physical and physiological
characteristics, consequences for sexual selection, predictive value of voice for
personality and for other psychological traits, experimentahitien of esthetic
standards for the vocal signal, cultural variation of voice attractiveness/pleasantness
and standards, and also the link between vocal pathology and vocal characteristics.
In Stockholm we agreed on a follow-up publication where the authors have more
space than in a conference paper with its strict limitations. Moreover, also those
colleagues could be reached that were not participants of this conference.

The special session was a success in our view. In total, we had nine accepted
contributions. Authors from six papers of this session are also aboard in this vol-
ume. In addition to these, there are ten further contributions for this publication,
having atotal of seventeen papers when we add the introductory chapter. It is our
belief that both collections, the nine conference papers, and the seventeen articles in
this volume, can provide a useful overview on the state-of-the-art research on voice
attractiveness, voice likeability, and vocal charisma. We also hope that these studies
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vi Preface

represent a fruitful fundament for further thoughts and investigations of an exciting
eld of speech and voice research.

As many book projects of this size, the editing process took longer than
expected. This delay is mainly but note entirely due to health reasons of some of the
editors. We would like to thank all authors for their patience and the publishing
house for the provided support.

Berlin, Germany Benjamin Weiss

Saarbiicken, Germany Jurgen Trouvain

Montpellier, France Melissa Barkat-Defradas
Berkeley, USA John J. Ohala
April 2020
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Chapter 1
Voice Attractiveness: Concepts, Methods, | o
and Data

Jirgen Trouvain, Benjamin Weiss, and Melissa Barkat-Defradas

Abstract This book comprises contributions on vocal aspects of attractiveness,
social likability, and charisma. Despite some apparent distinct characteristics of these
three concepts, there are not only similarities, but even interdependencies to be con-
sidered. This chapter introduces and regards the concepts studied, methods applied,
and material selected in the contributions. Based on this structured summary, we
argue to increase interdisciplinary and even holistic efforts in order to better under-
stand the concepts for voice and speech in humans and machines.

Keywords Attractiveness Charisma: Likability - Sexual selection
Interdisciplinary- Holistic view - Structured summarySpeech production
Speech perception

1.1 Introduction

Probably, everybody has an idea of the meaning or meaniragggativeandattrac-
tiveneson the one side, and of voice and speaker on the other. It is also likely that
everybody has their own ideas, which voices sound attractive—either in general or
in speci ¢ contexts. But these ideas show by no means homogeneous structures and
similar de nitions.

A book on voice attractiveness attracts researchers, be it as authors and/or readers,
who look at this topic from different angles as the subtitle of this book indicates. A
sexyspeaker is notthe same dikablespeaker, andeharismaticspeaker is different

J. Trouvain
Saarland University, Campus C7.2, 66123 Saarbriicken, Germany
e-mail:trouvain@coli.uni-saarland.de

B. Weiss B)
Technische Universitat Berlin, Ernst-Reuter-Platz 7, 10405 Berlin, Germany
e-mail:benjamin.weiss@tu-berlin.de

M. Barkat-Defradas
University of Montpellier, Place Eugene Bataillon cc065, 34090 Montpellier cedex 05, France
e-mail:melissa.barkat-defradas@umontpellier.fr
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again. These differences of how attractiveness is considered are also re ected in the
chapters of this book. Likewise, the de nition of speaker and voice is heterogeneously
used, too. For this reason, we rst attempt to shed some light onto the diversity of
concepts we face in the upcoming chapters.

There is a broad range of different methods used in the studies of this volume.
Many perform experimental research to investigate aspects of production, acoustics,
and perception of attractive speech. There are some studies with a focus on modeling
of data with respect to attractiveness, whereas other studies review how speech tech-
nology can be applied taking the (missing) attractiveness of voices into account. The
data types that were used in the studies of this volume also show a large span. They
range from manipulations of monosyllabic stimuli over single words and sentences
in controlled settings up to many minutes of spontaneous conversational speech. The
recap of the diversity of methods and data in this collection is followed by some
concluding remarks on the emerging eld of voice attractiveness, a research eld
that attracts researcher from many disciplines.

1.2 Concepts

1.2.1 \Voice, Speaker, and Speech

The contributions of this collection consider tieice andvoice attractivenesm
different ways. Voice is not only seen in a narrow sense where it refers only to glottal
activity. Voice in a wider sense additionally includes supra-glottal activities such as
tongue raising, pharyngeal constriction, nasality or lip spreading (La2&0), so

that for instance formants as acoustic correlates of supra-laryngeal resonances are
taken into account. For several studies, prosody plays an important role, re ected by
fundamental frequency (FO), intensity, pauses and duration from a suprasegmental
point of view. Further, timing parameters refer to entrainment in dialogs.

Naively, one would not assume that a voice that is considered as “normal”, “stereo-
typical” or “average” would correlate to attractiveness. Nevertheless, three papers of
this volume look more closely to the acoustic parameters of the “mean” voice and
its perception of attractiveness—partially with somewhat surprising results.

Kreiman et al. (this volume) show that listeners differ regarding the question of
what it means for a voice to sound “normal”. There seem to be individual, rather
consistent, strategies to label how normal or not normal a voice sounds. In their
study, listeners assessed a wide range of one second samples of female speakers.
From several acoustic parameters, the most relevant for explaining some amount of
variance in the labels are fundamental frequency and its variation, as well as the
rst two formants, but not others that are typically associated with voice quality.
However, the authors could not nd a simple or generally valid answer, the situation
is rather complex because several factors like the listener, the context, the purpose
of the judgment, and of course the individual voice have to take into account.
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The topic of recalling a voice from memory, an everyday task for everybody of
us, is analyzed in Babel et al. (this volume). They show in a set of experiments with
monosyllabic words as stimulus material that subjective stereotypicality and attrac-
tiveness affect the performance to remember a voice. Overall, they found support
for the statement that less stereotypical voices and less attractive voices were better
memorized.

Belin (this volume) reports of ndings of experiments where identical short syl-
lables of multiple voices of the same sex were averaged. The more voices were
averaged the 'speakers’ of the averaged voice samples were perceived as more and
more attractive. (similar to a visual effect concerning face attractiveness). Obviously,
the main responsible factors for this effect are the reduced “distance-to-mean” for
differences between FO and the rst formant, and an increased “texture smoothness”
re ected by a raised harmonics-to-noise ratio.

There are also studies with stimuli to be rated that are longer than just one syllable
or just one second. These studies concentrate more on speech prosody. Quené et
al. (this volume), for instance, control for tempo and FO in stimuli sentences, and
Bosker (this volume) analyzed amplitude modulation in authentic speech samples.
The review of charismatic speech of Rosenberg and Hirschberg (this volume) centers
at prosody in all possible aspects, whereas, for instance, Weiss et al. (this volume)
investigate acoustic parameters that re ect prosody (FO, intensity, rate), segmental
properties (formants, spectral features) but also the voice in a narrow sense (shimmer,
jitter, harmonics-to-noise ratio). These examples show that the vocal part in voice
attractiveness can be referred to very different aspects of voice and speech when
performing research in this eld.

1.2.2 Sexual Selection and Voice Attractiveness

A sexy speaker can be seen as somebody who underlines her or his perceived sexual
attractiveness—often unconsciously—with her or his voice and speech behavior.
Though the voice is the privileged medium for interpersonal communication, it is
not solely useful for conveying semantic information to other people. As a matter of
fact, voice should also be regarded as a powerful social object, whose role is crucial in
the context of human relationships. Indeed, by using oral communication, speakers
are not only able to share their ideas and emotions, but they are also able to signal
some reliable sociobiological features to their interlocutors such as sex, age, health,
and social status, among others. There is a large body of scienti c literature, for
instance Scherefl0798, which describe the links between voice characteristics and
personality traits, or the works by Laver and Trudgll®79 and Bezooijen1995,
who studied voice as a social and cultural marker, or either still, Banse and Scherer
(1996 whose work investigate how voice is used to express one’s emotional state.
All of these authors, to name a few, have demonstrated that voice goes far beyond
its primary linguistic function. Yet, interestingly, researches in Humanities mostly
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tackled the topic of vocal function independently of any evolutionary considerations.
However, as early as 1890, Darwin addressed the issue within the frame of sexual
selection by drawing intriguing parallels between animal vocalizations and the human
voice:
The sexes of many animals incessantly call for each other during the breeding-season; and
in not a few cases, the male endeavors thus to charm or excite the female. This, indeed,
seems to have been the primeval use and means of development of the voice [...]. When
male animals utter sounds in order to please the females, they would naturally employ those
which are sweet to the ears of the species; and it appears that the same sounds are often
pleasing to widely different animals, owing to the similarity of their nervous systems, as
we ourselves perceive in the singing of birds and even in the chirping of certain tree-frogs
giving us pleasure. (Darwir,89Q pp. 90-96).

Darwin’s original idea according to which vocalizations allow the transmitter to
attract females’ attention and express his reproductive intentions make it legitimate
to address the issue of human voice attractiveness in the speci ¢ context of human
mating. As a matter of fact, as it is developed in the rst contribution of Suire,
Raymond, and Barkat—Defradas (this volume), it is reasonable to think that sexual
selection—the mechanism which promotes biological and social traits that confer a
reproductive bene t—has also intervened in the shaping of human vocal dimorphism;
the attractiveness of a voice being a proxy, or a reinforcing signal, for other physical
characteristics. By providing an overview of the research that lies at the crossroad
of the human voice and evolutionary biology, the authors aim at demonstrating that
sexual selection provides an interesting theoretical framework to understand the
functional role of the human voice from an evolutionary perspective. Indeed, several
studies have demonstrated the existence of a vocal attractiveness stereotype, which
suggests that voice is an honest sigral phenotypic quality in the same way as
other physical features like, for example, the waist-to-hip rétio.

Such an assumption raises the question of what makes a voice attractive? In
their survey of the literature, Rosenberg and Hirschberg (this volume) examine the
concept of vocal attractiveness itself. The authors consider the concept as highly
context-dependent and discriminate between several types of attraction (i.e., political
charisma, business leadership, nonsexual attraction and, last but not least, romantic
desirability) each one of them being associated with speci c articulatory, acoustic,
and prosodic traits. They also show that though voice attractiveness is a complicated
and exceptionally subjective phenomenon, evidence suggests some shared cross-
cultural patterns that must have been shaped in the course of evolution by the selective
pressure induced by the preferences of one sex for the vocal attributes of the other.
The topic of vocal preferences has given rise to a large body of literature on the
evolution of vocal preferences, which generally speaking, reveals that low-pitched

1Signals are traits that have evolved speci cally because they change the behavior of receivers in
ways that bene t the signaler. For example, peacock resplendent tail feathers are honest since they
truly signal reproductive tness of their bearer to the receiver.

2The waist-to-hip ratio (WHR) is the dimensionless ratio of the circumference of the waist to that
of the hip. WHR correlates with health and fertility (with different optimal values in males and
females).

470006_1_En_1_Chaptef ] TYPESET[__]DISK [_JLE [_]CP Disp.7/9/2020Pages16 Layout: T1-Standard




Editor Proof

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

1 \oice Attractiveness: Concepts, Methods, and Data 7

masculine voices are universally preferred by women, such voices being perceived
as related to a high quality phenotype. Conversely, men tend to prefer high-pitched
feminine voices that are perceptually associated with youth and fertility at least
in English. For more details of evolutionary mechanisms of attractive voices like
mate choice see the systematic review of vocal preferences in humans by Barkat—
Defradas, Raymond and Suire (this volume). Quené et al. (this volume) also con rm
the expected pattern that men with lower-pitched voices tend to be rated as more
attractive by (heterosexual) female listeners. They also reveal the importance of fast
tempo in voice attractiveness evaluation. Indeed, their results based on manipulated
speech show that the female raters judged masculine voices as less attractive if the
FO was arti cially raised and the tempo decreased.

In their speed dating study, Michalsky and Schoormann (this volume) investigated
the effects of perceived attractiveness and conversational quality on entrainment. In
analyzing speed dating dialogs, prosodic disentrainment, in terms of pitch differ-
ences, is related to facial attractiveness for interlocutors of opposing sex. However,
this result is inhibited by high conversational quality for females, and low conversa-
tional quality for males.

1.2.3 Likability and Social Attractiveness

A likable speaker is seen as somebody who underlines her or his perceived social
attractiveness or pleasantness with her or his voice and speech behavior. There are
several potential aspects that may constitute likability. For example, from the two
of the most stable interpersonal concepts for unacquainted persons, benevolence (or
warmth, communion) and competence (or agency, capability) (Abele, Cuddy, Judd,
& Yzerbyt, 2008 Schaller 2008 Fiske, Cuddy, & Glick2006), the rst dimension
(benevolence) is often assumed to resemble likability (DePaulo, Kenny, Hoover,
Webb, & Oliver,1987 Fiske et al.2006 Argyle, 1988. However, liking-aversion
may conceptually comprise the second dimension of competence as well (McCroskey
& McCain, 1979, even in speech (Putnam & Stre&984). Actually, there is much
evidence from questionnaire analysis in a speech during dimension reduction that
evaluative questionnaire items, such as “likable”, can be apparent in both dimen-
sions, benevolence and competence, or neither (Cuddy, Fiske, & &0iaR,Brown,
Strong, & Renchel 973 1985 Hart & Brown, 1974 Street & Brady1982 Weirich,
201Q Weiss & Mdller,2017). Given these empirical results, it can be argued that the
so-called benevolence is just one possible but a very likely attribution to a person,
which affects a speaker’s social attractiveness, especially in a rst impression.
Concerning voice acoustics, there are only few correlates of likability that show at
least some robustness to changes in material, most notably increased pitch variability
and tempo, while the results of average pitch reveal to be more complex, at least in
German (Weiss et al., this volume).
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8 J. Trouvain et al.

While such results aim at correlates of averaged ratings on a scale, paired com-
parisons allow for a much ner measure of preference in likability. This method is,
unfortunately, much more effort. Therefore, a crowd-based procedure is presented to
collect such data ef ciently, and it was used to train a model for predicting preferences
of pairs of stimuli (Baumann, this volume).

In order to better take into regard the individual aspects of attractiveness, a method
is presented that extracts overall voice attractiveness and listeners’ preferences from
paired comparisons, so that voices’ likability can be estimated by the inner product
of the two vectors of attractiveness and preferences (Obuchi, this volume).

1.2.4 Charisma and Leadership

A charismatic speaker is seen as somebody who underlines her or his perceived lead-
ership, persuasive power, enthusiasm, and passion with her or his voice and speech
behavior. Charisma is, just like likability, a social evaluation. However, likability
typically refers to a dialogic situation, or in passive listening test, to the anticipation

of a dialog—without any prede ned difference in social status. In contrast to this,
charismais typically about an individual affecting a group of people, and thus implies
some kind of social superiority. Charismatic people stand out, formally by social sta-
tus or rank, or situationally by other’'s acknowledgment of their specialty. Therefore,
the typical domains to study charisma in voice are speeches or talks of famous people,
such as politicians and managers. A passionate and motivating speech by such people
represents an often used, and sometimes even requested and anticipated, method of
leadership. A discursive overview of what a charismatic voice actually is, can be
found in Signorello (this volume).

The focus on public speeches and talks when dealing with charisma, complicates,
on the one hand, differentiating between effects of a speech’s presentation from
those that originate in the fame, attributions, and social status. On the other hand,
instead of relying on ratings in the laboratory, there a plenty of potentially valid
indicators of charisma of those famous people including type of applause, (social)
media reaction, and election results. For example, during a party conference of the
German social democrats in 1995, the chairman was replaced by his vice-chairman—
atypically early at this speci c date—after an inspiring and enthusiastic speech of that
vice-chairman. Given rather similar contents, sometimes even identical formulations,
this outcome of the election was analyzed not regarding rhetorics, but speaking
style instead (Paeschke & Sendimel397). Such occurrences not only show that
charisma is blended with power and leadership, but also exemplify the relevance of
voice and speech for charisma. In this volume, the relevance of prosody and attire
is studied for speeches of leading senior managers (Brem & Niebuhr, this volume).
And in Bosker (this volume), a closer look on the modulation spectrum, which is
related to speech rhythm, is taken for speeches from the US presidential campaign
candidates Hillary Clinton and Donald Trump.
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1 \oice Attractiveness: Concepts, Methods, and Data 9

1.3 Methods

From a methodological perspective, we can divide studies on voice attractiveness in
three elds. Investigations of the possible effects of different kinds of attractiveness
and their vocal correlates are coveredaxperimental researchn addition to this
research directionnodelingof processes how individual voices in audio samples
attract listeners represents a further eld of study. Finadlghnological applications
should be viewed as an own eld of research in voice attractiveness.

1.3.1 Experimental Research

Human attractiveness is typically considered as a subjective concept. Therefore,
experimental research is dominated by collecting explicit and implicit human rat-
ings and decisions. The simplest methodological approach is to present stimuli and
explicitly ask for ratings; on a scale if sequentially presented, or as a preference in
the case of comparing stimuli. Such listening and ratings are, for example, conducted
by Babel et al. (this volume). They collected a variety of subjective characteristics,
among them perceptual similarity, applying a comparison of pairs of stimuli on a
single scale, and perceptual attractiveness, collecting ratings in a sequential proce-
dure for each stimulus individually. The latter method is also frequently used in the
studies evaluated by Belin (this volume). Quené et al. (this volume) explicitly argue
in favor of the sequential approach with absolute ratings instead of a forced prefer-
ence choice of a direct comparison, as they want to avoid drawing attention to the
signal manipulations they have conducted. There are various variants applied, often
taken advantage of graphical computer interfaces, for example, to sort and assign
short stimuli of a set to labels (Kreiman et al., this volume).

Instead of explicitly asking for measures of attractiveness, implicit measures can
be attempted to collect, in order to avoid a social bias of the subjects. Such approaches
comprise observations of social decisions, for example, counting the number of
direct interactions in gaming or game-like tasks (Krause, Back, Egloff, & Schmukle,
2014. Other observations refer to the number of friends, or offspring (or explicitly
asking to disclose the number of sexual partners). Such long-term or retrospective
observations and surveys are, however, dif cult to relate to speci c traits, such as
vocal characteristics.

1.3.2 Modeling

Quantitative modeling of subjective human ratings, such a sexual or social attrac-
tiveness, serves in principle two purposes. One is to describe the relations, e.g., cor-
relations, found with parameters of interest in a given data set. Such a model could
be a starting point for a prediction model, but does not provide explanatory power as
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10 J. Trouvain et al.

in a scienti ¢ theory. For the case of voice attractiveness, typical model parameters
are acoustic or articulatory measures. Another purpose is to actually explain inter-
dependencies between parameters and ratings in a quantitative way. However, in the
latter case, the parameters chosen and the kind of relationship have to be con rmed
by methodological means ensuring a causal relationship. Synthesizing or resynthe-
sizing speech represents the most popular approach to control for the variables in
question. It also aims at providing proof for a causal relationship. As the knowledge
base is enhanced by empirical studies incrementally, each study might ful Il both
purposes to some degree. For example, the linear models of social attractiveness of
Weiss et al. (this volume) build on hypotheses drawn from several scienti c methods
in order to add evidence for acoustic-perceptual relations, but its main result is a
simple data description.

Baumann (this volume), present a methodological approach, that does comprises
not only the acoustic modeling part, but also a method to ef ciently collect preference
ratings for stimulus pairs. Such pairwise preferences for German spoken Wikipedia
articles were acoustically correlated directly, and modeled as relative preferences by
means of a recurrent neural network.

In a related approach, Obushi (this volume) collected pairwise preferences for a
Japanese greeting phrase. The ratings are multidimensionally analyzed, taking into
account the listeners’ differences as well, and modeled by multiple acoustics features
applying machine learning.

1.3.3 Technological Applications

Voice attractiveness can play an essential role in human-machine interaction (HMI)
as two contributions in this volume show. There is a tendency that “people tend to
attribute personality traits to computers and robots as if they were human agents”
(Nass, Moon, Fogg, Reeves, & Dry@995. That means that the human-sounding
voices of talking and conversational computers can also be considered as personalized
machines. In addition, machines can act for humans, for instance, when a speech
synthesizer is used as a speech prosthesis for people who cannot clearly and uently
articulate anymore. From a view of listening to talking machines, we all know thatitis
most of the time rather boring and less interesting when faced with an arti cial voice
and synthesized speech, be it when street names are announced in car navigation
or when interacting with a dialog system. For conversational agents, e.g., intelligent
personal assistants, it is a particular challenge to show skills that are required for
smooth dialogs that span aspects of timing up to common grounding. Thus, voice
selection and voice modeling should be an integral part of the design in HMI tools.
The paper collected in this volume are not empirical studies with existent systems
but are reviews in which important thoughts are developed before experiments that
test the usability of certain aspects of voice attractiveness are performed.

Torre and White (this volume) focus on the characteristics of a robot’s voice
in human-robot interaction. They are particularly interested in how vocal elements
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can contribute to the impression of trustworthiness. They review studies in which a
robot’s voice was analyzed or manipulated, always with a particular view on trust-
worthiness. Naturalness and “machine-likeness”, cognitive load, incongruity with
the robot’s behavior in general and the robot’'s appearance such as its size, gender,
accent, and interaction context. Furthermore, they argue that the design of robot
voices should come with an unambiguous appearance and function, because unreal-
istic expectations of robot performance in human users should be avoided.

The human evaluation in regard to different kinds of attractiveness represent
immanent social and cognitive processes. Such evaluations are, however, not limited
to other living persons. Instead, interactive systems, especially those using speech,
are known to evoke similar processes (Reeves & NEZ3G Nass & Brave2009.

And with the emergence of speech interaction with computers in the form of personal
smartphone assistants, smart home devices, virtual persons, and human-like (social)
robots, the users’ appraisal of the verbal and nonverbal behavior of such interactive
computers are receiving much attention.

One observation speci c to anthropomorphic computers is the so-called “uncanny
valley” effect. It describes an overall increase in familiarity (or attractiveness or lik-
ability) with increasing human-likeliness (or level of details) of the systems features
and movements that is disrupted by a sudden decrease in familiarity close to perfect
human-likeliness (Mori2012. This awkward or eerie feeling for a close to human,
but obviously not natural synthesis is typically explained by a shift in reference
from arti cial to human and can be circumvented by reducing the level of human-
likeliness or choosing an arti cial metaphor (e.g., a puppet or cartoon) instead of
a human. This effect is mostly studied for visual perceptions of the body and face
of a robot or virtual person and their animated movements. However, in Clark (this
volume), results for the evaluation of three linguistic strategies, politeness, relational
work, and vague language are discussed in their usage for speech interfaces and their
potential mismatch with the expectations in human users, and thus their potential to
cause an uncanny valley effect.

One important sub-concept of social attractiveness is trust (McAleer, Todorov, &
Berlin, 2014 Weiss, Wechsung, Kithnel, & M6élle2015. In Torre and White (this
volume) the effects of robot voices’ gender, naturalness, prosody, and accent on trust
perception in users are presented and systematized. Overall, there are effects, but
they depend on the context and user group. For example, a regional accent showed
an increased credibility to a standard accent when being knowledgeable, but the
opposite in the case of being unknowledgeable.

1.4 Data

The material used in studies on voice attractiveness varies widely, from monosyllabic
stimuli recorded in the lab to large extracts of authentic speech material that was not
produced for research. This stylistic diversity is also re ected in the contributions
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for this volume. Thus, it seems fair to separate three kinds of sources, controlled
experimental data, naturalistic lab data, and natural eld data “from the wild”.

1.4.1 Controlled Experimental Data

One major source of the material stems from lab experiments, where new recordings
are conducted for a speci ¢ purpose with already de ned acoustic and perceptual
analytic methodsto be applied on. Such recordings are usually very short, for example
(sustained) vowels, syllables or words. They can also not be considered as socially
authentic, i.e., they do not aim to resemble real-life social communication situations.
Due to its short duration, such material lacks major prosodic aspects, e.g., intonation
contour or emphasis variation, as well as any natural situational grounding, affecting,
e.g., speaking rate. Controlling for such aspects, however, allows to focus on topics
like voice quality and person identi cation/similarity, while explicitly controlling for

the just mentioned effects.

Examples of experimental data are Belin (this volume), who uses averaged short
syllables of multiple voices, for which attractiveness ratings are collected. Kreiman
et al., (this volume) analyzes steady state vowels (one second duration) regarding
“normal” voice quality, whereas Babel et al., and Obuchi (both this volume) used
single (monosyllabic, respectively multisyllabic) words for perception tests.

On some occasions, full sentences, or even a paragraph, are read by speakers
in a lab with similar aims. The practical implications include potential laborious
manual work to extract speci c segments for analysis, and to take into account richer
linguistic context, while the read speech style in a controlled environment allows to
analyze not only segmental and micro-prosodic, but also macro-prosodic parameters.
Therefore, itis nota coincidence to nd a mixture of material types from experimental
data in the cited literature for our topics that refer to social attributions and traits
from speech (Suire et al.; Rosenberg & Hirschberg, both this volume). While some
decisions on the material duration are made because of the costs inicted by the
prospective methods (see SdcB), other reasons to select material originate in the
aspects under research.

