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Abstract: This pilot study reports on acoustic and perceptual profiles of two American female speakers’ productions
of six American English social affective expressions: Authority, Declaration, Irritation, Sincerity, Uncertainty and
walking on eggs (WOEG) as spoken in the linguistic sentence frame, Mary was dancing. The acoustic profile describes
the prosodic characteristics (FO, intensity, duration, voice quality and tonal targets) of the utterances as a whole, as
well as the voice quality characteristics of the nuclear stress syllable in the utterances. The perceptual profiles describe
(1) listeners’ 3-dimensional VAD emotional ratings, i.e., Valence, Arousal, and Dominance, of the utterances and (2)
listeners’ auditory impressions of the nuclear stress syllable. Multifactorial Analyses (MFA) were applied to examine
the relation between the prosodic characteristics and the VAD scales, and also the relationship between voice quality
measurements on the nuclear stress vowel and auditory perceptions. The prosodic MFA results indicate that for these
two American English speakers, a soft / noisy voice, with weak harmonics and irregular rhythm with pauses and
hesitations, as in the expressions of Uncertainty and WOEG, is perceived by listeners as accommodating (not
Dominant) and not positive (negative Valence). Loud, tense voices with energy in the upper frequencies, as in the
expression of Irritation, are perceived as Aroused. Expressions of Authority, Declaration, and Sincerity tend to have
comparatively regular rhythm and relatively flat intonation. The MFA analysis of voice quality measurements and
auditory perceptions suggests that Normalized Amplitude Quotient (NAQ) may indeed be a good estimate for tense
voice due to glottal closing behavior, Cepstral Peak Prominence (CPP), a good estimation for strong non-noisy
harmonics, Peak Slope, a good estimate of spectral related tense voice, and Hammarberg Index, for distribution of
spectral energy, i.e., strong or weak energy in the upper frequencies. But these measures do not completely account
for the auditory judgments of voice quality. An interpretation of the acoustic and perceptual profiles of the social
affective expressions is discussed in terms of theoretical codes (Frequency Code and Effort Code) proposed for
explaining symbolic relations between vocal characteristics and pragmatic affective processing in spoken human
communication.

Keywords: Social affective expressions; Prosody; Voice quality; Valence Activation Dominance ratings; Auditory
perceptions, Acoustic measurements; Social codes.
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1 Introduction

Over the past several decades, the acoustic and perceptual characteristics of emotional speech
have been studied (see e.g. Erickson 2005 for a review). Studies of various emotions, such as
anger, happiness, sadness, etc., have reported that, for instance, anger as well as happiness are
characterized by increased loudness and heightened FO, sadness by decreased loudness, lowered
FO, and longer duration, etc. (e.g., Scherer et al. 1991; Williams and Stevens 1972). Note,
however, that “emotion” is complex in a number of ways, including labeling of emotions-- e.g.,
hot anger is different from cold anger; the former is characterized by high FO0, e.g., Banziger &
Scherer (2005), the latter by low FO, among other things, e.g, Johnstone & Scherer (2000). Also,
active grieving, characterized by high intensity and high FO, is different from sadness,
characterized by low intensity and low FO (e.g., Erickson et al. 2006). Moreover, acted emotions
have different acoustic characteristics from spontaneous emotions (e.g., Erickson 2005; Erickson
et al. 2006; Jirgens et al. 2011).

An approach to examining acoustic and perceptual characteristics of emotion is to focus on
social affective expressions (SAE). Emotional expressions are not examined per se, but rather,
the focus is on how individuals in a language-specific culture interact with each other on a daily
basis. These expressions have their roots in underlying physiological emotions (e.g., Damasio
1998), but are tailored to be accepted within the cultural settings of the speakers (e.g. Rilliard et
al. (2017). Some of the early studies of social affective expressions include e.g., Rilliard et al.
2009, 2012, 2013, 2014, 2017; Shochi et al. 2009, 2023; de Moraes et al. 2012. These studies
tended to focus on the perceptual aspects of social affective expressions, reporting that some
expressions were fairly universally recognized while others, such as e.g. irony and seduction,
were not. Niebuhr (2014), reporting on irony in German, observed that ironic expressions tended
to have lowered intensity, longer duration, and lower and flatter FO. Similar findings were
reported by Moraes et al. (2012) showing that irony has lengthened duration on stressed syllables.
Work by Erickson et al. (2002) suggests that acoustic characteristics of irony/sarcasm may be
culturally / language dependent: Sarcasm is not frequently used by Japanese (personal experience
of the first author, https://japanintercultural.com/free-resources/articles/stay-away-from-irony-
with-the-japanese/), but when it is, it is characterized by final high rising FO (Yanagida 2002)
while English sarcasm often is produced with a final drop in FO (Erickson et al. 2002). Work by
Gonzélez-Fuente et al. (2015) report “that visual information produced after ironic sentences is a
key factor in the identification of the speaker's ironic intent” (p. 26); Mauchand et al. (2020)
reported that depending on the linguistic content, an ironic expression can be perceived as positive
or negative. Seduction in Japanese tends to be produced with a higher FO, while in English,
French, or Brazilian Portuguese, it has a lower FO (e.g., Rilliard et al. 2017; Erickson et al. 2023).
For more discussion of what makes a voice sound sexy or attractive, see Weiss et al. (2021).

Politeness expressions are also included in SAE, and again language-cultural differences
abound. Loveday (1981) observes that both male and female English speakers raise their fO for
expressing politeness, while in Japan, female speakers raise their FO even more, while the FO of
male speakers doesn’t change that much. Nadeu and Prieto (2011), looking at polite speech in
Catalan, observed that increasing FO alone does not necessarily increase the degree of perceived
politeness; rather contextual and gestural, specifically facial information, is important. Similar
findings about the importance of head and face movements for recognizing
politeness/impoliteness are reported by Shochi et al. (2023). Rilliard et al. (2012) also discussed
the acquisition of polite expressions by Japanese children, showing that by the time they are 9 or
10 years old, they have adult-like recognition of politeness categories. A comprehensive study by
Rilliard et al. (2014) showed that non-Japanese listeners (French, American and Brazilian
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Portuguese) have about a 60% global recognition rate of Japanese polite/non-polite speech.
Caballero et al. (2018) report that compared with politeness, impolite utterances have lower FO
and slower speech rate. See also Culpepper et al. (2003) for a discussion of polite and impolite
expressions.

Work by Székely et al. (2017) reports that uncertain expressions tend to be softer, with
elongation of function words and filled pauses. Ward & Hirschberg (1985) suggest that
uncertainty is conveyed by a fall-rise intonation contour. Complaining speech by French speakers
has been studied by Mauchand and Pell (2021): increased FO and HNR, together with less
shimmer and jitter were found to be acoustic characteristics of a complaining voice.

This pilot study presented here pursues the earlier work by Rilliard and colleagues to
examine fine details of how our voices change in daily conversations and how these changes
affect the listeners’ perceptual assessments of socially induced communicative functions. In this
case study, we examine data from this existing speech corpus of highly controlled, high-quality
recordings of utterances from expressive dialogues of two speakers with very similar socio-
cultural backgrounds that also share comparable communicative performances, as cross-checked
by perception tests (see e.g. Rilliard et al. 2013). Details of the speech corpus are explained in the
Methods section below. In our previous studies, we examined perceptual groupings of a subset of
SAE produced and well-recognized by U.S. English speakers. In Rilliard et al.(2017), we reported
on the interaction between normalized values of FO and intensity of 8 L1 speakers (5 females, 3
males) of U.S. American speakers’ productions of 11 attitudes that were well-perceived by U.S.
listeners (N= 35). FO and intensity characteristics were observed as follows: surprise was
produced in a loud and high-pitched voice; Irritation with the loudest voice, more than 10 dB
higher than declaration; declaration with a voice in the mid-range of FO and intensity; seduction,
authority, contempt, obviousness and irony, with lower FO but higher intensity than declaration;
politeness, sincerity and walking-on-eggs with a higher pitch than declaration, where walking on
eggs had the lowest intensity. In commenting on the interaction of FO and intensity in SAE, the
authors suggested that “using a lower pitch for expression of dominance (here typically authority
and contempt) is reminiscent of the predictions of the Frequency code (23)” (Rilliard et al. (2017),
p. 38; also see Rilliard et al. (2009, 2013) for some qualitative acoustic observations about social
affective expressions of US English).

Nevertheless. no real in-depth acoustic or perceptual analyses of these data have been
performed. This paper is an attempt to remedy this by drawing some connections between
acoustics, production, and perception of attitudinal expressions that we had not previously
explored before. To this aim, we choose to do a case study: the dataset used here is only a small
part of a larger corpus, as we aim to dig into the complex relationships between the acoustic
characteristics of speech signals and the socio-affective expressions they carry through rapid and
subtle changes in voice qualities. Of course, a small, speaker-specific sample only presents some
facets of such a complex behemoth, but these fine phonetic details, observed through various
lenses (acoustic parameters, voice quality settings, perceptual evaluations), bring insights into the
important relationship and limitations to take into account so to avoid bias while describing and
understanding social communications. We thus focus on finding links between perception and
acoustics, and speaker-specific differences as a secondary thing. In the results and discussion
sections, we first look at overarching patterns for different types of affective expressions. The
acoustic analysis, as described below, is much more in-depth than previously conducted,
including FO, intensity, pitch accents, and voice quality assessments; the perceptual analysis
involves the 3-Dimension Valence-Arousal-Dominance emotional approach, as described below.
As a secondary thing, we then look at speaker-specific things to motivate future research
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directions or to try to have preliminary explanations regarding trading relations in terms of
prosodic cues.

By way of more explanation of how SAE is distinct from emotions per se, we note that as
we interact with others in a variety of situations to communicate with one another, our voice
changes in a number of ways—we speak with a louder or softer voice, or more slowly or more
quickly, or our voice pitch goes up or down, or our tone of voice becomes more tense or less
harsh. The social constructs speakers make as they communicate with others are referred to here
as “social affective expressions” (expressing politeness or doubt, marking surprise or irony); they
may correspond to what is designed in the literature as prosodic attitudes (Uldall 1960; Fénagy
and Bérard 1972; Wichmann 2000) and illocutions (see Couper-Kuhlen 1986; Mello and Raso
2011 for discussions). Note that these attitudes are not emotional expressions, such as anger, grief,
joy, etc., as mentioned above. They are related to basic emotions, but social attitude expressions
have undergone a conventionalization due to a number of factors, including the culture in which
they are expressed. Hence, voice changes in social affective expressions vary according to social-
awareness factors such as sensitivities to these nuances of social and cultural interactions, our
individuality (as a person of a given gender, age, social and dialectal background, education,
professional profile, social role, for example), and our personality (e.g., an extroverted person
may speak with a louder voice and more pitch variations; Erickson et al. 2018), etc.

Such voice changes that occur with social affective expressions are related indirectly to
basic emotions (e.g., Scherer et al. 1984) in that feeling more tense or more relaxed will affect
our voice: muscular tension in the body affects the way we breathe, and consequently the quantity
of air passing through our vocal folds; it affects the tension in the vocal folds, and thus their
vibration patterns, etc. (for detailed predictions, see Scherer 2009a, 2009b). How aroused we feel
can thus affect the acoustic manifestations of our expressions, which in turn not only affects how
aroused the wvoice sounds (Arousal) but how positive/pleasant (Valence) or how
assertive/dominant (Dominance) the voice is (Osgood et al. 1975; Goudbeek and Scherer 2010).
Note four dimensions, not only three, are necessary to account for variation across emotional
expressions, adding an unpredictability dimension (Fontaine et al. 2007) that — if it proved
particularly important for analyzing socio-affective expressions (Rilliard and de Moraes 2017)—
is of lesser relevance in the subset that will be studied here.

The Valence Arousal Dominance (VAD) percepts are manifested acoustically: loud, high-
pitched voices are perceived as aroused/excited (e.g., Juslin and Laukka 2001; Scherer 2003;
Bénziger and Scherer 2005; Goudbeek and Scherer 2010; Schmidt et al. 2016; Erickson et al.
2020), as also faster (Goudbeek and Scherer 2010) and higher pitched voices (Mozziconacci
1998; Schrdder et al. 2006). Schmidt, Janse, and Scharenborg (2016), however, report that
loudness is a more important cue than FO for arousal. Tense/non-breathy voices are more aroused
than breathy voices (Anikin 2020; Erickson et al. 2020a). Tense voices are also heard as more
dominant (Anikin 2020), as are voices with high and “less noisy and flatter spectrum” (Goudbeek
and Scherer 2010, p. 1332), as well as louder, faster speech with a wide range of FO (Geng et al.
2020). As for valence, duration and spectral cues are important (Juslin and Laukka 2001; Scherer
2003); a steep spectral slope is an acoustic correlate of positive valence (Goudbeek and Scherer
2010). Breathy voices with steep spectral slopes are more positively rated than tense voices with
sustained energy in the upper frequencies (Anikin 2020). Goudbeek and Scherer (2010) report
that arousal explains most of the change in acoustics and that valence and dominance cues are
dependent on the level of perceived arousal.

