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ABSTRACT:
The problem of characterizing voice quality has long caused debate and frustration. The richness of the available

descriptive vocabulary is overwhelming, but the density and complexity of the information voices convey lead some

to conclude that language can never adequately specify what we hear. Others argue that terminology lacks an

empirical basis, so that language-based scales are inadequate a priori. Efforts to provide meaningful instrumental

characterizations have also had limited success. Such measures may capture sound patterns but cannot at present

explain what characteristics, intentions, or identity listeners attribute to the speaker based on those patterns.

However, some terms continually reappear across studies. These terms align with acoustic dimensions accounting

for variance across speakers and languages and correlate with size and arousal across species. This suggests that

labels for quality rest on a bedrock of biology: We have evolved to perceive voices in terms of size/arousal, and these

factors structure both voice acoustics and descriptive language. Such linkages could help integrate studies of signals

and their meaning, producing a truly interdisciplinary approach to the study of voice.
VC 2024 Acoustical Society of America. https://doi.org/10.1121/10.0024609
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I. INTRODUCTION

This project began with a simple question: Why do we

insist on describing voices with terms like “breathy” and

“rough?” Ample evidence has long indicated that listeners

do not agree when asked to rate voices on these scales (e.g.,

Kreiman and Gerratt, 1998; Webb et al., 2003). In fact, lis-

teners do not even agree whether a voice is or is not breathy

or rough (Kreiman and Gerratt, 2000). Lack of agreement

appears to compromise meaning to the point that some have

argued that descriptive terms in general are useless as mea-

sures of voice quality (Bregman, 1990; Kreiman et al.,
1994; Kreiman and Gerratt, 1998). Nevertheless, these terms

remain in constant use in clinical, scientific, and informal

contexts and have been in such use for centuries [Austin,

1806; Lichte, 1941, Hirano, 1981; Kempster et al., 2009;

Malawey, 2020; see Kreiman and Sidtis (2011) for review].

Given their well-established weaknesses as measurement

tools and apparent lack of stable indexical meaning across

listeners, how do we justify our ongoing practice of labeling

voices in this way?

This question points to the general problem of creating

a comprehensive model of voice that relates perceived qual-

ity to physical voice signals, and vice versa. An extensive

literature describes attempts to quantify what listeners hear

in terms of instrumental measures of signal characteristics,

and a similarly large literature addresses listeners’

experiences in qualitative terms; but attempts to associate

measurements with descriptions of voice have not been

fruitful to date, and we have not solved the problem of con-

necting voice signals to the meaning they convey to listen-

ers, despite these long-standing efforts.

In this paper, I describe a possible way to resolve this

issue in the study of voice. I begin by briefly reviewing the

literature from different disciplines on descriptive terms for

voice. I will argue that a small number of dimensions

emerge rather consistently from these studies, along with

many other terms that vary widely from study to study.

Next, I review work showing that acoustic variability within

and across speakers can be characterized by a few dimen-

sions that are very widely shared, regardless of the speaker’s

gender, the language spoken, or the kind of speech sample

produced, again accompanied by a larger number of other

parameters whose salience depends on linguistic factors and

on the idiosyncrasies of the particular voice in question.

Finally, I argue that frequently emerging descriptive terms

align well with these shared acoustic dimensions and that

both are associated with physical size, reproductive fitness,

and arousal across many species and are thus biologically

significant. I conclude that the most commonly applied

terms for voice remain useful—and continue to be used—

because our use of language is partially structured by biol-

ogy. That is, we perceive voice in terms of these factors, and

our terminology reflects this structure without conscious

design, because these aspects of the meaning of a signal are

part of our evolutionary heritage. This provides a link

between qualitative and quantitative approaches to measur-

ing voice that is independent of both speaker and listener,

thus potentially forming a common foundation for both

a)This paper is part of a special issue on Iconicity and Sound Symbolism. A

preliminary version of this work was presented in “Labels for voices,”

International Congress of Phonetic Sciences, Prague, Czech Republic,

August 2023.
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kinds of study and a potential basis for truly interdisciplin-

ary approaches to voice.

