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INTRODUCTION 

IT is hard to imagine a topic of study with deeper roots throughout the world, and 
in more academic and professional disciplines, than voice. For example, the Sanskrit 
Hindu texts Natyasastra (dated between 200 B.C.E. and 200 c.E.) and Sangitaratnakara 
(thirteenth century c.E.) contain approaches to voice in the forms of a dramaturgical 
manual and synoptic music treatise, respectively. Sophisticated theories describing 
voice production and the relationship between voice and speech were well-established 
in the foundations of Western thought by the time of Aristotle (Laver 1981; Butler 2016; 
O'Neill 1980), as were other theories relating the sound of the voice to underlying char-
acteristics of the speaker (Sanford 1942), and complex frameworks for describing voice 
quality as an aspect of rhetoric ( Quintilian 95 c.E./1920; Pollux second century c.E., cited 
by Austin 1996 [1806]). These issues are still actively debated today, attesting to both the 
importance of voice and the difficulty of the questions. Over time, studies of voice have 
extended in range beyond questions of how we communicate personal identity, emot~on, 
and personality (and how we thereby influence listeners), to include the biomechanics 
of tissue vibration, the neurophysiology and cognitive psychology of voice production 
and perception, the art and science of the singing voice, vocal acoustics and aero acoustics, 1 

the role of voice in regulating behavior in humans and in nonhuman animals, signal 
processing and voice synthesis, the causes and treatment of voice disorders, speaker 
recognition by listening or by machine in everyday or forensic contexts, and dozens of 
other research topics. 

The range of what can reasonably be considered part of voice studies is part of the 
delight of this research area, but it also places an enormous burden of scholarship on 
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those of us who are concerned with how voice is produced, how it is perceived, how it 
accumulates meaning, and how to measure it in all of its many facets. Given the differ-
ences in the training and research interests of scholars across the disparate disciplines 
that study voice, it is probably not surprising that cross-fertilization of questions, ideas, 
methods, results, theories, and even terminology has been quite limited. In fact, so great 
is the incoherence of the voice literature that a new researcher scanning a handful of 
papers might be hard pressed to understand what different studies have in common, 
or even whether voice when studied by an otolaryngologist is the same thing as voice 
studied by a semiotician. In the absence of a common body of knowledge shared by 
everyone who studies voice, whatever their home discipline, this fragmentation is 
self-perpetuating: jargon, lack of appropriate conceptual tools, the difficulty inherent in 
mastering the methods of even a single approach, and antipathies that can exist between 
the sciences and the humanities all serve to discourage scholars from exploring topics 
outside their own (often quite narrow) research area, or from even considering forays 
into such unknown, possibly hostile territory (Gould 2003). It is difficult enough to keep 
up with the literature on laryngeal biomechanics, one might argue, without also reading 
papers in ethology, human development, musicology, and sociology, the relevance of 
which to one's own work may not be readily apparent. 

The goal of this chapter is to explore the implications of this situation and to build a 
case for the importance of a broad understanding of voice, and hence for the need for 
cross-disciplinary training. In part because disciplinary limitations apply to all scholars 
and disciplines, I will argue that without development of a truly interdisciplinary degree 
program in voice studies, our knowledge is likely to remain incomplete and unsatisfying, 
and long-standing blind spots will persist. I will then outline a preliminary curriculum 
as an invitation to conversation and debate about what a broadly cross-disciplinary voice 
studies program might look like. My own training in scientific approaches to voice gives 
this discussion a somewhat empirical perspective, which is not meant as a position 
statement. Instead, the curriculum that is put forth in this chapter (and in the accompa-
nying wiki page for ongoing collaboration and updates) is intended to start a conversation 
about voice studies within a higher education context. 

Do WE NEED VOICE STUDIES? 

It is worth asking at the outset if a specialized interdisciplinary course of study related to 
the voice is really necessary. After all, voice has been studied productively for millennia 
without any such thing, as the 18,000 references to the scientific literature in my data-
base testify.2 However, it is not difficult to demonstrate the limitations of even this vast 
body of research. For example, many scientists who study voice production devote little 
consideration to perception. Engineers, physicists, and others use computational and 
physical models to study vocal fold vibratory properties or aeroacoustics, with outcomes 
measured in terms of extent and symmetry of vocal fold vibration, mucosa! wave 
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motion, glottal gap configuration, existence and location of vortices in the airflow through 
the glottis, and other physical characteristics. It is quite unusual for reports of these investi-
gations to assess-or even mention-the perceived sounds that are produced by the models 
( although some recent work has begun examining the perceptual effects of changes in one 
or more aspects of voice production; see, e.g., Signorello et al. 2016). Even the acoustic signal 
is often ignored, or treated offhandedly as a byproduct of the production process. 

Such studies are sometimes criticized because models, being necessarily simplifica-
tions, may not represent real phonation especially well. A greater problem, however, is 
that without a listener, vocal folds may oscillate and articulators may vary the vocal tract 
shape, and as a result air molecules will move in particular ways, but the output of this 
process is vibration, and not the sound of a voice per se (Sterne 2003; Eidsheim 2015). 