The syllables used by Belin (this volume) were recorded in the lab, and subse-
guently post-processed to study the effect of acoustic averaging over speakers. Such
a manipulation of speech recordings is another kind of experimental data. Manipu-
lations comprise post-processing of the acoustic speech signal, as well as outright
synthesis. Manipulated audio les can be in principle of any duration, but are con-
sidered here still as experimental data due to its similarity in careful and specic
creation in a laboratory, but also due to the aim of controlling in uencing factors—
this time by means of inducing a controlled number of manipulations. There are
different reasons for such manipulations, most importantly to verify analysis results
with even more controlled material, producing stimuli for experiments which are
hard or impossible to record, or to obtain speech signal qualities for the domain of
computer speech.
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The papers in the part on technological applications are good examples, as they
all refer to studies in which manipulated or synthesized material, typically shorter
utterances in a dialog, are used, or they argue to conduct those (Torre & White; Clark
et al., both this volume).

1.4.2 Naturalistic Data Recorded in the Lab

While strictly controlled speech material from the laboratory is a foundation of
basic research, there is always the aim to use naturalistic data in order to estimate
the strength of effects for real-life situations and to study situational and dialogic
aspects that cannot be simulated with—what we call—experimental data. Typically,
this means to elicit naturalistic situations and thus also spontaneous material in the
lab, often with the help of some supporting material. In contrast to the aforementioned
controlled experiments, the lab recordings of naturalistic data are not controlled to
the same degree. Here, experimenters aim to control a good acoustic quality, to
initiate conversations, and possibly to instruct conversational tasks. That means that
the linguistic and phonetic content is not (strictly) controlled for. However, very
speci ¢ instructions and support material is often provided to support the subjects
to elicit the situation, e.g., a game or task, but databases have been created with far
less information provided (Schweitzer, Lewandowski, Duran, & Daiill5.

For obtaining attractiveness ratings, Quené et al., (this volume) used sentences
from spontaneous interview speech as stimuli that were manipulated. They also used
visual data. The situation of speed dating was applied by Michalsky and Schoormann
(this volume) to allow for studying the effects of prosodic entrainment in dialog.
Simulated telephone conversations on pizza ordering from the Nautilus database,
but post-edit to exclude the callee were used by Weiss et al. (this volume).

1.4.3 Data from the Wild

The last category of the material refers to recordings from real situations. Obtaining
suchdata seemsto be the easiestone onthe rstglance. However, itis often practically
impossible to ensure suf cient quality and suf cient amount of material given the
available resources, especially if there are requirements on the linguistic conditions
to be included. In addition, there is often more information on the speakers required,
which might be dif cult to collect while or after recording, for example, additional
physiological measures. Finally, there might be ethical reasons to avoid taking data
from the wild.

In this collection, this kind of data was selected to solely study charismatic speak-
ers. Bosker (this volume) selected speech fragments of c. 25 s from mass media
recordings of US presidential debates. Brem and Niebuhr (this volume) used audio-
visual data (video clips of charismatic management leaders). For natural data, this
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kind of material is the least uncontrolled, as the speakers are not only professional,
but also very aware of the fact of being recorded. Therefore, such eld data might
not always be considered as truly “wild”, but of course, it is as natural as it can be
when studying speeches of charismatic leaders.

Sometimes, itis not easy to assign data to one of the categories. For example, read
Wikipedia articles used by Baumann (this volume) is comparable on the surface with
other naturalistic speech paragraphs read in the lab, except for the varying recording
quality. But still, the origin of this material is natural, as the speakers truly recorded
themselves with the intention to be listened to by people interested in the Wikipedia
articles.

1.5 Conclusions

The word “attractiveness” stems from Latin “ad trahere” and means “dragging or
pulling to something”. For our topic, people are dragged or pulled to the voice and
vocal behavior of somebody else. This relationship unfolds in various dimensions:
from sexuality and biology over social likability up to charisma and leadership. It is
this diversity of voice attractiveness that we intended to cover in this book. It is our
hope to raise awareness with this book for this diversity and the broad range of the
various scienti ¢ elds involved.

What we see in the contributions to this volume is on the one hand a clear and
intended separation of the above-mentioned concepts on the sexual, the likable, and
the charismatic speaker. On the other hand, we recognize the interdependencies
between the three concepts. The classical example is that a person perceived as
beautiful is also regarded as a socially more attractive (Zuckermann & DtB@9.

In our view, we deal here with a contrast between simultaneous distinctive con-
cepts that have not only mutual in uences and mutual conditionality. We see a need
for a unifying theory with respect to the concepts, but also the different methods
and data used in the various scienti ¢ disciplines. Several contributions in this book
provide useful suggestions for such a theory, which can be viewed as a starting point
for a more systematic foundation to overcome the current limitations of knowledge.

As an example can serve the frequency code by Oh8B4: Similarities between
languages, cultures, and even species in the use and effect of FO was argued to orig-
inate in biologically grounded separation between “smaller” and “larger” (vocal)
individuals. This does not only re ect the sexual dimorphism in terms of sexual
selection, but also social aspects of signaling and estimating relational power, sub-
missiveness, even helplessness, and thus supports social roles and interaction. The
universal systematic in FO observed by Ohala concerns charisma, attractiveness, and
likability alike. Following this road to connect biological and articulatory bases for
acoustic and perceptual effects can be seen as one of the most important elements of
a unifying theory.

Interestingly, we observe thatust occurs in many contributions and it seems
to have an overarching character. Trust, obviously, represents a link between the
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concepts of the sexual, the social, and the charismatic attractiveness, as it repre-
sents a positive attitude towards another. Trust may be considered as an immediate
result of attractiveness, whatever the kind of attractiveness and social relation might
be. Therefore, it is an important characteristic of human relationships, but also an
important feature for Human-Computer Interaction.
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Chapter 2 )
Prosodic Aspects of the Attractive Voice | oz

Andrew Rosenberg and Julia Hirschberg

Abstract A speaker’s voice impacts listeners’ perceptions of its owner, leading to
inference of gender, age, personality, and even height and weight. In this chapter,
we describe research into the qualities of speech that are deemed “attractive” by
a listener. There are a number of ways that a person can be found attractive. We
will review the research into what makes speakers attractive in the political and
business domains, and what vocal properties lead to perceptions of trust. We then
turn our attention to research into “likeability” and romantic attraction. While the
lexical content of a speaker’s speech is important to their attractiveness, we focus this
survey on prosodic qualities, those acoustic properties that describe “how” the words
are said rather than “what” the words are. Of course, attractiveness is subjective; what
is attractive to one listener may not be to another. Properties of the listener and other
contextual qualities can have a signi cantimpact on the voices which are found to be
attractive. The most comprehensive research in this topic includes analyses of both
the speaker and the listener, since attraction is frequently a mutual phenomenon;
when people are attracted to someone, they want to be found attractive in return.
We will also summarize work that has investigated attraction dynamics in two-party
conversations.

Keywords Likeability -+ Charisma: Political attractivenessBusiness
attractiveness Romantic attraction Speech prosodyVocal attractiveness
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2.1 Understanding Vocal Attractiveness

Attraction is central to human social bonding. Itis an expression of whom we choose
to be close to and whom we choose to avoid. There are as many types of attraction
as there are types of interaction. In this chapter we will survey the prosodic qualities
of different types of attractive voices.

A person’s speech communicates a wide variety of information about the speaker.
Not only information that they are trying to communicate, but information about the
speaker themselves is important in this regard. This information enables listeners to
assess the gender and age of a speaker, their emotional state, and aspects of both their
personality, and physicality, all while listening to a person speak. These qualities may
be more or less attractive to a listener based on their inherent preferences and other
situational factors. For example, in the case of political attractiveness, there are times
when anger in a speaker can resonate with a listener and will be perceived positively,
while in other contexts anger is deemed inappropriate and, therefore, unattractive.

We divide this survey into ve sections, based upon different types of attrac-
tiveness. In Sec®.2we discuss political attractiveness. Political gures attract and
retain followers through their speeches, interviews, and other public performance.
Understanding what allows a speaker to gain political authority has been a source of
investigation in political science and sociology for many years. Of late, more com-
putational approaches have been brought to bear in assessing what kind of speech is
perceived as charismatic. Also related to this is the kind of charisma that is found in
business leaders (cf. Se21t3). The business community takes communication and
leadership very seriously. A signi cant amount of work has examined the speech
of entrepreneurs and established (and sometimes beloved) executives in hopes of
understanding what draws investors and employees to a business leader. Central to
both of these types of attractiveness is trust. In Sedtve will survey research that
strives to identify what makes a voice sound trustworthy. Researchers also tend to
distinguish two more social types of attraction: likeability (SBd&) and romantic
attraction (SecR.6). These types of attractiveness are not identical, but neither are
they orthogonal. Types of attraction may overlap with one another. Leaders who are
politically attractive may also be perceived as likeable. In addition, physical attrac-
tion can impact the degree to which people are trusted. The types of voices that signal
qualities of business success may be attractive to some people as friends or romantic
partners, but may be unattractive to others.

In all of these analyses of vocal attractiveness, spoken communication is an impor-
tant avenue to establishing the central social bond. People appear to have relatively
consistent preferences regarding vocal attractiveness. Many of these vocal quali-
ties are associated with other speaker properties that are considered attractive; for
example, male body size in the case of romantic attractiveness, or enthusiasm and
dynamism in the case of political and business leaders, are correlated with attrac-
tiveness.

Of course, attractiveness is not an objective phenomenon. Qualities of the listener
also contribute to their perceptions of attraction. These can include sexual preference
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in romantic attraction or political bias in assessing political attractiveness. Similarly,
some voices and messages resonate more or less with a listener on the basis of any
number of factors—memories, contextual relevance, broader business or political
context, or other idiosyncrasies.

Another quality that adds a layer of complexity to understanding the attractive
voice is the interplay between inherent and performance qualities of the voice. In
general, studies are looking to assess what makes a voice inherently attractive, but
the same voice may be used in ways that are more or less attractive. Most studies
avoid direct assessment of this distinction. Some will look at the same speaker in dif-
ferent venues or types of speech (cf. SB@.1). Other work, particularly in studying
romantic attractiveness (cf. Se2i6), will contextualize speech in two-party conver-
sations and consider qualities and assessments of the two speakers. Distinguishing
the in uence of the voice itself and the way it is used in a particular stimulus remains
an open question in these studies. Overall assessments of attractiveness in each of
these domains is a combination of both inherent qualities of the voice and how it is
being used in the speci c utterance that is being assessed.

Moreover, attraction is often a dynamic process in which conversational partners
are simultaneously being attracted (or repelled) by an interlocutor while demonstrat-
ing their own preference for their partner to be attracted to (or repelled by) them.
This contemporaneous perception and performance can make analysis challenging.
For example, male voices which are spoken lower in the speakers’ pitch range and
with a relatively large formant dispersion tend to be found attractive by heterosexual
women. But men who are attracted and are signaling their attraction to a conversa-
tional partner demonstrate the same qualities. So should we consider this voice to be
attractive or irtatious?

While there are relatively few clear, consistent, and universal answers to what
makes speech attractive even in a speci ¢ context, to a speci ¢ group, there are some
broad conclusions in the literature centered around identifying prosodic properties of
an attractive voice. This chapter is an attempt to summarize the current understanding,
highlight gaps and inconsistencies, and provide some directions for future inquiry.

2.2 Political Attractiveness and Charisma

Charisma is de ned as the ability to persuade and command authority by virtue of
personal qualities rather than through formal institutional (political, organizational,
or military) structures (Webef,947). Viewed from this perspective, charisma is a
challenge for institutional stability because it represents a path to leadership that
eschews standard institutional pathways to power. Alternately, charisma is an impor-
tant driver of revolutionary change speci cally because it does not require specic
structures to grant power; rather, it is a quality attributed to a person by her or his
followers.

There is awealth of political science and sociology research on charismatic leaders
and movements, including importantly (Web#947 Boss, 1976 Marcus,19617). In
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this section, we will survey research that has used empirical techniques to investigate
charismatic political speech. In Se212.1, we will survey studies that have looked

at spoken correlates of charismatic speech. We will summarize work that has sought
to de ne charisma empirically in Se@.2.2

2.2.1 \Vocal Correlates of Charisma

Rosenberg and Hirschberg(05 2009 describe the rst set of studies that attempt

to measure the vocal and lexical correlates of charisma in American English. This
study presented 45 speech segments to eight subjects. Materials were chosen to
balance speakers, topics, and genres. A small set of speakers were chosen from those
whose public speech covered a similar set of topics, and for whom speech tokens
could be found in a wide variety of genres, or speaking styles. Since the experiment
was designed during the winter and spring of 2004, there was abundant speech
material available for the nine candidates running at that time for the Democratic
Party’s nomination for President. Speakers were limited to Democrats in this study
to con ne the range of opinions presented in the tokens, as it has been suggested
in the literature (Bossl976 Dowis, 200Q Weber,1947) that a listener's agreement

with a speaker bears upon their judgment of that speaker’s charisma. Segments were
selected from a variety of topics in order to test the in uence of topic on subject
judgments of charisma. Five speech tokens were chosen from each speaker, one
on each of the following topics: health care, postwar Iraq, Pres. Bush’s tax plan,
the candidate’s reason for running, and a content-neutral topic (e.g., greetings). For
these ve tokens, genre was also varied among the following types: interview, debate,
stump speech, campaign ad.

Subjects were presented with each of the stimuli twice, with a 2 s silence between
presentations. They were asked to respond to 26 statements about the speaker includ-
ing “The speaker is charismatic.” The order of presentation of stimuli and statements
was randomized for each subject.

Using the subject responses, a mean score measuring the degree to which the
speech in each token was calculated in order to examine the extent to which the
subject believed that the speaker was charismatic. Colloquially this was referred to
this as “how charismatic” the utterance was—despite charisma being a quality of
the speaker rather than the speech itself. With this mean charisma score for each
token, it was possible to analyze acoustic—prosodic qualities of the speech to iden-
tify correlates with charisma. These qualities were identi ed by measuring pitch,
intensity, speaking rate, and duration features of the tokens in the experiment and
then measuring the degree of correlation between these features and subject ratings
of the charismatic statement. Results of these analyses showed signi cant positive
correlations between charisma ratings and the duration of the speech, whether mea-
sured in words, seconds, or number of phrases. These results also showed positive
correlations between enthusiastic and passionate ratings and mean and maximum FO,
intensity, and speaking rate. More colloquially this means, higher pitched, louder,
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and faster speech is considered to be more passionate and more enthusiastic (with
caveats that the perceptual properties of pitch and loudness are not identical to the
acoustic measurements of mean and maximum FO and intensity). Additionally, a
positive correlation between standard deviation of FO and ratings of enthusiastic and
passionate speech was observed in male speakers.

In a later study, Rosenberg and Hirschb@@Q9 extended this analysis to include
ToBl labeling (Beckman & Hirschber@005 of the segments. In this study, phrase
boundary prosody was classi ed into three types: rising pitch (L-H%; H-H%), falling
pitch (L-L%; L-), and plateau or at pitch (H-L%; H-). Results showed that the rate
of rising tokens negatively correlates with charisma. Rising intonation is used in
guestions, and can be associated with uncertainty. Neither of these qualities is con-
sistent with “persuasiveness,” a component of charisma. Consistent with this, the
L*+H pitch accent type, also associated with uncertainty, had a negative correlation
with charisma. The L*+H pitch accent is realized with low pitch on a prominent
syllable nucleus which rises, typically reaching a peak after the nucleus boundary.
In addition, prosody associated with “new” information (H* pitch accents) was pos-
itively correlated with charisma, while prosody associated with “given” information
(downstepped contours: H* IH* L-L%) was negatively correlated. H* pitch accents
are high tone pitch peaks that are more or less time-synchronized with intensity peaks
occurring within syllable nuclei. Downstepped high pitch accents, 'H*, are H* pitch
accents that occur after a previous high tone, and have a lower pitch height during
their high tone. The “downstepped” contour is a shorthand to describe a high tone,
followed by one or more downstepped high tones with a L-L% phrase ending.

Other notable efforts in measuring vocal correlates to charisma have investi-
gated political speech in other languages and countries. From this work we can look
for evidence of linguistic and or cultural biases in the perception or production of
charisma. Disentangling these factors (linguistic vs. cultural; perception vs. produc-
tion) is virtually impossible given the size of these studies and additional confounds
(speaker/listener demographics and other biases, political, social, and temporal con-
text to name a few) that all analyses in this space are subject.

Cullen and HarteZ018 analyzed a relatively large set (945 utterances) of longi-
tudinal speech material from a single speaker, over seven years (2007-2012). This
material, compiled as the Irish Political Speech Database, has a number of useful qual-
ities. By focusing on a single speaker, many political biasing elements are controlled
for. By including many recording contexts (talk shows, parliamentary speeches) dif-
ferences in genre can be accounted for. The longitudinal aspect also allows polling
data to be associated with the politician’s speech, facilitating investigation of how
popularity or standing impact communication. This work also included automatic
classi cation of charisma based on acoustic—prosodic features. The authors found
that prosodic features, based on pitch, intensity, and duration, outperformed spectral
features. The speci ¢ performance of this classi er is somewhat immaterial—the
broad applicability of a single speaker model for a paralinguistic taskti@mely
limited. But the relative value of the acoustic signal is revealing—charisma is found
here to be a function of suprasegmental qualities more than voice quality (as captured
by spectral features).
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Biadsy, Rosenberg, Carlson, Hirschberg, and Stran@90g signi cantly
extended the studies described in Rosenberg and HirscHt@d§ 002 The orig-
inal American English stimuli were additionally rated by native Swedish and Pales-
tinian Arabic speakers, and a subsequent study presenting Palestinian Arabic speech
to speakers of the American English and Palestinian Arabic was conducted. Compar-
ative analysis of the original study with these four new studies allowed the identi ca-
tion of some vocal correlates of charisma that appear to be robust to differences in the
language of the speaker or listener. Others appeared to be sensitive to the language
of the listener, regardless of the language of the speaker, and still others are speci ¢
to the speaker/listening con guration. For example, across all experiments, mean
pitch, pitch range, mean and standard deviation of intensity, and stimulus duration
all positively correlated with charisma ratings regardless of the language spoken and
the native language of the rater. Conversely, the presence of dis uencies negatively
correlated with charisma in all experiments, though this correlation was weakest for
Swedish judgments of American English.

The studies also found that raters tended to pattern similarly in response to many
aspects of the stimuliregardless of their native language. For instance, when assessing
English stimuli, minimum FO was positively correlated with charisma. However,
when assessing Palestinian Arabic utterances, this feature was negatively correlated
for Palestinian subjects, and not signi cant for American subjects. Also both groups
judging Arabic data rated speech to be more charismatic that exhibits larger standard
deviations in FO but none of the groups judging English showed the same effect.

Finally, a third group of correlates appeared to be speci c to the language of both
speaker and listener. For example, the speaking rate was positively correlated with
charisma judgments only for American and Swedish ratings of English: the faster the
speech, the more charismatic the speaker was deemed to be. However, when Pales-
tinians judged Arabic speakers, speaking rate approached a negative correlation with
charisma, with no correlation between speaking rate and charisma when Palestinians
judged American English or Americans judged Palestinian Arabic.

Thisis not the only work that has looked at cross-cultural biases in perceptions and
production of charisma. Though not every investigation found clear differences on the
basis of culture or nationality. For example, Cullen et201(4) also found that native
Irish raters and Amazon Mechanical Turk workers, who are largely American, were
quite consistent in their assessment of Irish Political speech with respect to charisma.

Perict (2019 investigated persuasiveness in Serbian and British political speech,
which appears clearly related to charisma. This study presented ve samples of Ser-
bian political speeches and ve samples of British speeches to 113 Serbian subjects
asking them to respond to a subset of the 26 statements used in Rosenberg and
Hirschberg 2009 on a 5-point Likert scale. Acoustic analysis was performed on the
tokens from both languages considered as a common population, and also on each
language in isolation. When pooling both languages, relatively few statistically sig-
ni cant correlates with persuasiveness were observed. These were the standard devi-
ations for FO peaks in narrow-focused rising nuclear tones, their percentage in Tone
Units’ FO range and the maximum FO of their Tone Units. Anecdotal observations
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2 Prosodic Aspects of the Attractive Voice 23

suggest roughly that larger FO excursions were positively associated with persuasion
in Serbian speech, but negatively associated with British speech, at least when rated
by Serbian speakers.

In addition to these studies, there are a number of descriptive investigations of the
speaking style of politicians, particularly concerning the recognition of charisma.
Pérez 2016 contrasted the speech of the Venezuelan politicians, Hugo Chavez and
José Luis Rodriguez Zapatero, characterizing Chavez as using a “revolutionary”
style, consistent with charismatic authority, whereas Zapatero uses a more “tra-
ditional” style, consistent with institutional authority. Ryant and Liberm2@1@
proposed a number of visualization techniques to investigate and compare prosodic
qualities of speech, using U.S. Presidents Barack Obama and George W. Bush as
examples.

2.2.2 Debning Charisma

Careful reading will reveal that the studies described in Qe2tl side-step any

de nition of “charisma.” Speci cally, subjects in Rosenberg and Hirschb2@p§

were simply asked to respond to the statement “The speaker is charismatic,” which
does very little to identify the personal or vocal qualities that lead to this perception.

Researchers in other elds have posited a humber of factors that contribute to
perceptions of charisma. Boss976 sees charismatic leaders emerging from an
important crisismet by aninspiring messageelivered by a messenger withgét
of grace Marcus takes a more speci ¢ view identifying charisma as a product of the
faith of a potential leaderkstener-followergMarcus,1961). While these are useful
perspectives on political attractiveness and authority, they provide little direction
when we try to empirically quantify charisma and charismatic speech.

In Rosenberg and Hirschberg09, subjects were asked to respond to the state-
ment “the speaker is charismatic.” But the subjects also responded to 25 other state-
ments about the speaker and his or her speech. Most of these were of the form
“The speaker is X,” where X was one of the followingharismatic, angry, spon-
taneous, passionate, desperate, conbdent, accusatory, boring, threatening, informa-
tive, intense, enthusiastic, persuasive, charming, powerful, ordinary, tough, friendly,
knowledgeable, trustworthy, intelligent, believable, convincing, reasondbiese
attributes represent a subset of those often associated in the literature with charisma.
“The speaker’s message is clear” and “l agree with the speaker” were also included as
statements to be rated. Using these ratings, along with the ratings of charisma, it was
possible to determine whiaitherqualities were highly correlated with charisma, to
help in developing a “functional” de nition of this term. Rather than offering a for-
mal de nition of charisma as a sociopolitical concept or a vocal characteristic, these
results indicate how the subjects themselves understood charisma and how they were
using the term. Speci c results can be found in Téhle These results con rmed
some of the conventional wisdom of what we mean when we say charismatic—
speci cally, a charismatic speaker ¢éharming—and what we believe charisma to
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24 A. Rosenberg and J. Hirschberg

Table 2.1 Statements showing the most consistent subject responses with the statement “The
speaker is charismatic”

Statement

The speaker is enthusiastic 0.606
The speaker is charming 0.602
The speaker is persuasive 0.561
The speaker is boring 0.513
The speaker is passionate 0.512
The speaker is convincing 0.503

be used for—a charismatic speakec@vincing and persuasive However, they

also provide support for claims found in Dow000 and Boss 1976 that charis-

matic speakers should be passionate and enthusiastic and, by extension, not boring.
It was also interesting to see that responses tdéisperate, threatening, accusatory,

and angry qualities showed no positive or negatie |(< 0.15) agreement with

the charismatic statement. Apparently, a charismatic speakatemonstrate these
qualities, but, at least among the subjects in this study, they neither promote nor
inhibit perceptions of charisma.

A similar approach to de ning charisma was undertaken in Signorello, D’Errico,
Poggi, and Demoling012. This study administered a free-form web survey, asking
58 French participants to provide adjectives that are consistent orinconsistent with the
term“charisma” as they understood it. Retaining only adjectives that were reported by
more than one subject, the authors identi ed 40 terms that were positively associated
with charisma and 27 that were negatively associated. To facilitate understanding,
the authors grouped these into ve categories (1) Pathos, (2) Ethos Benevolence,
(3) Ethos Competence, (4) Ethos Dominance, and (5) Emotional Induction Effects.
Table2.2is reproduced from Signorello et s2{12). Note thatharming, persuasive,
enthusiasticand ‘boring appear in both Signorello et al2Q12 and Rosenberg
and HirschbergZ009 despite the studies using French and American participants,
respectively.