II. THE “DUAL NATURE” OF VOICE QUALITY

Two primary approaches to the study of voice quality—

descriptive and quantitative—are apparent in the literature

(e.g., Barsties and De Bodt, 2015; van Elferen, 2018; V�elez,

2018). Both have the same general goal of explaining the

relationship between voice production and how the resulting

signal is perceived, but they differ in the starting point of

their inquiries. Descriptive studies examine quality from the

perspective of the listener. Such studies start with perceptual

measures or descriptions of a heard voice and then seek the

source of these impressions in the vocal signal or production

system. In comparison, quantitative studies start by targeting

some aspect of phonation or of the acoustic signal and then

attempt to identify the perceptual correlates of that mea-

sured attribute. I will review each approach briefly in turn.

A. Descriptive and qualitative studies

Whether focused on specific terms like “breathy” or on

more elaborate or nuanced descriptions, descriptive studies

of voice begin with a listener’s percept—with the meaning

conveyed by voice quality—and seek to explain why that

particular message was received. Because such studies focus

on what is heard, which is taken as given, they necessarily

assume that voice quality is a function of the listener and

not of the speaker (e.g., Fales, 2002; Eidsheim, 2019).

Rather like a tree falling in the woods, which generates

unheard (and thus meaningless) vibrations in the absence of

a hearer, a speaker produces something audible, but pre-

cisely what is heard (quality) depends not just on the physi-

cal signals and the speaker’s intentions, but also on the

listener’s affect and memory, attention, the conversational

setting, cultural structures, and a multitude of other factors

(Hajda et al., 1997; Kreiman and Sidtis, 2011; Heidemann,

2016). This perspective is nicely illustrated by the writing of

American author Raymond Chandler (1888–1959):

Then she laughed. It was almost a racking laugh. It

shook her as the wind shakes a tree. I thought there was

puzzlement in it, not exactly surprise, but as if a new

idea had been added to something already known and it

didn’t fit. Then I thought that was too much to get out

of a laugh (Chandler, 1939, p.196).

The meaning the protagonist (private investigator Philip

Marlowe) derives from this voice is clear, but it is difficult

for readers to imagine, let alone agree upon, what the voice

actually sounds like; and other listeners might well draw a

different impression from this laugh than Marlowe does.

Acoustic analysis would be uninformative in this case,

because the description reflects Marlowe’s personal evalua-

tion of what he hears, but not anyone else’s impression, and

not the actual sounds themselves.

Additional examples from Chandler’s writing (Table I)

further illustrate the denseness and variety of the information

conveyed by voice, descriptions of which are seemingly lim-

ited only by listeners’ imaginations, attention to different

aspects of what they hear, and taste for flights of fancy. The

apparent contradiction between an essentially infinite range

of possible interpretations derived from a single discrete sig-

nal has long been an issue in voice studies (e.g., Fales, 2002).

Some scholars have argued that descriptive terminology

derives from whimsy, analogy, metaphor, and historical tradi-

tion and lacks an empirical basis, so that language-based mea-

surement systems are a priori theoretically inappropriate

measurement tools (Kreiman and Sidtis, 2011). Others have

concluded that even given the vast range and power of

descriptive language, it remains inadequate to specify what

we hear (Kendall and Carterette, 1993; Malawey, 2020).