Whether a voice/speech utterance is perceived as having a positive or negative valence is a
question that is receiving increased interest in the speech research field. VVoices with positive
valence tend to be more attractive, sexy, or charismatic (see, e.g., Weiss et al. 2021). Moreover,
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valence cues seem to be culturally dependent: German listeners find high-pitched voices
unpleasant (Schmidt et al. 2016); Japanese and Mandarin listeners prefer a high-pitched, less
breathy voice, while Brazilian Portuguese listeners prefer a lower-pitched, breathy voice
(Erickson et al. 2020a). For related work concerning cross-cultural similarities and differences in
emotion recognition, please see e.g., Russell (1994); Elfenbein and Ambady (2002a, 2002b,
2003); Barrett (2006); Hareli et al. (2015); Laukka and Elfenbein (2021).

Beyond emotional expressions, vocal variations rooted in biological characteristics may
also play a role in social affective expressions. Ohala’s Frequency Code (Ohala 1983, 1984, 1994)
links lower pitch to a larger body (based in large part on studies of voices of other mammals, and
thus, the motivation for the derived symbolism of low voice for dominance, including speech acts
such as assertions and questions. An extension of such a biological code has been proposed by
Gussenhoven, notably with the Effort Code (Gussenhoven 2004), which links greater vocal effort
to more dominant behavior, among other predictions. These assumedly biologically-motivated
codes manifest themselves in social communicative interactions, and will be referred to as “social
codes,” codes that are employed by speakers, along with emotion-motivated vocal changes, to
communicate socially in daily life situations using conventionalized social affects (see de Moraes,
2011, for a discussion).

Additionally, and importantly, another source of variation in social affective expressions is
due to our unique set of glottal source and vocal tract configurations, which results in different
articulatory strategies to produce the expression and, consequently, may derive different acoustic
manifestations for the same communicative act. Moreover, there is not necessarily a single
acoustic parameter nor even a unique constellation of acoustic parameters that describe these
social affective expressions, although, in the end, speakers manage to produce recognizable social
affects (see Fitch et al. 1980 for a similar argument at another analysis level).

To better understand links between articulatory strategies and social affective expressions,
we need to find a way to explain the relation between articulation, perception, and the acoustic
manifestation. Here in this paper, we try to enter the details of what two speakers are doing to
express a small set of expressions and to show how it may be complex and how it may be
explained. A naive assumption might be that speakers, at least of the same language/cultural
background, would use the same or similar cues to express the same social affect, e.g., that
American English speakers would speak with louder, lower-pitched voices to express Irritation,
which would be heard by American listeners as aroused, dominant, and not very likeable.
However, the situation is much more complex, especially when we add in voice quality changes.
With regard to voice quality, currently, there are several models for assessing it, notably that by
John Laver (1980), who described voice quality as involving long-term articulatory settings that
impact the general sounding of one’s voice without necessarily affecting the perceptual access to
phonemic categories. Such auditorily perceived voice qualities have different settings in terms of
source (vocal fold configuration) and filter (supra-laryngeal) configurations, plus a general
tension setting (that applies to both source and filter). Clinicians, in assessing pathological voice
quality, employ a system called Voice Profile Analysis (VPA), which is based on Laver’s work
and is currently a widely used method for assessing voice quality (e.g., Camargo and Madureira
2008; Camargo et al. 2019; San Segundo et al. 2019).

Acoustic analysis of speech has come up with many different parameters for examining
changes in the signal that relate, at least in part, to auditory voice qualities (for a review centered
on voice source, see d’Alessandro 2006). For instance, an index of breathy voice quality—
described by Laver (1980, p. 132) as “By comparison with modal voice, the mode of vibration of
the vocal folds is inefficient, and is accompanied by slight audible friction”—that is commonly
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used is the difference between the amplitude of the first harmonic (H1) and that of the next
harmonic (H2), potentially with a correction for the possible influence of vocalic resonances
(Hanson 1997); however, this measure works best for oral low pitched /a/ vowels. Indices of good
harmonicity (strong harmonics, little noise) includes Harmonic to Noise Ratio (HNR; e.g.,
d’Alessandro et al. 1998; Jackson and Shadle 2001) and Cepstral Peak Prominence [CPP]
(Hillenbrand et al. 1994; Hillenbrand and Houde 1996), where large values indicate strong
harmonics, and conversely lower values indicate higher noise levels, comparatively to the energy
in the harmonic part (but note different types of noises may be indiscriminately mixed; see Rilliard
et al. 2018 for a discussion). The so-called “Hammarberg” index (Hammarberg et al. 1980; Banse
and Scherer 1996) is an estimation of the spectral slope (linked to vocal effort; Liénard and Di
Benedetto 1999; Liénard 2019). High values of this index indicate steep spectral slope, linked to
low effort and possibly breathy phonation; low values indicate more energy in the upper
frequencies, and are typical of higher vocal effort. For estimates of the tense-lax vocal dimension,
two popular measures are (1) Normalized Amplitude Quotient (NAQ), related to glottal closing
behavior, where larger values indicate tenser voice (Alku et al. 2002), and (2) Peak slope (PS,
Kane and Gobl 2011), which was designed to estimate spectral tilt. This is not by any means an
exhaustive list. The point, however, is that none of these parameters completely captures what
breathiness is, or what tenseness is. This is to a large part due to the many factors affecting voice
quality, (e.g., rate of vocal fold vibrations, phonation mode, glottal closure amplitude, pharyngeal
narrowing, vowel quality, etc.) and notably the highly complex role of supraglottal tract, so that
such parameters have relations with various aspects of articulatory voice qualities as described in,
e.g., Laver (1980) or Esling et al. (2019), and as appears clearly from d’Alessandro (2006) Table
2 (p.78).

To date, as far as we know, no in-depth study of voice quality has been done for the social
affective expressions examined here. Since voice quality during the course of a single utterance
changes with segmental and prosodic make-up, in this paper, in addition to an examination of FO,
intensity, and duration for the entire utterances, we did an in-depth examination of acoustic and
auditory cues for the nuclear stress vowels in the first syllable of the word dancing.

In this case study of a few expressive samples from two female speakers, we make a
detailed phonetic analysis of the various dimensions of affective expressions, especially targeting
voice quality since the audio recordings are of high quality. If the phonetic data is not
generalizable to other speakers, it does show that for these particular expressions and for the
strategies selected by these two speakers, the same communication goal is achieved in ways that
are similar yet different. For the perception aspect of the study, we asked groups of listeners to
rate the Valence-Arousal-Dominance dimensions and also the auditory aspects of voice quality
in these speakers’ social affective expressions. The assumption is that such perceptual judgments
apply at a more generalizable level, at least to American listeners, for these specific stimuli. In
this paper, we are trying to describe the complex relationships between the social expressive
strategies of these two women of very similar age, geographic location and cultural background
and their reception by perceivers.

2 Methods

2.1 Recording procedure and corpus

As mentioned in the Introduction, the social affective expressions, such as e.g. authority, irritation,
uncertainty, etc., are part of a larger corpus; the purpose was to help second/foreign language
students successfully communicate in that language/culture since the phonetic implementations
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of these expressions vary across languages and cultures (e.g., Rilliard et al. 2014; Mixdorff et al.
2018; Idemaru et al. 2019; Shochi et al. 2020). The recorded data include sixteen social affective
expressions produced by various language learners, e.g., English speakers learning Japanese,
Japanese speakers learning French, etc. For details on the motivation of the sixteen social affective
expressions and a description of some of the differences observed within and across different
languages/cultures, the reader is referred to Rilliard et al. (2013, 2017). Dialogue specifications
were given in terms of the relative hierarchical levels of the interlocutor, their social relation and
the communication aim of the speakers. Thus, the two speakers (the experimenter and the
experimentee) relied on the dialogue description to play a short scenario that led to the target
utterance. Typical social affective expressions were collected during such interactive dialogue
tasks in which the recorded speaker played a role with the experimenter, such that the dialogues
ended with the speaker saying a target utterance (“Mary was dancing’). As produced during an
interactive (albeit scripted) dialogue task with given communication goals, the social affects were
not defined by their labels but by the communication situations, which makes them more easily
comparable across speakers and cultures, as they do not rely on the interpretation of a given label
or its translation (see Wierzbicka 1992).

The recording took place at Waseda University (Japan) in sound-prepared facilities using
an Earthworks QTCI1 omnidirectional microphone placed one meter from the speaker’s mouth,
and with its recording level calibrated using a Briel & Kjer acoustical calibrator; the microphone
was plugged into a Panasonic AG-AC160 video camera recording in AVCHD format. The
resulting videos files were later edited, the sound level corrected for varying recording levels, and
individual sentences were stored in individual mp4 files.

Since not all speakers are equally efficient in their verbal communication skills (notably
depending on their personality, training, etc., see Erickson et al. 2018; Niebuhr et al. 2019), and
in order to ascertain whether a speaker successfully expressed a particular affect (i.e, politeness,
sarcasm, seduction/flirtation, arrogance, etc.), perceptual evaluations of their performances by
first language speakers were carried out (Rilliard et al. 2013). The results showed interspeaker
differences in how well they could convey to listeners the intended social affective expressions.

We selected well-recognized attitudes from the USA English corpus, as judged by
American listeners (Rilliard et al. 2013). As described in this study, the judgments were made by
17 subjects (7 females and 10 males), mean age 25), all native AmericanEnglish speakers; they
listened to 256 stimuli (8 speakers performing 16 attitudes with two sentences) and rated the
performance of the speaker in expressing the targeted attitude, on a 1 to 9 scale. Based on the
results, six well-perceived attitudes produced by two female speakers on the target utterance
“Mary was dancing” were selected. Thus, in this pilot study, we focus on twelve stimuli. The
interest in our current study is not the capacity of listeners to identify or label the targeted speech
acts, but to raise questions as to how speakers may use various vocal cues to form a panel of
expressions, how their strategies matched the theoretical social codes proposed in the literature
(and which of these codes), and how the individual vocal characteristics of speakers led them to
use different strategies for these expressive aims.

As for the speakers, one speaker (S6) was the first author of the paper; the other speaker
(S3) was a friend of S6; both had considerable experience teaching English as a second language
in Japan, and were, therefore, able to express well-recognized social affective expressions which
could be used to help teach learners of English how to express American-style social affective
expressions. The speakers exchanged roles, with S6 playing the role of the experimenter first and
then S3 playing the experimenter. The fact that the two speakers were friends probably lent reality

J. of Speech Sci., Campinas, v. 13, €024004, 2024 — ISSN 2236-9740



to the various dialogue situations. At the time of the recording, S3 was in her early 50’s and S6

in her mid 60’s. Both speakers had a certain amount of training as soprano singers. Also, both
speakers had lived in Japan, S6 somewhat longer than S3. Both speakers were Caucasian, roughly
of the same generation, and shared a similar mid-western cultural background. S3 was born in
Minnesota, and S6 in neighboring South Dakota.

The six target social expressions examined here are listed in alphabetic order: Authority,
Declaration, Irritation, Sincerity, Uncertainty, and “Walking On Eggs” (WOEG). A note about
Declaration: this is considered a neutral SAE, to function as a type of baseline. The situations
corresponding to the six expressions are shown in Table 1. Speaker A is the target speaker who
performs the expressive utterance, while speaker B is the experimenter.

Table 1: Characteristics of the dialogues used for the recordings, with some contextual elements about
the dialogue, the relations between the two speakers, and the place where it took place.

Label Situation Dialogue

Authority Speaker B asks what Mary was doing, and speaker A | B: Do you know what Mary
answers with an authoritarian tone in order to influence | was doing?
Speaker B or to impose his view or wish. A: Mary was dancing.
Speaker A is in charge of the dance school. Speaker B
and Mary are working in this dance school as teachers.
The scene is at the dance school.

Declaration | The speaker A gives the information [Mary was dancing] | B: What was Mary doing when
without any personal perspective. you arrived?
Speakers A & B are colleagues, same age. The scene is | A: Mary was dancing.
at a Starbucks Coffee shop.

Irritation You (speaker A) are sitting next to speaker B. Speaker A | B: What was Mary doing last
answers ‘“Mary was dancing” expressing his irritation | night?
towards his interlocutor (B), since it is the third time | A: Mary was dancing.
speaker A is answering the same question and his | (I already told you 3 times before.
interlocutor B doesn’t pay attention. Are you deaf or what?)
Both speakers A & B are almost same age and know each
other. The scene is at public place.

Sincerity Speaker A’s chief didn’t find Mary last night. Mary | B: What was Mary doing?

needs to improve her skills more for the next competition
which is coming very soon. You were with her yesterday
night, and you know she was dancing very hard.
Speaker B is chief of the ballet school which speaker A
belongs to. Mary is Speaker B’s colleague. The scene is
at the dance hall.

A: (I tell you the truth) Mary
was dancing.

Uncertainty

Conveying “I think that...(slow) Mary was dancing, but
I am not 100% sure, when | got there, it was very
crowded, and I couldn’t see very well.” Speaker A
expresses uncertainty about the information he is giving.
Speakers A & B both are colleagues, same age. The
scene is at Starbucks coffee.

B: What was Mary doing when
you arrived?
A: Mary was dancing

WOEG

Speaker B, who is speaker A’s chief, has been looking
for Mary since yesterday. Mary needed to send an
important document to Speaker B by last night, but she
didn’t. Instead, she was dancing. You were with Mary,
and you are afraid to tell on her. But you realize you have
to tell the truth, even though you don’t want to.

