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Abstract

Understanding voice usage is vital to our understanding of human interaction. What is known about the auditory perceptual
evaluation of voices comes mainly from studies of voice professionals, who evaluate operatic/lyrical singing in specific
contexts. This is surprising as recordings of singing voices from different musical styles are an omnipresent phenomenon,
evoking reactions in listeners with various levels of expertise. Understanding how untrained listeners perceive and describe
voices will open up new research possibilities and enhance vocal communication between listeners. Here three studies with
a mixed-methods approach aimed at: (1) evaluating the ability of untrained listeners to describe voices, and (2) determin-
ing what auditory features were most salient in participants’ discrimination of voices. In an interview (N=20) and a ques-
tionnaire study (N=48), free voice descriptions by untrained listeners of 23 singing voices primarily from popular music
were compared with terms used by voice professionals, revealing that participants were able to describe voices using vocal
characteristics from essential categories indicating sound quality, pitch changes, articulation, and variability in expression.
Nine items were derived and used in an online survey for the evaluation of six voices by trained and untrained listeners in
a German (N=216) and an English (N=50) sample, revealing that neither language nor expertise affected the assessment
of the singers. A discriminant analysis showed that roughness and tension were important features for voice discrimination.
The measurement of vocal expression created in the current study will be informative for studying voice perception and
evaluation more generally.

Keywords Voices - Vocal features - Singing - Expression - Phonetics - Speech perception

Introduction

Recordings of singing voices are an everyday, omnipresent
phenomenon accessible via portable devices and transmitted
in many everyday situations, whether one is driving a car
and listening to the radio, going to the store, or watching
television or YouTube. Listeners are thus highly familiar
with different kinds of musical styles and voices of different
expressions. Furthermore, voices are able to express emo-
tions (see Scherer, 1995, on vocal emotion expression in
the context of music) and have an impact on the aesthetic
judgments of music (see Ackermann, 2019; Ackermann &
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Merrill, 2021; Greasley et al., 2013; Merrill & Ackermann,
2020, in the context of disliked music). Nevertheless, the
evaluation and description of voices has been restricted to
trained listeners and to specific contexts. Consequently, what
we know about vocal expression from auditory descriptions
comes almost solely from studies with trained listeners; and
right now, for future research, only those terms and descrip-
tions used in a professional context are available to evaluate
judgements and impressions of voices. This is surprising,
as little is known about how typical listeners (who not only
outnumber the professionals but who are also the targeted
listeners/consumers) perceive voices, i.e., how they describe
them and what is conspicuous to them. Researchers who
have created tools for the description of vocal features in
singing voices have already stated that this research should
be extended to untrained listeners (Garnier et al., 2007), and
to voices other than operatic/lyrical ones (Oates et al., 2006).
This will be necessary in order to generalize the findings and
actually pursue research with untrained listeners in various
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contexts. A tool that untrained listeners can use to describe
voices would also enhance research possibilities as well as
facilitate the communication about voices between untrained
and expert listeners. The need for the latter has already been
addressed by focusing on a common terminology between
experts from different fields (e.g., Henrich et al., 2008), but
not in comparison to untrained listeners. Hence, research is
needed toward an understanding of auditory descriptions
of voices by untrained listeners, including whether listeners
come to similar evaluations between each other and com-
pared to professionals. The goal of the current series of stud-
ies was therefore to find free descriptions of untrained listen-
ers and evaluate their ability to use ‘professional’ terms and
find a set of items that would lead to comprehensive vocal
profiles of singing voices from different styles.

A “comprehensive” vocal profile can be achieved by
evaluating a wide range of vocal features describing the
vocal—articulatory expression of a voice, as has been shown
by extensive tools for describing the characteristics and par-
ticularities of speaking and singing voices with multiple fea-
tures (e.g., Binziger et al., 2014; Bose, 2001; Henrich et al.,
2008; Laver, 1980; Mathieson, 2001; Wapnick & Ekholm,
1997). The categories of voice description often reference
pitch (habitual or average pitch, pitch range, etc.), dynam-
ics (loudness), articulation (intelligibility, sound duration,
accentuation, etc.), sound quality (noise, resonance, onsets,
etc.), and the variability of all these features (e.g., changes
in pitch, loudness, or sounds).

Depending on their purpose, these tools involved compil-
ing items from these categories into an inventory focused
most often on the sound quality, e.g., in clinical research on
aspects of roughness, breathiness, and hoarseness (for the
RBH scale, see Nawka et al., 1994; for GRBAS, see Hirano,
1989) and in Western lyrical/operatic singing on timbre
(color/warmth, bright, light, dark, etc.), resonance (ring, full,
dull), vibrato, clarity/focus, nasality (nasal, twang) (Ekholm
et al., 1998; Garnier et al., 2007; Henrich et al., 2008; Oates
et al., 2006). Particularly in singing, the purpose of these
tools has been to assess voices in a pedagogical context,
evaluating singing technique in Western lyrical or operatic
singing, with judges being voice professionals (teachers,
singers, etc.).

However, studies using a qualitative approach to evalu-
ating singing voice note that the descriptions provided by
singing teachers were not limited to voice quality, but also
consisted of references to voice production (articulation,
breathing control, etc.), vocal health, the music (musical
style, performance, etc.), value judgments (aesthetic judg-
ments, technical level, [dis]agreement, etc.), emotional
affect, or the singer’s personality (see, e.g., Garnier et al.,
2007; Mitchell, 2014). These studies indicate that such cri-
teria merge together to form a “global judgment of value
and agreement” (Garnier et al., 2007, p. 73) and that the

hedonistic judgment and appraisal of a singer and his or her
performance are often foregrounded in the judges’ discourse
and “an introspection is then required to make explicit all
the different criteria which are responsible for this global
feeling” (Ekholm et al., 1998; Garnier et al., 2007, p. 74).
Likewise, Mitchell (2014, p. 198) notes that teachers even
“generally avoid describing the overall sound of the singer.”

This notion is of particular interest for research into
the psychology of speech, where the focus is on relations
between voice perception and evaluations and judgments,
e.g., of which vocal features relate (acoustically and percep-
tually) to emotions (Banse & Scherer, 1996; Scherer, 1995),
intentions (Hellbernd & Sammler, 2016), and aesthetic
judgments, such as the ideal voice (Hollien, 2000) attrac-
tive voice (Babel et al., 2014; Zuckerman & Miyake, 1993),
or (dis)liked voice in the context of music (Ackermann &
Merrill, 2021; Greasley et al., 2013; Merrill & Ackermann,
2020). Here, judgments by untrained listeners can be help-
ful for extending research to a larger group of participants,
but untrained listeners can use only a few of the existing
assessments.