This gap between physical signals and meaning has also

impeded efforts to create a broadly applicable standardized

set of terms for different voice qualities, because reliable

associations between signals and descriptors have not

emerged even from experimental studies [see Kreiman and

Sidtis (2011) for review, or Dolan and Rehding (2018) for

review of studies of musical timbre that ask similar ques-

tions and use similar methods]. Experimental approaches to

descriptive terminology seek to constrain the descriptions

applicable to voice quality by identifying terminological

redundancies and overlap, thus reducing the set of possible

descriptors to a more manageable, empirically derived set of

orthogonal semantic dimensions that underlie the profusion

of possible descriptors found in the literature. A variety of

techniques have been applied to isolate these superordinate

dimensions. For example, investigators may ask listeners to

select the adjectives they feel apply to voice from a long list

(Gelfer, 1988; Carron et al., 2017) or to perform a free

description task (e.g., Paz et al., 2022). In another approach,

listeners rate voices (or other sounds) on large sets of

descriptive (e.g., breathy, strained) or semantic-differential

scales (hot-cold, loud-soft, big-small), which may be general

purpose (Osgood et al., 1957) or specific to voice quality

(Fagel et al., 1983). In a third method, listeners assess the

similarity of voices heard in pairs (e.g., Murry and Singh,

1980; Kreiman and Gerratt, 1996; Baumann and Belin,

2010). A data reduction step generally follows such

TABLE I. Detective Philip Marlowe’s impressions of some of the voices he

hears in the course of his investigations, from the novels of Raymond

Chandler. Chandler’s writing includes many such vivid descriptions of

voice.

“Please don’t get up,” she said in a voice like the stuff they use to line sum-

mer clouds with.

—The Long Goodbye (Chandler, 1953, p. 95)

The voice I heard was an abrupt voice, but thick and clogged, as if it was

being strained through a curtain or somebody’s long white beard.

—The Little Sister (Chandler, 1949, p. 41)

He sounded like a man who had slept well and didn’t owe too much money.

—The Big Sleep (Chandler, 1939, p. 43)
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perceptual assessments. Studies using semantic-differential

scaling typically apply factor analysis to reveal the primary

dimensions underlying the ratings (e.g., Osgood et al., 1957;

Voiers, 1964; Hirano, 1981). Similarity judgments may be

analyzed using multidimensional scaling, which outputs an

n-dimensional space in which the distances between pairs of

voices reflect their rated similarity (e.g., Kreiman and

Gerratt, 1996; Baumann and Belin, 2010). In either case,

experimenters interpret the derived scales or dimensions of

the perceptual space post hoc in terms of their statistical

association with instrumental measures (a “rate and

correlate” approach). Finally, in a non-experimental

approach with the same goals, clinicians and others have

devised “consensus models” for describing voice. In this

case, experts meet in groups and agree on a list of terms that

they feel are important descriptors (Hammarberg and

Gauffin, 1995; Porcello, 2004; Kempster et al., 2009;

Lechien et al., 2023). Results again vary across these stud-

ies, and no agreed-upon descriptive protocol exists, although

a number have been proposed (Hirano, 1981; Wirz and

MacKenzie Beck, 1995; Bele, 2007; Kempster et al., 2009).

In summary, descriptive approaches to voice quality

assessment can provide significant insight into the detailed

meaning listeners derive when they hear a voice. However,

what is heard and how it is understood do not depend solely

on the physical voice signals, so it is unclear how meaning

can be fully explained or predicted by acoustic or other

instrumental measures. Research has not produced a stan-

dardized vocabulary, either within or across disciplines, and

it is not clear how even commonly used terms relate to the

information listeners glean from voices. Thus, although

such studies are an essential part of a comprehensive

approach to voice, they are not sufficient on their own to

document either what listeners hear or why they hear what

they do.

Nevertheless, certain terms recur across studies, despite

our inability to explain their origin or meaning. A re-

examination of the literature indicates that across papers, a

small set of dimensions has, in fact, rather consistently

emerged, despite differences in the methods, voices, listen-

ers, and descriptive scales under examination. These dimen-

sions include something analogous to brightness/brilliance/

sharpness/clarity, which is associated with the distribution

of spectral energy in the voice; breathiness and/or rough-

ness, associated with noise or spectral irregularity; and full-

ness/richness, associated with the location of the spectral

centroid [e.g., Lichte, 1941; Voiers, 1964; Plomp (1970),

cited in Hermes (2023); von Bismarck, 1974; Pratt and

Doak, 1976; Wallmark and Kendall, 2021]. Reviews and

meta-analyses (Maryn et al., 2009; Barsties and De Bodt,

2015; Barsties et al., 2019) confirm this pattern. For exam-

ple, Barsties et al. (2019) reviewed many protocols for clini-

cal quality assessment and concluded that only scales for

breathiness, roughness, and strain are widely accepted.