B: Where was Mary last night?
I called her several times last
night, but she didn’t answer the
phone. She needed to send me the
document as you know! | know
both of you were together last
night. What was she doing?
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Speaker B is chief of the section which speaker A | A: (Huuh.) Mary was dancing.
belongs to. Mary is Speaker B’s colleague. The scene is
at Speaker B’s office.

2.2 Acoustical analyses

First, the stimuli were segmented at the phonemic level using Praat (Boersma and Weenink 2022)
TextGrids, and a series of acoustic measurements were estimated from the signal with a 10ms
time step. The following ones were estimated thanks to Praat algorithms:

The voice’s fundamental frequency (FO, expressed in semitones re. 1Hz) was measured
using Praat’s “ac” algorithm and hand-corrected using Praat’s Pitch object; both the voicing
decision and the choice of the FO candidates were checked; better candidates were selected
to fit pitch perception in case of problems. Estimating the rate of vocal fold closure, FO is
widely used to study intonation and is seen as the main acoustical correlate of perceived
vocal pitch in voice, albeit pitch is influenced by many factors (e.g., Rossi 1978; Ohala
1994; Bishop and Keating 2012).

Signal intensity, expressed in dB, was estimated using Praat default parameters (i.e., the
“pitch floor” parameter was set to 100Hz; recall the recording level was calibrated during
the recordings, so the measurements shall be comparable across speakers). Intensity is a
direct relation to the perceived loudness of speech (with a power function; see Stevens
2000, p. 225), and shall also be related to the perceived pitch (Niebuhr et al. 2020).

The Cepstral Peak Prominence (CPP; Hillenbrand et al. 1994; Hillenbrand and Houde
1996) was estimated using Praat implementation of CPP (Maryn and Weenink 2015). CPP
estimates, in the cepstral domain, the difference in energy between the harmonic structure
of speech (its voiced or periodic component, measured at the cepstral peak) and the noise
component (its aperiodic part, estimated through a regression over the cepstrum). CPP was
built to robustly detect aperiodicities (including breathiness) in pathological voices as
opposed to modal and more periodic voices; it is “robust” as it did not require FO to estimate
this periodic/aperiodic difference, which is a difficult measurement for some pathological
Voices.

The Hammarberg index (Hammarberg et al. 1980; Banse and Scherer 1996) was measured
as the difference in peak energies of the 0-2 and 2-5kHz bands, following the procedure
described in Hammarberg et al. (1980); it is expressed in dB. This index gives an estimation
of the proportion of spectral energy in the lower part of the spectrum (0-2kHz) compared
to the higher part (2-5kHz), which is linked to the spectral slope and thus shall oppose low
effort, breathy, or hypofunctional voices (that have few energy in the high-frequencies) to
hyper-functional, or high effort, tense voices (that have comparatively more energy above
2kHz).

Using the COVAREP toolbox (Degottex et al. 2014), two more voice quality parameters
were estimated that are described in the literature as estimates of the tense-lax vocal
dimension:

The Normalized Amplitude Quotient (NAQ; Alku et al. 2002). This measurement is an
estimation of the closing quotient (CQ) of glottal flow models: it represents the relative
duration of the closing phase during one cycle of vocal folds vibration, which differs
according to the folds’ tension. Breathy voices have slower fold movements, thus higher
CQ, while tense voices have more rapid closing, hence smaller CQ. The AQ estimate is
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based only on measures in the amplitude domain from the glottal flow waveform and its
derivative — thus it is thought to be more robust than methods requiring the determination
of precise events in the time domain. It is then normalized (hence the “N” of NAQ)
according to the duration of a fundamental period. NAQ is derived from the glottal
waveform and thus requires inverse filtering to be applied to the speech signal to remove
the contribution of the vocal tract transfer function.

- The Peak Slope parameter (PS, Kane and Gobl 2011). It was developed to measure voice
quality differences along a breathy-modal-tense continuum and thus returns an index
representing a kind of spectral slope, but measured on the wavelet transform. It fits a
regression line through the peaks of each wavelet scale and returns the slope of this line.
This (negative) slope is expected to be shallow (close to zero) for breathy voices and steeper
for more tense examples.

Our research is based on a prosodic model where syllables are the basic prosodic unit (e.g.,
Fujimura 2000), the nuclear stress syllable in the utterance has the most salience (e.g., (Erickson
and Niebuhr 2023), and an utterance is a composite of the syllables. Hence, we examine the
acoustic characteristics of the sentence, the syllables, and the nuclear stress syllable.

Focusing on the complete sentence, the values of these parameters were summarized,
taking into consideration the sentence’s mean and standard deviation on vocalic segments only.
Since many factors affect voice quality during speaking (i.e., vowel quality, intensity, FO, etc.),
we also focused on one vowel only, the vowel that has the most stress in the utterance, which is,
therefore, the most salient and most likely to carry social affective information. Specifically, we
measured the acoustic attributes for the vowel in the final nuclear-stressed syllable of the
utterances, the /&/ in dancing. Since, even within this single vowel, voice quality parameters and
FO change, we considered the median values of the initial, medial, and final third of the vowel for
each acoustic parameter.

Duration parameters were also estimated from the phonemic segmentation: (i) the duration
of the complete sentence, (ii) the mean and standard deviation of syllabic duration in each
sentence, and (iii) the duration of the nuclear stress syllable.

Finally, for intonation patterns, a ToBI analysis (Mainstream American English) was used
to describe the phrase boundaries and pitch accents (Pierrehumbert 1980; Silverman et al. 1992;
Beckman and Ayers 1997). The annotations were done by the first author, trained in ToBI
working with The Ohio State University group.

2.3 Perceptual analysis

The perceptual aspects of the affective expressions were approached from two perspectives: First,
listeners were presented with complete “Mary was dancing” sentences they had to rate on the 3-
Dimensional Valence-Arousal-Dominance (VAD) scales; next, to address voice quality, the
vowels in the nuclear stress syllables of the six paired utterances were presented to a second group
of listeners who were asked to auditorily rate six voice quality dimensions. The details of each
perception test are described below.

2.3.1 Valence Arousal Dominance

The listener ratings of the VAD perception tests have been reported in Erickson et al. (2022).
Based on performance ratings obtained in Rilliard et al. (2013), the twenty best-performed

social affect for the target sentence “Mary was dancing” were selected. Both speakers produced

social affective expressions labeled as “Authority, Declaration, Irritation, Sincerity, Uncertainty,
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Walking On Eggs.” In addition, S3 produced “Admiration, Arrogance, Contempt, lrony,
Obviousness” and S6 produced “Politeness, Surprise, Seductiveness.” (the best performances of
each speaker were selected.) So, among these twenty stimuli, twelve were paired in terms of social
affects across the two speakers: these are the six targeted social affects of this article.

Fourteen listeners (12 f, 2 m) at a northern California university listened to the twenty social
affective utterances as part of a classroom exercise. The listeners, all fluent speakers of English
with no known hearing disorders, were presented with the utterances using a PowerPoint
presentation in a classroom; the sounds were played over a loudspeaker. That not all listeners had
English as their first language, that no other demographics were collected, and that the sounds
were played over a loudspeaker are limitations of this study. The listeners were asked to rate their
impressions of each utterance in terms of how excited, how positive, and how assertive the
speaker sounded. Specifically, after hearing each utterance, they were to mark on their answer
sheet using a scale of 1 to 5, where 5 indicated very excited or very positive or very assertive, and
1 indicated very calm or very negative or very accommodating. These three laymen definitions
were taken as terms referring to the emotional dimensions referred to here as Valence Arousal
and Dominance, and that are defined as follows by Goudbeek & Scherer (2010): “Valence refers
to the intrinsic attractiveness (positive valence) or aversiveness (negative valence) of an event,
object, or situation leading to an emotion. Arousal represents the degree of alertness, excitement,
or engagement produced by the object(s) of emotion [...]. Potency/control has a long but more
controversial history in emotion research referring to the individual’s sense of power or control
over the eliciting event” (Goudbeek and Scherer 2010, p. 1322). Dominance in this work refers
to what Goudbeek & Scherer (2010) call Potency/Control.

Each slide had one utterance sound file along with an illustration of little mannikins (taken
from the work by Xue et al. 2018) portraying a series of facial expressions ranging from calm to
excited, or negative to positive, or accommodating to assertive (see Erickson et al., 2022, for more
details). Each utterance was presented to the listeners 3 times in block order; the first time, they
were to rate how excited the utterance was; the second time, how positive the utterance was; and
the third time, how dominant it was. Although the listeners were asked to rate each utterance on
the three scales, a few answers are missing (3 for arousal, 4 for valence, 5 for dominance).

2.3.2 Auditory voice quality impressions

As was mentioned in the introduction, voice quality is perceptible by listeners, but not
easily describable in auditory terms. One difficulty with a perceptual evaluation of voice quality
is its rapidly varying nature: indeed, within the utterances, it was not necessarily constant. Another
problem is that not everyone uses the same terms to describe voice quality (Henrich et al. 2008).
Thus, in order to address these two difficulties, we created a basis for comparison of voice quality
ratings for the listeners: we asked listeners to rate the /&/ in dancing in relation to prototypical
examples of a nasalized /&/ vowel produced with varying voice qualities: breathy, falsetto, voice
loudness, voice pitch, tenseness, and twangy-ness.

Exemplar vowels were used because, in real speech, voice qualities are mixed, e.g., FO and
loudness tend to covary such that a voice with a higher FO is generally heard as louder also. Using
exemplar vowels for which the voice quality was more controlled affords a better window into
ascertaining which acoustic parameters best match the auditory percepts. A professional soprano
singer trained in the Estill voice method (Steinhauer et al. 2017) made the recordings. Because of
her training, she was able to isolate and control to a large degree supralaryngeal (tongue, velum,
jaw, mid pharynx, low pharynx, larynx height, etc.) and laryngeal (vocal fold thickness, arytenoid
approximation, thyroid tilt, cricoid tilt, etc.) articulations to produce the six types of auditory voice
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quality dimensions. Thus, she was able to produce a twang-quality exemplar, for instance, by
narrowing the mid-pharyngeal area (see e.g., Perta et al. 2021; Erickson et al. 2022b, for an
articulatory and acoustic description of twang). She recorded six pairs of exemplar /&/ vowels
(producing the word dancing). The six pairs of voice qualities were the following:

- Breathy // Not breathy

- Falsetto // Modal

- Loud /I Soft

- High Il Low

- Tense // Nottense

- Twang // Notwang

The voice qualities on the left side are the “non-normal” targets, and “normal” on the right
side, with “normal”, or “modal” voice quality as was defined by Laver (1980), with the exception
of the “Loud-Soft” and “High—Low” pairs.

For the perception test, the nuclear stress vowel of “dancing” (/&/) was extracted from each
utterance in both the social affective stimuli and the exemplar stimuli. In recording the exemplar
sounds, the professional singer listened to all the utterances. She determined which utterances
were most breathy, most twangy, most tense, etc. The most breathy utterances were the WOEG
expressions for both S3 and S6; thus, the breathy exemplar sound was produced to match the
breathiness of these expressions (note that the WOEG expression may also carry other voice
qualities). The Irritation expressions were twangy, and so the twangy exemplar sound was based
on these expressions. For the high—Low pitch exemplar, the singer produced a high exemplar
sound at 350 Hz and a low one at 100 Hz, based on the FO range of S3 and S6.

Using the “psytoolkit” online interface (Stoet 2010, 2017), listeners were asked to use
headphones and listen to the twelve /&/ vowels extracted from the affective expressions, and then
to indicate, using a nine-point Likert scale, how close each sound was to the exemplar sounds,
e.g., breathy or non-breathy, etc. The instructions defined the different voice qualities as follows:

As an example, for Breathiness, sound Y represents a very breathy sound; sound X

represents a very non-breathy sound. Your job is to indicate if sound Z is more like the

breathy Sound Y or the non-breathy Sound X.

For Twangy voice quality—one sound is more like a Nashville country singer or a Texas

drawl or a wicked witch cackle.

For Tense voice quality—one sound is spoken with a more intense voice, as opposed to a

more relaxed voice.

For Falsetto voice quality—one sound is more like expressing surprise, one more like

normal speech.

For High pitched voices—one sound is high-pitched as opposed to a low-pitched sound.

For Loud voices—one sound is loud while one sound is soft.

Eighteen listeners, all North American English speakers, completed the test. The listeners
belonged to an online song circle, and so had some musical awareness, but not necessarily musical
training. If they didn’t understand exactly the meaning of a voice quality term, they were
encouraged to ask for more information. They completed the test online, using headphones. The
age of listeners ranged from 35 to 76, with a mean age of 58, thus, similar in age to the S3 and S6
speakers. No listener reported hearing problems. No other demographic information was
collected, which is a limitation of the study. About the layman’s descriptions of the auditory voice
qualities, especially “twangy”—this may have introduced some limitations due to the various
cultural references it may evoke in some listeners; however, since all the listeners were musicians,
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familiar with country music to some extent, we feel that any possible pejorative connotations of
“twang” were minimized.

2.4 Statistical analysis

The dataset at hand is based on a set of six social affective expressions produced by two speakers:
we are here interested in the speaker-specific strategies, so a descriptive step will be presented,
based on the observed value or on measures of central tendency and dispersion of the acoustic
parameters collected from the complete sentences or from the nuclear-stressed vowels (see details
above).