The RBH scale, for example, was developed in the clini-
cal context, and has been used by untrained listeners after
training; but it is limited to the perception of noise in the
voice (Anders et al., 1988). Another, quite comprehensive
tool has been developed with the specific purpose of describ-
ing emotional speech; this is the Geneva Voice Perception
Scale (GVPS, Bénziger et al., 2014). With this instrument,
listeners without any prior training have been able to rate
voices according to their loudness, pitch, intonation, sharp-
ness, articulation, roughness, instability, and speaking rate,
leading to characteristic descriptions of emotional expres-
sion. Hence, it can be assumed that untrained listeners are
able to evaluate voices if suitable scales for doing so are
available to them. Likewise it can be assumed that exposure
to different singing styles constitutes an implicit learning
process, which serves as a baseline for such evaluations,
as has been shown for related processes, such as assessing
correctness in singing (Larrouy-Maestri, 2018) and gain-
ing musical capacities without explicit training (Bigand &
Poulin-Charronnat, 2006).

It seems therefore promising to engage closer with
descriptions of voices by untrained listeners to find out
which terms they use and whether similarities exist
between their descriptions and ‘professional’ descriptions.
Ultimately, a set of items assessing the vocal—-articulatory
expression of singing voices that listeners with differing
expertise agree on could be used to augment a listener’s
perception of voices and to help them express that percep-
tion. These vocal profiles can, for example, be used to help
explain value judgments of voices (i.e., which features
evoke liking/disliking or certain emotions) and to depict
untrained listeners’ general impressions of voices, but also
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to distinguish perceived features from subjective aesthetic
judgments (see, e.g., Mitchell, 2014). Hence, by focusing
on the auditory assessment, direct connections between the
person’s perception and the evaluation can be made.

Besides new research possibilities in empirical aesthetics
and emotion research, vocal profiles can facilitate the com-
munication between voice professionals and untrained lis-
teners such as voice care clinicians (from phoniatrics, logo-
pedics etc.) and patients, but also between voice pedagogues
and students. That there is a need for tools to describe vocal
features has been observed in previous research. So far, tools
have mainly been developed that bridge the terminology
gap between expert listeners from different fields (Ekholm
et al., 1998; Henrich et al., 2008). Nevertheless, in contrast
to untrained listeners, trained listeners already have an active
vocabulary to communicate about voices, which untrained
people most likely do not have. Therefore, it is necessary
to investigate the verbal abilities of untrained listeners to
describe voices. Garnier et al. (2007), who investigated voice
quality in lyrical singing, already noted the limitation of only
focusing on expert listeners and asked whether non-expert
listeners would use the same lexicon to describe voice qual-
ity. Oates et al. (2006), who also developed a tool for the
description of operatic singing, noted the limitation that the
research was confined to just one type of classical singing
and asked whether this research could have equal application
to other singing styles.

Hence, if untrained listeners are enabled to produce vocal
profiles, this will facilitate the perceptual and verbal descrip-
tions of singing voices, which opens up new research pos-
sibilities. If those can be applied equally well by expert lis-
teners, a consensual terminology can be achieved that allows
for communication between trained and untrained listeners.

Why Research the Singing Voice in Popular Music?

For a long time, musicology and psychology focused on
Western classical music and lyrical singing. But vocal
expressions with low acceptance in “classical” singing,
such as pitch breaks, roughness, and breathiness (Hihnel,
2015); twang (see e.g., Sadolin, 2009; Sundberg & Thalén,
2010); shouting/belting (Stone et al., 2003); pressed phona-
tion (Thalén & Sundberg, 2001); and certain energy dis-
tributions in the sound (Cleveland et al., 2001), etc., have
been formative for popular music styles. This vast spectrum
of vocal expressions warrants investigating a much broader
range of features than the sanctioned and standardized styles
of classical singing. Also, phenomena of everyday commu-
nication have a far greater incidence in popular music than
in classical singing; these include crooning (whispering) and
moaning (whining, lamenting, and sighing), and howling
or wailing. Furthermore, both the emotions expressed and
the features employed in singing popular music are much
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closer to those found in everyday life, in speaking (i.e., they
approximate speaking more than they do opera) and in ‘eve-
ryday’ singing. Hence, using popular music singing styles,
the listener has the chance to describe a variety of vocal fea-
tures, which are typically more prominent than in speaking
voices, but still similar to (heightened) speech. Investigating
voices in this rich environment considers emotional reac-
tions and the influence of personal attitudes on the percep-
tion of vocal utterances and therefore serves as a basis for
further research on the impact of popular music on our lives
and the communicative role of the singing voice in music.

Reliability and Agreement in Voice Evaluation

It is evident that inventories with a small number of items
from a single category (e.g., sound quality or noise) lead
to higher reliability than others that have up to 20 items
from different categories (Webb et al., 2004). For the evalu-
ation of singing voices, higher reliability measures (i.e.,
the intra—class correlation coefficient, or ICC) have been
found for sets of items that focus on sound quality. Ekholm
et al. (1998) had seven voice teachers evaluate 16 singers of
Western lyrical singing (with piano accompaniment) on four
sound qualities (color/warmth, resonance/ring, appropriate
vibrato, clarity/focus), thus revealing an interrater reliability
of 0.44. Likewise, Oates et al. (2006) investigated a set of
items for rating operatic singing (appropriate vibrato, ring,
pitch accuracy, evenness throughout the range, and strain)
using nine trained judges and 21 voices, and showed a high
interrater reliability of 0.75. A wider set of items was evalu-
ated by Wapnick and Ekholm (1997), who report twelve
perceptual criteria on three factors—intrinsic quality (color/
warmth, dynamic range, etc.), execution (flexibility, into-
nation accuracy, etc.), and diction (single item)—that were
rated by 21 voice teachers evaluating 21 voice samples, with
a mean interrater reliability of 0.49.