Interestingly, similar sets of scales have emerged across cul-

tures and languages (Alluri and Toiviainen, 2012;

Zacharakis et al., 2014) and from studies of instrumental

timbre and animal vocalization (Lichte, 1941; McAdams

et al., 2006; Wallmark and Kendall, 2021).

B. Quantitative studies

A second approach to assessing voice quality involves

identifying salient or potentially meaningful physical attrib-

utes of the voice or voice production system and measuring

them instrumentally. This approach assumes that quality

inheres in the voice signal: The production mechanism cre-

ates the acoustic voice signal, which is causally linked to the

body that produced the sounds and necessarily reflects the

physical properties of the speaker (Heidemann, 2016;

Malawey, 2020). This signal in turn serves as input to the

perceptual mechanism. Because measures of acoustic sig-

nals quantify the input listeners have to work with, such

measures should shed light on how listeners perceive voices.

Hundreds of studies have examined the relationship

between voice production, acoustic (or other instrumental)

measures of voice, and/or voice quality [see, e.g., Buder

(2000) for review]. Such studies have somewhat varied

goals. For example, many studies have examined the acous-

tic attributes associated with a speaker’s identity or emo-

tional state (e.g., Becker et al., 2022; Gobl and N�ı Chasaide,

2003; L�opez et al., 2013). Additional recent work uses phys-

ical and computational models of production to examine the

physiological control of specific acoustic measures that are

associated with quality [Table II; see, e.g., Sundberg (1987)

for an introduction to voice production or Zhang (2016a) for

a more thorough discussion]. Studies using this approach

have begun to explain the ways in which speakers con-

sciously or unconsciously manipulate specific psychoacous-

tically motivated acoustic parameters (e.g., Zhang, 2016b)

but often do not measure perception directly. In contrast,

experimenters in typical older studies (e.g., Ryan and Burk,

1974; Streeter et al., 1983; S€odersten and Lindestad, 1990)

use regression or correlation to demonstrate the relationship

between instrumental measures and ratings of individual

TABLE II. Acoustic variables used to assess acoustic variability within and

between speakers. From Lee et al. (2019). H1* � H2*¼ the difference in

the amplitudes of the first and second harmonics, corrected for the influence

of formants on harmonic amplitudes; H2* � H4*¼ the difference in the

amplitudes of the second and fourth harmonics, corrected as above; H4*

�H2kHz*¼ the difference in the amplitudes of the fourth harmonic and

the harmonic closest in frequency to 2 kHz, corrected as above; H2kHz*

�H5kHz¼ the difference in the amplitudes of the harmonic closest in fre-

quency to 2 kHz, corrected as above, and that closest in frequency to 5 kHz;

CPP¼ cepstral peak prominence (Hillenbrand et al., 1994); energy¼ the

root mean square energy calculated over five pitch pulses; SHR¼ the

amplitude ratio between subharmonics and harmonics (Sun, 2002).