As a second step, the perceptual evaluations of these expressive productions by groups of
listeners will be detailed using regression models to sort out which factors have a significant and
important effect on their answers. We hypothesize that the perceptual results would be relatively
stable over a larger population of listeners, at least with similar language backgrounds, thus the
inferential approach.

The final step aims at observing potential links between these two description levels
(production and perception), comparing acoustic measurements obtained on the complete
sentences with the VAD results, and acoustic measurements on the stress vowels with the auditory
perceptions of voice quality. To that aim, we used a Multiple Factor Analysis (MFA; see Pagés
and Husson 2001; Husson et al. 2017), that reduces the dimensionality of each data table based
on several sub-tables with heterogeneous data types. For complete sentences, three sub-tables
were considered: the VAD scales, the acoustic parameters, and the duration measures
(corresponding to the divisions in Table 2 where the raw numeric values are given); for nuclear
stress, two sub-tables were considered: the six voice quality scales and the measurement on each
third of the nuclear-stressed vowels (it corresponds to divisions in table 3). The MFA then helps
in observing how each dataset is related to the different stimuli (the table’s rows). This is
essentially a descriptive tool that allows an organized comparison of complex multidimensional
datasets. From each MFA output, based on the projection of the table’s rows along the first
principal axes of the MFA, a hierarchical clustering algorithm was applied (following Husson et
al. 2017). We used this algorithm to better represent the similarities and differences between the
data points (through the hierarchical construction of the dendrogram) and to extract the more
relevant differences in applying clustering to the results. The reader may usefully read Abdi and
Williams (2010) for the interpretation of the output tables.

Table 2: for each speaker (Spk S3 and S6), and for each social affect expression (SAE), values used for
the MFA analysis on complete sentences. For perceptual data: mean z-scores on the V, A, and D scales.
For the production parameters observed over the sentences, mean and standard deviation (m/s) are
reported respectively on the first and second line for each parameter, when applicable (the lines
presenting standard deviation are shaded): (m/s) fundamental frequency (FO, ST), (m/s) intensity (Int,
dB), (m/s) cepstrum peak prominence (CPP, dB), (m/s) normalized amplitude quotient (NAQ), (m/s) peak
slope (PS), (m/s) Hammarberg index (HI, dB). For the duration parameters (measured in seconds):
duration of sentence (Dsent), (m/s) duration of syllables (Dsyl), duration of nuclear stress syllable (Dnss).

Spk  S3 S3 S3 S3 S3 S3 S6 S6 S6 S6 S6 S6

SAE Auth Decl Irri Sinc Unce Woe Auth Decl Irri Sinc  Unce Woe
9 9

A -0.085 -0.018 1.377 -0.090 0.027 -0.408 -0.351 -0.658 1.372 -0.370 -0.646 -0.097

Vv 0.168 0.634 1.114 -0.015 -0.816 -1.140 0.424 0.387 0.159 0.442 -0.778 -0.686

D 0.884 0.391 0.464 0.549 -0.544 -1.067 0.365 -0.267 1.101 -0.213 -0.895 -0.991

FO 90.7 90.6 933 878 915 897 945 925 978 941 916 935
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153 245 440 280 347 320 144 109 352 206 150 5.02
Int 652 628 671 616 569 570 679 661 729 662 624 598
525 366 516 361 682 311 246 240 381 474 320 532
CPP 218 211 206 185 162 166 223 196 206 174 172 130
460 303 395 443 533 419 367 419 395 246 487 4.30
NA 0081 0088 0.161 0088 0078 0049 0.120 0065 0.122 0.125 0.078 0.086
Q
0.0398 0.0339 0.0552 0.0330 0.0409 0.0379 0.0284 0.0402 0.0573 0.0521 0.0415 0.0442
PS - - - - - - - - - - - -
0.5145 0.5217 0.5119 0.5053 0.4630 0.4878 0.5035 0.5189 0.4720 0.4847 0.5087 0.5021
0.0299 0.0243 0.0283 0.0304 0.0559 0.0324 0.0219 0.0238 0.0346 0.0305 0.0291 0.0319
HI 209 218 195 242 239 260 164 244 98 225 293 296
864 911 878 659 723 703 696 653 762 519 624 6.80
Dsen 1.050 0.920 2210 1.010 1930 2070 0.980 0.860 1210 0.910 2.090 2.230
t
Dsyl 0210 0.184 0398 0202 038 0414 0196 0172 0242 0182 0376 0.231
0080 0053 0.159 0.054 0294 0.342 0.089 0.062 0.51 0.089 0.210 0.075
Dnss  0.320 0.240 0.650 0.270 0.830 1.000 0.310 0.250 0.380 0.300 0520 0.330

Table 3: for each speaker (S3 and S6), and for each social affect expression (SAE), values estimated from
the MFA analysis on nuclear stress syllables. For perceptual data: mean z-scores on the breathy/non
breathy (Breath), falsetto/modal (Falset), high/low (High), loud/soft (Loud), tense/not tense (Tense), and
twang/no twang (Twang) scales. For the production parameters observed over the three third of each
nuclear stress vowel (the number at the end of the labels indicates the position of the measure), median
value of: fundamental frequency (FO, ST), intensity (Int, dB), cepstrum peak prominence (CPP, dB),

normalized amplitude quotient (NAQ), peak slope (PS), and Hammarberg index (HI, dB).

Spk S3 S3 S3 S3 S3 S3 S6 S6 S6 S6 S6 S6
SAE Auth  Decl lrri Sinc  Unce Woe Auth Decl lrri Sinc  Unce Woe
g g
Breath -0.365 -0.505 -0.466 0.031 -0.267 0.760 -0.599 -0.150 -0.879 0.815 0.282 1.325
Falset 0.176 0.002 0.371 -0.237 0.333 -0.894 0.946 -0.058 1.558 -0.684 -0.415 -1.162
High  -0.232 -0.378 0.657 -0.648 -0.267 0.290 -0.367 -0.190 -0.349 0.615 0.563 0.271
Loud 0.058 0.112 0.632 -0.522 0.360 -1.037 1.001 -0.075 1.266 -0.521 -0.747 -0.528
Tense -0.299 -0.368 1.266 -0.813 0.201 -0.460 0.671 -0.023 0.896 -0.082 -0.111 -0.903
Twan -0.003 0.169 0.588 -0.155 0.125 -0.413 0.823 0.142 1.048 -0.418 -0.915 -0.991
g
Fo1 916 892 949 866 926 888 944 917 941 912 916 811
F02 90.0 883 975 857 919 879 937 916 950 919 904 829
FO3 88.7 88.2 1002 858 912 876 932 913 975 920 914 834
Intl 67.0 627 651 640 659 630 688 689 718 696 671 682
Int2 68.0 650 700 601 633 605 641 657 700 657 623 623
Int3 68.7 644 803 586 633 579 656 627 702 620 599 622
CPP1 239 177 214 194 209 161 203 222 246 170 210 101
CPP2 214 231 201 234 226 170 252 247 245 172 168 115
CPP3 236 228 187 214 231 150 252 202 207 170 18.0 104
NAQ1 0.078 0.029 0.204 0.079 0.074 0.012 0.111 0.103 0.070 0.047 0.098 0.067
NAQ2 0.106 0.081 0.209 0.096 0.060 0.037 0.134 0.104 0.079 0.142 0.137 0.076
NAQ3 0.064 0.079 0.208 0.084 0.051 0.041 0.125 0.121 0.106 0.157 0.104 0.126
PS1  -0.5216-0.5262-0.4945-0.5209-0.5187 -0.5109-0.5231-0.5290-0.4617-0.4897-0.5279 -0.4630
PS2  -0.5231-0.5327-0.5028-0.4913-0.5084 -0.4960-0.4738-0.5245-0.4547-0.5059-0.5194 -0.4384
PS3  -0.5454-0.5231-0.5514-0.4774-0.5181 -0.4915-0.4898-0.5116-0.4681-0.4964-0.5136 -0.4117
HI1 145 141 144 210 204 29.0 140 226 100 276 254 3138
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HI2 246 273 178 220 196 297 91 214 22 214 239 279
HI3 331 349 335 277 332 370 9.7 211 29 202 271 309

3 Results

3.1 Acoustic measurements

3.1.1 Tonal profiles

ToBl is a system used to annotate dialect or language-specific prosodic information, specifically,
Tones (To) and Boundary Indices (BI). The notation marks FO events (indicated with H(igh) and
L (ow) markers to denote high and low FO, respectively), stress location (indicated with a * as in
H*, L*, etc., to mark pitch accented syllables with high or low FO, respectively), and phrasal
information (indicated with an — as in H- or L- to mark the end of an intermediate phrase that ends
with high or low FO, respectively, or % as in H% or L% to mark the end of an intonational phrase
that ends in high or low FO, respectively (e.g., Pierrehumbert 1980; Beckman and Ayers 1997).
The ToBI annotation varies across dialects and languages and has, in general, been found to be a
useful method for annotating intonational prosodic information. We use it here to describe the
prosodic profiles of the six social affective expressions of the two female Caucasian speakers of
Mainstream American English in our case study (see, e.g., Jun 2022, for an up-to-date account of
ToBI transcription systems, its strengths, and challenges).

The intonation profiles for the six affective expressions produced by the two speakers are
shown in Figure 1. To unclutter the plot, absolute FO values are not shown. The relative height of
FO is marked with H or L, downstepped FO height is marked with !, and syllable stress is marked
with *, with the nuclear stress of the utterance falling on the last stressed syllable in the utterance.
The utterance-final phrase is marked with %. Phrase breaks after the phrase “Mary was” (not
shown in the figure) are such that Authority, Irritation, WOEG, and Uncertainty end with a high
boundary tone (H-); the other two, Declaration and Sincerity, end with a low boundary tone (L-).
The FO max and mean values and FO ranges were different for the two speakers (values are given
here in Hz), with S3 showing a mean of 193, a median of 196, and a range of 112-260, and S6, a
mean of 213, a median of 203, and a range of 144-306 (ranges are calculated from the fifth to the
ninety-fifth percentiles for each speaker to avoid outliers).

Pitch accents on the nuclear stress syllable (the /&/ in dancing) for the two speakers were
H*+L for Authority, L* for Declaration, Sincerity, WOEG, L*+H for Irritation, and 'H* for
Uncertainty. The symbol 'H* is used here to indicate a stressed syllable produced on a mid-level
FO, lower than the preceding high FO, but not on a low FO. Note that for S3’s Irritation, she
produced an additional phrase break after the auxiliary verb, was, with a stressed L*+H on was.

Pitch accents on the pre-nuclear stress region (Mary) were L*+H for all utterances, except
for Declaration with H* for S3. Concerning the phrase accents and boundary tones, both speakers
used a falling intonation (L-L%) for Authority, Declaration, Irritation, and Uncertainty. S3 used
a falling intonation for Sincerity and WOEG while S6 used a rising intonation (H-H%) in both
cases.
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Figure 1: FO contours of the social affective expressions, displayed in pairs, with S3 on top, and S6 on
the bottom of each pair. Left pairs are as follows from top to bottom: Authority, Irritation, Walking on
Eggs; Right pairs are as follows from top to bottom: Declaration, Sincere, Uncertainty. Y-axis indicates
FO (Hz) and x-axis, time. To focus on patterns of pitch accents, the scales of FO values are not shown,
albeit it was kept constant across sentences for coherence (ranging from 100 to 400 Hz).

As for the similarity of the intonational profiles of the two speakers, first of all, we mention
that since the analysis was done by only one phonetician, this is a limitation of the study (see,
e.g., Syrdal and McGory 2000; Yoon et al. 2004). Secondly, and as mentioned above, both
speakers are Caucasian women from the same dialect region, both have similar cultural
backgrounds, are roughly of the same generation, and are expressing well-recognized culturally
determined social expressions. It, therefore, seems plausible that they might use similar intonation
patterns. Since this is a case study with two speakers, it does not imply that all speakers of this
dialect use these intonation patterns. As far as we know, no previous study of intonational patterns
of these specific social affective expressions has been done. And, as an exploratory study, we
hope this will inspire future work to explore intonational patterns of various social affective
expressions.

3.1.2 Prosodic profiles for complete sentences

The prosodic profiles are described in terms of duration, intensity and FO characteristics of the
entire utterances. The duration profiles are shown in Figure 2. For both speakers, Declaration,
Authority, and Sincerity are shorter than the other three; the others are longer, mostly because of
longer pauses. For Uncertainty and WOEG both speakers inserted long pauses before the final
word, dancing. Notice that for S3, Irritation was longer than Uncertainty. For Irritation for S3,
two pauses were inserted, one before dancing, but also before was. For S6 for WOEG, the word
“was” was repeated twice, but no pause before dancing.
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Figure 2: Duration profiles, in seconds, along x-axis. S3 (left) S6 (right)

FO and intensity profiles are shown in Figure 3. S6 (right graph) generally speaks with a
higher and louder voice than does S3; also note a more linear progression of mean intensity and
FO for S6, with Irritation the loudest and highest, and Uncertainty and WOEG, the softest and
lowest. S3 also produces Irritation with the highest, loudest voice, and WOEG as the softest, but
Sincerity is the lowest. For both speakers, Declaration, Sincerity, and Authority are in the middle
range of intensity and FO.
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Figure 3: Mean FO (ST) on the y-axis and mean intensity (dB) on the x-axis for all vowels in utterances.
Speaker S3 is on the left panel, and S6 is on the right one.