Other, more extensive, studies on Western lyrical singing
have not reported (inferential) statistical comparisons. Gar-
nier et al. (2007) interviewed 11 voice teachers evaluating
18 musical pieces by three singers, and report consensus
of verbal descriptions of vocal quality, that is nasal, full,
bright, dull, light, dark, presence of vibrato, and items on
placement of the voice. The most extensive tool for evaluat-
ing Western lyrical singing was developed by a multidisci-
plinary group around Henrich et al. (2008). The “listening
sheet” they developed covers not only aspects of breathing,
vibrato, and placement, but also phonetic aspects (segmental
and suprasegmental level, vowels and consonants, phrase,
accents, intelligibility), sound color (high/low pitch, ring,
energy spectral distribution, dark/light), sound intensity,
and pitch (powerful/weak, efficiency, vocal effort, singing
formant, voice range). The validation of the tool was done
descriptively with (semi—)professionals trained (N=6) and
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untrained (V= 18) with the listening sheet. The GVPS (Bin-
ziger et al., 2014) reported ICCs between 0.216 and 0.811
per feature, which shows that untrained listeners (N=19,
evaluating 160 emotion portrayals) were able to judge a set
of items of various categories with good agreement. While
the GVPS used at least a large number of stimuli, the number
of judges was in all investigations small.

Nevertheless, interrater reliability is considered problem-
atic in the auditory vocal assessment. First, while methods
such as an ICC inform about agreement using several voice
samples, they do not reflect variations of agreement for spe-
cific samples (Kreiman & Gerratt, 1998); also, interrater
variability might be an issue of task design, not of listener
unreliability because, among other things, it is dependent
on the magnitude of the attribute being measured in a voice
(Kreiman et al., 2007). Therefore, other matching procedures
need to be applied.

Another aspect to consider in voice assessments is the
use of bipolar scales. Bipolarity is an issue in voice descrip-
tion as some features can be well represented with opposing
poles such as high—low or dark—bright, but features such as
rough or breathy were better described with “applicable—not
applicable” (Henrich et al., 2008). A bipolarity, however, is
often helpful for untrained listeners as one pole can explain
the other, e.g., rough—smooth. Methodologically, bipolar
rating scales can conflict with conventional approaches on
psychological test construction because a normal distribu-
tion might not be achieved. For example, if an item can be
well applied to a voice, ratings should be skewed, because
raters univocally decide to one direction of the ratings scale;
in the case of many voices, the distribution can be bimodal
(e.g., if voices can be assigned to either high or low pitch).

The Present Study

In a mixed-methods approach, free descriptions of voices
were collected in interview sessions and analyzed as to the
terms participants use and whether these cover important
categories of (professional) voice descriptions. Second,
these untrained listeners were approached with ‘profes-
sional’ terms from different fields to see which ones they
were able to use properly. The free descriptions and profes-
sional terms were combined into a list of features to describe
vocal expression and investigated on the usage and agree-
ment among larger groups of participants. The final online
survey combined participants having various backgrounds
with voices (self-reported on the speaking and singing
voice), which enabled the investigation of differences in
voice assessment as a function of expertise. As the studies
were conducted in German, the terms were made applicable
to the English speaking research community by translating
and separately evaluating the set of features with English
native speakers.

Study 1: Interview Study

In an interview study, participants expressed voice descrip-
tions in the context of disliked voices. It is in precisely this
area that potential can be seen for causing listeners to formu-
late differentiated descriptions, because negative emotions
lead to stronger cognitive processes and have stronger effects
on behavior, and there are more words for expressing nega-
tive than for positive feelings (Baumeister et al., 2001; Rozin
& Royzman, 2001). Likewise in voices studies, the evalu-
ations were biased by appraisal, and judges seemed to be
more able to describe less appealing voices and less able to
articulate the sound quality of their preferred voices, that is,
“the more beautiful the voice is perceived, the more difficult
it is to describe” (Mitchell, 2014, p. 194). The interviews
were accompanied by a list of terms used by professionals
to describe vocal expression in order to check the terms’
usability by the untrained participants. The approach to the
data was a qualitative one, including a descriptive level of
comparison to voice professionals. Inferential statistics were
possible in the follow-up studies.

Methods
Participants

Twenty participants (15 female, 5 male) were recruited
(convenience sample), each of whom brought one or two
recordings of a disliked (professional) singer to the interview
session, with 23 voices being incorporated into the study
(Table S1, supplementary material). Participants were on
average 38.55 (SD=16.39) years old, and 13 were university
students. The chosen music titles represented mainly popular
music styles; nine singers were female, 13 male, and one
was a child (Angelo Kelly); and at least two singers were
classically trained (Sarah Brightman and Anneliese Rothen-
berger). All experimental procedures were approved by the
Ethics Council of the Max Planck Society, and were under-
taken with written informed consent of each participant.

Procedure

The session consisted of two parts. In the first part, after
listening together to the full song, the interviewer asked the
participant to describe the voice; in the second part, the par-
ticipant was asked to select, on a questionnaire, vocal char-
acteristics that described the disliked vocal features. Each
session lasted about an hour, and monetary compensation
was 10 euros.

The questionnaire consisted of an adapted and short-
ened version of the Catalogue of Vocal-Articulatory
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Expression (Bose, 2001), and comprised items from the
major categories of voice evaluation. The questionnaire
had already been used with trained listeners for the evalu-
ation of “speech song” in 20th—century Western art music
(Merrill, 2017; Merrill & Larrouy-Maestri, 2017) and
jazz singing (Merrill, 2019). Twenty items, including 16
bipolar items, were evaluated; these were: average pitch
(low—high), timbre (dark—bright), loudness (loud—soft
or “quiet,” being closer to the German original), tension
(tense—unsupported or “un-tense”), sonority (full-thin),
faucal distance (wide—constricted or “tight”), sound of
voice (soft—-hard), resonance (dull-shrill), sound duration
(lengthened—shortened), pitch changes (sudden—gliding),
mode of phonation (speaking—shouting; note a different
use of this expression in Sundberg, 1975), vibrato (vibrato,
tremolo), onsets (soft—hard), articulation precision (pre-
cise—imprecise), sound modulations (little—much), pitch
modulations (little—much), and breathy, rough, creaky, and
nasal.

In addition to the untrained listeners, three scientists,
each holding a doctorate (Ph.D.) in speech science and
experienced in the assessment of singing voices, also
evaluated the 23 voices (Table S2). Three was considered
a sufficient number of voice professionals for the current
purpose, i.e., to provide a descriptive level of compari-
son with the evaluations by untrained listeners. Note that
Wapnick and Ekholm (1997), who used quite an extensive
questionnaire for voice evaluation, found an interrater reli-
ability of »=.75 with three professional judges.

The analysis included the following steps for each
participant: (a) characteristics in the questionnaire were
linked to those named in the interview, with analogies
sought between both; and (b) the questionnaire data were
descriptively compared to the evaluations by the trained
listeners. If a participant’s assessment was in agreement
with two of the trained listeners, the characteristic was
considered to be assessed “correctly” (i.e., showed a
match).

