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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 leads 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 

acoustic characterizations have also had limited 

success: acoustics 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 voice 

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 voice. 
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1. INTRODUCTION 

The problem of how to characterize voice quality is 

an endless source of debate and frustration across 

disciplines.  The richness of the vocabulary available 

to describe voice is overwhelming, but a shared 

vocabulary (for example, for clinical or pedagogical 

use) has not been validated, despite many efforts 

[e.g., 1, 2].  Although there is some agreement that a 

few specific terms (especially breathiness and 

roughness) are important dimensions of quality, 

listeners do not agree about the extent to which a 

given voice demonstrates these attributes, or even 

whether or not they are present at all [3].  Further, the 

relationship between such terms and the information 

listeners glean from voice is not clear, so that 

description does not precisely predict what listeners 

hear or the way in which voices convey that 

information.  This weak linkage has led some scholars 

to conclude that language can never adequately 

specify what we hear [4, 5].  Others have argued that 

terminology derives from whimsy, analogy, 

metaphor, and historical tradition and lacks an 

empirical basis, so that language-based scales are 

theoretically inappropriate measurement tools a 

priori [6].  However, efforts to provide meaningful 

acoustic characterizations of the messages conveyed 

by voice have also had limited success (see [6] for 

review), and it remains difficult to predict even basic 

attributes of the speaker (for example, sex, age, 

emotional state, identity) from instrumental 

measures.  Acoustic parameters may precisely 

quantify physical sound patterns [7], but beyond that 

they cannot explain the meaning a listener attributes 

to a signal, because such meaning derives not only 

from the sound, but also from the emotional, 

situational, and cultural context in which the 

utterance takes place and from the listener’s attitudes 

and background, among many other factors.  Listener 

performance on relatively simple tasks like 

determining whether two voice samples represent the 

same or two different speakers (or even the same or 

two different tokens) cannot be explained by the 

properties of the signal without reference to higher-

level cognitive variables reflecting the listener’s 

contribution to the perceptual process [8, 9].   

    Thus, a gap emerges between physical sounds and 

perceived quality in our models of voice, the so-called 

“timbral abyss” [10].  Acoustic studies quantify 

signals and link them causally to the bodies that 

produced them, but do not predict or provide access 

to any broader meaning conveyed, while studies of 

the meanings carried by voice are not presently able 

to explain how such meaning emerges from discrete 

acoustic signals.  How, and to what extent, can we 

combine these different facets of quality in a single 

multidisciplinary theoretical framework?   

    In this paper, I describe a possible partial solution 

to this long-standing issue in the study of voice 

quality.  I begin by briefly reviewing the literature on 

descriptive terms for voice from different disciplines.  

I will argue that a small number of dimensions 

consistently emerge from these studies (along with a 

multitude of other terms that vary widely from study 

to study), and that not only lay individuals, but 

scholars and clinicians persist in using these terms 

despite the fact that they cannot be applied reliably to 

describe or quantify signals.  Next, I review work 
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showing that acoustic variability within and across 

virtually all speakers can be characterized by a few 

dimensions that are shared by everyone, regardless of 

the speaker’s gender, language spoken, or the kind of 

speech sample produced, again accompanied by a 

large number of other parameters whose relevance 

depends on the idiosyncrasies of the particular voice 

in question.  Finally, I argue that frequently-emerging 

descriptive terms align well with these shared 

acoustic dimensions, which are associated with 

physical size 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 biology.  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 

voice signal are part of our evolutionary heritage.  

This provides a link between qualitative and 

quantitative approaches to measuring voice, forming 

a common foundation for both kinds of study and a 

potential basis for truly interdisciplinary approaches 

to voice studies.   