The study of voice, like the study of sound in general, also benefits from consideration of 
the listening process, because listeners influence the perceptual process even before 
sound reaches the brain (Heffner and Heffner 2016). Head shape and size, external ear 
shape, the ear canals, and bone conductance all emphasize certain frequencies in the 
sound and de-emphasize others, before the sound ever reaches the listener's cochlea for 
transduction into neural impulses. Sound processing, once it starts, does not proceed 
passively from the bottom up: the influence of cognitive ( top-down) processes begins at 
the auditory periphery ( e.g., Krishnan and Gandour 2009 ), and factors such as attention 
and expectation, the listening and acoustic context, the listener's hearing ability, native 
language, and familiarity with the speaker affect what listeners ultimately perceive from 
the souni Like studies of voice production that disregard perception, acoustic studies 
that examine waveform characteristics such as aperiodicity3 or open quotient,4 but do 
not address perceptibility, overlook important information about voice, however much 
they improve our ability to describe waveform attributes. Nevertheless, such studies 
are clearly meant to be about voice, include the word "voice" or "vocal" in their titles 
(e.g., '"Finding a Voice': Imaging Features after Phonosurgical Procedures for Vocal 
Fold Paralysis" [Vachha et al. 2016);5 "Vocal Responses in Heightened States of Arousal" 
[ van Mersbergen et al. 2017 )),6 and appear in journals that focus on the study of the voice 
(for example, the Journal of Voice) . 

lfit is true that listeners influence what is heard, it is also true that they influence what 
is said and how phonation happens, as follows. The biological facts of phonation specify 
that voice necessarily encodes the body that produces it. For example, vocal tract reso-
nances depend on the size and shape of the vocal tract, which are constrained by the 
overall size of the animal (Fitch and Hauser 2003; see Kreiman and Sid tis 2011, for a 
review). This encoding reflects similar properties (e.g., personal identity, physical size, 
age, sex, reproductive fitness, dominance), albeit to varying degrees, across quite a sur-
prising range of species, including reptiles, anurans, birds, most mammals, and possibly 
even fish (Lengagne et al. 2001; Fine and Waybright 2015; Reber et al. 2015; Amorim 
et al. 2016). This wide distribution suggests that these abilities are biologically old and have 
been conserved across evolution for many eons, which would not have occurred unless 
Projection of biological information by voice served some important function for the 
Phonating animal. In other words, vocal encoding of biological information cannot 
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exist simply to en.:ode the speaker's chimcteristks. becJuse that ,oJ._. hJs no lll<',inin~ or 
function \\i thout a listener who hears the phon.1tion and m.ikes use of tht' information. 
which in turn somehow benefi ts the rncaliur. It follows that n1i,·e production is 
impossible to understand out oi the context of voke perception. Animals phonate to be 
heard, and the characteristics of the listener ultimately rnntribute along \\i th the chara.: -
teristics of the speaker to the shape vocalizations take. 

Beyond these short- and (very) long- tem1 biological pressures linking ,·oice produc-
tion to perception, it is also d ear that understanding voice production in a ge.neral way 
further requires considering the dynamic social and cultu ral fac tors that shape speak-
ers, listeners, and actual individual utterances. The phonating body is embedded along 
with the listener in a social context, or enculturation. For example, several studies report 
a cultural preference in Japan for women who speak using significantly and substan-
tially higher vocal pitches than are typical of either American or Swedish women (v-an 
Bewoijen 1995; Yuasa 2008).' Physical differences do not e:q1lain these dissimilarities, 
which average as much as 36 Hz and are easily perceptible. However, ratings of)apanese 
and Dutch female speakers on personality scales related to powerfulness and attractive-
ness suggested tliat Dutch listeners associated lower pitdies with attractiveness, while 
Japanese listeners preferred higher pitched voices. (Both listener groups associated 
higher pitch with less power.) These findings-similar ratings across groups with respect 
to power, but divergent aesthetic preferences for high versus low pitdi-suggest that 
Japanese women increase their fundamental frequency (Fo)' during speech due to cul-
tural standards for femininity (see also Starr 2015, for a more nuanced view).' Similarly, 
many prosodic features of speedi apparently begin as sociocultural markers of group 
membership. For example, many commentators note (or lament) the increasing use 
of "crealqr voice" or "vocal fry" in tlie speech of young professional women, although 
reliable data are scant (e.g., Yuasa 2010; see Podesva and Callier 2015, for a review).10 The 
messages conveyed by voices are thus not functions of just speakers and listeners, and 
the concept of voice necessarily implies a social being (Bertau 2007 ). 

Two EXAMPLES 

Two studies of fundamental frequency provide specific examples of the limits of 
explanations of voice quality derived solely from the perspective of voice production. 
Mean Fo represents the average rate of vocal fold vibration, and is well-correlated with 
body size across a number of different animal species, including rats, raccoons, mule 
deer, and African elephants (Titze et al. 2016). Larger animals have larger larynges than 
smaller animals, and larger larynges can accommodate larger vocal folds, which ( other 
things being equal) vibrate at lower rates than do smaller folds. From the perspective of 
production, this "size code" (Ohala 1983; Chuenwattanapranithi et al. 2008) is an incidental 
association whose biological value derives from the use listeners make of it. For example, 
male animals (which are generally larger than females) tend to have lower-pitched voices 