Fig. 1 Frequencies of the 18
Disliked Characteristics in the 16
Questionnaire of Study 1. Note.

14
Number (y-axis) of matched 12
and non-matched characteris- 1
tics (x-axis). Participants only
checked the disliked features of
the 23 singers

ON PO
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Results

It should be noted that results are based on German terms
and have been translated into English. Most verbal descrip-
tions refer to the sound of the voice (n=29), such as nasal,
miffed, pressed, knodel (i.e., retracted), less soft, thin,
pointy, squeaky, squealing, “cheeping,” tinny, and “without
substance.” Some terms fit the category of tension, such as
“pressed” and “squeaky,” but were used by the participants
based on the sound and not on a functional understanding
of muscle tension. Of these sound features, some refer to
noise (n=38), such as rough, scratchy, noise in tone onset,
scrabble/paw, not clear, “unclean” (in the sense of noise),
which showed that the terms indicated a perceived rough-
ness. Other terms such as “pressed” and “scrabble” were
also used in part to describe noise (n=6). Other aspects
of tension refer to the impression of a powerless and weak
voice.

There were ten descriptions of average pitch, such as a
changing or “wrong” pitch level, “unclean” (in the sense of
intonation or the sense of pitch changes), high, low, mono-
tone, missing depth, or of singing/reaching tones from
below. A total of 13 statements refer to the overall impres-
sion of the voices, including seven descriptions of sounding
childlike, not masculine, arrogant, unappealing, disinterested
(“uncouth,” “dashed off”’), boring, whiny/sniveling, moan-
ing, eerie, and exaggeratedly female. The participants only
rarely mentioned features concerning articulation, accents,
intelligibility, sound duration, mode of phonation, and rhyth-
mic aspects.

Regarding the questionnaire, the number of ratings are
depicted in Fig. 1 and are shown in comparison to those used
by the trained listeners. Notably, “creaky” and “breathy” are
both rarely mentioned and seldom used correctly. Although
nasal is used more frequently, it is only used correctly in
less than 50% of cases. Sonority and sound of voice are
used correctly with just over 50%, modulations of tones, and
faucal distance with just over 60%. Some features are rarely
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mentioned; hence, a “correct” use should be considered with
caution, and results need to be contextualized with the verbal
descriptions provided by the participants.

Interim Discussion

The participants utter their impressions of voices on different
levels that mirror major categories of vocal description (e.g.,
Bose, 2001; Wapnick & Ekholm, 1997). The utterances also
include metaphors and associations, and the participants mix
aesthetic judgments into their descriptions of vocal features
(Garnier et al., 2007; Mitchell, 2014). The vocabulary was
certainly limited but on average, each participant was able
to name two adjectives that described the particularities of
a singer’s voice.

Considering the terms expressed by the participants and
the overlap with those they chose from the questionnaire,
conclusions can be drawn on the usage and application of the
terms. In the case of ambiguities, combinations or changes
of items are discussed for the follow-up study. Overall, some
features could be well applied, i.e., they mostly matched
the ratings of the trained listeners and reflected the verbal
expressions of the participants. These include mode of pho-
nation (speaking—shouting), sound of voice (hard—soft; the
specification “onset” was removed as it was redundant),
average pitch (low-high) and timbre (dark—bright), which
were already addressed by the participants in the interviews
and therefore belonged to the active vocabulary of the lis-
teners. The characteristics of the feature pitch changes (sud-
den—continuous) were used frequently in the interviews and
on the questionnaire.

The feature modulations of sound and pitch showed con-
siderable overlap, i.e., the participants did not differentiate
between the two assessments (and were therefore combined
in the next study). The feature tension could be well applied,
but as the participants used the term “pressed” in their utter-
ances more often than “tense,” another item was created with
the poles “lax—pressed” to investigate the overlap between
both in the next step. The features sonority and loudness
showed ambiguous usage and need further evaluation in
order to come to better conclusions. The feature “rough-
ness” was the best applied of the all noise features and was
frequently mentioned. Other features describing noise, such
as creaky and breathy, were (also after further inquiry)
unknown to participants or confused with roughness, which
had already been shown in other studies investigating the
distinction between breathiness and roughness (Anders
et al., 1988; Kreiman & Gerratt, 1998).

The feature articulation described only articulation preci-
sion and fell short of being able to help express particulari-
ties in articulation. As the latter turned out to be an impor-
tant feature for the participants, the feature was changed in
order to focus on overall (and rather broad) peculiarities of

articulation. The features faucal distance, nasal, and reso-
nance (dull-shrill) showed considerable overlap. In the ques-
tionnaire, the participants mixed faucal constriction and per-
ceived nasality with descriptions from the interviews such as
“squeaky,” which suggests that for the participants the terms
are connected or cannot be differentiated. In cases where
the participant selected “nasal,” trained listeners tended to
perceive faucal constriction, which suggests a combination
of the characteristics squeaky and nasal. The characteristic
“wide,” however, remained applicable and could be com-
bined with the resonance characteristic “dull” inasmuch as
its opposite, “shrill,” was linked with “squeaky.”

Other features, such as sound duration (lengthened—short-
ened), were used somewhat diffusely in the interviews and
questionnaire and did not seem to be understood or did not
play a role in the description of voices. Vibrato (n=2) and
trembling (n=4) were not mentioned in the interview and
hardly in the questionnaire. The participants’ comments sug-
gested that they were not familiar with the term vibrato, so
the usage seems to depend on their expertise and interest,
and is probably more relevant in the context of classical
singing. Non-singers, for example, are very divided on rat-
ings of vibrato, and their assessment of a performance might
not depend on vibrato, unlike singers’ evaluations (Reddy &
Subramanian, 2015).

Study 2: In-House Questionnaire Study

Study 2 is to be understood as an intermediate step toward
the online survey. The newly created features based on Study
1 were evaluated with more participants but still in a con-
trolled setup in an in-house study. Participants evaluated the
voices from the interview study using the new feature list
and provided ratings on the difficulties of the items as well
as free text to explain these issues. The ratings were again
descriptively compared to the expert ratings from Study 1.

Methods
Participants

Forty—eight participants (29 female, 19 male) with a mean
age of 40.06 years (SD = 18.24) took part in this study (con-
venience sample). Twenty—one had at least a high school
degree, 27 were university students. Five participants were
professionally involved in music, 26 played an instrument.