One divergent nding did appear however: while Rosenberg and Hirschberg
(2009 found no correlation betweehreateningandanger, Signorello et al. 2012
identi ed through factor analysis afwthoritarian-Threatenindactor which in their
studyis a factor, including the termdetermined, authoritarian, leader, conbdast
well as the more aggressive teriho Scares, cold. dishonestdmenacing

While not directly related to de ning charisma, but related to political speech,
an interesting idea presented in Cullen and Ha261.8 addresses vocal attractive-
ness more broadly. The Irish Political Speech Database is labeled for six attributes:
charisma, boring, enthusiastic, inspiring, likeablgom these six, Cullen and Harte
(2018, de ne Overall Speaker Appeal (OSA) as the average of these six ratings
(including negative boredom ratings). The correlation of these attributes may limit
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Table 2.2 The 67 positive and negative adjectives related to charisma. Reproduced from

Dimension

Positive adjectives

Negative adjectives

Pathos

Passionate, empathetic, enthusiastic,
reassuring

Cold, indifferent

Ethos benevolence

Extroverted, positive, spontaneous,
trustworthy, honest, fair, friendly,
easygoing, makes the others feel
important

Untrustworthy,
dishonest, egocentric,
individualistic,
introverted

Ethos competence

Visionary, organized, smart, sagacious,
creative, competent, wise, enterprising,
determined, resolute, who propose,
seductive, exuberant, sincere, clear,
communicative

Inef cient, inadequate,
uncertain, faithless,
unclear, menacing

Ethos dominance

Dynamic, calm, active, courageous,
con dent, vigorous, strong, leader,

authoritarian, captivating, who persuade
who convince

Apathetic, timorous,
weak, conformist,
2unimportant, who scare

Emotional induction
effects

Charming, attractive, pleasant, sexy,
bewitching, eloquent, in uential

Boring

the ef ciency of this measure, but the attempt to summarize these signals into a single

measure is potentially valuable, even if the speci ¢ formulation might bene t from

modi cation.

2.3 Business Attractiveness

Business organizations are an area in which leadership and authority have clear
impacts. There are many organizational structures that are used in business activi-

ties, but all instill participants with distinct, decision-making authority. Within these
structures, charismatic authority can be manifested the way (WedE),formulated

it—as an alternative to established, institutional authority. This would be revealed
by a situation where employees look to a co-worker who is not in a management or
reporting structure for direction rather than their direct manager. A more common
way to think about charismatic leadership in a business context is when charismatic

authority is aligned with institutional authority. This allows us to think about “how
charismatic” is one manager, one CEO, or one founder over another.

While there is always an element of “trust” in a leader—follower relationship, this
is somewhat more quanti able in business relationships. Investors are entrusting their
capital to the efforts of a founder when they invest in a business. While the speci c
leadership of a founder may be more essential to a start-up, opinions about the CEO

can have an impact on institutional investing in well-established corporations.
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We previously noted some of the complications in de ning charisma. The use of
a limited number of speakers who have a cultural consensus of being charismatic
is one way to get around a broader de nition. One thread of work undertaken by
Oliver Niebuhr and colleagues has been to study Steve Jobs, former CEO and co-
founder of Apple Inc., as an exemplar of a charismatic business leader. Niebuhr,
Brem, Novak-Tét, and VoRe&016H posit a pro le of charismatic speech based on
a reading of previous political studies (cf. S&cP). This is summarized as having
high and varied pitch, high and varied intensity, a fast speaking rate, few dis uencies,
a large number of emphatic words, but with varied realizations and high rhythmic
variation. By automatic analysis of two landmark speeches (launching the iPhone 4
and iPad 2) they nd that Steve Jobs does in fact t this pro le.

This research direction is continued in a number of works via a contrastive anal-
ysis of Steve Jobs and Mark Zuckerberg, founder and CEO of Facebook (Mixdorff,
Niebuhr, & Honemanr2018 Niebuhr, VoRRe, & Brem2016a2018H. The approach
here is based on the common perceptions of Steve Jobs as a charismatic speaker and
Mark Zuckerberg as a less charismatic speaker, though both were CEOs of major
corporations at the time their speech was collected for analysis.

Niebuhr et al. 20163 nd that Jobs has shorter phrases, fewer and shorter hesi-
tations, and a more dynamic use of pitch and rhythm than Zuckerberg. While Jobs
speaks quickly (compared to “normal” speech), Zuckerberg’s speaking rate is even
higher. This contributes to strong phonetic reductions in his speech which may neg-
atively impact perceptions of charisma. Applying the Fujisaki model of intonation
Fujisaki and HiroseX984), Mixdorff et al. 2018 enable a more speci c analysis
of how the two CEOs manipulate pitch in their speeches. In general, this analysis
brings insight into the earlier (and overly simplistic) ndings that high pitch leads
to perceptions of charisma. These two speakers differ more in how they reset their
pitch ranges across phrases and the strength of their excursions. This work is then
expanded upon in Niebuhr et 22qQ180 where the timing and shape of pitch accents
are examined. Moreover, the authors nd that a large vowel space, limited place of
assimilation, and a clear differentiation between voiced and unvoiced stops all dif-
ferentiate Jobs from Zuckerberg. These factors all contribute to fast, dynamic speech
that is clearly pronounced.

While analysis of speci c business leaders enables clear contrastive discussion,
there is more work that looks at business speech in entrepreneurship more gener-
ally. Weninger, Krajewski, Batliner, and Schulle20(12 extracted speeches from
143 male business leaders that were shared on YouTube. They collected ratings of
charisma and attempted to automatically predict the human ratings with acoustic
and linguistic features. The raters were 10 psychology Ph.D. students, 5 male and
5 female! This work investigated a large number (1,582) of acoustic—prosodic fea-
tures, in addition to lexical features derived from automatic speech recognition tran-
scripts of the speeches. This work nds that charisma can be automatically detected
with 61.9% accuracy, signi cantly over chance level, based on acoustic-prosodic and
lexical features.

INo statistically signi cant gender effects in the ratings of charisma were discovered.
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2 Prosodic Aspects of the Attractive Voice 27

While the previous studies looked at established business leaders ( Niebuhr, Brem,
& Tegtmeier,2017) investigated start-up state entrepreneurs, since “a decisive part
of their strategy and daily work is to persuade others.” Leaders of these early stage
businesses needto convince both investors, suppliers, and customers of the legitimacy
oftheir nascenttechnology, developing products and services, and of the likely market
demand. In this study, 45 participants gave the same elevator pitch, 15 practiced with
no feedback, 15 received visual feedback, and 15 received feedback based on the
Steve-Jobs-as-charismatic-exemplar acoustic model described above. They found
that speakers who received acoustic feedback about their speech were rated 41%
more charismatic following training, signi cantly more than those who received no
feedback (24% more charismatic) or those who received visual feedback (12% more
charismatic).

Extending this investigation of entrepreneurial speech into spectral qualities con-
tributing to voice quality, Niebuhr et al20183 found that a fuller and less breathy
voice also led to higher speaker charisma ratings. This may be consistent with nd-
ings that suggest that clear or easily understood speech is an important element to
charisma.

Much of the study of business attractiveness has been focused on analysis of
speech spoken by men. On one hand, this can limit variability to facilitate analysis.
On the other, it perpetuates patriarchal norms, implicitly treating charisma—and
speci cally business leadership—as a quality only associated with male speech.
This thus limits our ability to understand charisma in female speakers. Novak-Tét,
Niebuhr, & Chen2017 investigated the bias in the perception of speeches delivered
by American female executives Oprah Winfrey and Ginni Rometti and male executive
Steve Jobs. No information as to the gender of the raters was provided. They found
that female speech that is judged to be as charismatic as male speech demonstrates
more and stronger acoustic cues to charisma. This suggests that this gender bias may
be compensated for by making a greater effort by the female speakers. Signi cantly
more work is necessary with regard to the charisma of female leaders both in business
and politics alike.

2.4 \ocal Correlates of Trust

Trust and attractiveness are closely related. Some studies have found that people
trust romantically attractive strangers more than unattractive ones, e.g., Wilson and
Eckel 2006. While others have found that the relationship is not so simple. Sofer,
Dotsch, Wigboldus and Todoro@15 found that more “typical” faces elicited

more trust, rather than the most attractive faces. In this work, “typical” faces were
constructed as an averaged composite of 92 faces, while the “attractive” face was
an averaged composite of the 12 most attractive in the used data set. However, in
an investigation of responses to dating pro les, McGloin and De264§ found

that attractive men were considered trustworthy, but attractive women were not.
It is worth noting that in both of these studies, the presented face was exhibiting
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a “neutral” expression. Smiling or grimacing would likely impact impressions of
attractiveness, pleasantness, trustworthiness, and likeability in unanticipated ways.
When we think about attractiveness more broadly, as we have done in this chapter,
trust is a necessary component to political, business, and nonsexual attractiveness.
In the political and business roles, attractiveness can endow abilities to the person.
They can obtain political power via elections or they can obtain commercial power
through investment. Trusting the person is necessary when granting these abilities
and responsibilities to the person.

In an analysis of deceptive and truthful, trusted, and mistrusted speech in
the Columbia Cross-Cultural Deception (CXD) corpus, Levitan, Maredia, and
Hirschberg, Levitan et al2018 found signi cant differences in trusted and mis-
trusted speech. The CXD corpus is a study of deceptive versus nondeceptive speech
from native speakers of Standard American English (SAE) and Mandarin Chinese
(MC), all speaking in English. The participants were balanced between male and
female speakers and native speakers of English and Chinese. It contains interviews
between 340 subjects in 122h of speech. A variation of a fake resume paradigm
was used to collect the data. All subjects were previously unacquainted, and pairs
of subjects played a “lying game” with each other. Each subject lled out a 24-item
biographical questionnaire and was instructed to create false answers for a random
half of the questions. They also reported demographic information including gender
and native language, and completed the NEO-FFI personality inventory. The speech
was recorded in a double-walled sound booth, where the two subjects were sepa-
rated by a curtain to ensure no visual contact. For the rst half of the game, one
subject assumed the role of the interviewer, while the other answered the biograph-
ical questions, lying for half and telling the truth for the other; questions chosen in
each category were balanced across the corpus. For the second half of the game, the
subjects’ roles were reversed, and the interviewer became the interviewee. During
the experiment, the interviewer was encouraged to ask follow-up questions to aid
them in determining the truth of the interviewee’s answers. Interviewers recorded
their judgments for each of the 24 questions, providing information about human
perception of deception. Subjects were incentivized monetarily: for every response
to the 24 questions that the interviewer judged correctly, the interviewer received
an extra $1, while every incorrect judgment cost them $1. Every false answer the
interviewee persuaded the interviewer was true gained the interviewee $1, while
every false answer the interviewer judged false lost the interviewee $1. The intervie-
wees annotated each of their statements during the interview by pressing a “truth” or
“false” key on a computer keyboard. We aligned these annotations with transcriptions
of the interviews obtained by speech recognition with crowdsourced corrections and
automatically aligned the transcripts with the speech recordings.

Overall, the researchers found that the mistrusted speech in their corpus (intervie-
wee responses that were not believed by interviewers) was signi cantly more intense
(louder) and spoken in a higher pitch range, while the speech that interviewers tend to
trust was spoken more rapidly. However, they also found differences between male
and female and English and Mandarin Chinese native speakers in these features.
While male speakers did tend not be trusted when they spoke in a high pitch range,
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this was not true of female speakers (note that all features were z-score normalized,
so these ndings were not in uenced by a speaker’s “normal” range or loudness
or speaking rate). Both genders were trusted more when they spoke more rapidly.
Female speakers, however, were trusted more when their voice quality exhibited
more jitter and shimmer—instabilities in their pitch and intensity associated with per-
ceived “roughness” or “breathiness.” There were also differences in trustworthiness
in speakers’ native language backgrounds, although all speakers spoke in English. In
general, native speakers of Standard American English were more trusted when they
exhibited high jitter and shimmer while this was not a signi cant factor for native
speakers of Mandarin Chinese, who were more trusted when they spoke more rapidly.
These Chinese speakers were less likely to be trusted when they spoke in a high pitch
range and when their overall mean pitch was high; they were also mistrusted when
their maximum intensity was high and when their Harmonics-to-Noise (HNR) ratio
(another measure of voice quality disorders) was high.

The researchers also examined the gender and the native language of the inter-
viewers that correlated with their judgments whether interviewers are lying or telling
the truth. Overall, all interviewers mistrusted speech with a high pitch range and a
high maximum intensity and trusted speech spoken rapidly. However, there were
major differences between genders. Male interviewers distrusted speech with high
mean pitch and maximum intensity and trusted fast speaking rate while females only
mistrusted high jitter and shimmer. Comparing native English speakers to native
Mandarin speakers, the researchers found fewer differences: both mistrusted high-
intensity speech and trusted faster speaking rate, but only native English speakers
mistrusted high pitch range.

2.5 Likeability or Nonsexual Social Attractiveness

The distinction between nding a voice “pleasant”to listento, and nding the speaker
to be socially attractive as in “I like this person” is dif cult to distinguish in research
protocols. These two facets may overlap, they may even be identical for some lis-
teners, but there may be differences that are elided in the research in this space.

There are several factors that have been found to contribute to likeability in speech.
Strangert and Gustafso2d08 found that the speaker should be pro cient. That
is, the speech should include limited dis uencies and a reasonably high speaking
rate. For clear speech, Weiss and Burkha2@tl() found that warm/relaxed speech
correlated signi cantly with likeability> This included less pressed, more breathy
voice quality and lower spectral center of gravity.

Weiss and Burkhard2Q12 performed a focused analysis of 30 speakers rated
as highly likeable and 30 that were highly not-likeable, drawn from the material
used in the 2012 Interspeech paralinguistics challenge (which is discussed in detalil

2Note the difference in likeability correlating witlelaxedspeech, while charismatic speech (cf.
Sect2.2.1correlates with passion and enthusiasm.
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below). The presence of positive factors of likeability was found in all speakers.
These included minimal dis uencies and no discernible accent. However, unlikable
speakers show higher pitch, lower articulation rate, and lower pronunciation pre-
cision. This suggests that these factors can make a speaker “unlikeable,” although
perhaps the mere absence of negative attributes is suf cient for an unknown speaker
of a relatively short amount of speech to be viewed as “likeable.”

Regarding the “no discernible accent” nding of Weiss and Burkha2@@),
there appears to be a more nuanced relationship between social factors like likeabil-
ity and trust and a speaker’s accent. For example, Taver2@€7( examined per-
ceptions of Flemish speaker’s responses to English speech. They found the highest
social attractiveness and trust ratings to come from RP (Native British) speech, with
the lowest ratings coming from Flemish-accented English, despite the raters being
Flemish speakers themselves. Looking at American English, Prek¥8) (found
broad differences in social assessments on the basis of the internal regional accent
of American speakers, including a nding that northern speakers are considered to
be less friendly than southern speakers by students in Michigan.

Baumann 2017 collected pairwise likability ratings from more than 220 speak-
ers and over 160 raters. This work found very limited acoustic correlations with
rater preferences. Only measures related to the acoustic delity of the recording
showed signi cant correlations, while prosodic qualities showed trends that did not
reach statistical signi cance. However, the authors did nd an interesting relation-
ship between gender and likeability. Both male and female raters responded to male
speech similarly. However, female speech was rated as much more likeable by female
raters than by male raters.

Asinthe study of charisma, qualities of tiedenerdo notreceive as much research
attention as qualities of trepeakerThis is particularly true in the case of likeability.
Social attractiveness necessarily involves two parties and is a subjective quality. We
do not all want to be friends with the same people. The attitude and behaviors of the
listener can impact the speaker and reveal the dynamics of establishing, maintaining,
or undermining social attractiveness.

Schweitzer, Lewandowski, and Dura20(7) directly addressed this facet of like-
ability. This work examined dialogs between pairs of German female speakers who
both rated their dialog partners following their conversation. This work treats like-
ability as social and participatory. By investigating only dialogs between two female
participants, this study avoids the biasing on the part of speaker or listener based on
gender. While it was not explicitly measured, there is an assumption in this work that
the participants were all heterosexual, therefore, the potential for overlap between
likeability (social attractiveness) and sexual attractiveness is diminished. It is worth
mentioning that in work that investigates social and sexual attractiveness, the sexual
preferences of the participants are particularly relevant. As such, it is necessary to
collect or verify information about the sexual preferences of subject participants.

The experiment consisted of 46 two-party dialogs between 13 participants.
Dialogs were collected in situations where the speakers could see each other, and
where they were visually separated. Each dialog was spontaneous and unconstrained,
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and lasted approximately 25 min. After the conversation both participants responded
to a questionnaire about how likeable, competent, friendly, and self-con dent they
found their conversational partner.

The authors found limited con rmation of pitch and voice quality correlates to
likeability in this study. Speci cally, they found no effect of absolute pitch or pitch
range. Neither were effects of shimmer, jitter, or HNR observed. However, they
did nd a number of entrainment or “convergence” based effects. These relate to
how the acoustic—prosodic and lexical qualities of two (or more) speakers either
become more or less similar over the course of a dialog. The authors found that
lexical entrainment, when interlocutors use the same words, is a reliable predictor of
likeability. In multimodal conversations, where the participants could see each other,
they found convergence of peak FO height made a speaker dppsliteable.

The Interspeech Paralinguistics Challenge is an annual shared task with results
presented at the Interspeech Conference each fall. The organizers distribute speech
data sets labeled for some paralinguistic quality which are partitioned into train,
development, and evaluations sets. Previous tasks have included classi cation of
emotion, sleepiness, and intoxication among many others. The 2012 challenge
included a task to classify the likeability of a speaker on the basis of a short utterance.
Sentences were drawn from the aGender corpus (Burkhardt, Eckert, Johannsen, &
Stegmann,Z010, and originally collected for the prediction of age and gender. The
longest utterance for each speaker was selected. This resulted in 800 speakers bal-
anced between male and female and divided into three age ranges (young: 15-24;
middle: 25-54; senior: 55-85). These were rated on a 7-point Likert scale of like-
ability by 32 participants (17M; 15F) aged 20—42 years. Ratings were adjusted based
on evaluator reliability and discretized into Likeable and Not-Likeable classes for
classi cation. The organizers of the challenge found no impact of the rater's age
or gender on ratings, but the age and gender osfgieakerdid have a signi cant
impact. These challenges have served as a venue for the broader research community
to test the limits of automatic analysis of paralinguistics. In many situations, in part
because of the short time frame, and limited meta data available for the challenge
data sets, a good number of submissions associated with these challenges tend to be
applications of feature selection, e.g., Pohjalainen, Kadioglu, and RaszmEd), (

Wu (2012 and classi cation approaches, e.g., Cummins, Epps, and Ro&2(, Lu

and Sha?2012, Brueckner and SchullepQ12, Sanchez, Lawson, Vergyri, and Bratt
(2012, Some of these are quite novel to these tasks yet include only limited analyses
ofthe underlying phenomena. One exception can be found when participants develop
novel acoustic features for analysis. This was undertaken by Buisman and Postma
(2012 in this likability challenge. They found that spectral information extracted
via log-gabor- lter-based features were able to predict likeability with higher accu-
racy than a much larger set of features included in the OpenSmile baseline (Eyben,
Wollmer, & Schuller,2010.

Additionally, Montacié and Caraty2012 developed speci c pitch and intona-
tion feature sets based on MOMEL (Hir§887 and INTSINT (Louw and Barnard,
2004. MOMEL is a stylization technique which smooths out microprosody from
a pitch contour, while INTSINT discretizes the contour into “key ranges” describ-
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ing the speaker’s pitch range, and “contextual labels” describing the relationship
between the pitch at a given target to the previous target. A set of features based on
the MOMEL and INTSINT processes were developed to help predict likability and
also personality traits (another task of the 2012 Interspeech Paralinguistics Chal-
lenge). While the speci ¢ correlations between likeability and these novel features
are not presented, the use of intonational features was useful for the prediction of
likeability where they were not useful for predicting personality traits. This suggests
that these features may be particularly well suited to likeability, rather than being
generally valuable features for paralinguistic analysis. There are con icting results
about correlations between pitch and likeability. These seem to suggest that either the
speci ¢ formulation of intonational features is critical, or the relationship is nuanced
and signi cantly in uenced by other factors.

2.6 Romantic Attractiveness

Romantic attraction is a complicated phenomenon that involves the synthesis of a
wide array of signals to determine romantic interest. The current understanding of
this topic involves an interplay of in uences too complicated to summarize here.
Here we will focus only on the work that has investigated qualities of the voice that
lead a listener to nd a speaker romantically attractive, or not.

While romantic attractiveness is exceptionally subjective, research has been
undertaken to identify voices that are typically found to be more (or less) attrac-
tive. In this work, compared to much of the work surveyed elsewhere in the paper,
characteristics of the listener are measured, and generally controlled for. However, a
signi cant number of studies in this area con ate the in uence of gender and sexual
orientation in considering the qualities of the listener. Some studies investigate how
males react to female voices or faces and others will study how females respond to
male voices. In doing this, there is an assumption that all of the participants are, in
fact, attracted romantically or sexually to members of the opposite sex. When these
studies do not report the sexual orientation of the subjects, it stands to reason that
the question was not asked of the participants. This is a signi cant methodological
problem with this body of work. Through this section we will highlight whether a
study has in fact reported the sexual orientation of the subjects or not, and suggest
that future studies take this into consideration. We would also suggest that gender
questions in recruitment for these studies be broadened to gain an understanding of
how transgender, nonbinary, and intersex people assess attractiveness by the voice.
None of the surveyed papers address these populations.

In an example of this, Collins and MissingQ03 investigated subject ratings of
attractiveness of female voices, and female faces. To account for sexual preference,
they used only male raters. However, they do not report whether all participants
were heterosexual. In this work, they found strong agreement as to what was an
attractive voice, and what was an attractive face, and moreover, attractive voices
belonged to attractive faces. They found that voices of younger women are typically
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higher pitched, as are voices of smaller women, while taller women demonstrate
a narrower formant dispersion. The authors’ ndings suggest that both the visual
and auditory signals are communicating complementary information regarding age
and body shape. The nding that men nd high-pitched women'’s voices attractive
has been identi ed elsewhere as well, including by Feinberg, DeBruine, Jones, and
Perrett 2008H).

On the other hand, Feinberg, Jones, Little, Burt, and Pe&@@, Collins and
Missing (2003, and Hodges-Simeon, Gaulin and P@810 all found that women
nd men with lower pitched voices to be more attractive. Feinberg, DeBruine, Jones,
and Little 20083 found that both male and female subjects consistently rated the
masculinity of male faces and voices and demonstrated preferences for more mascu-
line voices. The claim here is that testosterone information is similarly communicated
via the voice and the face. This supports a nding by Saxton e28D§) that men
with attractive voices also have attractive faces. Interestingly, this result was found
in adolescent and adult women, but not in female children. Of these, only Hodges-
Simeon et al.Z010 reported the sexual orientation of the participants reported.

Many of these ndings are predicated on the idea that attractiveness of a voice is
being used as a proxy or a reinforcing signal for other physical characteristics. While
there are plausible evolutionary justi cations (cf. Puts, Doll, & HAD14 for why
some secondary sexual traits are attractive, the value of an attractive voice is less
obvious. There is, however, some evidence that attractive voices are correlated with
other physical traits that are themselves attractive. For example, Bruckert, Liénard,
Lacroix, Kreutzer, and Lebouche&t@06 found that male speech with low-frequency
formants correlate with age, height, and weight. However, female listeners were only
able to reliably estimate the age and weight of a male speaker based on enunciation
of vowels. Gonzéalez2006 found that the pitch of human speech reveals very little
about body size when age and gender are controlled for. However, formant dispersion
does carry this information. Despite the fact that it is a poor signal, listeners do rely
on pitch information to estimate body size. Babel, King, McGuire, Miller, & Babel
(201) investigated the vocal correlates of attractiveness patrticularly as it relates to
body size in the perception of opposite-sex voices by both male and female listeners.
They found that the ratings of both genders were highly correlated, though males
generally rated other males as less attractive than females did. They also found
that attractive female voices had high second formants in high vowels, breathy voice
quality, reduced pitch variance, and longer durations. However, attractive male voices
had shorter durations (consistent with faster speaking rate), higher vowels, lower rst
formants overall, and higher second formant in /u/s. While this work was motivated
by a search for body size correlates, the authors found a much more complicated
relationship than expected.

In addition to pitch qualities, speaking rate also matters. Quené, Boomsma, and
van Erning 2016 investigated the attractiveness of male voices by heterosexual
female listeners as a function of both pitch and speaking rate. They found that faster
and lower pitched speech was more attractive. However, tempo only matters if the
pitch component is present. Fast but relatively high-pitched speech was not consis-
tently rated as attractive.
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In general, there are relatively few published ndings about the relationship
between voice quality and attractiveness. Babel et28l17) found breathy voice
to be an indicator of attractiveness in female voices. Barkat-Defradas 20&b (
found that male voices that are slightly rough (R1 on the GRBAS scale, a measure
of dysphonia) are rated as the most attractive by women. The sexual orientation of
subjects was not reported in either study.