Table 2 shows the mean and standard deviations over the vowels in the six affective
expressions, as performed by the two speakers. (See the Methods section for a description of the
acoustic values.)

3.1.3 Prosodic profiles for nuclear stress vowels

The prosodic profiles for the nuclear stress vowels are presented here. The values extracted from
the stressed vowel for acoustic parameters and duration are detailed in Table 3, for each social
affective stimuli of each speaker.
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Figure 4: For each social affect, median intensity (dB, on the x-axis) and FO (ST, on the y-axis) for the
three thirds of the nuclear stress vowels (points respectively depicted by “+”, “0”, and “x” symbols for
each third, linked by a line), for S3 (left) and S6 (right).

The intensity vs FO profiles (Figure 4) for the nuclear stress vowels show some similarities
and differences from those of the entire utterance (Figure 3). Note that the nuclear stress vowel
for S3’s Irritation is much higher and louder than for her utterance as a whole; it is also higher
and louder than S6’s nuclear stress vowel for Irritation: it displays a particularly large dynamic
pattern. In general, the relation between intensity and FO for S3’s nuclear stress vowels is similar
to that observed for the utterance as a whole, except that it is louder than for the utterance as a
whole. As for S6’s nuclear stress vowel, FO is actually slightly lower than for the entire utterance,
and interestingly, WOEG is considerably lower, about 7 semitones, than for the entire utterance.
Otherwise for S6, in terms of FO and intensity, her nuclear stress vowel and her entire utterance
are very similar. Along a single nuclear stress vowel for most of the expressions, both speakers
became softer at the end (the final third) of the vowel. But this is not the case for S3’s Authority
and especially not for Irritation (as mentioned above), expressions for which her intensity rises
across the vowel. Note also for S3, FO rises for Irritation but decreases for Authority. For S6,
fewer dynamics are observed within the vowels (most of the changes are for decreasing intensity),
and especially few along the FO dimension, but for S6’s Irritation expression, it has a rising FO
with a steady intensity level.
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Figure 5: Median values, measured at each third of the nuclear stress syllable (x-axis 1, 2, and 3 points)
of the NAQ, Peak slope, Hammarberg index, and CPP parameters (on separate plots by columns) for both
speakers (S3: top row; S6: bottom row), for each social affect (individual lines). The columns are referred

to in the text below as 5a, 5b, 5¢ and 5d, respectively.

As for voice quality profiles of the nuclear stress vowels, Figure 5 shows how the estimates
of NAQ, Peak slope, Hammarberg index, and CPP vary for each of the expressions, for each of
the speakers, and for each third of the vowels. These figures provide a graphic illustration of how
variable voice quality is across speakers, across expressions, and even within in single vowel.
Here we comment on a few of our observations.

Looking at NAQ in Fig. 5a, S3’s Irritation has a very high value compared to her other
expressions, and her WOEG has the lowest value. For S6, however, both Irritation and WOEG
have the lowest NAQ values, and in general, S6’s NAQ parameters show fewer changes.
However, with regard to Peak Slope measurements in Fig. 5b, S6 shows more variation than S3;
especially her Irritation and WOEG expressions received higher values (closer to zero): shallower
Peak slopes are indicative of “breathier” voices (Kane and Gobl 2011) , which may include high
flow voices (see the discussion about breathiness in Laver, 1980, p. 132ff).

Next, we look at Figures 5¢ (Hammarberg Index) and 5d (CPP). The Hammarberg Index
(5¢) provides information about the steepness of the spectral slope, where large values (displayed
at the bottom of the y-axis) indicate steep drop off of energy in the upper frequencies, and small
values (top of the y-axis) indicate no steep drop off of energy in the upper frequencies. The CPP
(5d) estimates harmonic strength, with large values indicating strong harmonics.

Comparing figures 5¢ and 5d, notice that it is only the expressions with medium or low
Hammarberg indices that have low or lowered CPP values. For both S3 and S6, WOEG clearly
stands apart as having a steep spectral tilt (high Hammarberg index) and weak harmonics (low
CPP values). For S3, the other five attitudes cluster in the range of having a shallower spectral tilt
(more energy in the upper frequencies) and fairly strong harmonics, with Authority having
slightly stronger harmonics. Note for S3, the intra-vowel variation of the spectral slope is
systematic — with a spectral slope going steeper along the vowel. This systematic change may be
due to the fact that S3 produces a diphtongation of the /&/ vowel, with an upward shift of the
second formant to be more [I]-like (as seen in spectrograms, as well as auditorily perceptible).
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S6, on the other hand, showed a steady [&]-like vowel quality. It is interesting that the
Hammarberg index is sensitive to vowel articulation, suggesting the possibility of vowel-intrinsic
spectral tilt, in addition to vowels having intrinsic FO (e.g., Shadle 1985), and intrinsic duration/
intensity (Lehiste 1970).

For S6, Sincerity, Uncertainty and Declaration have relatively low energy in the upper
frequencies, as evidenced by low Hammarberg indices (5c¢), and fairly strong harmonic structure
as evidenced by high CPP values (5d), with Declaration having the stronger harmonicity. Irritation
and Authority both have large spectral energy in the upper frequencies (5¢) as well as strong
harmonics (5d). As for intrasyllabic behavior, S6 tends to have different intrasyllabic behavior
than S3, with decreasing spectral slopes for Authority and Irritation, and relatively few changes
along the vowels for the others.

Comparing the voice quality strategies of the two speakers, S6 shows a more linear
relationship between spectral tilt and harmonic strength than S3, i.e., as energy increases in the
upper frequencies, so does harmonic strength. The voice quality characteristics for S3 seem to be
not that much differentiated by these measurements (i.e., spectral tilt and harmonic strength): the
nuclear stress vowels for all of her expressions, except WOEG, have comparable values of energy
in the upper frequencies and of harmonic strength. Her WOEG showed a steep drop of energy,
similar to S6’s WOEG, but with higher harmonicity than S6.

The intra-vocalic changes observed for S3, which do not follow what is observed for
Irritation in her case, may be linked to articulatory differences between the two speakers (at a
phonemic level): typically, a potential nasal coda may systematically veil the higher energy at the
end of the vowel. This is not observed on other parameters, that shall be less sensitive to
articulatory variations.

One interpretation of these differences in voice quality estimates is that S3 tends to use a
more modal voice (more energy in the upper frequencies with stronger harmonics) than S6, which
uses a more falsetto-like voice. This interpretation is also borne out by the auditory impressions
of the professional speaker who produced the exemplar sounds for the auditory perception test.
As will be discussed later, the speakers used of different voice registers, i.e., modal vs falsetto,
also affects the social code they use in their social affective expressions.

3.2 Perception tests: VAD

Perceptual evaluation of the V, A, and D dimensions on a scale of 1 to 5 were standardized
(centered and scaled) for each listener and each scale to remove individual changes in using these
scales. The variation in these z-scores was evaluated with one linear model for each scale with,
as independent variables, the 6 attitudes and the two speakers plus their interaction (note the two
speakers are not modeled here as a random variable, as this dataset is reduced: we do not try to
extrapolate their production characteristics to a more general population but look at how these
specific expressions were perceived). The analysis of variance output for each scale is presented
in Table 4; post-hoc comparisons were run to compare the levels of each attitude using a
Bonferroni correction.
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Table 4: ANOVA tables of the linear models on the V, A, D scales, with factors attitude (Att) and
speaker (Spk) and their interaction; the F value, its degrees of freedom, and associated p-value and 2 are
reported. (from Erickson et al. 2022)

Valence df F p n2

Att 5 23.697 0.000 0.407
Spk 1 0.001 0.971 0.000
A:S 5 3.899 0.002 0.067
Residuals 153 - - 0.526
Arousal df F p n2

Att 5 22.543 0.000 0.401
Spk 1 5.106 0.025 0.018
A:S 5 1.807 0.115 0.032
Residuals 154 - - 0.547
Dominance Df F p n2

Att 5 32.026 0.000 0.470
Spk 1 6.350 0.013 0.019
A:S 5 4.422 0.001 0.065
Residuals 152 - - 0.447
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Figure 6: Three plots from left to right for negative-positive (Valence), calm-excited (Arousal), and

accommodating-assertive (Dominance) ratings: mean and confidence intervals of for the 6 attitudes

(ranked in increasing mean levels of each scale) for speakers S3 and S6. The stars (*) just above the
horizontal axis indicate significant post-hoc pairwise comparisons. (from Erickson et al. 2022a)

Figure 6 shows the VAD ratings by listeners for the six affective expressions and the two
speakers. In terms of Valence, WOEG and Uncertainty by both speakers were rated as
significantly more negative than all the other ones, which are comparable in valence level — but
with a significant difference between S3 and S6 valence for Irritation (S3’s production receiving
higher ratings). As for Arousal, most of the affective expressions were rated as calm (ratings
below the mean) but, for both speakers, productions of Irritation were rated as very excited
(significantly higher than all the others); the linear model also showed higher arousal perceived
for S3 than S6; the interaction was not significant. As for Dominance ratings, the highest ratings
of “assertive” are for both speakers’ Authority and Irritation. In addition, we see Sincerity and
Declaration rated as dominant for S3 but less for S6, and WOEG and Uncertainty significantly
lower in Dominance ratings for both speakers.

We note an SAE is not fixed in terms of valence, dominance, or arousal. “Surprise, for
example, can result from unexpected positive/pleasant news or from negative indignation; and,
likewise, irritation can be expressed submissively (low dominance) or accusatory (high
dominance), depending on who is assumed to be the culprit” (p.c. by one anonymous reviewer).
In our design, we tried to control for this by specifying the hierarchical relationship between the
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dialogue partners, e.g., social relationship, age, and location of dialogue. To be sure, however, the
dialogue scenarios could have been more detailed. For instance, the speaker’s personality, €.g.,
extrovert, neurotic, etc., is also known to affect the voice characteristics (see Erickson et al. 2018).

3.3 Perception tests: Auditory assessment of voice qualities

Answers for each of the six voice quality scales were standardized by listener (so to remove
potential individual variation in using each scale). These z-score values were then submitted, for
each scale, to linear modeling having as independent variables the six attitudes and the two
speakers, plus their interaction. The output of these analyses of variance is presented in Table 5.
Subsequent planned post-hoc comparisons of the between-speaker differences for each attitude
were run with a Bonferroni correction; results are presented in Figure 7, with each significant pair
differences being marked by a star (*).

Table 5: ANOVA tables of the linear models on the voice quality scales (Breathy, Falsetto, High, Loud,
Tense, Twang), with factors attitude (Att) and speaker (Spk) and their interaction; the F value, its degrees
of freedom, and associated p-value and #? are reported.

Breathy df F P n? Loud df F P 0’
Att 5 27.792 0.000 0.379 | Att 5 31.824 0.000 0.382
Spk 1 7.257 0.008 0.020 | Spk 1 1.982 0.161 0.005
A:S 5 3.851 0.002 0.053| AS 5 10.239 0.000 0.123
Residuals 201 - - 0.549 | Residuals 204 - - 0.490
Falsetto  df F P n? Tense af  F P n?
Att 5 44037 0.000 0.453 | Att 5 25.262 0.000 0.348
Spk 1 0.733  0.393 0.002 | Spk 1 2.422 0.121 0.007
A:S 5 12.443 0.000 0.128 | A:S 5 6.204 0.000 0.086
Residuals 203 - - 0.417 | Residuals 203 - - 0.560
High df F P n? Twang df F P "
Att 5 2.747 0.02 0.054 | Att 5 19.596 0.000 0.289
Spk 1 2.303 0.131 0.009 | Spk 1 0.987 0.322 0.003
A:S 5 7.252 0.000 0.142 | A:S 5 7.129 0.000 0.105
Residuals 203 - - 0.795 | Residuals 204 - - 0.602

The output of the analyses of variance (Figure 7) shows a globally coherent strategy of both
speakers in their use of most voice quality scales: the majority of between-speaker-pairs was not
significantly different. In particular, they are always similar for their expression of Declaration —
or the reference neutral speaking way, which generally is found close to the middle of each scale
(i.e., here close to 0 z-score). They also have similar voice quality judgments for WOEG.
Observed differences in the voice qualities of their nuclear vowels were for Sincerity for
breathiness, pitch, and tension judgments — S3 being lower than S6 in each case. For Authority,
S3 is also lower than S6 for the falsetto, loudness, tension, and twang scales. In the case of
Irritation, S3 was higher than S6, but less falsetto and less loud. For Uncertainty, S3 shows a
lower pitch and a voice judged as louder, more twang and more falsetto.

Table 6 gives a qualitative description of the auditory perceptions of voice qualities for
each expression; finer differences between the two speakers can be seen by examining the mean
values displayed in Figure 7. In the table, auditory ratings above O are considered as having a
certain quality, below 0 as having the opposite quality, and values at or close to 0 are described
as “not that quality”, i.e., “not breathy.” More specifically, the breathy scale is qualitatively
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described as breathy vs not breathy; the falsetto scale is described as falsetto vs modal; the high
scale is described as high voice vs low voice; the loudness scale, as loud vs soft; the tense scale,

as tense vs. lax; the twang scale, as twang vs no twang.
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Figure 7: Six plots for the perceptual VQ scales; from left to right, top row: Breathy, Falsetto, High;
bottom row: Loud, Tense, Twang. Plots present the mean and confidence intervals predicted by the linear
models, with the 6 attitudes along the horizontal axis (ranked in increasing mean levels of each scale) and
speakers S3 and S6 on separate lines. The stars (*) just above the horizontal axis indicate significant post-
hoc pairwise comparisons.