Questionnaire
The set of features consisted of 13 bipolar items: average

pitch (low-high), loudness (loud—soft or “quiet”), sonor-
ity (full-thin), timbre (dark—bright), sound (soft-hard),
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tension (tense—unsupported or “un-tense”), noise (rough/
scratchy—smooth), resonance (dull/wide—squeaky/nasal),
pressed (lax—pressed), pitch changes (sudden—gliding),
articulation (distinctive—plain), mode of phonation (speak-
ing—shouting), expression (varied—uniform).

Procedure

Sixteen of the 20 titles of the interview study were selected
(Table S3) and a representative excerpt was chosen from
each song and a balanced ratio of male and female singers
was ensured. Features were evaluated on a 4—point scale,
which did not leave a midpoint, so the participants had to
decide between the characteristics (comparable to forced
choice). Additionally, liking was assessed for each feature
separately as was the general liking of voice, song, text, and
musical style (each on a 5—point scale; not part of the cur-
rent report) and the familiarity of the singer (yes/no; name
of the singer).

At the end of the study, participants were asked how well
they were able to rate their impression of the voice with the
given characteristics (on a 5—point scale, from very good to
not good at all) and if there were characteristics that seemed
to be missing (no, yes, namely...). Finally, participants were
asked to evaluate each feature on its difficulty (4—point scale
from “not at all” to “very much”) and to justify the rating in
an open comment field.

Each participant sat in a booth in a group testing room
and rated on six out of a total of 16 singers, with one singer
rated by all participants, The Tallest Man on Earth (no. 16).
The music samples were listened to via headphones (Beyer-
dynamic DT 770 Pro), whereby the volume could be indi-
vidually adjusted by the participant. The music titles were
played back according to lists created beforehand so that (a)
the pieces were evaluated as evenly as possible throughout
the study, and (b) the order in which they were presented
varied. The questionnaires were filled out on paper. Alto-
gether, each singer was rated by 15 to 18 participants. The
session lasted approximately 1-1.5 h, and each participant
received monetary compensation of 15 euros. Data were
analyzed using SPSS 25.

Results
Interrater Agreement

In order to compare interrater reliability with other stud-
ies investigating listener agreement in voice evaluations,
an intra—class correlation (ICC; model: two—way random
effects; type: absolute agreement) was performed for the
whole questionnaire (13 items) for the one singer all par-
ticipants rated (no. 16). The ICC revealed an average meas-
ure of .212 with a 95% confidence interval from —.073 to
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473 (F(45.540)=1.354, p=.067). Four features showed
(Table S4) negative corrected item—total correlation, that is
speaking—shouting (—.383), rough/scratchy—smooth (—.156),
tense—unsupported (—.094) and lax—pressed (—.045). Hence,
the average ICC is lower than in comparable studies where
it was around r=.4 (Binziger et al., 2014; Merrill & Lar-
rouy-Maestri, 2017; Wapnick & Ekholm, 1997; note that
different methods were used to calculate these correlation
coefficients).

Application of Features

As mentioned above, the ICC does not allow for conclu-
sions about feature ratings in individual singers. In order to
investigate whether participants chose the same direction of
an evaluation for the features in each singer, observed and
expected frequencies adapted to a normal distribution were
compared with chi-square tests separately for each voice and
feature (Table S5). A normal distribution would be expected
if the participants could not evaluate a specific feature in
a voice well (similarly to a semantic differential scale); a
consistent evaluation would be in either direction of the rat-
ing scale. This non—parametric statistic was chosen because
of the short, ordinal rating scale. After the distributions
were inspected visually to make sure that the ratings clearly
pointed in one direction, all significant features were com-
pared with the binary ratings by the trained listeners in order
to make a descriptive comparison. The results show that no
feature revealed unanimous evaluations for all singers. The
maximum of significant chi-square tests was found for loud-
ness (in 12 singers), followed by sound of voice, mode of
phonation, pitch changes, average pitch, noise, and timbre.
All other features showed unanimous evaluations for less
than half of the singers. The average rating per singer was
compared descriptively to the (categorical) expert ratings
showing that the number of non—matched ratings ranged
between one to three singers per feature (Fig. 2).
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trained listeners from the max. 16 singers
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singing and speaking, in line with the comments. Depend-
ing on the research question, this pole could be changed
in future research to shouting, which is a common feature
in popular music styles (e.g., gospel music shouting, belt-
ing, metal singing). Sonority and loudness were disregarded
because of the difficulty of evaluating them in recordings
(especially of popular music) due to the recording technique
(a comment made by both trained and untrained listeners).
With regard to articulation, it did not seem to have been
apparent to the participants that particularities of articulation
beyond pure intelligibility needed to be evaluated. Therefore,
a feature of “precise—imprecise” articulation was added to
“peculiar—ordinary” (now reformulated), so that both facets
could be evaluated.

Study 3: Online Survey

In this final step, a large group of participants took part in
the survey consisting of two language groups and people
having different backgrounds with voices, i.e., with speaking
and singing voices. So far, in voice research, different termi-
nologies between fields were investigated, but only between
experts (e.g., voice care clinicians and vocal pedagogues)
and not untrained listeners, which was already mentioned as
aresearch gap (Garnier et al., 2007). Therefore, Study 3 was
conducted with trained and untrained listeners in order to see
whether the untrained listeners came to different ratings of
the singers than the experts. The two language groups were
done in order to have a proper translation and evaluation of
the German questionnaire.

Methods
Participants

Overall 266 participants (165 female, 100 male, one not
stated) took part in the study (convenience sample), of which
216 participants (138 female, 77 male, one not stated) com-
pleted the German version and 50 participants (27 female,
23 male) the English version of the study. In the German
version, the participants were on average 31.31 years old
(SD=12.19; range 18-68). 195 had at least a high school
degree, and just over half of the participants were univer-
sity students (n=113). The open question on professional or
non-professional involvement with voice led to identification
of three groups: 53.24% (n=115) without voice experience,
19.98% (n=41) with speaking voice experience (e.g., speech
scientist, speech therapist, actor), 27.78% (n=60) with sing-
ing voice experience (e.g., professional singers, singing
lessons during their studies, an extensive choir experience
of more than 8 years plus individual lessons of more than
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2 years, or with background in classical and popular sing-
ing styles).

In the English version, participants were on average
35.28 years old (SD=14.17; range 18—69). All but one par-
ticipant had at least a high school degree, 18 were university
students. Concerning professional involvement with voices,
33 had no experience, only two had experience with speak-
ing voices/phonetics, and 15 with singing voices (mostly
classical music).