Given these ndings that there are vocal correlates to attractiveness, Fraccaro
et al. 013 investigated whether subjects could intentionally sound more or less
attractive. They asked male and females to intentionally raise and lower the pitch
of their voice. They found that when male speakers lowered their pitch and female
speakers raised theirs, these manipulations did not necessarily lead to increased
attractiveness. Additionally, when the male speakers raised their pitch and women
lowered theirs, their attractiveness was lowered. This suggests that it is dif cult to
“fake” an attractive voice. Although we will return to the idea of intention when we
discuss entrainment and communication of interest (i.e., irting).

These trends, that lower pitched (and therefore more masculine) men are consid-
ered more attractive, are not independent of other qualities of the subject. Valentova,
Roberts, and Havlicek2013 investigated ratings of attractiveness and masculin-
ity of male voices and faces by homosexual men and heterosexual women. These
authors also collected information about the relationship status and sexual restrictive-
ness. Homosexual male subjects also self-rated themselves on a masculine—feminine
scale. (Heterosexual female subjects were not asked to perform this self-rating.) They
found no consistent preference for masculine faces by either homosexual men or het-
erosexual women. Moreover, a preference for masculine voices was only found in
coupled heterosexual women and single homosexual men, While a preference for
less masculine faces was observed in coupled homosexual men. Homosexual men
who considered themselves to be more masculine tended to prefer more masculine
voices, but more feminine faces. These ndings highlight the complexity of iden-
tifying romantically attractive voices. Perceptions of attractiveness are conditioned
not only on gender, but also sexual preference, and the gender expression of both
the listener and speaker, in addition to other subjective idiosyncrasies. While this
(and other) work by Valentova et al. goes further than most in acknowledging and
investigating these factors, there remains a wide range of unstudied questions and
interactions in this space.

The studies that we have surveyed so far have studied the perceptions of listeners
who are not also conversational participants. While there are, of course, situations
where this occurs, listening to the radio, an audiobook, a lecture, or other presentation,
romantic attraction is more commonly established in two-party conversations. Here
attraction is both assessed and performed and the voice is used to both express
attraction and promote attractiveness. While this is a more complicated process, a
number of efforts have been made to understand how romantic attractiveness works
in a conversational setting.

Leongdmez et al.2014) investigated this by examining how adult heterosex-
ual participants spoke when addressing attractive and unattractive potential partners
(opposite-sex conversational partners) and potential competitors (same-sex conversa-
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tional partners). The scenario followed a design similar to video dating and was con-
ducted in both Czech and English. Subjects watched a stimulus video and recorded
a response video introducing themselves. In the case of opposite-sex stimuli, the
response video was to be played to the person who recorded the initial video. In the
case of same-sex stimuli, the response video would be played along with the stimulus
video to all opposite-sex subjects. Participants were instructed to explain whether
and why they would like to date the potential partner in opposite-sex stimuli, and to
explain why they should be chosen over the subject in same-sex stimuli. The stimuli
videos were rated for attractiveness by an independent set of raters and comprised the
three most and least attractive men and women drawn from a set of 40 participants
(20 male and 20 female). They found that male FO varied most in speech toward
attractive women, but female FO varied more in response to attractive competitors.
Also, male minimum pitch was lowered when addressing attractive women. In a
follow-up study, the experimenters also found that speech diréoteard attractive
participants was itself considered to be more attractive.

Dating scenarios are especially useful for investigating romantic attractiveness.
The previous study used a video-dating paradigm. Another body of work looks at
speed dating. In speed dating, participants engage in short (approximately 5min)
face-to-face conversations with potential partners and then Il out a questionnaire
about their partner including an opportunity to indicate whether they would like to
see the person again. In a speed-dating session, each participant may repeat this
experience 10 or more times. In this work, all participants have self-selected to be
interested in opposite-sex romantic partners. McFarland, Jurafsky, and Rawlings
(2013 recorded speed-dating participants, and analyzed their speech, the content
of their conversations, and their responses toward each other. While their analyses
are quite comprehensive, we focus on vocal qualities here. Both genders described
increased “connection” when they expressed excitement toward their partner. Male
participants expressed this excitement through laughter, varied loudness, and reduced
pitch variance. Female participants, however, raised and varied their pitch, spoke
softer, varied loudness, and took shorter turns. They also found that women felt they
“clicked” more with male partners who interrupted them. While this is somewhat
unexpected—conventional understanding of interruption is that it is rude—closer
inspection of these interruptions suggest that the overlapping speech that leads to a
sense of connection was used to demonstrate understanding, through backchanneling
and agreement. This is not to say that all interruption is “constructive” or used
to demonstrate connection. Interruption can also be rude or dismissive. However,
distinguishing the pragmatic effect of interruption can be challenging especially via a
reliable automated technique. The study also found that entrainment, the convergence
or divergence of vocal qualities between partners, is associated with attractiveness.
Speci cally, they found that partners who described a connection mimicked each
others rate of speech, use of function words, and use of laughter.

Michalsky and Schoormanr2Q17 also looked at the role of entrainment in
attractiveness, again investigated in a speed-dating setting. They focused on measures
of pitch convergence. They found that speakers become more similar over time in
both register and range, but that this degree of convergence was in uenced by how
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attractive subjects found their conversational partner. In a later study, Michalsky and
SchoormannZ018 found that listener reactions of attraction were sensitive to pitch
height relative to the speaker’s natural pitch range rather than an absolute measure.
That is, attractive male voices are not simply low, but they are low in the speaker’s
pitch range. Conversely, female voices that are considered attractive are high in the
woman’s pitch range, not just naturally high pitched.

Examining vocal qualities in conversations forces experimenters to attempt to
disentangle those aspects that are perceptive (being attractive) from those which
are performative (expressing attractiveness). Puts e2@L]] found that increased
pitch and increased formant dispersion in women is found to be attractive and to be
perceived as irtations by other women. Jurafsky, Ranganath, and McFaga08 (
found that women who are labeled as “ irting” by men on speed dates spoke faster
and with higher pitch and laugh more. These prosodic qualities overlap completely
men who are labeled as “irting,” but men also speak more quietly. When women
labeled their male partner as irting (whether or not they actually were), they laughed
more and lowered their intensity. But when men labeled their female partner as
irting, they raised their pitch. These analyses were developed and systematized in
Ranganath, R., Jurafsky, and McFarland Ranganath 20819 This work attempted
to automatically detect irting in speed-date speech. The mostinteresting qualities of
this work come from identifying which features are used in the perception of irting
but arenot used in the expression of irting. For example, men are perceived to
irt when they overlap less and use fewer appreciations, but this is not signi cant in
men who indicated that they were irting. Similar faster speaking rate has a stronger
in uence on the perception of irting than the performance of irting. For women,
laughing, taking fewer longer turns, and asking repair questions are strong indicators
of a woman intending to irt, but are not perceived by their partners as irtatious.

2.7 Conclusions

In this chapter, we have surveyed the literature on four types of attraction and trust
as it relates to a person’s speech. We have used the term “charismatic” to describe a
speaker who is politically attractive. In general, charismatic speakers are dynamic,
passionate, and enthusiastic. These assessments are consistent across a range of
listeners. American, Irish, Swedish, and Palestinian subjects have come to similar
conclusions. However, the vocal realizations of this passion and dynamism vary by
speaker. In general, charismatic political speakers vary their use of pitch, intensity,
and speaking rate. Some research suggests that clear comprehensible pronunciation
with relatively few dis uencies is also important.

Considering attraction in the business domain, business leaders considered charis-
matic often demonstrate the same qualities as political leaders. They pronounce words
clearly, are rarely dis uent, and demonstrate more varied speech.

In the cases of business and political attractiveness, male and female subjects
tended to assess speakers similarly. However, across research in both of these
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domains, far greater attention has been given to charisma in male speakers. One
area that needs further study is what qualities of the female voices lead listeners to
nd them to be charismatic.

Regarding trust in a speaker, evidence suggests that listeners trust people who
speak quickly. Male voices spoken with high pitch led to mistrust and female voices
with more breathiness were more trusted. It is worth noting that these qualities are
strongly linked to measures of political or business-based charisma.

Considering likeability, listeners tend to prefer voices that clearly enunciate—
they have a higher pronunciation precision, but also a higher speaking rate. Other
prosodic properties have less of an impact on assessment.

Romantic attraction as it relates to the voice has received quite a bit of research
attention. The broad and most consistent nding here suggests than men with low
voices and greater formant dispersion are attractive as are women with higher voices
and more breathiness. The dynamics of romantic attraction in two-party conversa-
tions create an interesting area for research. The voice is involved both as an object
of attraction and also a mechanism to demonstrate attraction. When heterosexual
male speakers irt, they lower their pitch, while irting heterosexual women raise
their pitch. Also, when participants are mutually attracted they tend to entrain on
a number of prosodic dimensions including speaking rate, the use of laughter, and
intensity.

One important caveat in the assessment of romantic attraction is that in many
cases the gender of a listener is assumed to be a proxy for sexual preference. This is
a methodological problem that can be found in a number of the reviewed studies.

While we have presented these types of attraction as related to each other, they have
their ownidiosyncrasies both in terms of how they operate socially and in how they are
communicated via the voice. These forms of attraction may interact in unpredictable
ways. The current research does not consider ways in which the qualities that make a
voice attractive in one context may make it more or less attractive in another context
or for a distinct social assessment. For example, are voices that are socially likeable
more or less like voices that are attractive in business leaders?

In all, our understanding of what makes a voice attractive is fairly limited. There
are anumber of broad ndings, but none of these inisolation is suf cientto either reli-
ably predict attractiveness, or to provide overwhelmingly useful feedback to speakers.
This ambiguity of ndings can be found in individual studies but is even more clear
through this survey. It is possible that it results from the fact that there is more inter-
listener variability in both what is attractive and what signals are being relied on to
make this decision.

While there is clearly more work to be done on this subject, major areas for further
study include (1) investigation of business and political charisma in female speakers,
(2) likeability and romantic attraction in nonheterosexual participants, and (3) more
thorough consideration of qualities of the listener in identifying not just what is
attractive in the speaker’s voice, but what particular types of listeners nd attractive.
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Chapter 3 )
The Vocal Attractiveness of Charismatic | o
Leaders

Rosario Signorello

Abstract Social attractiveness in human leaders is debPned as charisma, the set of
leadership characteristics such as vision, emotions, and dominance used by lead-
ers to share beliefs, persuade listeners, and achieve goals. Charisma is expressed
through voice quality manipulations ref3ecting physiologically-based qualities and
culturally-acquired habits to display leadership. These manipulations are adapted
by the speakers to the social environment where they intend to be perceived as
charismatic. Charisma in political speech is observed here to unveil the biological
abilities versus the culturally-mediated strategies in leadersO speech according to dif-
ferent social contexts in which political communication takes place. Manipulations of
vocal pitch, loudness, and phonation types are shown to cause both cross-cultural and
culture-specibc social attractiveness and consequently, are key factors for charisma
effectiveness. Charismatic voice is then intentionally and unintentionally controlled
by the human leaders to carry the perlocutionary salience of persuasive speech and
inRuence listenersO choice of leadership.

Keywords Vocal charisma Political speech Attractiveness of leadership
Biological abilities in vocal persuasionCultural descriptors of charisma
Perceived charisma from speech

3.1 Introduction

3.1.1 Charisma Debned as the Social Attractiveness of Group
Leaders

In modern literature, the term OcharismaO was brst popularized by sociologist Max
Weber (1920. According to Weber, OcharismaticO leaders generally emerge in times
of great crisis for a nation, responding to the necessity of strong leadership to over-

R. Signorello B)
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come the crisis. This author debnes charisma as an Oextraordinary qualityO of a
person who is believed to be endowed with superhuman properties, in such a way as
toinduce people to acknowledge him as a leader, to the point of making a cult of him.
Weber calls this quality OcharismaO (from Greek charis, grace), thus considering it a
grace, a divine gift that only some enlightened people may possess. Weber does not
describe this gift at length, and even considers it beyond human comprehension; yet,
the very notion of charisma has been alternatively redePned and challenged.

Some brst sketches of charisma may be retrieved from ancient philosophy.
According to Heraclitus, only a few individuals are endowed with particular physical
and mental skills and virtues, that include, in accordance with Socrates, fast learning
capacities, memory, open mind, and vision. These virtues are innate, according to
Plato, and make a chief the object of trust, faith, and veneration by other people, which
results in the cult of the leader (Cavalli995. Such idea of the charismatic leader
was personibed in the great dictators of the twentieth century: Hitler, Mussolini, and
Stalin.

Previously, research on charisma was mainly conducted in social psychology
within the general framework of leadership studies. Some authors consider leadership
as an internal trait of individuals (House & How&®92. For example, transforma-
tional leaders, which Burnd 978 and Bass1985 consider to be charismatic, show
high values in four of the Big Five factors: extraversion, openness, agreeableness,
and conscientiousness (Bono & Judf®4).

An opposing viewNthe contingency perspective, which also includes the contex-
tual approach, contends that leadership and charisma are strongly determined by the
context: contextual factors trigger or inhibit particular leadership behaviors, and lead-
ership is interactively constructed by the relationship between leader and followers
(Haslam et al.20117). This contextualist view further develops into the transactional
leadership perspective, in which the strength and effectiveness of leadership is deter-
mined by a cost-benebt computation, where followers agree to comply with the
leaderOs will to the extent they feel this is functional to their goals. Their behavior
is stimulated by rewards and punishments more than trust and identibcation. This
is not the case, however, for transformational leadership, which, introduced by the
so-called neo-charismatic school, views a true leader as an authentically charismatic
person (Lowe et al1996, endowed with vision and capacity for inspiring followers,
who works in their interest and aims at their growth (Bu®/8 Bass,1985. Neo-
charismatic scholars stress the ethical impact of transformational leadership, and
warn of the Odark sideO of charisma and the inauthentic or pseudo-transformational
leaders, who with self-serving aims act in bad faith, consciously or unconsciously.
Actually, the charismatic/transformational view integrates sociological and psycho-
logical aspects since it sees charisma as a Osocial process" in which the perception
of followers becomes a very central aspect (Sha2@ig0.

The discussion among these diverse perspectives, based on personality or context,
transaction or transformation, makes the debnition of a charismatic leader and the
singling out of charismatic attributes particularly complex. In fact, charisma is a
multidimensional construct: it is certainly affected (and constructed) by the values,
needs, motivations, and discourses of potential followers, but it also, indubitably
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depends on the leaderOs skills, choices, and characteristics. External displays are the
perceivable expression of the internal features, and we can distinguish two kinds:
one which we call the Ocharisma of the bodyO and the other, Ocharisma of the mindO
(Signorello,2014). Actually, the external features may stem either from the mind or
from the body of the leader. Aspects of the charisma of the mind, such as creative and
charming ideas or feelings, are displayed by a personOs words or actions, while the
charisma of the body is displayed by specibc aspects of their visual and/or acoustic
appearance, determined by their bodyOs multimodal physical traits and behaviors
(Shamir, Zakay, Breinin, & Poppet993 Bull, 1986 Atkinson,1984 Rosenberg &
Hirschberg2009.

The athletic and proud gait of Barack Obama is a way of moving that conveys
dignity. But, take Mahatma Gandhi, who was a short, thin shy man, without a loud
voice, and who even sometimes stuttered: the features of his charisma did not emanate
from his voice or gait, but from the strength of his message, and what revolutionary
ideas came from his words and his political action. The brst example is a case of the
charisma of the body, while the latter is an example of the charisma of the mind: the
meaning of a discourse by Gandhi (Bligh & Robinsd@10. Itis through words that
his charismatic qualities shine forth. These two forms of expression of charismaN
body and mindNmay sometimes appear in combination, for example, Barack Obama
may be seen as charismatic both for the concepts he proposes and the way he exposes
them: he has charisma both of the body and of the mind (Bono & J20G4.

In sum, charismatic persons may have different kinds of charisma which depend
on the type of internal charismatic features they possess, the external features that
express them, and on their combinations. The aim of the present work is then to
highlight the multidimensionality of charisma, and to explore in detail a specibc
display of political leadersQ attractiveness: their voice. The hypothesis of this study is
that the charisma of a person can be disentangled into a set of Ocharismatic featuresO,
and that in different persons, particular combinations of these features cluster into
peculiar kinds of charisma. So what are the internal features of charisma, and how
can we bnd them out?

3.1.2 Charisma and Voice Behavior: The Charismatic Voice

Group leaders use their voices to communicate their charisma, the set of leadership
characteristics, such as vision, emotions, and dominance used by leaders to share
beliefs, persuade, and achieve goals. Voice quality reRects leadersO physiologically-
based vocal characteristics and culturally-acquired habits and strategies used to
shape those characteristics qualitatively. Political speech is studied in order to unveil
the biological abilities versus the culturally-mediated strategies of group leadersO
charismatic voices. Through voice acoustic analyses and perceptual studies, a cross-
culturally similar use of vocal pitch, loudness levels, and ranges in political speech
and a culture-specibc perceptual effect of overall vocal characteristics like phona-
tion types, prosodic factors, and temporal characteristics were found. Charismatic
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voices reRect individualsO (a) biological needs to have easy access to resources and
(b) cultural needs to show skills that rel3ect high social status and power.

Woice quality results from speakersO biologically-derived differences in vocal
apparatus combined with learned linguistic and cultural habits used to convey their
personal identity (Garvin & Ladefogeti963 Kreiman & Sidtis 2011). Voice quality
conveys individualsO physical (e.g., size, OHd84 Pisanski et al.2014 attrac-
tiveness, Zuckerman & Drivet989 Collins, 2000, psychological (e.g., personality
traits, Schererl972 emotional status, Patel, Scherer, BjSrkner, & Sundb20d.)
and social characteristics (e.g., leadership; Surawski & Os20ffg Tigue et al.

2012 Klofstad, Anderson, & Peter2012 dominance, Ohald,984). These studies
raise the question about whether particular features characterizing political speak-
ersO voices are biologically versus culturally determined, and which type of feature
is primary in distinguishing individuals chosen as group leaders from non-leaders.

Besides theoretical discussions on the nature of charisma, some studies investi-
gated how charisma is perceived from voice. Tackling the relationship between the
acoustic-prosodic characteristics of a political leaderOs speech and the perception of
his/her charisma, Touatl 993 investigated the prosodic features of rhetoric utter-
ances in French political speech in pre and post-elections discourses. Strangert and
GustafsonZ008 examined the relationship between prosodic features and the per-
ception of a speaker as a Ogood communicatorO, while Rosenberg and Hirschberg
(2009, studied the correlation between acoustic, prosodic, and lexico-syntactic char-
acteristics of political speech and the perception of charisma.

The overview above, introduced our conceptual debnition of charisma focused
on its psychological multidimensionality that affects social attractiveness, as well as
a few theoretical insights, on the use of voice and speech as nonverbal behaviors to
convey vocal attractiveness in political speech. This chapter reports investigations on
the perceptual features that characterize vocal attractiveness in charismatic political
discourse. This work highlights the features of charisma conveyed by the speakers
and its social attractiveness on listeners speaking several languages. In the following
sections, | brst present a tool developed to measure the differences between vocal
qualities of speaking individual political leaders. | later introduce studies that aimed
to distinguish various kinds of charisma while singling out the features of voice that
are responsible for their perception.

3.2 Charismatic Voices

3.2.1 Cultural- and Language-Based Descriptors of
Charisma

In contemporary literature about the perception of charisma from voice, scholars ask
participants to rate voices in terms of adjectives that in previous studies had been
connected to charisma (e.g., Rosenberg & Hirschi2899. In our research, stud-
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ies testing how people describe the charisma of group leaders in different languages
and cultures were carried out in order to make a scale for the rating of charisma
(Signorello et al.2012a 2012h. Through an empirical and non-biased approach,
positive and negative traits of charisma in several languages (American English,
French, ltalian, and Brazilian Portuguese) were collected to develop the OMulti-
dimensional Adjective-based Scale of othersO Charisma PerceptionO (MASCharP)
(Signorello,2014, a psychometric tool to be used in research on the perception
of charismatic traits from individualsO perceivable behaviors, such as voice. This
approach entailed three experimental phases.

The Pbrst phase involved the collection of lexical and semantic descriptions of
charismatic traits communicated through an individualOs perceivable behaviors from
subjects of the languages being studied. This part entailed the gathering of adjectives
that describe charismatic, as well as noncharismatic prototypes of leadership. It
is fundamental to understand that the language in question is inseparable from its
culture. These two factors act as Plters in the attribution of an individualOs traits.

The second phase involved dimensions of theoretical classipcation of the adjec-
tives gathered. As in Di Blas and For4i998, the adjectives were selected by their
frequency of usage. Only the most frequently used terms that are representative and
descriptive of charismatic traits in the participantsO language were retained. In the
prst stage of data sorting, adjectives with a frequency higher than 1 were retained,
indicating a cognitive commonality between at least two individuals who agree on
a semantic-representational connection that designates the adjective as a trait of
charisma. The adjectives used most frequently to describe charisma were then cat-
egorized in dimensions that were deduced from aspects of the persuasive process
illustrated in the SecR.2of this chapter. The data were then organized according to
semantic closeness, as in the cases of Sal&®9Y and Di Blas and Forzil(998,
corresponding to the dimensions of PoggiOs theory of persuasion gPOggiAN
example of the dePnitive selection of adjectives and dimensional classibcation con-
stitutes the MASCharP as represented in T&ilgAmerican English).

The third phase involved the creation of a psychometric tool to perform the per-
ceptual tests and measure the perception of charisma from voice. Each adjective
from MASCharP could be evaluated through a Likert scale (LikK€82. An inter-
face based on the server-side software Limesurvey” (The LimeSurvey project team,
(2011) was developed to collect the data. This software is written in PHP and
uses a MySQL database to store data. The interface features the combination of the
MASCharP with the 7-point Likert scale. The use of this tool has already been val-
idated in several studies to measure the traits and types of charismatic leadership
conveyed by voice (Signorello et @012 2012k 2014bDOErrico et al2012
2013.
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Table 3.1 Positive and negative interpersonal traits of perceived otherOs charisma in American
English. Classibcation according to SignoreR014)

Positive Charisma Traits Negative Charisma Traits

Caring, Passionate, Kind, Enthusiastic, Rude, Mean, Cold, Unkind, Egotistical
Understanding

Extroverted, Optimistic, Trustworthy, Introverted, Pessimistic, Dishonest, Selbsh,

Outspoken, Friendly, Genuine, Sociable Hostile, Aloof

Intelligent, Witty, Humble, Brave, Determinedignorant, Stubborn, Closed-minded, Arrogant,
Bold, Respectful, Assertive, Well-spoken Reserved

Dynamic, Conbdent, Energetic, Strong, Aggressive, Angry, Apathetic, Shy, Weak,
Leader, Engaging, Persuasive Overbearing, Dull, Obnoxious, Intimidating
Charming, Funny, Attractive, Humorous, Boring, Annoying, Uninteresting, Depressing
Interesting, Relatable, Personable

3.2.2 Charisma Perception in Cross-Language Settings

The following study was conducted to understand what in the voice perceptual
domain could be considered as universal versus language and culture-based. The
perception of charismatic speaker identity from voice might be inBuenced unpre-
dictably by one vocal characteristic or by a whole complex pattern resulting from
source and blter characteristics, mode of vocal fold vibration, temporal characteris-
tics, articulatory settings and characteristics, degree of nasality, prosodic line, and
syllable structure (Kreiman & Sidti2017).

To do so, this study brst assessed how listeners use the vocal pitch as a biological
cue to detect speakersO charismatic traits from voice and how they use this cue
to assess leadership btness and choose their leader. In several studies vocal pitch
has emerged as a feature that serves as an important biological cue that signals
social and physical dominance (e.g., Ohdla82 1983 1984 1994 1996 Puts et
al. 2007, conveys leadership (Klofstad et 2012 Anderson & Klofstad 2012
and that inBuences the choice of a leader (DardBi/1;, Tigue et al.,2012. In
an experiment, 40 French listeners evaluated the dominance conveyed by different
voice quality patterns in the voice of an Italian speaker and political leader (Umberto
Bossi, former leader of the Lega Nord party from 1980 to 2012). The results showed
signibcant negative correlations between the perceived dominant type of charismatic
leadership and average FOHIS 0.19, p< 0.05, linear regression), wide FO range
(r=S0.18, p< 0.05), and maximum FO & S 0.18, p< 0.05). Meanwhile, higher
FO mean (= 0.52, p< 0.01), minimum FO (= 0.49, p< 0.01), maximum FO (¢
0.55, p< 0.01), and the FO range#$r0.53, p< 0.01) are signibcantly and positively
correlated with a nondominant type of charismatic leadership.