2. THE “DUAL NATURE” OF VOICE 

QUALITY 

Critical theorists (e.g., [11]) propose that the timbral 

abyss arises from the apparent dual nature of voice 

quality.  From an empirical perspective, quality 

ultimately depends on speech production (vocal fold 

movements, vocal tract configurations, and so on 

(e.g., [12]).  This system creates the acoustic voice 

signal, which can be quantified and serves as input to 

the voice processing (perceptual) mechanism.  From 

a humanistic perspective, however, voice quality 

resides in the listener, and not in the speaker. Rather 

like a tree falling in the woods, which generates 

meaningless vibrations in the absence of a hearer, a 

speaker produces something to hear, but what is heard 

(quality) depends not just on the physical signals, but 

also on the listener’s affect and memory, the 

conversational setting, cultural structures, and a 

multitude of other factors [6, 12, 13].  Descriptive 

terminology remains the most common approach to 

capturing these aspects of perception, which cannot 

be assessed by acoustic measures alone because they 

are not solely functions of the voice signal.  Such 

terminology is relied upon in clinical settings, in 

humanistic research, and in common discourse.   

    Thus a gap emerges between acoustic and 

qualitative approaches to quality.  Acoustic studies 

can provide measures that can reasonably be applied 

to other voices in other studies, and can precisely 

quantify quality in the ANSI sense [14] as what 

makes one voice sound the same or different from 

another [7].  Qualitative studies can provide very 

detailed descriptions of specific voices in specific 

contexts, but results typically do not generalize well 

to other contexts or other voices [12].  In this sense, 

qualitative descriptions do not actually measure, 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 in general.  Acoustic measures also cannot 

fully characterize quality, because they cannot tap 

into listeners’ contributions to what they hear.  Thus, 

no one kind of analysis appears to be adequate on its 

own to assess quality, and there is no obvious way to 

reconcile the different approaches, so that the timbral 

abyss appears uncrossable.  

3. QUALITATIVE STUDIES 

Qualitative studies of voice have a long history (see 

[6] for review), and are supplemented by extensive 

studies of musical timbre which ask similar questions 

and use similar methods (see [15] for review).  A 

variety of techniques have been applied to explore the 

semantic dimensions of quality.  Typically authors 

ask listeners to rate voices (or other sounds) on sets 

of semantic-differential scales [16] and then apply 

factor analysis to reveal the structure underlying the 

ratings [e.g., 16, 17, 18].  For example, Bele [2] asked 

listeners to rate normal voices on 15 visual analog 

scales.  Four underlying dimensions emerged from 

factor analyses of these data:  sonority, irregularity, 

noise, and phonatory effort.  Similar dimensions 

(severity of pathology, roughness, breathiness, 

weakness, and strain) emerged from a study of hoarse 

voices [17]; and the popular CAPE-V protocol for 

clinical voice assessment includes scales for severity 

of pathology, roughness, breathiness, and strain [1].  

Across studies, despite differences in the voices, 

listeners, and scales under examination (see [6] for 

review), a small set of dimensions consistently 

emerges across papers.  These dimensions include 

something analogous to brightness/brilliance/ 

sharpness/clarity, which is associated with the 

distribution of spectral energy in the voice; 

breathiness and/or roughness, associated with noise 

or spectral irregularity; and fullness/richness, 

associated with the location of the spectral centroid 

[e.g., 18-21].  Interestingly, similar sets of scales have 

emerged across cultures and languages [22, 23], and 

from studies of instrumental timbre and animal 

vocalization.   
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4. ACOUSTIC VARIATIONS WITHIN AND 