Questionnaire

The new set comprised nine items, which still represent
major categories of vocal articulatory expression: aver-
age pitch (low-high), noise (rough/scratchy—soft), tension
(pressed—pressureless), timbre (squeaky/nasal-dark/dull),
pitch changes (sudden—gliding), articulation precision (pre-
cise—imprecise), articulation peculiarities (peculiar—ordi-
nary), mode of phonation (sung—spoken), and vocal expres-
sion (varied—uniform).

Selection of Voices

Since this investigation was aimed at the everyday listening
experience, singers were again investigated with background
music. Participants were instructed to pay attention to the
voice and to disregard the music as much as possible.

To keep the procedure short, only six singers were
selected for evaluation. The choice of singers was made
according to the following criteria: The number of singers
should not unduly prolong the survey processing time for
the participants. Singers were selected so that the features
discussed so far could be compared between the studies.
Six popular voices and songs were chosen (Table 2), which
were expected to be known by the participants due to their
age and positions in the charts. With this, the decision was
made to control for familiarity, with the limitation that par-
ticipants’ evaluations were not free from personal memories
and experiences.

Three female and three male singers were selected, who
can be heard well in the recording (a little additional reverb
can be heard in Houston). Each excerpt was about 30 s long
and was a representative part of the song, in which the voice
did not change too much in sound and technique.

Procedure

After the collection of demographic data, including native
language, an open question was asked about the partici-
pant’s involvement with the singing or speaking voice
in a private or professional context. The presentation of
the six selected singers was in a randomized order. After
listening to one recording completely, evaluations of the
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Table 2 Selection of singers for the online survey
Singer Title Album Released Excerpt
Bob Dylan Don’t Think Twice It’s All Right The Freewheelin’ Bob Dylan 1963 00:07-00:43
Elvis Presley Love Me Tender Love Letters from Elvis 1971 00:02-00:41
James Brown I Got You (I Feel Good) Out of Sight 1964 01:26-02:03
Tina Turner What’s Love Got to Do with It Private Dancer 1984 00:45-01:12
Wanda Jackson Let’s Have a Party Wanda Jackson 1960 00:04-00:33
Whitney Houston One Moment in Time One Moment in Time: 1988 Summer 1988 00:59-01:30
Olympics Album
voice included a question on liking and a list of evoked  Results

emotions along with the ratings of the vocal features on
a 6-point scale (again to force choices). During all steps,
the recording could be listened to repeatedly. After this,
the liking of the song was evaluated (in the same way as
the liking of the voice) and the familiarity with the song
(yes/no). This process was repeated until all six voices
were evaluated. After room for comments, it was pos-
sible to take part in a raffle in which every tenth partici-
pant won an Amazon.de voucher worth 10 euros, in the
English version an Amazon.com voucher worth 20 US
dollars. The survey lasted about 20 min. (Note that the
ratings on emotions and liking are not part of the current
report.)

For the English version, the German questionnaire
resulting from the online survey was translated by the
author based on vocabulary common in literature from
speech science, phonetics, and voice clinics. It was then
checked by two English native speakers who also spoke
German and discussed and adapted. Another online sur-
vey was started with the same procedure used for the Ger-
man version.

Fig. 3 Effects of Expertise
on the Feature Ratings. Note.
Estimated marginal means for
all nine features and the three
(non-) expert groups follow-
ing the ANCOVA. Covariates
appearing in the model were
evaluated at the following
values: singer=3.50, lan-
guage =.81. Error bars: 95%
confidence intervals

Estimated Marginal Means

non-expert

Effects of Expertise and Language

A repeated-measures analysis of covariance (ANCOVA)
with within-subject factor Feature and between-subject
factor Expertise and covariates Singer and Language
was performed. Levene’s test of equality of error vari-
ances only became significant for mode of phonation
(F(2,1593)=6.246, p=.002). Test of between—subject
effects was significant for Singer (F(1)=72.063, p <.001),
but not for Language (F(1)=.072, p=.789) nor for Expertise
(F(2)=2.163, p=.115; see Fig. 3). This result shows that
both language versions could be used equally well (German
and English) and for both trained and untrained listeners.

Interrater Agreement

An ICC for all nine features revealed an average measure
ICC of .392 with a 95% confidence interval from .345 to
436 (F(1595, 12,760)=1.688, p <.001) (Table S7), hence,
very similar to comparable studies (Bénziger et al., 2014;
Merrill & Larrouy-Maestri, 2017; Wapnick & Ekholm,

1997).

speech-exp

feature

[Eaverage pitch
Enoise
Wtension
Etimbre
Opitch changes
Marticulation precision
Oarticulation peculiarity
Emode of phonation
Eexpression

song-exp

expertise
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Application of Features voice and feature with an expected (normal) distribution
over the 6—point rating scale (Fig. 4). All chi-square tests

As in Study 2, chi-square tests were used to compare the  became significant (Table 3).

observed distribution of the features separately for each
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Fig.4 Observed (Light Blue) vs. Expected (Dark Red) Distributions cases, small differences were seen: tension, pitch changes, and mode

of Ratings. Note. Scale according to characteristics of the items (see of phonation in Dylan; articulation precision in Brown; tension and
text or Table S9). All chi-square tests were significant, but in some timbre in Houston

Table 3 Chi-Square values for

: Feature Singer

singers and features (N =266,

df=5) Dylan Presley Brown Turner Jackson Houston
Average Pitch 33.570 451.752 107.323 14.977 169.594 49.526
Noise 28.797 392.143 967.128 421.549 1335.023 252.647
Tension 13.436 182.970 359.301 262.211 426.541 15.692
Timbre 125.316 304.143 63.812 49.714 337.594 47.752
Pitch changes 34.880 748.143 101.617 46.165 143.120 173.910
Articulation precision 157.910 180.602 29.383 84.835 25.647 391.188
Articulation peculiarities 157.865 67.602 144.805 21.895 69.850 146.165
Mode of phonation 15.361 628.602 114.331 299.534 83.602 1569.316
Expression 74.910 311.271 294.511 117.609 109.977 96.835
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It was already suspected in Study 2 that the assessment
of voices depends not only on the goodness of feature rat-
ings, but also on the explicitness of the vocal feature to
be evaluated. It can be seen that chi-square values differ
between features and singers and after visual inspection of
the distributions (Fig. 4), some evaluations were less clear
than others: For example, while for Presley all features were
indecisively rated into one direction on the bipolar rating
scale, the results for Dylan reveal much lower values for sev-
eral items and less clear distributions into one direction. A
look at the features reveals that while expression has higher
values for all singers, tension shows lower values for two
singers. Overall, it can be concluded that there were no sys-
tematic issues in the evaluation of the characteristics, and
each feature could be evaluated well for most of the sing-
ers. This means that the evaluations are singer specific and
show how unambiguously a feature is expressed; hence they
depend less on understanding the characteristics than on the
expression of a singer (Kreiman et al., 2007).