To conbrm and extend these results, the investigations were repeated with the
manipulation of FO for vocal stimuli from two different leaders (Luigi de Magistris,
an ltalian leader; Franeois Hollande, a French leader). Forty-eight Italians were
then asked to rate vocal stimuli from the French leader and 48 French listeners were
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asked to rate vocal stimuli from the Italian leader. Results show that French and Italian
listeners perceive leaders as having a less dominant charisma when they use a high FO
(average of 200 Hz for the French speaker; 212 Hz for the Italian speaker) and a wide
FO range (16 semitones for French listeners; 12 semitones for Italian listeners). This
experiment studied the way in which listeners assess leadership btness from voice. A
voice sounding more dominant (low frequencies of FO and a narrow FO range) would
be perceived as more effective by Italian listeners (.61, p< 0.0001; simple

linear regression), whereas French participants perceive effective leadership from
higher pitched voices & 0.41, p= 0.004). Results from the two experiments imply

that low frequencies of FO and a narrow FO range convey a dominant charismatic
leadership and that higher FO average and wider FO range, cause the perception
of a nondominant charismatic leader. These different types of leadership would be
perceived as more or less effective in different cultures.

Finally, the perception of specibc charismatic traits from overall vocal charac-
teristics was studied taking into account the role of the language and the culture
of listeners. The study brst assessed the way in which different patterns of voice
quality convey the different charismatic traits of leaders. Forty French participants
assessed the charisma of the Italian leader Umberto Bossi from natural voice sam-
ples. Detailed probles based on the correlation between voice acoustics, perception
of charismatic traits, emotional states aroused, and choice of leader were created.
A proble with a voice pattern characterized by a medium pitch range (13 semi-
tones), moderate falling pitch contour movements, modal phonation, phrase-pnal
harsh-high (middle-range) vowels and long inter-word pausésj communicate an
Authoritarian-Threatening type of charisma where the leader is perceived as individ-
ualistic, untrustworthy, inBuential, conbdent, organized, resolute, egocentric, deter-
mined, authoritarian, menacing, scary, and cold (see BaBlgand moreover arouses
negative emotional states in the listeners like anxiety. A second proble shows that a
voice pattern characterized by awide pitch range (16 semitones) from very low to very
high frequencies, abrupt pitch contour movements, harsh or modal phonation, and
sentence-pbnal vowels in creaky phonation communicate a Proactive-Attractive type
of charisma. Listeners who perceived the Proactive-Attractive type of charismatic
leadership described the leadership of the speakers as vigorous, active, dynamic,
charming, and attractive (see TaBl@), arousing positive emotions like amusement,
admiration, enthusiasm, reassertion, and calmness. French listeners would be most
likely to choose a leader perceived as Proactive-Attractive. The third proble shows
a voice pattern characterized by a narrow pitch range from low to medium-high fre-
guencies (9D13 semitones), but not as high as the two vocal patterns above, smooth
pitch contour movements, harsh-low, harsh-mid, or modal phonation types, and an
increasing duration of the vocalization (fromls to 6.5s). This pattern commu-
nicates the Competent-Benevolent type of charismatic leadership, characterized by
participant-selected adjectives such as wise, prudent, calm, trustworthy, fair, intelli-
gent, easygoing, honest, sagacious, and sincere (see3T3hkrousing amusement
but not calmness emotions. This type of leadership communicates the image of a
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Table 3.2 Charisma types and interpersonal traits. Speaker: Umberto Bossi. Assessed perceptu-
ally through the MASCharP tool. Exploratory Factor Analysis: Varimax Rotation that extracted
three factors which explained 45% of the variance; signibcant BartlettOs test of sphericity (p
0.000); KaiserbMayer Olkin (KMO) measure of Sampling Adequacy (0.83); high level of reliability
(Proactive-Attractive: = 0.92,i.i.= 0.52; Calm-Benevolent: = 0.87,i.i.= 0.44; Authoritarian-
Threatening: = 0.90, i.i.= 0.41)

Authoritarian-Threatening Proactive-Attractive Calm-Benevolent
Determined |0.508 Vigorous 0.837 Wise 0.825
Menacing 0.775 Active 0.767 Prudent 0.737
Who scares | 0.767 Dynamic 0.766 Calm 0.731
Dishonest 0.762 Charming 0.738 Trustworthy | 0.689
Cold 0.679 Attractive 0.709 Fair 0.645
Individualistic | 0.642 Courageous |0.701 Intelligent 0.605
Authoritarian | 0.585 Convincing | 0.687 Easygoing 0.585
Leader 0.578 Captivating | 0.676 Honest 0.576
Untrustworthy| 0.563 Seductive 0.642 Sagacious 0.527
InBuent 0.552 Bewitching | 0.604 Sincere 0.514
Conbdent 0.523 Sexy 0.592
Organized 0.509 Eloquent 0.553
Resolute 0.506 Determined |0.54
Egocentric | 0.485 Who propose | 0.54

Visionary 0.472
Variance 22.52% 12.6% 10.83%

leader competent enough to access vital resources and benevolent enough to share
those resources with other individuals. French listeners in the sample studied would
not choose this type of leadership.

3.3 Conclusions

3.3.1 LeadersO Social Attractiveness

Since Weber1920, brst launched the notion of charisma, the debnition has gone
through various changes. The notion itself may have seemed too difbcult to opera-
tionalize, while the literature has Ructuated from serious investigation to skeptical
consideration. This may be partly due to the very nature of charisma, which lives
at the crossroad of various psychosocial dimensions and takes very different forms
(Shamir,2000. This work has debned charisma as a set of internal and physical
qualities of a person that make him or her capable of inBuencing other people by
wakening their most positive emotions, and hence inducing them to do what she/he
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3 The Vocal Attractiveness of Charismatic Leaders 49

wants very willingly and exploiting their internal motivation. These qualities are
related to various perceived aspects of the group leaders persona (moral, intellec-
tual, affective), of power management, as well as esthetic and even erotic aspects.
Charisma is a multidimensional psychosocial notion: the studies presented in this
chapter tried to discover and disentangle its dimensions from participantsO descrip-
tion of charismatic and noncharismatic persons using a scale of charisma perception.
The present research found out that dimensions may combine to give rise to different
types of charisma. The type of perceived charisma depends on whether the esthetic
and dynamic dimensions prevail, resulting in a Proactive-Attractive charisma, or
whether they are moderated by the intellectual and ethical side, thus enhancing
a calm-benevolent charisma; or Pnally whether the dimensions of dominance and
deliberate inBuence cluster in an Authoritarian-Threatening charisma.

Besides discovering these internal features and their combinations, this investi-
gation focused on a peculiar property of charismatic political leaders, their vocal
communication, showing that charisma resides in particular types of speech acts, but
also in particular parameters of the leaderOs voice that, depending on given variations,
may become less charismatic, or take up a different type of charisma. Two issues we
specibcally investigated in this connection were the change in charisma caused by
a switch from modal to dysphonic voice, and the different perception of charisma
caused, in the French and the Italian culture, by a change in pitch and pause duration.

Results on the former issueNthat the modal voice conveys a proactive-attractive,
or even an authoritarian-threatening charisma, whereas the disordered one bears a
calm-benevolent oneNmay be accounted for by an evolutionary perspective that
views a dynamic leader as more functional to the effectiveness of the group.

As to the issue of whether charisma perception is universal or cultural, our results
may be interpreted as follows: The single traits attributed to a charismatic leader
tend to be different between cultures and may arise at two levels: prst, the single
properties may cluster in different ways for two cultures, in that a type of charisma
may be more salient in one culture and dispersed in single properties in another;
second, as seen in the third phase of study, each specibc type of charisma may be
evoked by some vocal parameters in one language or culture and by other parameters
in another.

These results may help answer some questions concerning charisma. For instance,
one possible objection to the very existence of such a notion is that a person may
appear as charismatic to some people but not to others. In other words, is it true
that -beauty is in the eyes of the beholder-? In our view, this is not so. Different
perceptions of charisma may well be accounted for by its multidimensionality. In
this sense, interactive accounts that view charisma as determined by the intertangling
between a leader and their followers may be sound. -Charismatic leadership- may
hold per se, but also, followers can contribute their perceptual preferences to its
emergence (Shami2000.

In the same vein, the multidimensionality account might answer the question
whether and why the perception of charisma varies across cultures. Since cultures
debnitely attribute different importance to different dimensions of life, cognitive
functioning and social interaction, two cultures may well see the same leader as

470006_1_En_3_Chaptef ] TYPESET[__]DISK [_JLE [_]CP Disp.7/9/2020Pages54 Layout: T1-Standard ‘




Editor Proof

316

317

318

319

320

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

50 R. Signorello

charismatic or not, depending on the dimensions they value the most. Yet, this leads
to another question: arenOt there any aspects of charisma that are universal, that is,
any characteristics of a leader (or of a person) that are perceived as charismatic by
people of all cultures?

An answer in line with the Oemotional cultureO approach above (Ekman & Friesen,
1971, Turner,1976 Gordon,1989 Matsumoto,199Q Bagozzi, Verbeke, & Gavino,

2003 would be that leaders are perceived as charismatic to the extent to which they
adapt to the communicative norms of their culture. Yet, we might contend that, on the
contrary, the charismatic leader, does not Oadapt toO, but rather, OleadsO his followers,
imposing new norms and values, and thus also changing the relative preference of
the charismatic dimensions. Therefore, a primary and possibly universal dimension

of charisma might be just the visionary skill that makes a leader point at something
new.

A bnal issue, among others, that is raised by our investigation is how the notion of
charisma proposed here can be applied not only to political leaders but to a broader
domain: not only social leaders can be charismatic, but actors, singers, managers,
and teachers. Our theoretical explanation of charisma could be applied generally to
all charismatic individuals.

3.3.2 The Charismatic Voice

The present research demonstrates how a specibc vocal pattern used by leaders can
convey different traits and types of their charisma, and also how several patterns can
inBuence the perception of the same type of characteristic leadership when perceived
by different individuals or social groups. The acoustics of voice in political speech

is a cue to the perception of charisma in leaders. We used a cross-cultural approach
to assess and distinguish the physiological/anatomical and cultural inBuence in the
production and perception of voice in charismatic leadership.

In the perceptual domain, the research described above, brst found evidence that
vocal pitch is a cross-cultural signal to distinguish dominant versus less dominant
charisma. This result is consistent with previous studies on the perception of domi-
nance versus submission related to vocal pitch (e.g., CoRi3) Feinberg et al.,

2006. Higher fundamental frequency and wider range are used by the speaker while
addressing a more diverse audience (in terms of sex, age and social status). Lower
fundamental frequency and narrower range are used by the leader-speaker when
addressing an audience of similar social status (other leaders). Healthy vocal range
is used by leaders in informal contexts of communication (during which no political
topics are addressed and the leadership is not questioned).

This work then found that certain vocal quality patterns used by the speaker-leader
bt the listenerOs expectations about the vocal style that best conveys charisma in a
given language and culture. The same vocal pattern can convey both an Authoritarian-
Threatening and a Proactive-Attractive charisma that are perceptually distinguished
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3 The Vocal Attractiveness of Charismatic Leaders 51

in different languages and cultures. Competent-Benevolent charismatic leadership
can be conveyed by several vocal quality patterns.

These results may help to better distinguish between the biological components
on the one hand, and language and cultural components on the other, present in voice
behavior that bt listenersO expectations and inRuences the choice of the social groupOs
leader. Listeners seem capable of accurately distinguishing these vocal features of the
charismatic leader and these results might explain why some leaders have been found
to be endowed with a cross-language and cultural charisma (e.g., Barack Obama was
found to be the most charismatic leader in the general sense in several cultures),
and some other leaders not endowed with effective speaking (Bligh & Robinson,
2010, are mostly endowed with a circumscribed charisma restricted within social
groups and languages (Gandhi is only charismatic if we understand English or if it
is translated).
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Chapter 4 )
Vocal Preferences in Humans: A
Systematic Review

Melissa Barkat-Defradas, Michel Raymond, and Alexandre Suire

Abstract Surprisingly, the study of human voice evolution has long been conducted
without any reference to its biological function. Yet, following Darwin’s original
concept, John Ohala was the rst linguist to assume the functional role of sexual
selection to explain vocal dimorphism in humans. Nevertheless, itis only at the very
beginning of the millennial that the study of voice attractiveness developed, revealing
that beyond its linguistic role, voice also conveys important psycho-socio-biological
information that have a signi cant effect on the speaker’s mating and reproductive
success. In this review article, our aim is to synthesize 20 years of research dedicated
to the study of vocal preferences and to present the evolutionary bene ts associated
with such preferences.

Keywords Vocal preferencesPerception Language evolution Sexual
selection- Evolutionary biology: Acoustics: Voice * Fundamental frequency
Formant dispersion Voice attractiveness

4.1 Introduction

Darwin thought of mate choice as a purely aesthetic experience, a selection of beauty
for its own sake (Darwin1871). However, his view has not been embraced by
modern evolutionary biology, for which mate choice results from human adaptive
preferences, a mechanism that has evolved because of dimorphic physical features
or sexual ornaments (such as the female waist-to-hip ratio, the male shoulder-to-
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hip ratio, facial traits, breast size, voice, and so on) that are assumed to be reliable
indicators of mate quality (Arak & Enquist,993. Indeed, the mere sound of a
person’s voice contains important, embedded biological information. Consequently,
a large amount of research has been dedicated to identifying men’s preferences for
women’s secondary sexual characteristics and vice versa, as well as the evolutionary
bene ts associated with such preferences.

Preferences partly proceed from an unconscious mechanism: an individual may be
aware of the factors that have led him to choose one sexual partner instead of another,
but it does not necessarily mean s/he is conscious of the link existing between his or
her preference and the property conveyed by the cue itself. A good example to illus-
trate this statement rests on women'’s preference for masculine low-pitched voices.
Though female subjects are often conscious of their attraction for this type of vocal
attribute in males, they are hardly aware that it indicates men’s phenotypic quality as
well as part of their heritable genotypic value as potential mates (Apicella, Feinberg,
& Marlowe, 2007). In human species, mate’s selective value includes several pheno-
typic qualities among which: state of health, fertility, age, intelligence, social status,
and so on ...(Bus4,989 Geary, Vigil, & Byrd-Craven2004 Sugiyama2015. All
these qualities are displayed through the face, the body, and the voice. For example,
health is indicated by skin complexion, the body shape is a proxy of nutritional status,
and the vocal height is determined by testosterone level. Therefore, it is reasonable
to assume that female typical preference for men exhibiting deep voices has been
shaped by evolution as an honest signal of masculinity related to an increased level of
androgens, a high physical strength, a good immune system, etc., all of these features
favoring men’'s—and thus women’s— tness. However, masculine versus feminine
preferences for the ornaments exhibited by the other sex are not the same since some
of the traits that are associated to desirable qualities in men may differ from those
linked to desirable phenotypic qualities in women. Consequently, men and women
do not grant the same importance to the different socio-biological cues driving mate
choice. Generally speaking, and at least in Western industrialized societies, men tend
to attach a great importance to women'’s beauty, and as early as Ancient Greece, the
concept of beauty has been closely associated with physical attractiveness, especially
feminine physical attractiveness (for a detailed review of the evolution of feminine
beauty see Bove2018. But when choosing a mate, men and women also use non-
physical features, such as smell, movements, behaviors, and voice. Although these
traits are not all equally weighted in mating decisions, they all likely contribute to
the general evaluation of a potential partner.

Our aim here is not to explore the diverse effects of physical attractiveness but
rather to examine the role of voice in the mating context by showing which vocal
features are considered attractive by men and/or women and why. Previous research
on vocal attractiveness (i.e., the perceived attractiveness of voices when isolated from
other cues, such as visual or olfactory cues) has suggested that vocal attractiveness
plays a role in mate choice in humans (e.g., Apicella e28Q7 Hill et al., 2013
Leongomez et al2014). For example, individuals possessing vocal characteristics
that are correlated with attractiveness report greater reproductive potential (as indexed
by reported number of sexual partners, Kordsmeyer, Hunt, Puts, Ostner, & Penke,
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2018 Hill et al., 2013 and, at least in hunter-gatherers, have greater reproductive
tness (Apicella et al. 2007). People also alter their vocal attractiveness in mating
contexts, such as when interacting with an attractive potential mate (Leongomez et
al., 2014 Pisanski, Bhardwaj, & Reb®018 Suire, Raymond, & Barkat-Defradas,
2018. In accordance to the runaway selection mechanisre,assume preferences
may contribute to the shaping of attractiveness in human voices. Our goal therefore
is to show that preferences for some vocal attributes are likely the result of sexual
selection. Although the acoustic features associated with vocal attractiveness are
not exhaustively studied here (i.e., the prosodic dimension, in particular, could be
further developed), we propose an exhaustive review of the different studies (n
37, over a period of 40 years covering the years 1979-2020) that tackled the issue of
vocal preferences for men and women (see Taldle Subsequently, we will focus

on the evolutionary mechanisms driving our preferences. Before fully entering our
topic, it should be noted that only the studies that have clearly identi ed the acoustic
correlates behind vocal preferences were considered.

Overall, a rstremarkable point appears to be the importance ascribed to the study
of FO and the formant position. Secondly, one will immediately notice that English
speakers are overrepresented in comparison with speakers of other languages. From a
methodological point of view, it appears that the number and the nature of vocal stim-
uli used in the perceptual experiments are quite variable (i.e., spontaneous speech,
isolated words or vowels, reading versus oral speech ...). Likewise the number of
auditory judges is extremely heterogeneous from one study to another. As for the
acoustic analyses themselves, we distinguish between two types of approaches: on
the one hand, there are correlational studies, which basically aim at relating acoustic
characteristics and vocal attractivity from auditory judge’s scores on Likert's scales
and on the other hand, there are experimental studies that try to establish causal
relations between acoustic features. All these studies help us pinpoint some general
trends about human vocal preferences.

A brief overview in Tablel.1reveals that among the different measures that were
investigated for qualifying vocal attractiveness across studies, it is undoubtedly vocal
height (i.e., FO) that has most often aroused the authors’ interest. Nevertheless some
other articulatory and acoustic features have lead to interesting results suggesting
vocal attractiveness is not con ned to the realm of fundamental frequency but also
extend to other aspects, which effects on perceived vocal attractiveness are also
reviewed in the next sections.

1Runaway selection is a mechanism whereby a secondary sexual trait expressed in one sex is
correlated with a preference for the trait in the other sex. The genetic coupling of the trait and the
preference leads to self-reinforcing loops of coevolution between the trait and preference for the
trait (Travers2017).
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4.2 Preferences for Vocal Height

Most of the previous studies, whether they are correlational or experimental, have
revealed a negative correlation between vocal height and attractivity of men. Such a
regular trend shows that women, whatever their linguistic environments and/or cul-
tural backgrounds, are predominantly attracted to men exhibiting deep low voices
(Bruckert, Lienard, Lacroix, Kreutzer, & Lebouch@008 Feinberg et al.2005
Hodges-Simeon, Gaulin, & Putg01Q Hughes, Farley, & Rhode201Q Jones,
Feinberg, DeBruine, Little, & Vukovi201Q Pisanski & Rendall2011 Vukovic et
al.,2008 Xu, Lee, Wu, Liu, & Birkholz,2013 Suire, Raymond, & Barkat-Defradas,
2019. still, a few exceptions are to be considered. As a matter of fact, Babel,
McGuire, and King 2014 and Hughes, Mogilski, and Harriso2(q14 reported

no signi cant correlation between vocal height and attractivity in American men.
Likewise, Barkat-Defradas et aR@12 demonstrated FO does not seem to be the
most salient perceptual feature to assess masculine voice attractiveness as com-
pared to roughness at least in clinical context when patients range into a comparable
vocal height category (i.et 125Hz) irrespective of their global dysphonic grade.
Lastly, Shirazi, Puts, and Escasa-Dor2®18 obtained an unexpected opposite
result with Filipino women judging male vocal samples produced in English by
American speakers. As for women vocal attractiveness, the vast majority of studies
reach the same results with men being consistently attracted by high-pitched fem-
inine voices (Borkowska & Pawlowsk2011; Collins & Missing, 2003 Feinberg

et al.,2008a 2008h Jones et al.201Q Puts, Barndt, Welling, Dawood, & Burriss,
2011 Re et al.2012. But here again, the results obtained by Leaderbrand, Dekam,
Morey, and TumaZ008, Oguchi and Kikuchi 1997 go in the opposite direction
when those by Hughes et aRq1Q 2014 reveal interesting trends. In Hughes et

al. (2010, the authors show that women tend to lower their voices when interacting
with men they consider as particularly attractive while they signi cantly raise their
pitch when facing men they are not attracted to. The same kind of unexpected result
is observed for men who judge those low-pitched women as sexier. More recently,
Pisanski et al.Z018 replicated the same results. In a second study, in which female
subjects were asked to modify their voice so as they might be perceived as more
attractive by male auditory judges, it has been shown that in such an evoked seduc-
tive context, women are also inclined to deepen their voices, and interestingly the
subsequent perceptual study revealed that the female voices attesting the lower pitch
values are also those that were perceived as the most attractive by the group of male
auditory judges (Hughes et aR014. The results launched by Zheng, Compton,
Heyman, and Jian@020 in what must be to our knowledge the most recent avail-
able study tackling the subject aimed at determining more precisely the effect of
raised versus lowered pitch on voice perceived attractiveness. In order to answer
this question, the authors used a method based on voluntarily pitch-shifted voices.
Their ndings suggest that indeed pitch shifts do affect voice attractiveness in the
sense that female voices are perceived—both for male and female raters—as more
attractive when vocal pitch is raised 20Hz from a digitally computed average
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70 M. Barkat-Defradas et al.

pitch at 237 Hz). As for male voices, they typically show that lowered pitch lead to
better evaluations by female raters (up to certain limits beneath which low voices are
perceived either as pathological or unintelligible). But surprisingly, they also come
to the result that their male raters consider high-pitched masculine voices as more
attractive. According to the authors this may be explained by the fact that in real-life
conditions, men are more often placed into the position of evaluating sex-opposite
attributes using morphological signals, like waist-to-hip rétimit also vocal cues so

as to nd information of phenotypical compatibility, which makes their perceptual
evaluation biased either by a lack of experience or by the unconscious usage of a
perceptual grid of evaluation that is structured around feminine vocal references and
which is consequently quiet unsuitable for the evaluation of male voices.

4.3 Preferences for Vocal Modulation

If studies dealing with the effect of mean FO on vocal attractiveness are relatively
numerous, those based on the measure of FO-SD (i.e., the increased versus reduced
mean fundamental frequency variations, which the listener perceives, respectively, as
rather atversus highly modulated speech) are rather scarce. Yet, Hodges-Simeon et
al. (2010 have shown that male speakers producing speech with very little variations
in FO are perceived as more masculine and attractive by female raters. Given that
the extent of FO-excursions is affected by attitudinal and emotional factors (Traun-
moller & Eriksson,1999, such a trend appears to be kind of dif cult to explain at

rst glance. Indeed, as it is well admitted the non-verbal characteristics of voices
can play a signi cant role in signaling emotional as well as health state, like for the
latter, major depression that is regularly re ected through reduced vocal modulation,
female preferences for small melodic variations in male voices may be explained both
by vocal dimorphism (since it has been regularly shown lively speech is related with
feminine talking style (Polce-Lynch, Myers, Kilmartin, Forssmann-Falck, & Kliewer
1998 Hall, 1978 and social factors (as the extensive vocal expression of emotions
is more often associated with female behavior (Fischer & Mansgaf). There-

fore, assuming pitch variations are perceived along a continuum (from monotonic
to highly expressive speech), the receivers may have assigned monotonous voices to
masculinity and, reversely, dynamic speech to feminity. Besides, Suire 2020 (

have shown males’ sexual orientation can be inferred more accurately from FO-SD
than mean FO, suggesting vocal modulation is a more reliable acoustic cue for gays’
vocal feminization than vocal height. Moreover, though previous studies assessed

2The WHR has been used as an indicator of health and the risk of developing serious health
conditions. WHR correlates with fertility (with different optimal values in males and females). The
concept and signi cance of WHR as an indicator of attractiveness has been theorized by Singh
(1993 who argued the WHR is a consistent estrogen marker, and thus a reliable proxy of fertility.
Women with a 0.7 WHR are usually rated as more attractive by men from Indo-European cultures
(Singh & Young2002), but preferences may vary according to the culture under study (Fisher &
Voracek,2006.
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that reduced fundamental frequency variations are rather linked to vocal masculin-
ity, two other studies lead to unexpected opposite results. According to Bruckert
et al. 006, monotonous voices are judged as signi cantly less attractive for men
while Leongémez et al2014) found modulated voices are rated as more attractive
for both sexes. Further researches are thus needed to disentangle these inconsistent
results. But yet for now, it is interesting to notice that the same criterion may lead
to different auditory impressions, which valences are somehow contradictory. For
example, although perceived as more attractive, those masculine speakers exhibit-
ing monotonous, low-pitched voices are also perceived as being less cooperative
(Tognetti et al.2019, more threatening, and their likelihood to have extramarital
affairs is considered as higher. This claim does not result from unfounded subjective
impressions since there is also evidence that suggest men with masculine voices
report a higher number of extra-pair sex partners and are more often chosen by
women as extra-pair partners (Hughes et24Q4).