Variable categories Acoustic variables

Voice source F0

Formant frequencies F1, F2, F3, F4, formant dispersion

Harmonic source spectral shape H1* � H2*, H2* � H4*,

H4* � H2kHz*, H2kHz* � H5kHz

Spectral noise CPP, energy, SHR

Variability Coefficients of variation for all measures
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qualities or characteristics like breathiness, age, or emo-

tional state (a “rate and correlate” approach), with the goal

of finding reliable instrumental substitutes for unstable per-

ceptual judgments. Such studies have not identified consis-

tent correlates for familiar descriptive terms, much less for

the complex nuances of meaning found in everyday use [see

Kreiman and Sidtis (2011) for review]. Results vary widely

across studies, due in part to the lack of theoretical motiva-

tion for the particular instrumental parameters studied; dif-

ferences in the methods, voices, and qualities studied; and

differences in how individuals define and assess the target

voices and qualities. For example, there are multiple kinds

of creaky voice that listeners can easily distinguish, yet

which are all labeled creaky (Gerratt and Kreiman, 2001;

Keating et al., 2015). Similarly, a voice with a steeply fall-

ing source spectrum can be perceived as breathy even in the

absence of turbulent noise (e.g., Garellek et al., 2013).

Neither approach addresses the superordinate problem of

explaining how voice production engenders meaning.

Individuals who are familiar with acoustic measures may be

able to derive a rudimentary sense of what a voice might

sound like from an acoustic profile, but this fuzzy approxima-

tion gives no sense of what the sound might mean. For exam-

ple, imagine a voice produced with relatively high formant

frequencies, high and moderately variable F0, a relatively flat

source spectrum, and a rapid speech rate, possibly signaling

someone who was smiling and energetic (“…a man who had

slept well and didn’t owe too much money”; Table I).

However, this same set of measures could also be produced

by someone who is anxious because they are lying, or some-

one who is angry, or young, or small in stature. At the same

time, our well-rested, well-heeled acquaintance could speak

with a slow rate, a relatively steep source spectrum, and a

soft volume, conveying the calm that comes with money and

rest. Or that same slow, soft voice could instead represent dis-

traction or a lack of engagement. The possibilities are virtu-

ally limitless, so no immutable meaning can ever attach to a

specific profile of instrumental measures.

It is, however, possible to quantify quality in the limited

sense of that which makes it possible to say that two signals

are the same or different (ANSI, 1960). Using analysis-by-syn-

thesis, Kreiman and colleagues (2021) identified a set of

acoustic measures that combine to specify the sound of a voice

with enough precision that voice samples synthesized using

these parameters are indistinguishable from natural target

voice samples. By specifying the acoustic parameters that are

both necessary and sufficient to quantify quality in this limited

sense, this psychoacoustic model provides a partial bridge

between production and perception. However, this model does

not connect voice production to meaning in any broader sense,

and, equally importantly, it does not explain why these particu-

lar acoustic parameters emerge as perceptually important.

C. The timbral abyss

To summarize, quantitative methods have increased our

understanding of the relationship between the voice

production system and the sounds it produces and shed light

on the causal links between the acoustic voice signal and the

body that produced it. Such methods (which are common in

clinical studies of voice disorders) also generalize well

across studies and voices, unlike descriptive studies whose

results are specific to the listener, the set of voices studied,

and the terminology used to describe them. However, acous-

tic measures can only predict which signals will sound the

same or different (Kreiman et al., 2021) and have not con-

sistently explained even the most common meanings a lis-

tener attributes to a signal, much less what it sounds like for

a voice to be “strained through a long white beard”

(Chandler, 1949). At the same time, descriptive studies can

provide important insights into specific voices in specific

contexts, but results typically do not generalize well to other

contexts, other listeners, or other voices (Heidemann, 2016).

In this sense, qualitative descriptions do not actually mea-

sure, or even specify, voice quality in any useful way. This

is inevitable, given the density and complexity of the kinds

of meaning conveyed by voice, but greatly limits the use of

qualitative approaches for uncovering general truths about

quality or voice perception.

It thus seems that no one analysis approach on its own

is sufficient to assess quality. There is no apparent way to

use acoustics to assess signal meaning, and there is no way

to explain what listeners hear in acoustic terms.