Table 6. Voice quality summary for each of the expressions, based on the MFA in Table 3.

Authority Declaration Irritation Sincerity Uncertainty WOEG
Not breathy or | Not breathy, or | Tense, loud | Soft, not | Not tense or | Very breathy,
high voice; for | high voice; | and twang; for | tense, twang | twang; for S3, | soft, modal,
S6, high | slightly lax; not | S3, high | or falsetto; for | slightly  low, | not especially
tenseness, falsetto, loud or | voice; for S6, | S3,  higher, | loud & falsetto; | high, lax, no
falsetto, twang. lots of | more lax; for | no breathiness; | twang.
loudness, Speakers very | falsetto. S6, breathy. for S6, high, | Speakers very
twang. similar. less falsetto & | similar.
breathy.

3.4 Relations between Prosodic characteristic and VAD scales
The mean score assigned by listeners to each Valence, Arousal, and Dominance scale (expressed
in z-scores) was organized in a table, with rows as the twelve utterances performed by the two
speakers, and as columns, the perceptual results. The mean and standard deviation of acoustic
measures on the utterances’ vowels were added in further columns: FO, intensity, Hammarberg
index, CPP, NAQ, and peak slope. This two-part table, summarizing perceptual and acoustic
aspects of the complete utterance, was then submitted to a Multiple Factorial Analysis (MFA: see
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details in the Methods part and in Husson et al. 2017). The MFA allows the comparison of several
datasets, keeping the characteristics of each one.

Only the first three axes of the MFA were kept, that explain about 75% of the total variance.
The coordinates, contributions, and squared cosines of the columns and of the rows are presented
in Table 7. The distribution of the utterances along the first two main axes are represented on
Figure 8, distinguished for the clusters they were attributed to, so to propose a visual support for
the spread obtained with such parameters (please note the third dimension is not taken into
consideration with such a representation).

Table 7: Coordinates (D), contributions (Ct), and squared cosines (cs, multiplied by 100 for convenience)
of each row of the MFA on utterance perceptual and acoustic data, for the three main dimensions (1, 2, 3)
D1 D2 D3 Ctl Ct2 Ct3 «csl cs2 cs3

A 025 058 007 27 255 08 14 79 1
\Y 0.60 007 003 159 03 02 81 1 0
D 061 018 022 168 26 91 73 7 9
FOm 040 048 -059 17 42 160 16 23 35
FO sd -029 069 -011 09 87 05 9 47 1
SPL m 08 023 -024 80 10 26 74 5 6
SPL sd -028 05 -001 08 59 00 8 32 0
CPPm 080 000 046 69 00 98 64 O 21
CPP sd -058 013 043 36 03 84 33 2 18

NAQ m 060 057 -023 39 61 26 36 33 6
NAQ sd 0.13 073 -046 02 97 98 2 53 21

PSm -038 055 -03 15 56 60 14 30 13
PS sd -058 050 000 37 47 00 34 25 O
Him -0.71 -049 -004 55 44 01 51 24 O
HI sd 032 037 074 11 25 251 10 13 54

Dur. total -0.73 047 004 67 47 01 53 22
Dur.syll. m -068 052 027 59 59 41 46 27
Dur.syll.sd -0.75 041 016 72 36 14 56 17
Dur. stress -0.73 045 025 69 45 35 54 21
AUTH S3 1.00 -030 100 35 07 165 32 4 35
DECL S3 1.30 -080 070 66 38 84 46 16 14
IRRI S3 090 220 050 33 313 41 11 61 3
SINC S3 030 -090 050 04 48 35 5 31 9
UNCE S3 -240 120 030 219 93 14 65 16 1
WOEGS3 -260 -0.10 040 258 01 30 81 0 2
0
2
3

o W N O

AUTH S6 150 -0.80 000 79 39 00 52 15
DECL S6 070 -160 -020 16 156 09 12 70

IRRI S6 170 200 -050 103 265 45 32 48
SINC S6 070 -030 -1.70 18 05 436 12 2 65
UNCE S6 -1.60 -0.70 -0.10 95 34 01 59 13 O
WOEGS6 -140 000 -090 74 00 142 37 O 17

The first axis of the MFA is positively correlated to the Valence and Dominance scales. It
is also positively related to the mean of intensity, CPP and NAQ); negative correlations with the
three duration measurements were found, as well as with the mean spectral slope (Hammarberg
index) and standard deviation in peak slope and CPP. This axis has high loadings on the WOEG
and Uncertainty expressions (negative side). The second axis is correlated to Arousal judgements,
and to high standard deviations of NAQ and FO; it is related to the expression of Irritation. The
third axis opposes the performances of both speakers, based on the parameters of Hammarberg
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index (positive correlation) and FO mean (negative): S3, on the positive side of the axis, tends to
have a louder and lower voice than S6.

MFA on VAD and Prosody (dimensions 1 & 2)
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Figure 8: Position of each utterance along the first two main axes of the MFA on acoustic and VAD
measurements; the shape and colors of the point indicates the cluster it was attributed to.

From the distribution of the twelve utterances on this three-dimensional space, a
hierarchical agglomeration algorithm was applied that leads to a three-cluster solution according
to a criterion of inertia gain. These clusters are described hereafter.

Cluster #1: based on the Uncertainty and WOEG expressions, it is characterized by duration
parameters (longer utterances, with irregular rhythm mixing short/ long syllables and
hesitations/pauses), steep spectral slopes (Hammarberg index), and low mean intensity and weak
noisy harmonics (CPP). These expressions were both perceived as having negative Valence and
Dominance.

Cluster #2: based on utterances expressing Authority, Declaration, and Sincerity by both
speakers, they were shorter with comparatively regular rhythm (no large deviations in syllable
duration and relatively no pauses/hesitations) and relatively flat (non-dynamic) FO patterns of
intonation (small standard deviation of FO).

Cluster #3: regroups the two expressions of Irritation; it was characterized by high Arousal
judgments, non-steep (sustained) spectral slopes, high intensity, and high mean NAQ with large
variations of NAQ. That is, Irritation, which was judged as aroused, has high energy in the upper
frequencies, high intensity, and the glottal closing behaviors are those associated with a tense
voice, but with high irregularity in glottal closing behavior.

To summarize the findings for this case study, a soft / noisy voice, with weak harmonics
and irregular rhythm with pauses and hesitations, as in the expressions of Uncertainty and WOEG,
was perceived by listeners as accommodating (not Dominant) and not positive (negative Valence).
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Loud, tense voices with energy in the upper frequencies, as in the expression of Irritation, are
perceived as Aroused. Expressions of Authority, Declaration, and Sincerity tended to have a
comparatively regular rhythm and relatively flat intonation.

Note that the term “tense” is used in this paper to refer to a number of different acoustic
and auditory parameters: high NAQ and high Peak slope values were designed to indicate a tense
voice, but the former refers to tense voice as a function of glottal closing behavior, the latter to
tense voice as a function of spectral configuration. In addition, the term tense voice is used as an
auditory percept. Future work is needed to examine in more detail how these terms relate to actual
voice production strategies.

3.5 Relations between VQ measurements and perception

The mean score assigned by listeners to each voice quality scale (expressed in z-scores) was
organized in a table, with rows as the twelve utterances performed by the two speakers, and as
columns, the six perceptual scales. Other columns with acoustic measures corresponding to the
vowel with nuclear stress were added, estimating the median value of the following parameters
on each third of the vowel: FO, intensity, Hammarberg index, CPP, NAQ and peak slope. These
two parts of the table, which summarize respectively perceptual and acoustic aspects of the
nuclear stress vowel, were then submitted to a Multiple Factorial Analysis. The first three main
axes of the MFA were kept, as they explain more than 85% of the total variance. The coordinate,
contribution, and squared cosines of the columns and of the rows are presented in table 8. The
spread of the twelve utterances along the first two main axes of the MFA is also presented in
Figure 9, with each utterance being attributed one of the five clusters.

Table 8: Coordinates (D), contributions (Ct), and squared cosines (cs, multiplied by 100 for convenience)
of each row of the MFA on nucleus perceptual and acoustic data for the three main dimensions (1, 2, 3)

D1 D2 D3 Ctl Ct2 Ct3 |csl cs2 cs3

Breathy -058 025 001 {90 55 00 (8 15 O

Falsetto 070 -0.09 -020|131 07 43 |90 1 7

High -0.12 030 025 |04 80 71 |7 47 34
Loud 063 005 -0.18 107 02 38 |84 1 7
Tense 056 020 011 |86 37 14 (79 10 3
Twang 056 -0.07 -012|(84 04 15 |8 1 4
FOo1 0.86 -0.07 030 (47 01 24 |74 1 9
Fo 2 0.88 021 030 (49 10 24 |77 4 9
FO 3 085 035 028 |46 26 20 |72 12 8
Int1 037 052 -042|09 58 47 |13 27 18
Int 2 076 032 016 |37 21 07 |58 10 3
Int 3 073 037 031 |34 29 24 |54 14 9
CPP1 080 -033 015 |41 23 06 |64 11 2
CPP 2 075 -056 -016 |36 67 06 |5 31 2
CPP3 069 -066 000 3.0 93 00 |47 43 O

NAQ 1 055 038 046 |19 31 56 |30 15 21
NAQ 2 043 046 062 |12 45 99 |18 21 38
NAQ 3 032 077 033 |06 125 29 |10 59 11

PS1 000 079 -044)|00 132 51 |0 62 19
PS 2 -004 059 -072|00 75 135|0 35 51
PS 3 -045 040 -077|13 34 15621 16 59
Ham 1 -089 027 007 |51 16 01 |80 7 0

Ham 2 -084 -023 042 |45 12 47 |70 5 18
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Ham 3 -0.56 -0.28 057 |20 16 86 |32 8 33
AUTHS3 [ 035 -073 035 |05 78 22 |9 41 9
DECLS3 | -0.10 -1.07 014 |00 167 03 |1 67 1
IRRI S3 176 1.09 139 |136 174 346 |47 18 29
SINC S3 -084 -0.76 -038|31 84 26 |36 29 7
UNCES3 | 035 -0.69 -008 |05 69 01 |13 52 1
WOEGS3 | -1.81 -032 005 (144 15 01 |82 3 0
9
5

AUTHS6 | 1.63 -0.05 -056|11.7 00 56 |76 O
DECLS6 |0.27 -027 019 |03 11 06 |11 11

IRRI S6 233 055 -133|239 44 319|70 4 23
SINC S6 -071 087 031 |22 112 17 |25 39 5
UNCES6 |-0.75 009 071 |25 01 91 |33 O 30
WOEG S6 | -249 129 -0.79|272 243 112 |70 19 7

The first axis of the MFA is correlated positively to the Falsetto, Twang, Loud, and Tense
scales and Negatively to the Breathy scale. The perception of High voice is correlated to the
second and third axes.

The first axis is positively linked to high FO and CPP values, and high intensity values (on
the two last measurement points of the vowel), and negatively to steep spectral slopes (large
negative Hammarberg index values on the first two measurement points). The second axis shows
a positive correlation with Peak Slope (points 1 and 2) and NAQ (point 3) values, and a negative
correlation to the third CPP measure — while the third axis has a positive correlation to the second
NAQ measurement point (mid-vowel), and negative one to peak slope (points 2 and 3). The
second axis is mostly related to “modal” voices (Declaration and Uncertainty for both speakers),
while the third opposes S3 and S6 performances of Irritation.

MFA on VQ (dimensions 1 & 2)

1.5

WOEG_S6
x N
o :
%]
=~ 9
E ° DECL_S6
pel A
T
& 97 UNCE_S3
X cluster #1 F 3
o AUTH_S3
T A cluster #3 A ’
DECL|S3
Lol
! T T T T T T
-3 -2 -1 0 1 2 3

1st dim. (55.6%)

Figure 9: Position of each utterance along the first two main axes of the MFA on acoustic and voice
quality measurements; the shape and colors of the point indicate the cluster it was attributed to.

From the distribution of the twelve utterances on this three-dimensional space, a
hierarchical agglomeration algorithm was applied that leads to a five-cluster solution according
to a criterion of inertia gain. These clusters are described hereafter.
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Cluster #1: based on S6 WOEG. Perceived as Breathy, it has small peak slope values, low
FO, and low CPP values; that is, WOEG is produced with a lax voice, low FO, and weak, noisy
harmonics, which is coherent with a breathy perception.

Cluster #2: based on Sincerity, S3 WOEG, and S6 Uncertainty; the expressions were
perceived as non-Loud (soft) and have low intensity values (3rd point).

Cluster #3: based on Declaration, and S3 Uncertainty and Authority; it has a steeper peak
slope than the mean observed value — i.e., less energy in the upper frequencies.

Cluster #4: based on S3 Irritation; perceived as tense, it is characterized by high NAQ
throughout the vowel, and high final FO and intensity; that is, S3 Irritation, perceived as tense, is
produced with glottal closing behavior associated with tense voice throughout the whole vowel,
high FO and high intensity.