The above suggests that men with relatively more masculine voices—that are
negatively correlated with testosterone levels (Evans, Neave, Wakelin, & Hamil-
ton, 2008—may present a greater in delity risk to their partners, though it is still
unclear whether observers assess in delity risk via vocal cues to underlying testos-
terone levels. Likewise, women with relatively high-pitched, modulated voices—that
are linked both with youth, higher fertility, and increased perceived attractivity—are
also seen as more conspicuous and more likely to commit adultery (O’Connor, Re,
& Feinberg2011). But, while there is substantial evidence for a positive relationship
between testosterone, deep voice, and “unbridled” sexuality among men, the rela-
tionship between women’s sexuality and feminine vocal features is more complex
(for areview, see Bancrof2005. We should therefore be cautious and presume that
women with attractive voices may be more likely to be unfaithful due to a greater
opportunity for extra-pair sex given their desirability as a mate as their attractive
voices are more often chosen by paired men as extra-pair partners (Hughes, Dis-
penza, & Gallup2004.

4.4 Preferences for Timbre

Sounding vocalizations are the product of multiple acoustic parameters, including
formant position and formant dispersion. Formant dispersion is a measure of the
average spacing between the formants (Fit&97). It is a function of the length and
shape of the vocal tract and corresponds to the space through which sound waves must
travel from the vocal folds to the oral cavity. Until sexual maturity, vocal tract length
grows without any sexual dimorphism between boys and girls (Vorperian2®@h,

but at puberty, under the in uence of androgens, males’ larynges descend farther than
females’ (Fitch & Giedd1999. Indeed, working through hormone receptors in the
epithelial cells of the laryngeal tissue, testosterone enlarges the larynx on the one
hand and lengthens and thickens the vocal folds on the other. The consequence of
these remarkable anatomic modi cations is a longer vocal tract and the acoustic
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result is a lower vocal height and a deeper and more resonating voice in adult males.
On average, the vocal tract is about 15% longer in men than women {B&6},and

this results in perceptible sex differences in formant dispersion, with males exhibiting
formants of lower frequency (measured through formant position) as well as lower
formant dispersion (Hansof©997).

Studies trying to correlate vocal resonances and perceived attractiveness have
lead to controversial results. For instance, Hodges-Simeon 2@l Pisanski
and RendallZ011) showed that the lower the formant dispersion, the more attractive
the masculine voices. The same tendency was observed by Sebesta@t Aliqr
whom the formant position was the acoustic variable of interest. Conversely, Skrinda
etal. 014 and Xu et al. 2013 found no correlation between low resonances and
male voice attractiveness. Interestingly, two other studies led to original results.
Using formant dispersion, Babel et a20(14 showed that only tall women tend to
prefer low resonances in males’ voices. Likewise, Feinberg e2@05 observed
the same preferences but only for the two high vowels /i/ and /u/, which are perceived
more attractive when the spacing between F1 and F2 is reduced. Such a result may
be explained by basic acoustic principles. Indeed, Holmberg e1 885 showed
that the relative amplitude of the harmonics is closely related with the adduction
of the vocal folds, with the higher the adduction, the lower the harmonics at the
glottal exit. Moreover, using berscopy to characterize vocal closure as function
of speakers’ gender, Sédersten, Lindestad, and Hammart229d chowed female
speakers’ higher degree ofincomplete closure is correlated with increased harmonics.
Therefore, the results of Feinberg et al. are in line with theoretical analysis and
observations in experimental acoustics, since sounds with greater low-frequency
and weaker high-frequency components are recognized to result from more adducted
glottal considerations that are, themselves, more typical of male speakers (Hanson,
1996).

Collins and Missing 2003 investigated the relationship between male human
vocal characteristics and female judgments about the speaker and showed that, in
general, women found men’s voices with harmonics that are closer together and
lower in frequency more attractive. This corroborates the ndings of earlier studies
where less masculine sounding speakers were described as having higher formant
frequencies (Avery & Liss1996. In their study aiming in testing listeners’ weighting
of FO and/or formant frequency for the rating of vocal attractiveness, Pisanski and
Rendall 017 reached the same conclusion, that is, voices with relatively low FO
and/or low formant frequencies rated as more attractive if male and less attractive if
female. Interestingly, the authors also showed that, in assessing attractivity, listeners
appeared to weigh formant frequency cues more heavily than FO, an unpredicted
result which suggests female listeners might interpret lower frequency cues as indi-
cating greater masculinity and thus greater attractiveness in male voices. Finally, the
results obtained by Xu et aRQ13 also showed male voices sounded more attractive
when they are low pitched and with densely distributed formants associating such
characteristics with the large body size projected.
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4.5 Preferences for Voice Quality

Among the various complex acoustic features that give a voice its quality, the varia-
tions of the glottal source waveform hold a special place. The values of the parameters
that describe the glottal waveform can vary depending on the glottal con guration
and/or the quality of the vocal fold vibrations, and it is expected that these variations
may lead to different voice qualities. Some voice qualities are usually associated with
disordered voice, such as harshness (also referred to as vocal roughness or hoarse-
ness), but since our main concern here is vocal attractiveness, we will focus on those
that may occur for voices that are not perceived to be pathological. Voice qualities that
occur frequently in normal speech are described to be “modal,” that is, smooth and
acoustically brilliant voices (Lavet,98Q Titze,1994), but there are also some voice
gualities that are commonly related to dysphonia but may also occur in normal (i.e.,
non-pathological) conversational speech and still be perceived attractive (Barkat-
Defradas et al2012. It is typically the case for both moderately breathy and rough
voices. According to Fairbank&96Q 179), “breathy quality” (also called murmured
voice or whispery voice) is described as an inef cient laryngeal vibrati@n.) In

the coordination of normal voice quality the vibrating vocal folds approximate in the
midline once per cycle, closing the glottis and interrupting the air ow. In breathy
quality the vocal folds vibrate, but the intermittent closure fails and the air ow is con-
tinuous.” Interestingly, the author also underlines breathy voice lowers voice pitch
and is almost invariably accompanied by limited vocal intensity. As for vocal rough-
ness, or “harsh quality,” itis de ned as dregular, aperiodic noise in the vocal fold
spectrum caused by an excessive laryngeal tengjBaitbanks196Q 179; Laver,

1980 133,1994 477). Though the indication of psychological attributes conveyed
through voice quality has aroused researchers’ attention since ancient times (Laver,
2009 38), this belief has long found rather eccentric and impressionistic assertions.
For example, a breathy quality was supposed to show that men were “aesthetic”
and women “pretty and callow”; at that men are “distant” and women “hard and
lethargic”; nasal that men are “unattractive and self-effacing” and women the same;
tense that men are “cantankerous” and women “high-strung”; throaty that men are
“stable” and women “oa sh”; orotund (or loud) that men are “suave” and women
“aggressive”; and so on. The idea that personality characteristics are correlated with
voice quality has recently been tested more scienti cally, and although some con-
troversy remains, it must be admitted some correlations do exist. Among the few
studies that have tackled the topic of vocal breath and/or vocal roughness and their
effects on perceived voice attractiveness, it has been shown that harsh voices are
regularly correlated with more aggressive, dominant, and authoritative personalities
while breathy ones are more frequently associated with self-effacing, submissive,
and weak temperaments. A way to quantify breathiness—which is caused by glottal
air leakage—is to measure harmonics-to-noise ratio (henceforth HNR), a measure
that quanti es the relative amount of additive nofsés for vocal roughness, it

3At the physiological level, low HNR values are believed to be related to insuf cient vocal fold
adduction during the so-called “closed” interval of the phonatory cycle. Insuf cient closure would
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results from irregular vocal fold vibrations. These vibratory perturbations have come
to be more commonly referred to as vocal jitter. As a matter of fact, a number of
investigators have demonstrated a signi cant correlation between increased levels
of jitter and perceived roughness (Lieberm&863 Moore & Thomson;1965. For
example, Babel et al2014 and van Borsel et al2009 found female voices were
perceived more attractive when breathy. Unexpectedly, Sebesta 20al) and

Xu et al. 013 showed signi cant relations between vocal breath and attractivity
for both sexes. A plausible explanation for male vocal attractiveness unexpectedly
enhanced by breathiness in this particular study lies in the fact that this predomi-
nantly feminine vocal feature may presumably soften the aggressiveness regularly
associated with low deep voices.

Though some other phonetic characteristics could be addressed so as to charac-
terize vocal attractiveness (e.g., preferences for speech tempo), the above overview
offers an exhaustive assessment of the state of the art regarding the topic and under-
lines the necessity to question both understudied acoustic parameters that may be
relevant for vocal pleasantness and the effect of language/culture on perceived attrac-
tiveness.

4.6 Sources of Variations in Vocal Preferences

Though some general tendencies emerge from studies dealing with vocal preferences,
some sources of variations should be mentioned. These are mainly of two different
natures. Some sources of variation seem to be due to physiological matters (i.e.,
variations in hormonal levels) while some others are more concerned with cultural
arguments (i.e., social representations).

4.6.1 The Effect of Menstrual Cycle on Females’ Vocal
Preferences

It has been suggested that women’s preferences maybe affected both by menstrual
cycle (i.e., whether they are in their ovulatory versus follicular and/or luteal phase)
and the context of mating they are looking for (i.e., short- versus long-term rela-
tionships). Feinberg et al2006, Pisanski et al. 4014, and Puts 2005 have put
forward the hypothesis ¢food genes ovulatory shiftivhich suggests that women

in ovulatory phase tend to prefer more masculine men (higher masculinity being
associated with a better genotypic quality according to the theory of immunocompe-

allow excessive air ow through the glottis, giving rise to a turbulence noise component in the
guasi-periodic source signal. This friction noise would result in a higher noise level in the spectrum,
especially in the higher frequencies.
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tence handicdf) more particularly in the context of short-term relationships (Juinger
et al.,2018. Conversely, in the context of long-term relationships, women in their
follicular and/or luteal phases tend to prefer men exhibiting less masculine traits,
indicating they are more likely to invest themselves in parental care. Such variability
in females’ preferences would account for an adaptive strategy allowing women to
optimize their tness (i.e., reproductive success) in function of their menstrual cycle.
As for vocal preferences speci cally, Put8Q05 noted that for the same vocal
stimulus, women in their ovulatory phase judge low-pitched masculine voices (i.e.,
low FO) more attractive when looking for a short-lived relationship. Likewise, Fein-
berg et al. 2006 and Pisanski et al2014) observed this choice is even more marked
for women in their fertility window. Hodges-Simeon et @00 also investigated
the effect of vocal resonance (i.e., formant dispersion) on females’ vocal preferences
and, though they could not nd any effect of the type of relationship (i.e., short
or long) speci cally linked to this feature, they showed women are more likely to
judge attractive masculine voices that exhibit a low dispersion of formants (i.e., deep
voices). They also notice a shiftin women'’s preferences as function of both menstrual
cycle and duration commitment: monotonous masculine voices (low FO-SD) being
judged as more attractive by unfertile women in the context of short-term liaisons
while the same vocal stimuli are perceived as more attractive for fertile women who
are engaged in a long-term relationship. Those somehow inconsistent results lead
some authors to question the validity of menstrual cycle as a reliable explanatory
factor for women'’s variations in their attractiveness preferences. For example, Jones
et al. 018 and Marcinkowska, Galbarczyk, and Jasiensd@l@ found no effect
of female’s menstrual cycle on body and face attractiveness evaluations of men.
Likewise, Junger et al.2018—using a robust methodology—could not con rm
any effect neither of cycle phases nor of steroids to explain females’ variations in
their choices. As for feminine voices, since laryngeal epithelial cells are known to
be highly sensitive to hormonal variations (Haselton, Mortezaie, Pillsworth, Bleske-
Rechek, & Frederick2007 Miller et al., 2007 Higgins & Saxman;1989 Abitbol
et al., 1999 Amir & Biron-Shental,2003 Bryant & Haselton2009 Fischer et al.,
2011, women’s voices undergo perceivable variation in their quality. As a matter
of fact, Pipitone and Gallup2008 have shown that feminine voices—which are
higher pitched when women approach their fertile period—are perceived as more
attractive by men whereas they sound lower pitched outside the ovulatory phase and
are, consequently, judged less appealing (Bryant & Hase@®Q Fischer et al.,
2011). These variations in females’ vocal quality are essentially due to changes in
estrogens and progesterone levels across the menstrual cycle, which lead to physio-

4The theory ofimmunocompetence handicap (ZaH&75 suggests that androgen-mediated traits
accurately signal condition due to the immunosuppressive effects of androgens. This immunosup-
pression may be either because testosterone alters the allocation of limited resources between the
development of ornamental traits and the immune system or because heightened immune system
activity has a propensity to launch autoimmune attacks against gametes, such that suppression of
the immune system enhances fertility. Therefore, only healthy individuals can afford to suppress
their immune system by raising their testosterone levels, which also augments secondary sexual
traits and displays (among which low deep voices for men).
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logical modi cations in the mass, the tension, and the viscosity of the vocal folds,
which in turn modify their oscillatory properties. It has been suggested these cyclic
vocal quality variations could have been adaptive since they could contribute to the
enhancement of women'’s attractiveness and facilitate mating when the risk of con-
ception is higher and, therefore, the chance to conceive higher (Fischeréx4.,
Pipitone & Gallup,2008 Puts et al.2013.

4.6.2 The Effect of Sociocultural Environment on Vocal
Quiality

Though they are remarkably scarce, the few existing studies that have investigated
the effect of sociocultural environment on vocal preferences have shown they are
not universal but language/culture dependent. For example, van Beza§gh (
demonstrated that Japanese women exhibited the highest vocal pitch among a large
sample of natural languages (i.e., 232 Hz) while the mean fundamental frequency
of American women is around 214 Hz and that of Dutchwomen close to 196 Hz.
Vaissiére 2015 found French women'’s voice are even lower pitched with a mean
FO close to 190 Hz. It has been suggested that these signi cant differences in female
vocal height could be constrained by speci ¢ cultural requirements that are them-
selves shaped by social values and expectations that are linked to the roles allocated
to women versus men and, more generally, to the stereotypes of feminity versus
masculinity de ned by the culture in question. Stereotypes of gender therefore vary
among different cultures as well as among different ethnic groups (LandB888&,
Harris,1994. In this way, the gure of feminity in Japanese culture is traditionally
related to modesty, innocence, gentleness, subordination, physical fragility, and psy-
chological submission (Sughira & Katsurad®99; these personality traits being
vocally signalized to Japanese men who share the same cultural background through
that famous'voix de petite lle” which has been subtly described by Lé48§1J).
Conversely, in the Netherlands—a country described as more egalitarian—women
exhibit more masculine (i.e., low pitched) voices since their culture favors psycho-
logical traits that are associated with female independence. In conclusion, it seems
that the acoustic features that are typical of feminine versus masculine voices are
not only due to anatomical and/or physiological criteria (i.e., vocal length tract and
hormonal level) but also to cultural aspects depending on the social values attributed
to sex roles in a given society. Besides, the studies conducted by Sebest204t 4. (

and Shirazi et al.2018 have shown that cultural expectations do not only con-
cern vocal height. For example, in a Namibian population, male attractiveness is
not predicted by FO but by the degree of vocal breathiness they exhibit. Likewise,
in the Philippines, females tend to prefer men with higher pitched voices. Though
the effect of sociocultural representations on voice has been focused on, there is, to
our knowledge, no study that aimed at identifying the factors of this variation. Yet,

it does not seem to occur randomly in the same way as it has been observed for
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the evolution of the waist-to-hip ratio (Bovet & Raymorf)15 Bovet,2019, the

body mass index, or the stature, in which variations have been shown to be partly
due to the ecology (see Pisanski & Feinberg, 2013 for a discussion), and that is why
cross-cultural surveys are still needed to evaluate the weight of culture on vocal pref-
erences. The scope of research dealing with voice attractiveness should also consider
the issue of preferences limitations. As a matter of fact, there are very few studies that
tackle the topic of superior and/or inferior limits above/below which a voice is no
longer perceived as attractive. Among these, Re eR8ll? have shown women'’s
preferences do not vary when male vocal pitch is below 96 Hz, but when they have to
choose between two stimuli above this value, they regularly prefer the lower voice.
As for men, to our knowledge, two studies were interested in determining a vocal
height threshold (in the range 160—-300 Hz) below/above which female voices would
no longer be perceived as attractive (Feinberg eP8D8a 2008h Re et al.2012.
Results show men always consider high-pitched voices as more attractive for women.
Moreover, Borkowska and PawlowsE{11) reported a non-linear relation between
vocal height and attractivity, the latter starting to decrease when FO is close to 260 Hz.
According to the authors, this may be due to the fact that high-pitched voices are
commonly associated to sexually immature females. Though works dealing with the
determination of perceptive thresholds from which vocal attractiveness is affected are
stillin the pipeline, several studies have shown that straight after a voice is perceived
as too distant from the norm, it is often categorized as pathological and associated
with negative personality traits (Barkat-Defradas et2015 Revis,2017).

Conversely, vocal attractiveness has a profound in uence on listeners—a bias
known as théwhat sounds beautiful is goodvocal attractiveness stereotype—with
tangible impact on a voice owner’s success at mating, job applications, and/or elec-
tions (Zuckerman & Driver]1989. This led some authors, like Bruckert et 2000,
to test the effect of averaging voices via auditory morphing on perceived attractiv-
ity. Overall, their results reveal that the larger the number of voices averaged, the
more attractive the result. This is partly because composite voices have a smoother,
more regular texture and also because they sound more like the average voice and
re ect norm-based encoding of vocal stimuli. Preferences for some voices may also
be explained by the principle of sparseness. It has been demonstrated that human
perceptual systems (visual, auditory, and olfactory) have been selected so as to code
the information ef ciently that is to say quickly and as parsimoniously as possible
to be in line with the principle of least effort (Renoult, Bovet, & Raymo2dl16.

Such a cognitive process relies on the elimination of the redundant components of a
signal, by which processing is consequently more accurate and less costly while the
storage and the retrieval of relevant information is more ef cient. Nevertheless, the
neuropsychological mechanisms driving the coding of acoustic signals in relation
with vocal attractivity has received little scienti ¢ attention and, to our knowledge,
there is no study investigating these aspects speci cally. Yet, since clear evidence for
interference between facial and vocal information has been observed (Aben, P igera,
Koppensteiner, Coquerellee, & Gramm2g15, it seems reasonable to claim that
vocal and facial cues convey redundant information about a speaker’'s mate value
and thus may serve as a backup signal for human mate choice decisions.
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4.7 How Evolution Shaped Human Voice via Opposite
Sex’s Preferences

Though it is easy to understand how morpho-anatomical, physiological as well as
behavioral differences between species result from natural selection and environmen-
tal adaptations, in some famous cases, those well-known mechanisms fail to explain
the existence of certain remarkable features (Darwin, 1871). The iconic example
that is traditionally invoked to illustrate this point is the male peacock’s Ral/¢
cristatug, which is adorned with iridescent feathers. Darwin himself recognized this
extravagant ornament contradicted his theory of natural selection. As a matter of
fact, no doubt the male peacock’s tail represents a critical bulk for his ight, and its
outstanding colors has the disadvantage to attract his predators’ attention. Besides,
noting their absence in females and juveniles, the author concludes such an orna-
ment cannot serve the animal’s survival. Indeed, if peacocks’ tail feathers were useful
against predators then females and juveniles would exhibit the same. Therefore, he
suggests the presence of some morphological characteristics cannot be explained
solely by the advantages they provide to their bearers in terms of survival (which
refers to “natural selection” itself) but also in terms of mating and tness (which
refers to a complementary concept, he de nes as “sexual selection”). According
to Darwin, sexual selection is restricted to secondary sex charactérisiosong

which body size—and explains why many species exhibit sexual dimorphism at sex-
ual maturity through the spectacular feathers of the birds-of-paradise, the impressive
antlers of the male members of the deer family and, last but not least, vocal dimor-
phism in humans, among other dimorphic traits. The theory of Ohala’s frequency
code (1984)—inspired by Mortori977%)—indicates that despite the development

of highly complex language capable of conveying ne subtleties in meaning, humans
still use an encoding strategy similar to the one widely used by nonhuman animals,
namely, (i) by using relatively low-frequency sounds to indicate they are likely to
attack versus (ii) more high-frequency soundsto indicate they are submissive, appeas-
ing, or fearful. Here pattern (i) is to project a large body size so as to threaten the
receiver, because a larger animal has a better chance at winning a physical con-
frontation. Pattern (ii) is to project a small body size to attract the receiver, because a
smaller animal is less likely to be a threat (Mortd877). Following this reasoning,
Ohala (984 argues the longer vocal folds of human males may have evolved under

5Secondary sex characteristics are features that appear during puberty in humans, and at sexual
maturity in other animals. Secondary sex characteristics include, for example, the manes of male
lions, the bright facial and rump coloration of male mandrills, and horns in many goats and/or
antelopes. In humans, visible secondary sex characteristics include pubic hair, enlarged breasts and
widened hips of females, facial hair, Adam’s apples on males, etc.

61n a famous article dealing with vocal communication in animals, Mort@7{ introduces his
motivation-structural rules theory, which suggests physical proprieties of acoustic signals (sounds

of high versus low frequencies) are motivated since they re ect the vocalizer's body size and inform
about his/her intentions and/or emotional state. He argues a large number of birds and mammals use
low-frequency sounds to express hostility, threat, and aggression whereas high-frequency sounds
are rather used to express fear, submission, and “amicability.”.
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a selection pressure to compete with other males in achieving dominance for the
sake of gaining access to female mates (i.e., intra-sexual selection). Likewise, the
longer vocal tract of males may have evolved under the same pressure, as it may also
re ect a larger body size and attract females (i.e., inter-sexual selection, see Puts
et al.,2006for an exhaustive presentation of the role of intra-selection in males).
Extending the mechanism further, the shorter vocal folds and vocal tract of females
may have developed under a pressure in the opposite direction, i.e., to project a small
body size in order to attract male mates. To sum it up, by making an analogy between,
on the one hand, the appearance of antlers in male deers, which develop when they
attain sexual maturity and, on the other hand, voice change in pubescent boys, Ohala
was a pioneer in assessing the functional role of sexual selection for the emergence
of vocal dimorphism in humans.

| think the enlargement of the vocal apparatus also occurs to enhance aggressive
displays. Males, by their role in the family unit and the fact that they compete for the
favors of the female—i.e, they are subject to what Darwin called sexual selection—
would be the ones to develop such deviations from the ‘norm’. However, they would
only need these aggressive decorations when they are ready to compete and retain
the favors of a female, that is, at the time of sexual maturity (Ol&l&4 14).

4.8 Conclusion

This contribution aimed at showing the mechanism of sexual selection formalized by
Darwin as early as 1871 constitutes a crucial force in the evolution of voice, which
directly intervenes in reproductive strategies. Though such an argument has been
considered as obvious for many species, it is only at the very beginning of the 2000s
that the phenomenon of vocal dimorphism has been tackled in relationship with Dar-
win’s theory. As a matter of fact, it is surprising that the study of language activity has
long been conducted without any reference to its biological function. Traditionally,
humanities (anthropology, linguistics ...) used to consider language as a pure cultural
product, which had been created by humans in the same ways as writing or art (Levi-
Strauss, in Charbonniet959 48; Noble and Davidsorl996 214; Tomassello,

1999 94), and which developed irrespective of any selective pressure (Chomsky,
1975 75). In this purely cultural conception, the study of ultimate (or distal) causes
explaining the existence of vocal dimorphism in terms of evolutionary forces has
been left aside for the bene t of extensive analyses of proximal mechanisms, which
explain its biological function in terms of immediate physiological or environmental
factors. Yet, a transdisciplinary approach—at the crossroad of linguistics and evolu-
tionary biology—is of a great interest to better understand the whys and wherefores
of the evolution of articulated language in the human lineage. Indeed, beyond its
evidenced social function (Dunbar, Duncan, & Netll895, vocal behavior should
undoubtedly be regarded as a reliable way to display one’s phenotypic value (Puts,
2010. Moreover, the existence of a low laryngeal con guration—an indispensable
condition for language—in many non-speaking species undermines the hypothesis
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of a speci c adaptation to language in humans (Fitch & R&9@7). Reversely, con-
sidering such a disposition is present in several animals of different species clearly
indicates it has evolved during phylogenesis to respond to other functions.
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Chapter 5
What Does It Mean for a Voice to Sound | o
“Normal”?