Descriptions of voices convey meaning but not the sound of

the voice, and instrumental measures can characterize a

sound, but not its meaning. A gap thus exists between physi-

cal sounds and perceived quality in our models of voice, the

so-called “timbral abyss” (van Elferen, 2017; Wallmark,

2022). This abyss represents an apparently uncrossable

structural “conceptual and methodological barrier that pre-

vents the reconciliation and integration of perspectives”

(Wallmark, 2022, p. 12). It is also reflected in the siloing of

research efforts into studies of production, perception, or

acoustics, with relatively few studies attempting to relate

one domain to the others.

III. UNITING FORM AND MEANING IN THE STUDY
OF VOICE QUALITY

On further consideration, however, the existence of the

timbral abyss does not make sense. The arguments just put

forth imply that there is no way to create a single theoretical

framework describing voice production and perception

together as one system. However, voice production and per-

ception clearly function as a unified system of communica-

tion (Sidtis and Kreiman, 2012; Pisanski et al., 2022). The

ability to recognize familiar individuals or to assess anoth-

er’s emotional or physical state (even when the other is from

another species or even another class of animals; Filippi

et al., 2017; Congdon et al., 2019; Th�evenet et al., 2023) is

widely distributed across animals, and similar cues are asso-

ciated with arousal and reproductive fitness across species

as well [see Andics and Farag�o (2019) for review]. Such

abilities require that voice production and perception co-

evolve, so that animals can both produce the required
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messages and understand them as listeners (Darwin, 1871;

Pisanski et al., 2022). The wide distribution of these abilities

further points to an evolutionary origin (e.g., Darwin, 1872;

Sidtis and Kreiman, 2012; Elemans et al., 2015). It is, thus,

unreasonable to conclude that production and perception

cannot be explained in a single theoretical framework, given

that they have seemingly evolved to work together in so

many ways. How, then, and to what extent, can we combine

these different facets of quality in a single multidisciplinary

theoretical framework? What is the source of the timbral

abyss, and how can we bridge it to connect perception and

production in a single model of voice?

One impediment to a unified theory of voice seems to

be the assumption that quality inheres solely in the listener.

If quality is not consistently associable with acoustic signals,

then there is no way to bridge the abyss; but is all meaning

always necessarily a function of the listener, or are there

attributes that carry consistent meaning, regardless of who is

speaking or listening? Some terms for quality seemingly

emerge fairly reliably from qualitative studies of voice. Are

there also acoustic attributes that consistently vary across

speakers in parallel with these terms?

To investigate this question, Lee and colleagues (Lee

et al., 2019; Lee and Kreiman, 2022a,b) assessed acoustic

variability within and across speakers by measuring acoustic

variables drawn from the psychoacoustic model of voice

quality (Kreiman et al., 2021; Table II) for large sets of

speakers. Variables in this model have been shown to be

perceptually important, so applying the psychoacoustic

model ensures that the set of measurements accurately and

adequately characterizes the quality (in the ANSI sense) of

the voices studied. Thus, the structure of a voice space

derived from these measures should define a perceptual

space for quality (again, in the ANSI sense).

The variables in this model were measured from record-

ings of read speech produced by 158 female and male speak-

ers of American English, Seoul Korean, Hmong, and Thai

[see Lee et al. (2019) for analysis details]. Principal compo-

nent analysis (PCA) was applied to determine which acoustic

variables accounted for perceptually important differences

among speakers. Two sets of parameters consistently

emerged from analyses of speaker groups and of individual

speakers: the balance between high-frequency harmonic and

inharmonic energy in the voice and formant dispersion. All

the speakers we studied, regardless of sex and age and across

the native languages studied to date, seemingly shared this

pattern of acoustic variability [see also Johnson and Babel

(2023) for related studies of Cantonese]. These components

can be thought of as defining a low-dimensional “voice

space” that represents the primary ways in which voices dif-

fer from each other acoustically. The fact that the same com-

ponents emerged for every speaker examined to date implies

that this simple voice space may be universal and provides a

single basis for quick-and-dirty assessment of voice similarity

across speakers and languages [see Baumann and Belin

(2010), who found a similar space in a study of 32 speakers

producing French vowels].