Classification of Singers

In order to show which characteristics in which combination
contributed best to the differentiation of singers and which
features were possibly most salient for the auditory discrimi-
nation, the six singers were classified based on the evaluated
characteristics using canonical discriminant analysis (CDA).
Other studies have used discriminant analyses to assign spe-
cific vocal characteristics to different emotions (Bédnziger
et al., 2014) or intentions (Hellbernd & Sammler, 2016) in
speech. Chi-square tests with Wilks’ Lambda showed five
functions that had a statistically significant effect on the dis-
crimination (Functions 1 to 5, p <.001).

The first function explained 75.8% of the variance with
highest loading items being noise and tension, hence reveal-
ing the largest influence. The second function explained
16.8% with articulation precision and peculiarities as well
as mode of phonation. The explained variance of the other
functions was low (Table 4).

Here, 63.0% of cross-validated grouped cases were cor-
rectly classified (63.9% of original grouped cases). Dylan
was correctly classified in 66.5% of cross—validated cases,
Presley in 82.5%, Brown in 48.9%, Turner in 50.8%, Jack-
son in 53.8% and Houston in 75.6%. Brown was classified
as Jackson in 22.6% of cases, Jackson as Brown in 26.7%.
Turner was also confused with Brown and Jackson in 16.5%
and 18.4% of cases, respectively (full classification results
in Table S8).

Based on the first function, the voices can be dis-
tinguished very well by the features noise (rough/
scratchy—soft) and tension (pressed—pressureless). Fig-
ure 5 shows that Brown and Jackson are positioned in
the direction of “rough and pressed” and Presley in the

Table 4 Pooled within-groups correlations between discriminating
variables and standardized canonical discriminant functions

Feature Function
1 2 3 4 5

Explained Variance = 75.8 16.8 5.7 1.3 0.3

%
Noise 0.823* 0.381
Tension 0.462%
Art. precision 0.582% 0.512
Mode of phonation 0.576*
Art. peculiarities —0.342% —0.331
Timbre 0.355 —-0.701* 0.412
Average pitch —0.301 —-0.365 0.696* 0.394
Expression 0.359 —0.465 0.475%
Pitch changes 0.436 0.449%

Variables ordered by absolute size of correlation within function. *

Largest absolute correlation between each variable and any discrimi-
nant function. Loadings < |.3| omitted

direction of “soft and pressureless.” Following Function 2,
the voices can be separated based on articulation and mode
of phonation, where the poles are determined by Dylan and
Houston. However, the distance here is not as large as in
Function 1 (also reflected in the lower explained variance).

The functions of the CDA revealed similarities and
differences between the singers as well as the features.
The fact that noise and tension (Function 1) are similar
is shown, for example, by Jackson and Brown, who sing
with a rough/scratchy voice as well as with high pressure
(pressed vocal sound). These two features often co-occur
in a way that a pressed voice goes along with high tension,
but a breathy voice (in the ears of an untrained listener
also noise) can go along with low tension, and high or
low tension can occur without roughness or breathiness.
Hence, the two features fulfill different purposes and can
be perceptually differentiated.

The similarity in articulation peculiarities and precision
(Function 2) is conceptually not surprising and is grouped
with mode of phonation, which may suggest that sing-
ing and speaking were evaluated on the basis of articula-
tory features (already seen in Study 2; see also Merrill &
Larrouy-Maestri, 2017). Timbre (squeaky/nasal—dark/dull)
and average pitch (low-high) load on the third function,
showing that a high pitch in the selected voices is accom-
panied by a squeaky/nasal sound (e.g., Jackson) and a low
pitch with a dark/dull pitch (e.g., Presley). A mix can be
found in Houston, which tends toward a squeaky (shrill/
bright) sound in higher notes and a darker sound in lower
notes, which is reflected in the middle ratings. Expression
and pitch changes load on the last function, which reflects
that both assess timely variations (poles of varied—uniform
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Fig.5 Scatterplot of the Result
of the CDA With Singers and
Characteristics. Note. On the
X-axis, a distinction is made
between the features of the first
function of the CDA (noise and
tension) and those of the second
function (articulation and mode 25
of phonation) on the y-axis
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and sudden—gliding), which do not contribute to the dis-
crimination of the singers.

The CDA was performed for the German and the English
groups separately. Classification results were comparable
and support the notion that the features are perceived simi-
larly between the languages (Tables S9 and S10).

Discussion

The present series of studies revealed that untrained listeners
can describe singing voices in popular music using meaning-
ful vocal characteristics. Even though free descriptions of
voices by untrained listeners were limited to a few descrip-
tions, they were able to assess voices in a similar manner
to trained listeners using features from essential categories
of vocal description such as sound, pitch, articulation, and
overall expression (e.g., Bose, 2001; Wapnick & Ekholm,
1997). The results showed that neither language nor exper-
tise affected the assessment of the singers using the nine
items in the German and English questionnaire.

An increase in interrater agreement was seen from the
second study to the online survey, showing that the adjust-
ments helped the participants to use the items. The interrater
agreement lead to satisfactory results by being comparable
to other studies using untrained listeners (Bénziger et al.,
2014) and other larger questionnaires comparable to the
current study (Merrill & Larrouy-Maestri, 2017). The ICC
should increase when the number of categories is reduced,
for example, focusing on features related to the sound of
voice and including training (as seen in the evaluation of
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roughness and breathiness; Anders et al., 1988). Nonethe-
less, some features lead to indecisive ratings in some singers,
reflecting the ambiguous usage of that feature by the singer
rather than listener unreliability (Kreiman et al., 2007).

The voice profiles captured with the nine features in the
current study led to a representation of the six singers in
their characteristic properties as shown with a discriminant
analysis. Important for the discrimination was the feature
roughness which has been shown to be a salient feature of
untrained listeners’ perceptions (Anders et al., 1988; Bén-
ziger et al., 2014). It should be noted that descriptions by
trained listeners will lead to far more detailed descriptions
and therefore, probably to a better discrimination. In future
research, the classification based on these nine items should
also be extended to a larger set of voices.