Jody Kreiman, Anita Auszmann, and Bruce R. Gerratt

Abstract It is rather unclear what is meant by “normal” voice quality, just as it

is often unclear what is meant by “voice quality” in general. To shed light on this
matter, listeners heard 1-sec sustained vowels produced by 100 female speakers, half
of whom were recorded as part of a clinical voice evaluation and half of whom were
undergraduate students who reported no vocal disorder. Listeners compared 20 voices
atatime in a series of sort-and-rate trials, ordering the samples on a line according to
the severity of perceived pathology. Any voices perceived as normal were placed in
a box at one end of the line. Judgments of “normal” versus “not-normal” status were
at chance. Listeners were relatively self-consistent, but disagreed with one another,
especially about what counts as normal. Agreement was better, but still limited,
about what counts as “not normal.” Strategies for separating “normal” from “not
normal” differed widely across individual listeners, as did strategies for determining
how much a given voice deviated from normal. However, acoustic modeling of
listeners’ responses showed that several acoustic measures—FO0, F1 and F2, and FO
coef cient of variation—appeared more often than others as signi cant predictors of
both categorical judgments and of scalar normalness ratings. These variables did not
account for most of the variance in these analyses, and did not appear together in the
perceptual models for even half of the listeners, but they did appear individually in
most analyses, suggesting that in practice the concept of “normal” may have some
small core of meaning based on FO and vowel quality. Thus, the answer to our initial
guestion of what it means for a voice to sound normal is a complex one that depends
on the listener, the context, the purpose of the judgment, and other factors as well as
on the voice.
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Keywords Voice quality - Normal voice: Dysphonia- Voice perception Voice
disorders: Listener: Agreement

5.1 Introduction

The voice literature provides surprisingly little insight into what it means for a voice

to be “normal,” despite the fact that much depends on the concept of a normal voice.
Many studies have shown that a listener’s perception of vocal abnormality may
lead to negative assessments of the personality, health, intelligence, or social desir-
ability/social attractiveness of the speaker. For example, Amir and Levine-Yundof
(2013 found signi cant differences between speakers with voice disorders and non-
dysphonic speakers with respect to listeners’ judgments of attractiveness, agreeable-
ness, reliability, potency, aggressiveness, and tenseness. Similarly, Maryn and Debo
(2015 found a correlation of # 0.85 between clinicians’ ratings of severity of dys-
phonia and naive listeners’ ratings of healthiness. Similar results have been reported
for adult or child listeners, and for expert and naive judges (EatjeResults also
appear to apply to both child and adult speakers, and are robust cross-culturally (e.g.,
Altenberg & Ferrand2006 Irani et al.,2014. These kinds of effects can cause
embarrassment and interfere with job performance; in the worst case, they can lead
to reduced career opportunities and social isolation.

In clinical settings, a clear understanding of “normal” voice would seem to under-
lie the entire diagnosis-and-treatment enterprise. A sense that a voice does not sound
normal leads patients to initiate treatment, and “normal” serves as a target for deter-
mining when therapy is complete. Studies of treatment ef cacy logically depend on
de ning a normal voice as a target, and the practice of establishing normative values
for instrumental measures of voice assumes that “normal” has at least a relatively
constant meaning.

Despite the importance of “normal” in understanding voice and voice disorders,
authors discussing the nature of normal voice have typically emphasized the dif culty
of pinning down exactly what it is, echoing Sundberd989 lament that everyone
knows what voice is until they try to be speci c. Discussions of normal quality
have focused on two main themes. The rst and more common one describes a
normal voice as one that properly presents the person speaking—their age, sex,
emotional state—and that adequately meets the speaker’s occupational and social
communication needs (e.g., Behlau & Murd@12 Dehqgan et al.201Q Greene &
Mathieson,1992 Johnson et al.1965 Aronson & Bless2009. Such de nitions
emphasize the functionality of a voice. For example, Greene and Mathi&388 (
wrote:

The simplest de nition of normal voice is it is ‘ordinary’: it is inconspicuous with nothing

out of the ordinary in its sound. To achieve this standard of acceptability, the voice must
be loud enough to be heard, and appropriate for the age and sex of the speaker. It must be
reasonably pleasing to the ear of the listener, modulated and clear, not droning and at or
hoarse and breathy. It must be appropriate to the context and not too loud or assertive. (p. 43)
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Table 5.1 Representative studies showing perceptual and social sequelae of perceived disordered

voice or speech

Speakers Listeners Attribute judged | Result References
Normal and Children Social acceptanceNegative Blood and
hypernasal responses Hymen (1977)
children increased with

increasing

hypernasality
Normal and Children Social acceptanceEven Watterson et al.,
hypernasal mild-to-moderate (2013
children hypernasality

decreased social

acceptance
Normal and Teachers Personality Voice disorders | Zacharias et al.,
dysphonic female increased (2013
adolescents negative

perceptions
Normal and Adults; Personality Even mild voice | Altenberg and
dysphonic adult | monolingual and disorders led to | Ferrand 2006
females bilingual, negative

younger and older impressions, for

all listener groups
Normal and Adults Personality, Nasality and Blood et al.,
dysphonic adult attractiveness | breathy/harsh | (1979
females quality both

associated with

worse perceptions
Normal, Students with andSocial desirability Ratings were Lallh and Rochet
dysphonic, and | without more negative for (2000
hypernasal information about speakers with
females voice disorders voice disorders
Normal and Adult SLPs; Healthiness Even slight Maryn and Debo
dysphonic adults| naive listeners dysphonia (2015
and children produced the

perception of

unhealthiness
Normal and Young and older | Personality Dysphonia Amir and
dysphonic adults associated with | Levine-Yundof
speakers of negative (2013
Hebrew perceptions, for

women more tha
for men

n
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It follows from this de nition that standards and judgments will vary across lis-
teners and contexts. For example, Modt84(1) wrote:

It is apparent that the voice is abnormal for a particular individual when he or she judges it

to be so regardless of the circumstances. Judgment implies a set of standards that are learned
through experience and that are related to the judge’s own aesthetic and cultural criteria.
Judgment also implies that standards are not xed, that there is opportunity for more than
one conclusion. This exibility in determining the defectiveness of voices does not alter the
validity of the basic de nition of voice disorders, but it does underscore the observation that
vocal standards are culturally based and environmentally determined. (p. 535)

However, to our knowledge the nature and extent of this variability have not been
studied, nor have the factors conditioning variability in perceived vocal abnormality.

A second de nitional approach emphasizes physical normalness, without partic-
ular concern for vocal quality or for use of the voice in communication. For example,
normal voice can be characterized as the acoustic product of a normal vocal tract
that is functioning normally (Mathieso2000 or as a voice produced by a speaker
with no current or previous voice complaint and that passes a perceptual evaluation
by a speech-language pathologist (Bonilha & Deliy2Ki0g.

To our knowledge, no empirical data exist in support of either of these views. Inthe
face of the importance a perceived voice disorder can have for a speaker, clinicians
and scientists have proceeded as if “normal” unambiguously exists. For example,
numerous studies propose algorithms devised to automatically separate normal from
pathological phonation, arguing that such algorithms bring needed objectivity to
clinical voice evaluation (e.g., Arias-Londofio et &011 Orozco-Arroyave et al.,

2015 Wang et al. 2011 Moro-Veldzquez et al2016. “Normal” in these studies
remains an unexamined concept, and algorithms typically show good classi ca-
tion accuracy (usually 90% correct), suggesting this approach is not unreasonable.
Similarly, many more studies have reported normative values for acoustic (e.g., Goy,
Fernandes et al2013 Wuyts et al.,2002, physiological (e.g., Xue & Ha®006),

and/or aerodynamic measures of voice (e.g., Lewandowski et al., 2017), again imply-
ing that it is possible to de ne “normal” as a quality with clear boundaries. The voice
literature thus presents a paradox. Clinical concerns combined with the demonstrated
social and personal importance of sounding normal lead researchers to design studies
that assume a clear boundary between normal and not-normal phonation, while at the
same time arguing that no such boundaries exist in theory, all of this in the absence
of empirical evidence about what sounds normal or not normal to listeners.

This study is intended to address this situation. Our goals are to gather listeners’
assessments of the extent to which voices sound normal, and to seek insight into the
factors that determine whether a voice sounds better or worse to a particular listener.
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5.2 Methods

5.2.1 Speakers and Voice Samples

The voices of 100 female speakers were used in this experiment. Females (as opposed
to males) were selected for this preliminary study because of recent research interest
in the perception of normal versus abnormal female voice quality, particularly with
respect to vocal fry and “creaky voice” (Yuag281Q Anderson et al2014 Oliveira
etal.,2016. Fifty voice samples were drawn from an existing database of recordings
of speakers who had a diagnosis from an otolaryngologist (“not normal”). Voices
were unselected with respect to diagnoses, which included functional and neurogenic
disorders, mass lesions, re ux, and age-related dysphonia. Samples ranged from
extremely mild to very severe vocal pathology. An additional 50 voices were drawn
from the UCLA Speaker Variability Database (Keating e28118, which includes
multiple voice samples from over 200 male and female UCLA undergraduate stu-
dents, all of whom reported no history of voice or speech complaints (“normal”).
Note that although voices were categorized asormal based on diagnostic status,

no assumptions were made about the normal or abnormal quality of the voices, and
no attempt was made to select “normal” or “not-normal” voices that sounded more or
less normal, beyond informally ensuring that the “not-normal” samples represented
a broad range of severity of perceived pathology.

All speakers sustained the vowel /a/ as part of their recording sessions, and all
were recorded with a Briiel and Kjaer 1/2" microphone. Steady-state vowels were
studied rather than continuous speech, to allow listeners to focus on voice quality
and not on articulation or native/nonnative status of the speakers. Previous studies
(e.g., Gerratt et al2016 have shown negligible effects of stimulus type on quality
assessment. Samples were directly digitized at a 20 kHz (clinical samples) or 22 kHz
(normal samples) sampling rate, edited to 1s duration, and then downsampled to
10kHz prior to acoustic analyses and testing.

5.2.2 Listeners and Listening Task

Stimuli were assembled into blocks of 20 voices each, which in turn were assembled
into ve sets of nine trials (each trial comprising one 20-voice block), such that
across the ve sets of trials, every voice was compared at least once to every other
voice and every voice received a total of 90 ratings. Each listener heard 9, 20-voice
trials, for a total of 180 judgements/listener: each stimulus voice was judged at least
once/listener, with 80 voices repeated in 2 different trials so that test—retest reliability
could be assessed. (No voices were repeated within a single trial.)

All experimental procedures were approved by the UCLA Institutional Review
Board. Ten UCLA students and staff (aged 18-68; mean=a@d.5; sd= 9.67)
heard each set of trials, for a total of 50 listeners. All listeners reported normal
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Fig. 5.1 The testing interface for the sort-and-rate task. Listeners played each voice by clicking its
icon, and then dragged the icon to indicate (1) whether the voice sounded normal, in which case
the icon was placed in the box on the right and (2) if it did not sound normal, how close to normal
it sounded. The most abnormal-sounding voices were placed toward the left end of the line; those
that approached normal were placed near the box

hearing and received course credit in return for their participation. Clinicians were
not targeted separately during subject selection because evidence indicates they do
not differ signi cantly from naive listeners when judging the severity of dysphonia
(Eadie et al2010.

Subjects heard the stimuli over Etymotic insert earphones (model ER-1) at a
comfortable constant listening level. The testing interface is shown il Rigzach
icon in the gure represents a single voice token, randomly assigned to that icon.
Listeners played each voice by clicking its icon, then dragged the icon to a line to
indicate (1) whether the voice sounded normal, in which case the icon was placed in
the box on the right end of the line and (2) if it did not sound normal, how close to
normal it sounded (a visual sort-and-rate task; GrancqR@3. The most abnormal-
sounding voices were placed toward the left end of the line; those that approached
normal were placed near the box. Voices judged as equally dysphonic were to be
stacked on the line. Because the box for “normal” voices appeared rather small on
the screen, listeners were explicitly instructed that box size did not mean that there
were only a few normal voices in the set, and that they could place as many or as few
icons as desired in the box. Listeners were encouraged to play the voices as often
as required, in any order, until they were satis ed with their sort, after which testing
advanced to the next trial. The experiment was self-paced and listeners were allowed
to take breaks as needed. They were not told how many total speakers were included
in the experiment. Total testing time was less than 1 h.
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Table 5.2 Acoustic variables. Means and coef cients of variation were calculated for all measures
using VoiceSauce software

Variable De nition and reference

H1*-H2* Relative amplitudes of the rst and second
harmonics, corrected for the effects of formants on
amplitude (Hansor,997 Iseli & Alwan, 2004

H2*-H4* Relative amplitudes of the second and fourth
harmonics, corrected for the effects of formants on
amplitude

H4*-H2kHz* Relative amplitudes of the fourth harmonic and the

harmonic nearest 2 kHz, corrected for the effects of
formants on amplitude

H2kHz*-H5kHz Relative amplitudes of the harmonic nearest 2 kHz
and that nearest 5 kHz; H2kHz is corrected for the
effects of formants on amplitude

Cepstral peak prominence (CPP) The relative amplitude of the cepstral peak in
relation to the expected amplitude as derived via
linear regression; a measure of aperiodicity
(Hillenbrand et al. 1994

Energy Root Mean Square (RMS) Energy, calculated over ve pitch pulses.
Subharmonic-to-harmonic ratio (SHR)| The amplitude ratio between subharmonics and
harmonics; characterizes speech with alternating
pulse cycles (period-doubling; Sug002

Fundamental frequency (FO) The frequency of the rst harmonic
F1,F2,F3,F4 Center frequencies of the rst four formants

5.2.3 Acoustic Analyses

Acoustic measurements (TaBl®) were made on all stimuli to facilitate interpre-
tation of listeners’ perceptual strategies. As a set, these measures constitute a psy-
choacoustic model of voice quality (Kreiman et @014 and were chosen because

as a set they are suf cient to model the perceived quality of virtually any sustained
phonation. Variables were measured every 5ms using VoiceSauce software (Shue
et al.,2011), and then averaged across the entire utterance. Coef cients of variation
were also calculated as estimates of signal variability.

5.3 Results

Analyses fall into two groups, corresponding to the two approaches to de ning “nor-
mal” discussed in the Introduction. The rst analyses treated “normal” (i.e., placed
in the box by a listener; Fi%.1) and “not-normal” (placed on the line outside the

box) responses as straightforwardly categorical, consistent with de nitions of nor-
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Fig. 5.2 Accuracy of

classi cation judgments as a
function of the mean rating
(where a larger rating a
more normal voice). Open
circles represent
“not-normal” voices; lled
circles represent “normal”
voices.

mal as “lacking a diagnosis.” The second set of analyses treated ratings as forming a
continuum from most severe (), to normal € 1000), consistent with the idea that
perceived normalness varies continuously as a function of listening context (Gerratt
et al.,1993, social and/or communicative context, and other such factors. Both sets
examined (1) listener agreement about (the degree of) perceived deviation and (2)
the acoustic cues that explained listeners’ judgments.

Figure5.2 shows the relationship between these two measurement approaches in
a plot of categorization accuracy as a function of mean normalness ratings. In this
gure, a priori “normal” voices are plotted as lled circles and a priori “not-normal”
voices are plotted as open circles. Note that accuracy is greater for “not-normal”
voices than for “normal” voices: It is apparent from this gure that many voices
with diagnoses sound quite normal, and many nominally normal voices sound rather
abnormal on average. The majority of “normal” voices were judged normal less than
50% of the time, while only a few “not-normal” voices were incorrectly categorized
more than 50% of the time. Also note that the range of severity ratings for “normal”
voices completely overlaps that for “not-normal” voices, but not vice versa. This
pattern occurs because the normal end of the scale has an absolute ending point—a
voice cannot be more normal than normal—but one can always imagine a worse
voice, so that the left end of the scale can extend in nitely.
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5.3.1 Categorical Judgments of “Normal” Versus
“Not-Normal” Voice Quality

5.3.1.1 Can Listeners Accurately Separate Nominally Normal from
Nominally Not-Normal Voices?

If the boundary between normal and not-normal voice quality is ill-de ned, as sug-
gested by the papers reviewed in the Introduction, then it should be dif cult for
listeners to make categorical decisions regarding the status of a voice sample. This
proved to be the case. For voices deemed normal a priori, listener performance
ranged from 1.1 to 67.8% correct classi cation, with a mean of 34.1% correct (sd
= 14.64%), where chance is 50%. Performance was somewhat better for a priori
not-normal voices, which were correctly classi ed an average of 73.6% of the time
(sd= 14.99%), with a range of 45.6—100%. Chi square analyses indicated that lis-
teners heard only 2/50 a priori normal voices as normal at above chance levels, but
agreed at above chance levels that 30/50 normal voices were not normal. For a priori
not-normal voices, 35/50 were signi cantly often classi ed as not normal, and none
was incorrectly classi ed as normal.

Finally, d analysis (e.g., Green & Swetk966 was used to assess overall cate-
gorization accuracy across the entire group of listeners. In this contergasures
listeners’ ability to correctly identify voices as normal or not normal, independent
of response biases in favor of “normal” or “not-normal” responses. Ratings on the
normal/not-normal scale were quantized to range from 1 to 10, where 1 represented
the worst voice quality and 10 meant the voice had been classi ed as normal. These
rescaled values were then used to calculaterceach listener and for the group as a
whole (Macmillan & Creelmar2005. Results for both the pooled listeners and for
individuals indicated that performance was at chance levels. For the pooled listeners,
d equaled 0.21, while across individual listeners, values averaged 0.24, with a range
of $S0.27-0.81 (s& 0.28). We conclude from these data that listeners were unable
to distinguish nominally normal from nominally not-normal voices at above chance
rates, due to misclassi cations both of normal voices as dysphonic and of not-normal
voices as normal.

5.3.1.2 Do Listeners Agree with One Another in Their Categorical
Judgments?

Although listeners were inaccurate in their categorical responses, it is possible that
this occurred because some of the clinical voice samples were very mildly deviant,
and some of the nominally normal voices were characterized by high or low FO,
vibrato, vocal fry, and/or breathiness, which could be interpreted as abnormal. This
is especially possible when not normal is de ned entirely in terms of physiology,
because abnormal-appearing vocal folds can sometimes occur without any perceptual
consequences. If this is the case, listeners might agree in their normal/not-normal

470006_1_En_5_Chaptef ] TYPESET[__|DISK [_JLE [_]CP Disp.7/9/2020Pages105 Layout: T1-Standard ‘




Editor Proof

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

98 J. Kreiman et al.

judgments, even though these do not correspond to the clinically de ned state of
affairs.

To assess this possibility, we examined listener agreement about vocal status,
independent of the existence of a diagnosis. Listeners did not agree unanimously
that any voice was normal; they were unanimous regarding only a single not-normal
voice. Signi cant agreement was almost as uncommon as unanimous agreement.
Chi square analyses showed that listeners agreed at above chance levels that only
2/100 voices were normal (both of which were in fact normak [©.05); they
agreed at above chance levels that 65/100 voices were not normal (30 of which were
nominally normal, as noted abovesp0.05). We conclude that listeners are no more
in agreement than they are accurate when asked to judge whether or not a voice is
normal.

5.3.1.3 Are Listeners Self-consistent in Their Judgments?

Two possibilities emerge from the ndings that listeners are highly inaccurate and
disagree widely when asked to judge whether a voice is or is not normal. First, it is
possible that “normal” is truly meaningless in practice. However, it is also possible
that every listener has his/her own consistent idea of what “normal” is, but that these
ideas differ from listener to listener. To examine these possibilities, we calculated
intrarater agreement in normal/not-normal judgments for the 80 repeated ratings
each listener provided. Average intrarater agreement equaled 75.8%, with a range
from 57.5 to 94.4% (s& 9.22%; chance 50%). Three of 50 listeners were self-
consistent at rates below 60%; 30/50 were self-consistent at rates of 75% or above.
These results indicate that most listeners are reasonably reliable when they report
that a voice is or is not normal, but suggest that the basis for these judgments may
vary across listeners, leading to self-consistency but low interrater agreement. We
pursue this possibility in the next section.

5.3.2 Can We Predict Listeners’ Categorical Responses from
Voice Acoustics?

Linear discriminant (LD) analysis was used to determine how well listeners’ cat-
egorical “normal” versus “not-normal” judgments could be predicted from voice
acoustics (regardless of the existence/non-existence of a diagnosis). All variables
from the psychoacoustic model were entered simultaneously into the analysis. One
eigenfunction accounted for 100% of the variance in the data (canonical correlation
= 0.263; Wilks’ lambda= 0.931; chi square 642.72, df= 14, p< 0.001). 70%

of stimuli were correctly classi ed as perceptually normal or not normal. Predictors
with weights >= 0.3 (10% variance accounted for) included F2 (weigt$ 0.52),

FO (weight= 0.33), and FO cv (weight S 0.30). These results suggest that, even
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Table 5.3 Patterns of weights on eigenfunctions resulting from LD analyses relating individual
listeners’ categorical normal/not-normal judgments to acoustic variables

Primary predictor variable | Additional signi cant Number of listeners
predictors
Variability 14
Vowel quality 7
Vowel quality Variability 2
Vowel quality Noise 5
Vowel quality FO 5
FO 1
FO Noise 3
FO Spectral shape 5
Noise 6
Spectral shape 2

when considered as a group, listeners are not responding randomly, but also show
that only a few rather simple variables (vowel quality, pitch, and pitch variability)
are apparently shared across listeners.

To examine differences among listeners, we repeated the LD analyses for each
of the 50 individual listeners. Results showed signi cant classi cation based on
acoustic measures for all but 1 listener; across individuals, voices were correctly
categorized as “perceived to be normal” or “perceived to be not normal” 81.35% of
the time (sd= 6.64; range= 67.8-96.7%). However, listeners differed widely in the
measures that emerged from these analyses. For brevity of presentation, the acoustic
parameters were grouped into ve categories: variability (coef cients of variability
for all measures), vowel quality (F1, F2, F3, F4); spectral noise (CPP, energy, SHR),
FO, and source spectral shape (H1*-H2*, H2*-H4* H4*-H2kHz*, H2kHz*-H5kHZ).
Variables that weighted at 0.3 or higher on the eigenvector for each listener are
tallied in Table5.3. As in the group analyses just described, FO and vowel quality
were important for explaining individual listeners’ normal/not-normal decisions, but
overall acoustic variability and noise also emerged as important predictors.

Finally, context effects are well known to affect ratings of vocal severity. For
example, a given voice will sound rougher in the context of normal voices, and less
rough in the context of voices with severe vocal pathology (Gerratt et393. To
examine the in uence such effects might have had on perceptual strategies in the
present task, we repeated the LD analyses separately for each of the ve groups of
listeners. Recall that all listeners heard all the voices, but voices were grouped into
different sets of 20, so the context in which each voice was judged varied from group
to group. Results appear in Tabld. Groups did differ somewhat in the acoustic
variables that predict overall categorical response patterns. Notably, spectral shape
parameters appear in the solutions for two groups, and CPP appears in two other
solutions. However, the increased complexity of the sets of predictor variables did
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Table 5.4 Discriminant analysis results for the ve groups of listeners. All analyses(@001,
only weights exceeding 0.3 are listed

Listener group Variables (weights) % Correct
classi cation
1 CPP (0.46), CPP c\§0.41), F2 §0.35), F1 (0.34) | 70.3
F2 (50.50), H4*-2kHz* §37), H2*-H4* (0.31), FO| 66.7
cv (50.30)
3 F2 (50.49) 70.8
F0 (0.52), CPP cv§0.48), FO cv §0.44) 77.8
5 F2 (50.66), H4*-2kHz* (50.30) 64.0

not result in improved correct classi cation rates, which generally remained well
below those observed for individual listeners. This suggests that, although context
effects exist, individuals in even small groups=n10) vary enough in perceptual
strategies that controlling context effects does not improve correct classi cation to
any measurable extent.

To summarize, across all listeners, parameters associated with FO, FO variability,
and vowel quality appear to be important for separating normal from not-normal
voices for many, but not most, listeners, and thus provide at best moderate prediction
of how a voice will be judged. Listeners’ strategies vary with listening context, but
modeling this aspect of variation does not improve overall prediction. However,
LD analyses indicated that individual listeners’ strategies can be well predicted from
acoustics, but that listeners differ widely from one another. We conclude that listeners
disagree because they are using rather different perceptual strategies, which are more
idiosyncratic than they are context dependent. We examine this possibility further in
the next section.

5.3.3 Do Listeners at Least Sort Voices in Similar Fashions?

A nal possible explanation for our ndings is that listeners rank the voices similarly

on a scale from normal to maximally not normal, but differ in where they place the
dividing line between categories. This could also have occurred if listeners differed
in their interpretation of the size of the “normal” box in the experimental interface. To
investigate these possibilities, we calculated Spearman correlations between scalar
ratings for all pairs of listeners within a group. Rank-order correlations averaged only
0.267 (sd= 0.107; range= S 0.093-0.583), indicating that listeners do not agree
even about the relative normalness/not-normalness of the voices.
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5.3.4 Can We Predict the Extent to Which a Voice Sounds
Not Normal? What Parameters Are Associated with
Increasing Perceived Vocal Deviance for Individual
Listeners?