The finding that certain patterns of variability recur so

very consistently across speakers, regardless of sex or lan-

guage spoken, suggests that these aspects are also evolution-

arily derived. There is substantial evidence consistent with

this hypothesis. The first principal component to emerge

from Lee and colleagues’ PCA analyses always reflected

variations in the balance of harmonic and inharmonic energy

in the voice source. This combination of parameters is often

associated with a quality continuum from “strained” (or

“pressed”) to “breathy” (e.g., Gordon and Ladefoged, 2001;

Kreiman et al., 2012; Zacharakis et al., 2014; Anikin,

2020), which signals arousal across many species (e.g.,

Anikin, 2020; Congdon et al., 2019; Pisanski et al., 2022).

This same information is employed by many species

[including pigs, seals, dolphins, bats, many primates, and

others; see Briefer (2012) for review] for assessing the hos-

tile or friendly intent of another animal and for communicat-

ing one’s own intent, thus providing a survival benefit by

potentially altering the behavior of another animal (Owren

and Rendall, 1997). Formant dispersion, which also emerges

consistently from early principal components, is related to

the frequency of the spectral centroid and the balance of

spectral energy and varies with the size of the speaker’s

vocal tract. This parameter serves to signal both dominance

and reproductive fitness across many species (Fitch, 1997;

Pisanski et al., 2014), again providing a potential survival

benefit. The biological importance of these parameters and

their wide distribution across taxa argue strongly that they

are central to the function and meaning of phonation.

Of course, the results just described derive from read

speech, which may have limited the acoustic variables that

emerged as shared. For example, F0 is important for voice

perception in humans and other animals (e.g., Teichroeb

et al., 2012; Puts et al., 2006), but its variability across

speakers is limited in read speech, which tends to be highly

stylized. Similarly, nonlinear acoustic phenomena have

been repeatedly associated with arousal and negative affect

in many animals (e.g., Briefer, 2012; Anikin et al., 2020),

but they do not occur too commonly in read utterances of

“A pot of tea helps to pass the evening.” While further

investigations using a wider range of speech samples will

clarify the range of acoustic information that is shared

across speakers, we hypothesize that any measures that con-

sistently account for variance across a range of talkers will

be related to arousal, reproductive fitness, and/or domi-

nance, consistent with the pattern just described.

Computational and physiological studies of phonation

[reviewed in Zhang (2023)] provide additional evidence

consistent with an evolutionary basis for the wide distribu-

tion of these particular voice qualities. These studies indi-

cate that vocal fold shape governs the harmonic spectrum

and spectral noise levels via changes in thickness: Thicker

folds are associated with more high-frequency energy in the

voice, and thinner folds are associated with more inhar-

monic excitation (e.g., Zhang, 2016a,b, 2023). Vocal fold

thickness is also an important part of airway protection,

which is the primary function of the vocal folds and larynx.

1268 J. Acoust. Soc. Am. 155 (2), February 2024 Jody Kreiman

https://doi.org/10.1121/10.0024609

 20 February 2024 03:40:19

https://doi.org/10.1121/10.0024609


This function is shared across species, and the larynx has

been highly conserved evolutionarily, with notable struc-

tural similarities across animals ranging from crocodiles to

virtually every species of mammal (Negus, 1949). Thus,

those aspects of phonation that are oldest—dating at least to

the split from reptiles—are also associated with control of

the acoustic parameters that are associated with the quality

dimensions that appear to characterize voice across species.