AMONG SPEAKERS 

The question thus arises:  Why these terms, and not 

others? Recent studies of within- and between-

speaker acoustic variability suggest a possible 

answer.  Analyses of the speech of large groups of 

female and male speakers of English, Seoul Korean, 

Hmong, and Thai [24-26] show remarkably 

consistent patterns of acoustic variability that are 

seemingly shared by all speakers, regardless of sex, 

age, or native language.  These factors can be thought 

of as a low-dimensional “voice space” that represents 

the ways in which voices differ from each other 

acoustically.  The first dimension of this space always 

reflects 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” (or 

“bright”) to “breathy” [27, 28], which signals arousal 

across many species ([27, 29]). The second dimension 

is associated with formant dispersion, which is 

sexually dimorphic and varies with the size of the 

vocal tract.  Formant dispersion serves to signal both 

dominance and reproductive fitness across many 

species [30].  A second set of dimensions describes 

variability that is shared by speakers with a common 

native language, but not by speakers of other 

languages.  These dimensions reflect the 

phonological structure of the language being spoken 

[25]:  For example, a factor representing H1-H2 (the 

difference in the amplitudes of the first and second 

harmonics) appears in the space for speakers of 

Hmong, which has a phonemic contrast between 

breathy and modal phonation, but not for English 

speakers, given that English does not have such a 

contrast.  A final set of dimensions accounts for 

idiosyncratic variance components that vary from 

speaker to speaker.  Thus, acoustic voice spaces 

appear to be structured first by biologically driven 

factors that describe acoustic variability for virtually 

every voice, secondly by characteristics of the 

language spoken, and lastly by other miscellaneous 

attributes of an individual’s voice.  

5. CONNECTING QUALITATIVE AND 

ACOUSTIC ASPECTS OF VOICE 

The results in Section 3 strongly parallel those in 

Section 4.  The primary dimensions that emerge from 

qualitative voice research—brightness, breathiness, 

roughness, and richness, which are associated with 

the distribution of spectral energy, irregularity/noise, 

and the location of the spectral centroid—are in 

essence the same dimensions that emerge from 

quantitative studies of voice acoustics (variability in 

the balance of harmonic and inharmonic energy and 

formant dispersion).  These characteristics have 

empirical associations with biologically important 

voice characteristics, and are meaningful attributes of 

vocalization across species.  This correspondence 

between the most common terms for voice and 

parameters that define the (seemingly universal) 

human acoustic voice space suggests that the meaning 

voices carry rests on a bedrock of biology.  That is, 

we have evolved to phonate and to perceive voices in 

ways that reflect size and state of arousal, and these 

factors are the basis for both voice acoustics and the 

language we most commonly use to describe voices.   

    Wallmark and Kendall [31] have previously 

suggested a similar association between physical and 

perceptual measures of quality, pointing out that 

some commonly-applied descriptors reflect the fact 

that voices come from bodies, and that this may 

account in part for the fact that these terms in 

particular tend to re-appear across studies, cultures, 

and languages.  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, finding empirical support for a 

small set of qualitative 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 [32].  This small set of acoustic measures is also 

inadequate to completely specify the sound of a voice 

in the ANSI sense, although they are an important 

part of a psychoacoustic model that does specify why 

specific voice samples sound the same or different 

[7].  The qualitative and acoustic dimensions 

discussed in this paper are also only a tiny subset of 

the measures and labels that can be used to assess or 

describe voice quality.  Recall that both factor 

analytic and acoustic analyses produced a mass of 

idiosyncratic detail along with a few widely 

applicable dimensions.  Further, language, as noted 

above, is a virtually limitless tool for evoking the 

meaning of a voice.  It may be (in fact, it seems likely) 

that a model that completely maps from one domain 

to another is both theoretically and empirically 

impossible.  This conclusion is consistent with the 

observation that many descriptions of voice convey 

its meaning, but not necessarily the way it sounds.  

Consider, for example, Raymond Chandler’s 

description of private investigator Philip Marlowe’s 

first encounter with a potential client: 

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. [33]  
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Acoustic analysis would be uninformative in this 

case, which reflects Marlowe’s evaluation of what he 

hears, but not the actual sounds themselves, which are 

rather hard to imagine.   

    Nevertheless, the small point of coincidence 

between qualitative and quantitative analyses of voice 

suggests that there is at least a foundation of 

information that links signals and specific aspects of 

the meaning they convey—in other words, that 

dependably links speakers to listeners without 

reference to external variables or context.  Although 

the parameters described here in no way comprise a 

comprehensive 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 both qualitative and 

acoustic approaches to voice. This foundation 

provides a way of explaining 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 foundation can 

inform and advance their 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 

structure the development of better acoustic and 

biomechanical models of voice.  Exploiting the 

proposed common foundation shared by humanistic 

and empirical approaches to voice could help 

integrate studies of physical signals and their 

meaning, leading eventually to a truly 

interdisciplinary approach to voice. 
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