Cluster #5: based on S6 Irritation and Authority; perceived as Falsetto, Loud, Twang, it has
shallow, non-steep spectral slopes (small Hammarberg index values); that is, S6 Irritation and
Authority are produced with relatively high energy in the upper frequencies

To summarize the findings for this case study, WOEG, perceived as breathy, has the
acoustic characteristics of low FO, low peak slope values, and low CPP values. That is to say,
breathy voices do not have much energy in the upper frequencies, and the harmonics are weak
compared to noise. The expressions that that are perceived as soft, with low intensity values are
Sincerity and S3’s WOEG and S6’s Uncertainty. The expressions with less energy in the upper
frequencies are Declaration, and S3’s Uncertainty and Authority. Irritation, produced by S3, was
perceived as tense, acoustically characterized by high intensity, high final FO, and high NAQ
throughout the vowel. Thus, it seems that the auditory impression of voices with high NAQ
measurements is indeed tenseness; moreover, we see that the acoustic measure of tenseness due
to glottal closing behavior (NAQ) corresponds with listeners’ auditory perceptions of tenseness.
However, S6’s Irritation, as well as Authority, were perceived as loud, falsetto, and twang, and
are acoustically characterized as having relatively high energy in the upper frequencies, but the
MFA analysis does not refer to either tenseness or NAQ in describing S6’s lIrritation. It is
interesting that perceived Falsetto was produced with high energy in the upper frequencies, but
yet, these two utterances were also perceived as being loud and twangy. Increased loudness is
characteristic of twang, due to increased energy in the 2.5-3kHz area as a result of narrowing the
pharyngeal area, similar to the production of the singer formant (e.g. Erickson et al. 2020b). Also,
there are reasons to believe that twang is usually produced in falsetto (thin folds) voice, rather
than modal (thick folds) voice since too much pressure, when coupled with thick folds, may invite
constriction (p.c. Kerrie Obert). Notice that the Irritation expressions by both speakers were heard
as loud. Thus, a possible interpretation is that S3, who tends to use a more modal voice (with
thicker vocal folds), uses tenseness (changes glottal closure configuration) to increase loudness
to express Irritation, while S6, who tends to use a more falsetto voice (with thinner folds), changes
vocal tract configuration to amplify the loudness when expressing Irritation.

4 Discussion

This fine-detail analysis of the voice quality of two speakers uttering a set of six social affective
expressions brings a set of information on (1) the perception of general dimensions linked to
speakers’ expressivity and their interpretation along the VAD dimensions, and (2) the
susceptibility of acoustic cues to rapid changes and their adaptation to each speaker’s individual
physiological characteristics and voice habits, due to a variety of factors, such as their speaking
styles, personalities, interpersonal experiences, etc. Thus, voice quality acoustic measurements
can reveal important variations across speakers. Even if a global evaluation of these two speakers
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showed they were comparably efficient in expressing these prosodic attitudes, they did so by
selecting parts of the voice quality cues in an idiosyncratic way.

The parts of the acoustic measurements that are comparable in the two speakers strategies
are primarily linked to the opposition between strong and weak voices, an opposition that fits the
Arousal aspects of vocal emotional expression (Banse and Scherer 1996; Goudbeek and Scherer
2010) as a major dimension of voice change; it also goes along with the notion of vocal effort
(Liénard and Di Benedetto 1999; Traunmdiller and Eriksson 2000; Liénard 2019) and the
adaptation of one’s voice loudness to a given situation (this includes individual voice settings or
voice registers). Along this dimension, low or weak voices have low energy, a steeper spectral
slope, and will tend to have higher additive noise linked to breathy phonation and lower harmonic
energy; on the contrary, strong voices have higher overall energy, shallow, flatter spectral slopes,
and the difference in energy levels in the harmonic and non-harmonic parts of the spectrum is
higher (i.e., high CPP values, the voice is not breathy).

Works by Titze and colleagues have long shown that changes in subglottal pressure lead to
variation in the voice’s fundamental frequency (Titze 1989): as increasing the subglottal pressure
is a main way to increase the vocal intensity, and raising one’s vocal effort (especially in a large
amount, as can be found at each end of the “weak-strong” voice quality axis observed here) will
increase the voice FO. It may be said for the reverse: in order to increase FO to a great extent, a
speaker will have to use a louder voice, i.e. higher intensity levels (Titze and Sundberg 1992;
Lamesch et al. 2012). But the perceptual effects of a speaker trying to raise FO, and hence the
voice’s pitch (as a perceptual quantity), are not the same as those of raising its intensity or effort
—ifin both cases, increases of FO and intensity are observed. This is illustrated in the two speakers
by their varying strategies for the spread of their mean intensity and FO values across attitudes.
Both speakers seem to have different voice settings, with S3 showing lower mean intensity and
FO values, with FO changes relatively independent of the intensity level, while S6 has higher
intensity and FO ranges, and shows a mostly linear change of FO with intensity.

For both speakers, Irritation has the highest FO and intensity, Authority having the second
highest intensity, but an intermediate FO level. For speaker S6, the increase in intensity and FO
follows a quasi-linear relation: for Irritation she increases her vocal effort (in terms of mean
intensity over the complete sentence) of 6.8 dB above the mean reference level observed for
Declaration, reaching a high FO level (5.3 st above the mean reference level) — but even with such
an FO increase, S6’s nuclear stress vowel was rated as having a low pitch (her lowest pitch in fact,
comparable to the pitch of Authority). Results are similar for S6’s Authority, perceived as loud,
twangy, and falsetto, but not as high pitched. Speaker S3’s voice quality ratings of these two
expressions differ, with her Authority being rated as relatively loud but not high pitched (as seen
for S6), while the expression of Irritation is even louder but was also perceived has high pitched
(unlike for S6). In terms of VAD dimensions, Irritation which is consistently loud across speakers
was given high Arousal levels for both speakers, but S3°s performance was rated as more positive
than S6’s — while for their Authority performances, both are relatively not Aroused (negative z-
score), with a neutral Valence, but are relatively Dominant: S3’s Authority is her more Dominant
expression, S6’s Authority being her second most Dominant after Irritation. Such results, with
loudness or vocal effort correlated to judgements of Arousal and Dominance, with yet the
intensity-independent rise of FO being judged as positive (for S3’s Irritation), confirms the
predictions of Gussenhoven’s Effort Code. This code predicts high Effort for important speech
acts, such as in imposition and dominant expressions (Gussenhoven 2004) — here Authority and
S6’s Irritation.

Observe that the strategy used by S3 for Irritation resorts primarily to a rise of FO not driven
by intensity (with a high peak on the nuclear stress), and is perceived with a positive Valence. In
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the study by Goudbeek & Scherer (2010), they did not find the combination of high arousal with
high FO as having positive valence; instead, they reported for high levels of arousal, “positive
emotion portrayals [had] less Intensity variation and a steeper negative slope than negative ones”
(Goudbeek and Scherer 2010, p. 1334). The comparatively steeper spectral slope of aroused
positive affect compared to aroused negative ones may signal a higher perceived pitch for these
positive expressions — a fact that would match S3’s Irritation vocal strategy. Some comments
about differences between our corpus and that analyzed by Goudbeek and Scherer: their corpus
was the large Geneva Multimodal Emotional Portrayals corpus, with ten actors portraying 18
different emotional states; ours was small, based on two female speakers, six types of social
affective expressions unevenly spread along the Valence Arousal Dominance dimensions, not on
emotional portrayals by actors. As such, our corpus did not encompass the variety of voice quality
possibilities that a larger database does, such as e.g., hoarse, rough, creaky voices, etc. Moreover,
the VAD descriptions by Goudbeek and Scherer were based on assumed VAD qualities of
emotions, not on empirical grounds of listeners’ ratings, nor on non-acted social affective
expressions, typical of daily ordinary conversation situations. Finally, the acoustic measurements
in Goudbeek and Scherer were extracted from the entire utterance, not just the vowels, as was
done in our study.

Along these lines, our study illustrates that the voice quality characteristics of the nuclear
stress vowel can differ from the prosodic estimates on all the vowels in the utterance. This is seen
especially for the expressions of Irritation by S3, who had a relatively non-high FO for the
Irritation utterance as a whole but a high FO for the nuclear stress vowel, as discussed above.

At the low end of the intensity values are, for both speakers, the walking-on-eggs and
Uncertainty attitudes. For S6, FO values again follow these intensity changes, with both attitudes
being her expressions with low intensity. For S3, WOEG has her lowest energy and a relatively
low FO, while Uncertainty has a sustained FO (at a comparable level with S3’s Declaration); for
this speaker, the lowest FO is found for Sincerity, an expression with an intensity level comparable
to Declaration. This low end of energy illustrates again the differences in vocal strategy between
the two speakers, with S3 showing FO variations independent of intensity, while the covariation
of both parameters is strong for S6. In perceptual terms, and for both speakers, WOEG and
Uncertainty are rated at the lowest end of the Dominant and Valence scales: low effort (intensity)
seems to drive these perceptual judgments. WOEG is also remarkably comparable across speakers
in terms of the vocal quality of the stressed vowel — being judged for both as breathy and having
low levels of falsetto, loudness, and twang; similar judgments were found for S6’s Uncertainty,
while the S3 one was not breathy but relatively loud and twangy. An interesting point is the link
with the perception of highness in WOEG: it has low FO values for both speakers, but it was rated
as having a relatively high pitch (positive z-score). The link between submissive behavior and
high pitch is typical of the prediction of Ohala’s Frequency Code (Ohala 1994). In this case, the
link was not done on the basis of the fundamental frequency measurement (that shall be corrected
for the very low effort), but on the perceived pitch of the two voices.

The Sincerity expression was also performed with varying strategies by both speakers.
While they both have intensity levels close to their Declaration, they are opposed in FO levels: S3
has her lowest voice (in terms of FO and perceived pitch), while S6 Sincerity received the highest
pitch values (for FO near her mean values), and her highest Valence. The link between pitch (as a
perceived judgment) and Valence is again confirmed (S3 highest pitch and Valence being found
for Irritation). One thought here: for S3, her strategy for Sincerity may have been to convey
Sincerity about the “truth” that “Mary was dancing”, and hence a more assertive voice; for S6,
her strategy for Sincerity may have been more similar to Sincerity politeness, as defined by Shochi
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et al. (2023) as expressing an “honest, respectful feeling toward the hearers”; hence, a more
accommodating voice.

To summarize our findings about Valence, Arousal, and Dominance in comparison with
previous studies—the expression with the most positive valence was S3’s Irritation, characterized
acoustically as having a relatively high mean FO over the complete utterance, and the highest FO
peak on the nuclear stress; it also received high NAQ measurements, but modest intensity levels
compared to S6’s Irritation. S6’s most positive expression is Sincerity, which was rated as high
pitched for her voice, with a lower arousal level than S3’s Irritation. These two positive and high
pitched expressions differ in terms of Arousal and Dominance — thus the importance of Arousal
in the interpretation of the other dimensions, already shown by Goudbeek and Scherer (2010).
The Arousal dimension seems to be mostly linked to the vocal effort, and this appears to be fairly
robust even on a reduced dataset. Finally, the Dominance dimension is related to perceived low
pitch — a prediction of the Frequency Code, even if that does not systematically correlate with
measured fundamental frequency.

The acoustic study of acted Mandarin emotions (e.g., anger, disgust and happiness) by Liu
and Xu (2014) is mentioned here. They interpreted their findings of high FO for both anger and
happiness as possible lack of support for the Frequency Code. Our SAE study does not include
happiness or anger; however, our finding was that one speaker raised FO, not lowered FO, to
express Authority and Irritation, while the other speaker lowered FO. Both speakers increased
intensity. We use these examples to discuss how both the Frequency Code and the Effort Code
are compatible: A speaker with a modal voice may choose to use the Frequency Code, i.e., lower
the voice to express dominance, while a speaker with a falsetto voice, may increase the range of
FO to express dominance, thus using the Effort Code.

4.1 Description of common behavior in terms of ToBI labels.

Social affective expressions are used to convey specific pragmatic meanings, e.g., “I am irritated.”
or “T am being polite.” etc., and the acoustic (and visual cues) used to convey these meanings are
somewhat stereotypical according to the cultural norms (see e.g. Rilliard et al. 2013, 2017). As
such, we wonder if perhaps the pragmatic framework proposed by Pierrehumbert and Hirschberg
(1990) might be relevant to account for the pitch accents found for the six affective expressions
by these two American English speakers. According to them, “a speaker (S) chooses a particular
tune to convey a particular relationship between an utterance, currently perceived beliefs of a
hearer or hearers (H), and anticipated contributions of subsequent utterances.” (Pierrehumbert and
Hirschberg 1990, p. 271). In other words, the choice of pitch accent depends on (a) the specific
utterance, (b) the currently perceived beliefs of the listener/s, and, (c) the anticipated contribution
of subsequent utterances. They also state that stressed L and H tones convey different pragmatic
meanings in terms of what the speaker intends the hearer to know. Simply put, a stressed L tone
conveys that the speaker, for various reasons, does not feel the accented item should be added to
the hearer’s belief. The authors write “when the starred tone is L (L*, L*+H, and H+L*), S does
not convey that the instantiation of the open expression by the accented item should be added to
H's mutual beliefs. For one of a variety of reasons—it may already be there, S may not be certain
of its appropriateness. S may not wish or be able to predicate the open expression of the accented
item--S does not intend to contribute this instantiation to H's mutual beliefs.” (Pierrehumbert and
Hirschberg 1990, p. 301). On the other hand, a stressed H tone conveys to the hearer that this
information is to be added to the hearer’s beliefs, i.e., “When the starred tone is H (H*, L+H*,
H*+L), S does intend to instantiate the open expression in H's mutual belief space”
(Pierrehumbert and Hirschberg 1990, p. 301).
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In our data, both S3 and S6 produce the prenuclear contour on Mary with an L*+H pitch
accent. Given that in the dialogue situation, the speakers were asked “What was Mary doing?”, it
was clear to the speaker that the hearer (interviewer) already knew that Mary was the subject, and
hence they may have used a starred L pitch accent to convey that the hearer already knew about
Mary. S3, however, used an H* pitch accent on Mary, perhaps making sure the hearer knew that
it was Mary who was dancing.