IV. THE TIMBRAL ABYSS IS NOTA BOTTOMLESS PIT

Empirical evidence, thus, points to a few acoustic fac-

tors that define a simple two-dimensional voice space that

applies to all voices studied to date. The dimensions of this

space (variability in the balance of harmonic and inharmonic

energy and formant dispersion) align well with those that

commonly emerge from descriptive studies of voice (bright-

ness, breathiness, roughness, and richness). This correspon-

dence between the most common terms for voice and

parameters that define the human acoustic voice space sug-

gests that the meaning voices carry rests on a bedrock of

biology. Voice perception and production are structured as

they are because these particular dimensions, evolved over

time, provide a survival benefit, possibly apply to every

voice, and thus carry a consistent meaning regardless of
who is talking or who is listening. That is, we (and other ani-

mals) have evolved to produce and to perceive voices in

ways that reflect size and state of arousal, and these factors

form a basis for both voice acoustics and the language we

most commonly use to describe voices. These dimensions

comprise part of the biological purpose of phonation and,

hence, its meaning: “Breathy” and “rough” remain useful

because they directly link bodies and signals to perceived

voices and to biological meaning, seemingly without the

need to consider the specific perceptual, cognitive, social, or

emotional context surrounding the act of hearing, and

because they reliably carry (seemingly) universal meanings.

Wallmark and Kendall (2018) have suggested a similar

association between physical and perceptual measures of

quality, pointing out that some commonly applied descrip-

tors reflect the fact that voices come from bodies and that

this may account in part for the fact that these terms in par-

ticular tend to reappear across studies, cultures, and lan-

guages. The arguments in this paper take this account

further, by examining not just why some descriptors link

bodies to perceived voices, but also why this specific set of

descriptors serves this purpose.

Of course, there is much more to voice acoustics than

just these few shared dimensions. In fact, nearly half of

acoustic variance for individual voices is idiosyncratic, pre-

sumably representing individual anatomy, habits, stylistic

flourishes, and other such factors that help to link signals to

particular speakers (Lee et al., 2019). The small set of

acoustic measures discussed in this paper is also inadequate

to completely specify the sound of a voice in the ANSI

sense, although they are a subset of the parameters in a psy-

choacoustic model that does specify why specific voice

samples sound the same or different (Kreiman et al., 2021).

The qualitative dimensions discussed in this paper are simi-

larly only a small subset of the labels or phrases that can be

used to describe voice quality (e.g., Pedersen, 2008).

Finally, finding empirical support for a small set of qualita-

tive descriptors of voice does not mean such descriptors are

good tools for quantifying quality. There is ample evidence

that ratings on scales like “breathiness” and “roughness” are

unreliable and subject to many kinds of measurement error

(Kreiman and Gerratt, 2000).

Given the abundance of possible measures of voice and

of ways of describing what is heard, it is unlikely that a model

that completely maps from one domain to another will

emerge, either in theory or in practice (Hermes, 2023).

Nevertheless, the points of coincidence identified in this

paper between qualitative and quantitative analyses of voice,

although only a small part of “voice” as a whole, do suggest

that certain fundamental kinds of information link signals and

specific aspects of the meaning they convey, without refer-

ence to external variables or context. In other words, although

the parameters described here in no way comprise a compre-

hensive model of voice quality, these results do suggest that

there exists a bedrock of meaning, derived from the biological

functions subserved by voice, that seemingly underlies and

unites qualitative and instrumental approaches to voice. This

foundation explains some aspects of the meaning of voice in

terms of specific aspects of production and acoustics, and

vice versa, thus spanning, at least in part, the timbral abyss.

The task remaining for humanists and empiricists alike is

to consider the extent to which a shared theoretical foundation

can inform and advance our work. Understanding the meanings

that inhere in voices, versus those that derive from listener-

based factors, could inform humanistic discussions of voice

quality, and a focus on those acoustic aspects of voice that are

inherently and consistently meaningful could guide and struc-

ture the development of better acoustic and biomechanical

models of voice. Exploiting this common foundation shared by

humanistic and empirical approaches to voice could help inte-

grate studies of physical signals and their meaning, leading

eventually to a truly interdisciplinary approach to voice.
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