Analyses in previous sections have demonstrated that listeners are individually self-
consistent but inaccurate and in disagreement when separating normal from not-
normal voices. To investigate this further, we modeled each listener’s perceptual
strategy with a series of correlation and multiple regression analyses using only the
voices categorized as not normal. First, for each listener, we calculated a multiple
regression between the scalar not-normal ratings and the complete set of acoustic
measures, entered into the equationin ve blocks (F1, F2, F3, and F4; the coef cients
of variation; FO; CPP, energy, and SHR; and the four spectral shape parameters).
Order of entry was determined by the overall importance of the sets of variables in the
LD analyses (Tablg.3). Next, for each listener, we calculated Pearson’s correlation
between each acoustic measure and the scalar rating on the normal/not-normal scale
for that listener, again including only the voices that the listener categorized as not
normal. Finally, we calculated additional multiple regressions again relating ratings
to acoustic measures for each listener, but this time using only the variables that
were signi cant predictors in the rst regression for that listener plus any additional
variables that were signi cantly correlated with that listener’s not-normal ratings.
Results are shown in Taleb. All the regressions were statistically signi cant (p
< 0.01), butall accounted for rather small amounts of variance in listeners’ judgments
(mean r= 0.477; sd= 0.126; range= 0.227-0.699). As Tabk5 shows, every
variable contributed signi cantly to predicting ratings for at least one listener, but
FO, F1, F2, and FO cv stand out as more important across listeners than the rest.
Recall that these same variables were associated with categorical normal/not-normal
judgments for many listeners, as described above. This suggests that, for at least
some listeners, deciding whether or not a voice sounds normal and establishing
exactly how not normal it sounds depend on the same cues and thus are essentially
the same process.

5.4 Discussion and Conclusions

To summarize our ndings, judgments of diagnostically “normal” versus “not-
normal” status were at chance. Listeners were relatively self-consistent in their
judgments, but disagreed with one another, especially about what counts as nor-
mal. Agreement was better, but still limited, about what counts as “not normal.” This
may have occurred because of differences in the possible ranges of the two labels.
As noted above, the range of perceived not-normal quality can extend essentially
limitlessly. As a result, there will always be voices that are so far from the boundary
between normal and not normal that little or no ambiguity exists with respect to
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Table 5.5 The frequency with which each acoustic variable emerged as a signi cant predictor in
multiple regressions relating acoustic variables to the degree of perceived not-normalness. The most
important predictors are listed lold type. The maximum possible value is 58 the number of
listeners)

Variable # listeners for whom that variable was a
signi cant predictor of perceived
not-normalness

H1*-H2* 4

H2*-H4* 7

H4*-H2kHz* 3

H2kHz*-H5kHz 5

CPP 8

Energy 3

SHR 5

FO 19

F1 14

F2 24

F3 3

F4 3

H1*-H2* cv 1

H2*-H4* cv 4

H4*-H2kHz* cv 8

H2kHz*-H5kHz cv 3

CPP cv 9

Energy cv 7

SHR cv 3

FO cv 26

F1cv 2

F2 cv 2

F3cv 10

F4 cv 4

their status. In contrast, logically a voice cannot be more normal than “normal,” and
any deviation in quality, however slight, creates ambiguity (and hence disagreement)
about the voice’s status. The surprising aspect of our results was how completely the
category “normal” was compromised by this process.

The overall picture that emerges from the present data is one of differences
between listeners, but less so within listeners, in the attributes they pay attention
to when deciding that a voice is or is not normal. Strategies for separating “normal”
from “not normal” differed widely across individual listeners, as did strategies for
determining how much a given voice deviated from normal, and all variables in the
psychoacoustic model played a role in decisions for at least one listener. However,
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several variables—F0, F1 and F2, and FO cv—appeared more often than the others as
signi cant predictors of both categorical judgments and of scalar normalness ratings.
These variables did not account for most of the variance in these analyses, and did not
consistently appear as a set in the perceptual models for even half of the listeners, but
they did appear individually in most analyses, suggesting that in practice the concept
of “normal” has some small core of meaning based on FO and vowel quality.

We note that the “core” variables are also important determinants of individual
voice quality (see Kreiman & Sidti2011, for review), which is judged in terms of
a central category member and idiosyncratic deviations from that “average” voice.
Thus, it is possible that (at least some of the time), listeners assess normalness much
as they assess individual voice quality in general, with respect to a central pattern and
the deviations from that pattern that appear in the particular voice sample at hand.
Thus, the answer to our initial question—What does it mean for a voice to sound
normal?—is a complex one that depends on the listener, the context, the purpose of
the judgment, and other factors as well as on the voice.

A few limitations to this research should be noted. First, stimuli were steady-state
vowels rather than connected speech. This means that many details that can char-
acterize disordered speech were not available for consideration, including prosody,
articulation, pausing, and other vocal attributes. However, it seems unlikely that
inclusion of more complex stimuli would improve overall listener agreement, par-
ticularly with respect to which voices sound normal. This study was also restricted
to female speakers. While it is likely that different parameters will emerge from
studies of normal versus not-normal male voices, the fact that listeners’ behavior is
consistent with broader models of voice perception makes it unlikely that the over-
all pattern of results would differ substantially. Studies of male voices are currently
underway in our laboratory. Finally, the relatively small size of the response box
for “normal” voices in the testing interface (Fi§1) may have discouraged some
listeners from categorizing too many voices as normal, despite instructions that any
number of voices could be placed in the box. However, we note that correlation
analyses showed very poor agreement among listeners, suggesting that the effect of
this design issue on the overall pattern of results is minimal.

In conclusion, these results have implications for ongoing efforts to identify acous-
tic measures to screen for vocal pathology or the provision of normative values for
single acoustic measure. The nding that listeners are self-consistent but highly indi-
vidual in their perceptual strategies for determining what is and is not normal suggest
that automatic protocols or screening based on normative values may be of limited
clinical or theoretical use. Clear communication between clinicians and patients in
a context of cultural awareness would seem to be the straightest path to satisfactory
treatment outcomes.
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Chapter 6 )
The Role of Voice Evaluation in Voice
Recall

Molly Babel, Grant McGuire, and Chloe Willis

Abstract This chapter examines the relationship among a suite of voice evalua-
tion metrics—vocal attractiveness, voice typicality, gender categorization uency,
intelligibility, acoustic similarity, and perceptual similarity—in a set of 60 Amer-
ican English voices with the goal of understanding how these evaluation metrics
predict listeners’ abilities to accurately recall voices. This question of what makes a
voice memorable has been studied from a range of perspectives, as it raises critical
theoretical issues about auditory memory and phonetic encoding, in addition to hav-
ing applied concerns in the context of earwitness testimony. We nd that the more
subjective voice evaluation measures of stereotypicality and attractiveness predict
listeners’ ability to recall voices more so than the more objective measures related
to voice similarity and processing. These results suggest that listeners’ cognitive
organization of voices is in uenced by social assessments of voices.

Keywords Voice recall- Talker recognitiorr Voice evaluation Voice typicality -
PCA - Voice organization
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6.1 Introduction

This chapter examines the relationship between vocal attractiveness, voice typical-
ity, and other related vocal evaluation metrics along with listeners’ ability to recall
voices from memory. What makes a voice memorable has been studied from a range
of perspectives as it raises critical theoretical issues about auditory memory and pho-
netic encoding, in addition to having applied concerns in the context of earwitness
testimony. In this work, we explore some of the qualities of the voices that improve
and detract from voice recall performance.

Talker recognition or listeners’ ability to recall voices they have been previously
exposed to is highly affected by what is referred to adahguage familiarity effect
Listeners are more accurate at recalling voices that speak the same language as the
listener population (Goggin, Thompson, Strube, & Simerit@81, Perrachione &
Wong, 2007 Thompson,1987 Winters, Levi, & Pisoni,2008 Perrachione, Del
Tufo, & Gabrieli, 2011 Xie & Myers, 2015 Orchard & Yarmey 1995 Bregman
& Creel, 2014 or speak with a familiar accent (Goggin et @991, Stevenage,
Clarke, & McNeill,2012 Senior et al.2018 Thompson;1987 Perrachione, Chiao,

& Wong, 2010. The mechanism behind these ndings is generally considered to be
one of listeners’ familiarity with the phonetic distribution of sounds in the language

or accent. When listeners are familiar with a language or accent, they are better able
to determine which acoustic—phonetic features in the speech stream are language-
speci ¢ and which are attributes of a particular speaker’s voice (Winters @04l8
Perrachione, in press).

While this literature has established that voices with familiar languages and
accents are generally more accurately recalled, voices within a language variety
are not equally memorable. Within a language variety, what makes a voice more or
less memorable? Several studies have found that subjective listener ratings of dis-
tinctiveness, typicality, memorability, among other evaluative qualities can predict
which voices have better recall accuracy (Papcun, Kreiman, & DE9&§ Kreiman,

& Papcun,199% Yarmey,1991, O'Toole et al.,1998.

For example, Papcun et all989 exposed listeners to 10 voices that had been
previously rated on a scale from easy- to hard-to-remember and tested voice recall
in an open set task with 1-, 2-, and 4-week delays. Subjects were generally better
at rejecting novel voices rather than correctly identifying the voices that they had
been exposed to. Speci cally, the voices did not differ greatly in accuracy of recall,
but did differ in false identi cations, such that “hard” voices engendered more false
positives. Papcun and colleagues invoke a prototype model to explain these results,
hypothesizing that listeners characterize and remember voices in terms of a prototype
and deviations therefrom. Thus, more prototypical voices are hard-to-remember as
they are more similar to other voices and are more likely to be misidenti ed as a pre-
viously heard voice. Papcun and colleagues propose that easy-to-remember voices
are less stable in memory because the voice-speci ¢ traits that make a voice easy-
to-remember fade as a function of time, as the voice coalesces toward the prototype,
resulting in more false alarms in the longer test delays. The authors attribute this
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6 The Role of Voice Evaluation in Voice Recall 109

to “a psychological analog to statistical regression to the mean” and suggest that
hard-to-remember (prototypical) voices are more stable in memory than easy-to-
remember (atypical) ones (Papcun efl8I89 p. 923). In a follow-up study, Kreiman

and Papcunl99]) examined the discrimination and recognition accuracy of voices
from Papcun et al.1989. Overall, results were similar to the previous experiment:
voices that were rated easier to remember were less likely to be confused with other
voices while hard-to-remember voices were easily confused. Of special interest in
this study is that the accuracy results were compared with various acoustic and sub-
jective quality predictors (made by a separate group of listeners) that were assessed
via a multidimensional-scaling solution. The authors interpret the most predictive
dimensions for the discrimination results to be roughly equivalent to “masculinity,”
“creakiness,” “variability,” and “mood” while the recognition results were best pre-
dicted by what was interpreted as dimensions relating to“masculinity,” “breathiness,”
and “liveliness.” These descriptors and their relationship to voice discrimination and
recognition are applicable only to the set of 10 voices used in Kreiman and Papcun’s
studies, but the applicability of these dimensions illustrates the features in which
listeners cognitively organize this set of voices.

Voice typicality was the explicit subject evaluation under consideration in
Mullennix et al. 011). Mullennix and colleagues asked listeners to evaluate 40
voices for typicality, using these judgments to prune the larger set for a memory
task. The voices with the highest (4 male, 4 female) or lowest (4 male, 4 female)
typicality ratings were selected. An independent group of listeners were exposed
to the 16 subset voices in a vowel identi cation task, and were then given a sur-
prise memory task. Overall, listeners were more accurate with the voices they had
previously trained on, but showed a bias to make recognition errors when typical
voices were used as foils, especially listeners exposed to typical voices. A recur-
ring theme across these studies is that unique or distinctive voices are more easily
remembered. What listeners rate when evaluating voices in terms of distinctiveness
or typicality is not clear, but it appears to be a measureable quality that listeners
exhibit agreement on. Typicality and distinctiveness may be connected to speech
clarity and the predictability of phonetic variation. Voices vary in how clearly they
produce linguistic contrasts, and this variation in contrast clarity has implications for
how listeners process and recognize the speech stream (Bradlow, Torretta, & Pisoni,
1996 Newman, Clouse, & Burnhar2p01). How an individual manifests a phonetic
contrast is a talker-speci c feature that listeners track and exploit in subsequent pro-
cessing, spilling over into perceptual events beyond the moment of comprehension
(Theodore, Myers, & Lomibad015. Too much phonetic variation can affect lis-
teners’ con dence in their categorization of speech sounds (Clayards, Tanenhaus,
Aslin, & Jacobs2008. Unexpected or unfamiliar phonetic variation associated with
accents or dialects that are different from one’s own makes comprehension and recog-
nition more challenging (Clopper & Pisor#ip04 Bradlow & Bent,2008, and this
is often attributed to lack of exposure and experience. While this may be intuitive
when thinking about nonnative speakers, the evidence is mixed as to whether non-
native speakers are more variable in their acoustic—phonetic realizations than native
speakers (Vaughn et a02Q Wade, Jongman, & Seren2007). Talker variability
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110 M. Babel et al.

occurs within an accent or speech community as well (Stré9@Q Bradlow et al.,
1996 Babel & McGuire,2015, resulting in intelligibility and memaory bene ts for
familiar speakers (Nygaard & Pisordi998. Accents that may be less familiar, but
are the standard variety, often, however, show similar processing bene ts to famil-
iar varieties (Clopper2014 Clopper, Tamati, & Pierrehumbe016, suggesting

that the cognitive organization of voices is not exclusively tailored to the quantity
of experience, but may involve some preferential encoding of socially prestigious
exemplars (BabeR012 Babel, McGuire, & King,2014h Sumner, Kim, King, &
McGowan,2014).

How does the social evaluation of voices affect processing or the cognitive orga-
nization of voices? As is clear from the topic of this book, there is extensive evidence
that listeners assess voices in terms of their attractiveness. The patterns by which
voices are deemed attractive seem to be a combination of culturally acquired (Babel,
McGuire, Walters, & Nicholls2014aBezooijen,1995 and more strongly evolution-
arily encoded (Zuckerman & Miyak&993 Puts, Gaulin, & Verdolini2006 Riding
etal., 2006 Saxton etal.2006 Feinberg, DeBruine, Jones, & Perr@®08 Apicella,
Feinberg, & Marlowe2007) preferences that tap into acoustic—phonetic dimensions
that are related to sexually dimorphic traits. Many of the culturally acquired compo-
nents appear to stem from what is typical or standard within a speech community.
While there may be initial appeal in thinking of typicality or standardness in terms
of the pattern that is the most common or at the peak of a community’s acoustic—
phonetic distribution, linguistic standardness is much more of an imposed concept.
Listeners tend to show stronger recognition patterns for pronunciation variants that
are standard, despite a different pronunciation variant being far more frequent in the
input (Sumner & Samue2005 and listeners exhibit more false memories for a less
socially prestigious accent compared to a more prestigious accent, despite equiva-
lence in experience with the two (Sumner & KataoR@13. Media is one means
through which standardness and socially conditioned social preferences appear to
be formed for speech communities (Kinzler & DeJeg 3 Lippi-Green,2012.
Overall, this body of literature makes clear that not all voices are treated equivalently
in terms of processing and that both exposure and social preference play a role in
voice evaluation.

To better understand the dimensions on which listeners may organize voices and
how this organization may affect voice recall, we rst report on a set of experiments
and analyses intended to quantify the typicality of a set of voices from 60 American
English speakers. These experiments provide two response time-based measures—
Intelligibility and Categorization Fluency—designed to better re ect exposure by
tapping into online frequency effects. Previous research has shown that response
latency to voices is a proxy for familiarity; words are more likely to be recognized
quickly if heard in a familiar voice rather than an unfamiliar voice (Goldin)@86.

For the intelligibility task, listeners were asked to shadow voices embedded in noise
and in the Categorization Fluency task, listeners identi ed voices as male or female
in a speeded fashion. In both cases, faster responses indicate easier processing for a
given voice. Additionally, we provide two subjective assessments, perceived Attrac-
tiveness and perceived Stereotypicality. For both of these assessments listeners were
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6 The Role of Voice Evaluation in Voice Recall 111

asked to subjectively rate the voices on either their attractiveness or typicality. We
expect these measures to better tap into social preference. Because previous stud-
ies demonstrate that more similar voices are less likely to be remembered and are
more likely to be considered a previously heard voice, we also include two measures
of similarity, one based on auditory—acoustic measures, Acoustic Similarity, and
one based on comparative listener ratings, Perceptual Similarity. After reporting the
methods and results of each of these experiments, we examine to what extent these
measures tap into similar dimensions in Sé@&.7. Following this, Sec6.3reports

on a voice recall experiment, which we analyze with the voice evaluation metrics to
assess which voice metrics best predict voice recall performance.

6.2 Voice Evaluation Experiments

6.2.1 Materials for All Experiments

The voice stimuli used in all the experiments reported here were from participants
recruited as part of a previous study (Bal2€l12. They consist of 30 female (mean

age 24, range 18-57) and 30 male (mean age 24, range 18-47) native speakers of
American English reading 50 low-frequency monosyllabic words. For the present
study a subset of 15 words which contaiAli/ as the syllable nucleus were selected

for each voice, 5 words per vowel (Talélg).

6.2.2 Intelligibility

To quantify the intelligibility of the voices, we used a speeded shadowing task where
the response time to the onset of vocalization is taken as a proxy for how easy it was
for listeners to understand the utterance.

Table 6.1 Words used in the experiments organized by the vowel category for each item

1l /A Ju/
deed cot boot
key pod dune
peel sock hoop
teal sod toot
weave tot zoo
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112 M. Babel et al.
6.2.2.1 Participants

Thirty participants (15 male, 15 female) were recruited from the University of Cal-
ifornia, Santa Cruz, undergraduate population and were compensated with course
credit. All were native speakers of American English from the state of California.
Ages ranged from 18 to 23, mean 20.4 years.

6.2.2.2 Materials

The same voices and words used in the gender categorization uency task were used
in this task. Each individual sound le was embedded in pink noise@tB signal

to noise ratio (SNR). The noise began at the onset of each word and ended at the
offset of each word.

6.2.2.3 Procedure

Participants were seated in a sound-attenuated booth at a computer workstation wear-
ing AKG HSC271 model headset with integrated condenser microphone. The stimuli
were presented in a randomized order at a comfortable listening volume (approxi-
mately 70 dB). Subjects were asked to repeat each word, initiating their repetition as
quickly as possible without compromising accuracy. Response times were measured
from the onset of the stimulus to the onset of the subject’s production as registered
by a microphone connected to a PST serial response box. The response time for each
trial was displayed on the computer monitor to participants to help motivate fast
response times. This feedback screen was displayed for 1000 ms, after which a new
trial began. Each word production was recorded as a unique .wav le.

6.2.2.4 Results

Response time was automatically calculated for each production, and the accuracy
of each shadowed production was determined by manual coding. A custom-written
program brought up each individual sound le and provided an orthographic tran-
scription of the intended word. Each production was categorized as correct or incor-
rect. Productions with dis uencies, missing phones, or the wrong lexical item were
considered incorrect.

Accuracy of the repeated item is a measure of recognition. Femalke 8%
correct, SD= 39) voices achieved higher recognition rates than the male (8%
correct, SD= 42) voices [t (51.67¥ 2.47, p= 0.02], indicating that female voices
were overall more intelligible than the male voices. Correct responses for reaction
times within two standard deviations of the group mean were then aggregated across
words for each voice. Using response time to correctly identi ed items as a proxy for
intelligibility, we found no signi cant differences between male and female voices
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Fig. 6.1 Density plots showing the distribution of accuracy of correctly identifying each item (left
panel) in a speeded shadowing task and the distribution of voice intelligibility, as measured by
response lag (right panel) in a speeded shadowing task

[t (56.04)= 1.68, p= 0.098]. When items were accurately recognized, there was
no difference in the intelligibility of those items for female and male voices. These
aggregate measures mask the talker-speci c variability of these measures.g=lgure
provides density plots to illustrate the range of recognition scores (left panel) and
intelligibility (right panel).

6.2.3 Gender Categorization Fluency

In order to have an online estimate of typicality, the voices were assessed using
a gender categorization uency task. This is a speeded classi cation task where
subjects heard a single word and quickly decided the gender of the voice. Previous
work has used this for evaluation of typicality for faces (Orena, Theodore, & Polka,
2015 and voices (Strand,999.*

6.2.3.1 Participants

Thirty participants (15 male, 15 female) were recruited from the University of Cal-
ifornia, Santa Cruz, undergraduate population and were compensated with course
credit. All were native speakers of American English from the state of California.
Ages ranged from 18 to 24 years, with a mean of 21.

1The data from this experiment were originally reported in Babel and McG2ir&y.
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114 M. Babel et al.
6.2.3.2 Materials

In order for the task to be feasible for the participants to complete in 45 min, the word
listwas pruned to nine words for each talker (9 word80 voices= 540 stimuli). The
original word list was presented to an independent group of university students (n
23) who rated how likely each word was to be used by males or females. The words
teal, weave pod sod toot, anddunewere identi ed as the most gender-valenced of
the word set and were removed from the list.

6.2.3.3 Procedure

Listeners were presented with the individual words, one per trial. Words and voices
were randomized across all voices, and participants were prompted to respond to
each word by selecting whether the voice that said the word was male or female.
Reaction time feedback was given after each trial and listeners were asked to respond
in less than 500 ms. Each trial timed out after 1500 ms if no response was given.

6.2.3.4 Results

Response times for correct responses (98% of the data) made within two standard
deviations of the mean were then aggregated across words for each voice. The speed
at which listeners identi ed male (M 523 ms, SD= 17.5) and female (M= 525

ms, SD= 14) voices differed was nonsigni cant [t(55.93)0.56, p= 0.58].

6.2.4 Acoustic Similarity

To assess the voices in terms of their raw acoustic—auditory similarity, we calcu-
lated voice similarity using mel-frequency cepstral coef cients (MFCCs). While
MFCCs have no straightforward perceptual interpretations, they provide a global and
unbiased acoustic assessment of the speech signal. This type of unbiased acoustic
measurement is useful when trying to determine the extent to which listeners’ orga-
nization of sound patterns are faithful to acoustic—auditory parameters or whether
they are in uenced by listeners’ experiences (Cristia, Mielke, Daland, & Peperkamp,
2013 Mielke, 2012. The choice to use MFCCs, as opposed to resonant frequen-
cies or other spectral properties more readily connected to listeners’ perception of
phoneme categories, allows us to side-step any explicit decision about which aspects
of the speech spectrum to explicitly measure.
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6 The Role of Voice Evaluation in Voice Recall 115
6.2.4.1 Materials

The set of 15 words produced by the 60 talkers was used in this analysis.

6.2.4.2 Procedure

The MFCC acoustic similarity algorithm implemented in Phonological CorpusTools
(PCT; Hall, Allen, Fry, Mackie, & McAuliffe,2018 was used to quantify acoustic
vocal distinctiveness within the voice set. In this analysis, twenty-six mel-scaled tri-
angular lters are applied to a windowed signal, and the resulting spectrum is the log
of the power of each lIter. The mel-frequency cepstrum is calculated using a discrete
cosine transform, resulting in twelve coef cients. MFCCs are then compared using a
dynamic time warping algorithm, which ultimately returns the summed distances of
the best path through the data matrix. This comparison was done between matched
words and each voice in the data set. While dynamic time warping may eliminate
durational differences among tokens, and thus one cue to gender, it is a reliable
way to directly compare the tokens. We chose this method over correlation-based
approaches to quantifying spectral similarity because of precedent in the speech lit-
erature (Mielke2012 and the challenges of correlating signals of different lengths.

6.2.4.3 Results

To compare the acoustic vocal distinctiveness in the voice set, the similarity values for
each voice comparison were averaged and used to create a distance matrix. Distance
matrices were created separately for male and female voices as a combined analysis
resulted in a rst dimension that simply separated male and female voices. For both
female and male voice sets, a scree plot of stress suggested an elbow at the fourth
dimension, therefore a four-dimensional multidimensional-scaling solution was t

to each matrix using isoMDS() from the MASS package in R (Venables & Ripley,
Venables and Ripley2002). For the female set, the stress of the four-dimensional
solution was 8.28, while the stress of the four-dimensional solution was 6.78 for the
male sef The visualization of the rst two dimensions for both the female and male
voices sets are presented in the left panel of &&.We have made no attempt to
identify the dimensions.

To use the similarity scores alongside the other voice evaluation metrics, we cre-
ated a distance score for each voice. Given that talker gender was a robust dimension
on which the voices were separated in the MDS space, the voice distance score was
calculated separately for female and male voices. Following methods of calculating
vowel dispersion (e.g., Ménard et &013, acoustic voice similarity was calcu-
lated using the four dimensions of the MDS solution for each gender by taking the

2Note that these stress values are not indicative of a particularly strong t, indicating that more
dimensions might ultimately provide a better characterization of the data.
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