Feature Descriptions

The chosen procedure generated a selection of voices that
originated from the participants’ everyday musical life, and
essential characteristics to be evaluated crystallized out,
which appeared in the free description and thus in the regu-
lar vocabulary of the untrained listeners. The resulting set of
features used in the online survey entailed features seen in
previous studies and theoretical categories of voice descrip-
tion, which will be discussed in detail in the following.
The feature “noise” (rough/scratchy—soft) represents a
most important and striking vocal sound, which determines,
together with tension, the discrimination of the singers in the
current study. Besides its role in clinical research indicating
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voice disorder (Hirano, 1981; Mathieson, 2001), it has to
be considered an essential vocal feature in the aesthetics
of popular vocal performances (and is highly disputed; see
Hihnel, 2015). Studies have shown that untrained listeners
can only poorly distinguish between roughness and breathi-
ness (Kreiman & Gerratt, 1998), or need training in order
to do so (Anders et al., 1988). Adding the term “scratchy”
seemed to have given enough information about what the
feature described.

Another striking feature in the sound of the singing voice
is twang (Héhnel, 2015; Henrich et al., 2008), which is char-
acterized by a specific change in the sound spectrum (Sund-
berg & Thalén, 2010), and in the present study is represented
in the feature-complex timbre (squeaky/nasal-dark/dull). It
can be accompanied by a nasal sound (Henrich et al., 2008),
which was a common term among untrained listeners, but is
often misused and associated with a squeaky sound, making
their combination eligible. The term “squeaky” was adopted
because of its onomatopoeic effect and because it was used
by the untrained listeners.

The term “pressed” was mentioned by the participants
and is represented in other singing inventories (Henrich
et al., 2008). The opposing characteristic was “pressureless,”
altogether reflecting “tension,” i.e., subglottic air pressure,
which varies between different singing styles (Thalén &
Sundberg, 2001) and was shown to be an important item for
the discrimination of singers.

The feature “average pitch,” i.e., the perceived funda-
mental frequency, reflects a lower or higher voice and is a
common feature in tools evaluating the speaking voice (e.g.,
Binziger et al., 2014; Mathieson, 2001). In assessments of
the singing voice, it has been evaluated in the context of
timbre (Henrich et al., 2008) because acoustically a bright
or dark timbre are characterized by a lower/higher formant
spectrum (Sundberg, 1975) and leads to the impression of
a higher or lower voice. In the current study, this feature
has led to differences in agreement in the assessed voices,
probably because the evaluation depends on the pitch range
of a song, and as is to be expected, the melody influences
the evaluation of average pitch and is also evaluated in this
dependence with music (Colton, 1987).

Due to the overlaps between popular music singing styles
and speech, a feature that simply catches the impression of
song or speech was included in the final set (mode of pho-
nation; Bose, 2001), which contributed (slightly) to the dis-
crimination of the singers in Study 3. In the beginning, the
feature was created to address shouting as a form of singing
as it was uttered by the participants in the interview study (and
exists as a defining feature in certain musical styles). Because
participants in Study 2 did not find this sufficient to describe
the voices, the pole was changed to speaking. This features is
variable and can be adjusted according to the research ques-
tions (speaking, singing, shouting) and it can be investigated

how the impression of singing and speaking relates to other
features in the questionnaire (Merrill, 2017; Merrill & Lar-
rouy-Maestri, 2017).

Related to mode of phonation is the feature “pitch changes”
(sudden—gliding). This feature can be considered necessary
for the singing voice profiles because it describes the use of
a glissando or portamento in musical terms. In this form, it
relates to another singing evaluation where it falls under the
category of “melodic articulation” (Henrich et al., 2008). It
might play a role in the context of popular music expressions
such as crooning or moaning (Hihnel, 2015).

Of all the aspects of articulation that can be evaluated in
speech (e.g., Bose, 2001; Laver, 1980) and song (duration of
sounds, stress; e.g., Garnier et al., 2007; Henrich et al., 2008),
an important one has been intelligibility (e.g., evaluated in
the GVPS with “good-bad”’; Bénziger et al., 2014). While in
a professional singing evaluation, these details may be used to
reflect peculiarities of a singer, in the current investigation, the
articulation was queried on the level of precision and peculi-
arities. While precision reflects mainly intelligibility, the fea-
ture peculiarities can be used to describe a singer in terms of
mannerism, without any specifics, which was important to the
participants in Study 2.

As the evaluation of a voice is an evaluation of timely vari-
ation, the feature vocal expression (‘“varied—uniform’) enables
an evaluation of an overall impression of the vocal perfor-
mance, which can reflect and possibly explain the ratings of
single items. For example, if a voice is evaluated as “varied,” it
might explain why other single items were rated indecisively.

Limitations

In order to use the current list of vocal features as a standard-
ized tool, psychometric properties will need to be evaluated
with a large set of voices, because only a small number was
presented in the current study. Further, a 5-point Likert scale
is recommended for the ratings, but was not evaluated with
the current study, because an even-point scale was used in
order to reveal tendencies of the bipolar items. All evalu-
ated voices were presented with music, which might have
influenced the ratings of vocal features, e.g., covered up
some aspects of the vocal sound. A Capella voices will be
interesting to investigate in future research, also because it
will enable a comparison of auditory and acoustical features,
which was not possible in the current study because of the
music in the background.

Conclusion and Outlook
The present series of studies revealed that people having

different voice experience are able to describe voices on
fundamental categories of vocal expression when presented
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with a suitable set of vocal features. The set developed in the
present study allows for the creation of comprehensive vocal
profiles that reflect a listener’s perception of a singing voice,
which does not require any previous education or training
for its application and is therefore a valuable addition to
existing inventories.

The implication of this finding is that untrained listeners
are now enabled to communicate about vocal expression in
singing, which gives the opportunity for various applica-
tions. The emerging vocal profile (or single features from
the list) can guide the identification and perceptual evalua-
tion of vocal features during listening, and it can be a useful
discussion aid for trained and untrained listeners from dif-
ferent fields (e.g., between students and teachers in music
schools, clinical personnel and patients, or voice researchers
and study participants). It will help to understand inference
mechanisms in vocal communication because it can be used
to investigate the connections between vocal characteristics
and certain reactions and sensations that occur when singing
voices are heard (e.g., emotional expression in song or aes-
thetic judgements). The features are applicable when acous-
tical analyses are not possible (e.g., because of background
music in the stimulus) or when more subjective perceptions
of the individual are of interest.
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