As for the nuclear contour on dancing, both speakers used the L* pitch accent for
expressions of Declaration, Sincerity, and WOEG—perhaps to convey a lack of strong feeling for
adding this information to the hearer. In our data, both speakers employ 'H* to indicate a stressed
syllable that is neither low nor high and is used to express Uncertainty. (See also Thorson and
Burdin, 2022, for more discussion of the I*H tone being a tone with a smaller FO drop.)

Interestingly, both speakers mark Irritation with an L*+H pitch accent on the nuclear stress
syllable. The L*+H pitch accent is reported by Ward and Hirschberg (1985) to be used frequently
to express Uncertainty. Perhaps in our data, the starred L was used because the interviewer asked
the speaker three times, “What was Mary doing?” and the speaker was uncertain that the listener
had heard her the first time; hence the L*+H pitch accent.

As for starred H tones, according to Pierrehumbert and Hirschberg (1990), H*+L may
frequently be used to convey pedagogical type information. In our data for Authority, both
speakers use the H*+L pitch accent on the nuclear stress syllable as if to convey “this is new
information, please pay attention.” S3 also uses this for Declaration for the nuclear contour on,
while S6 uses the L* pitch accent. Interestingly, listeners heard S3’s Declaration (with an H* on
Mary) as significantly more Dominant than that of S6 (with an L*+H on Mary).

To summarize, the two speakers in our case study produced the following nuclear stress
pitch accents on the following affective expressions: H*+L for Authority; L*+H for Irritation; L*
for Declaration, Sincerity, WOEG; and !H* for Uncertainty.

However, we wish to strongly say that the role pitch accents and overall tunes play in terms
of any pragmatic meaning is something we offer here as something to think about. It is an idea
proposed by Pierrehumbert and Hirschberg (1990) that has not been tested. Whether these pitch
accent patterns are found for the six affective expressions for all speakers of Mainstream America
English is an interesting question to be explored. Specifically, we wonder if there is an
equivalence between pitch accents/intonational tunes and pragmatic functions for stereotypical
culturally-specific social affective expressions of the type we have collected for our second
language teaching purposes? Or, is it that the variability in pitch accents/intonational tunes
negates any possible pragmatic meaning to specific pitch accents? To the best of our knowledge,
intonational analyses have not been systematically done for social affective expressions; it may
well be that a re-visit of the Pierrehumbert and Hirschberg approach as it applies to social affective
expressions, expressions that are somewhat stereotypical for a certain dialect/culture, might be
appropriate as well as lead to some interesting insights about how we express ourselves in
culturally-regulated social interactions. That is, in certain well-defined pragmatic situations, is
there an equivalence between pitch accents/overall tunes and pragmatic functions?

Finally, we acknowledge that the ToBI annotation was done by a single rater (the first
author), which is a limitation of this study. Future work of annotating intonational profiles of
social affective expressions will require more than one annotator, as well as a larger data base to
work with.
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4.2 Discussion of phonetic profiles of nuclear stress vowel in six affective expressions
by two speakers

Table 9 presents a description of the nuclear stress vowel in the six affective expressions for the
two speakers examined in this study. The third column shows the pitch accents for the nuclear
stress vowels. As discussed above, the two speakers seem to agree on which pitch accents to use
for each of the affective expressions. If this finding is borne out by future studies, this is an
interesting finding from our study.

The fourth column describes in relative terms the mean acoustic values for each of the
nuclear stress vowels, based on the estimates in Table 1. For instance, FO values are described
relatively as high, moderately high, not high, moderately low, and similarly for the other values.
These assessments were made by sorting the data from high to low values, and then dividing them
into the five descriptive categories. For future explorations of phonetic profiles of social affective
expressions, we plan to work with a larger set of data in order to allow inferential statistical
analyses.

The fifth column describes the auditory perceptions of voice qualities of the nuclear stress
vowel. Table 4, presented earlier in the paper, gave an overall summary of voice quality
perceptions of the nuclear vowel. Here (Table 9) we present the data again, but separately by
speaker. The bold items indicate the differences in voice quality production by the two speakers
for a given attitude.

One motivation for presenting acoustic and auditory summaries in the same table is to
highlight that it is not trivial to ascertain which acoustic measurements relate to which auditory
perceptions. The MFA analyses discussed above show some relationships between acoustic
measurements and auditory perceptions, but a larger corpus is needed in order to assess the
acoustic measurements that best account for auditory judgments. The final column is the VAD
ratings of the entire utterance. A rating above 0 (Figure 6) is interpreted as being assertive, excited,
or as having a positive valence; below 0, as accommodating, calm, or negative valence. The
assumption is that the nuclear stress acoustic estimates, together with the auditory perceptions,
influence the VAD judgments.

Nevertheless, this fine detail examination of the phonetic profiles of a small set of social
affective expressions has revealed some interesting similarities and differences. For instance,
even though both speakers use the same pitch accent for the nuclear stress vowel of a given type
of expression, listeners do not give the same 3-D emotional ratings VAD ratings. Both speakers
used social codes for making social expression, but one speaker tends to use the Frequency Code,
the other the Effort Code. Our working assumption is that the speaker who uses a more modal
voice tends to use the Frequency Code, while the one with a more falsetto voice, uses the Effort
Code. This assumption needs to be tested with more speakers.

As for acoustic measurements for measuring voice quality, it seems that NAQ may indeed
be a good estimate for tense voice due to glottal closing behavior, CPP, a good estimation for
strong non-noisy harmonics, Peak Slope, a good estimate of spectral-related tense voice, and
Hammarberg Index, for distribution of spectral energy, i.e., strong or weak energy in the upper
frequencies. However, it is also fairly clear that these measures do not completely account for the
auditory judgments of voice quality. Currently, we are working on a more in-depth study to better
clarify the acoustic and auditory parameters of voice quality and, specifically, types of voice
qualities used in everyday social conversations.
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Table 9: Phonetic profiles of nuclear stress syllable, and VAD ratings for utterances; ratings from the
acoustic and auditory analysis were split into a scale of 1 to 5 (for low, medium low, medium, medium
high, high) that is used to describe the values of these parameters in the Acoustics and Auditory columns.

Spk | Expression Pitch Acoustics Auditory VAD ratings of
accent utterance

S3 | Authority H*+L FO: 3; intensity: 3-5; | High: 2; loud: 1; | Assertive,

CPP: 5; NAQ: 2; PS: 5; | falsetto: 1; tense: 3; | Aroused, Positive
H-index: 4 twang: 1; breathy: 1
S6 | Authority H*+L FO: 4; intensity: 4; CPP: | High: 2; loud: 4; | Assertive, Positive
4; NAQ: 3; PS: 5; H- | falsetto: 4; tense: 4;

index: 4 twang: 4; breathy: 1
S3 | Declaration | L* FO: 2; intensity: 2; CPP: | High: 2; loud: 1; | Assertive, Positive
4; NAQ: 2; PS: 5; H- | falsetto: 1; tense: 2;
index: 4 twang: 1; breathy: 1
S6 | Declaration | L* FO: 3; intensity: 4; CPP: | High: 2; loud: 1; | Positive
4; NAQ: 3; PS: 5; H- | falsetto: 1; tense: 2;
index: 3 twang: 1; breathy: 1

S3 Irritation L*+H FO: 5; intensity: 5; CPP: | High: 4; loud: 4; | Assertive,

2; NAQ: 5; PS: 2; H- | falsetto: 2; tense: 4; | Aroused, Positive
index: 3 twang: 4; breathy: 1
S6 | Irritation L*+H FO: 3-5; intensity: 5; | High: 2; loud: 4; | Assertive,
CPP: 5; NAQ: 2; PS: 2; | falsetto: 4; tense: 4; | Aroused

H-index: 1 twang: 4; breathy: 1

S3 | Sincerity L* IFO: 1; intensity: 1; | High: 1, loud: 1; | Assertive
CPP: 4; NAQ: 2; PS: 3; | falsetto: 1; tense: 1,
H-index: 3 twang: 1; breathy: 1

S6 | Sincerity L* FO: 3; intensity: 3; CPP: | High: 4; loud: 1; | Positive
2; NAQ: 2; PS: 2; H- | falsetto: 1; tense: 1,
index: 2 twang: 1; breathy: 4

S3 | Uncertainty | 'H* FO: 3; intensity: 3; CPP: | High: 2; loud: 2; | Negative,
4; NAQ: 2; PS: 3; H- | falsetto: 2; tense: 1; | Accomodating
index: 3 twang: 1; breathy: 1

S6 | Uncertainty | 'H* FO: 3; intensity: 2; CPP: | High: 4; loud: 1; | Negative,
2; NAQ: 3; PS: 3; H- | falsetto: 1; tense: 1; | Accomodating
index: 4 twang: 1; breathy: 4

S3 | Woeg L* FO: 2; intensity: 2; CPP: | High: 3; loud: 1; | Negative,
2; NAQ: 1; PS: 3; H- | falsetto: 1; tense: 1; | Accomodating
index: 5 twang: 1; breathy: 5

S6 | Woeg L* FO: 1; intensity: 3; CPP: | High: 3; loud: 1; | Negative,
1; NAQ: 3; PS: 1; H- | falsetto: 1; tense: 1; | Accomodating
index: 5 twang: 1; breathy: 5

5 Conclusion

Our main aim was to draw some connections between acoustics, perception, and production of
attitudinal expressions. Based on MFA analysis of the prosodic aspects of the six affective
expressions, we find that a soft / noisy voice, with weak harmonics and irregular rhythm with
pauses and hesitations, as in the expressions of Uncertainty and WOEG, is perceived by listeners
as accommodating (not Dominant) and not positive (negative Valence). Loud, tense voices with
energy in the upper frequencies, as in the expression of Irritation, are perceived as Aroused.
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Expressions of Authority, Declaration, and Sincerity tend to have a comparatively regular rhythm
and relatively flat intonation.

This article focuses on the importance of some of the acoustic, auditory, and phonological
details in a speaker’s voice as they engage in various types of socially prescribed interactions; and
how this linguistic information is then interpreted by listeners in terms of 3-dimensional emotional
perceptions of Valence, Arousal, and Dominance. Each individual trained themself through years
of social experience in expressive strategies, given their physiological characteristics and socially
developed skills. The choice of S3 and S6 to position their voices differently is an acquired habit
used in the kinds of social interactions elicited during the recording process, as well as used in
other social interactions. Voice habits, however, can also be moderated in keeping with various
aspects of the perceived social environment. For instance, S6, while teaching, reports using a
“lower” voice (modal or thick fold vibration mode of the vocal folds — see Erickson et al. 2020a),
an example of character persona (Drager 2015; Sadanobu 2015), for the same individual in
different social situations. Given their chosen characters during the recording process, each
speaker selected available strategies to tune their voice in order to express the various targeted
social affective expressions.

Our study shows that several expressive strategies are possible, and they do not impede
listeners in interpreting vocal cues: the expressions were identified and described adequately in
several evaluation experiments (Rilliard et al. 2013, 2017). A potential explanation for this
capacity to interpret complex and varied acoustic cues under similar expressive labels may lie in
their symbolism derived from emotional experience and biological codes. A difficulty in
accessing such an interpretation based on acoustic cues is the crudeness of these measures,
considered individually, that capture a physical dimension (e.g., FO) that does not necessarily
match its perceptual counterpart (in that case, pitch): we have seen how one speaker produces FO
variations that are mostly inversely related to her perceived pitch. It must be noted that most
studies of “prosody” use FO as the correlate of pitch, without this relation raising problems, and
certainly for good reasons: most of these studies deal with linguistic functions and are based on
conversational speech, with much-reduced variations of vocal effort. The theoretical models of
such FO variations, as the Fujisaki model (Fujisaki 1983; Fujisaki and Hirose 1984), show the
importance of different factors for the production of FO changes — among which what is modeled
as “accent command” is articulatory produced by an augmentation of the vocal folds’ tension due
to momentarily change the vocal fold configuration (Fujisaki 1988). Such FO changes are rapid
and mostly independent of subglottal pressure, which is another means to raise FO, typically used
here by S6 for her expressive strategy, but of much less use in conversational language (Collier
1975; see also the motivation of Gussenhoven 2004’s “production code”). FO is certainly the
primary cue to perceived pitch, when speakers are asked to change just that — their pitch (Bishop
and Keating 2012). In the case of expressive speech, at least the vocal effort exerts important
modifications on the configuration of the source and on the vocal tract, so that most of the
predictions made for conversational speech do not necessarily hold. For example, important
changes in formants linked to vocal tract opening, fronted articulation, forced smile have been
reported for emotional expressions (Rilliard et al. 2018). The twangy voice observed here, mostly
for S6, is another strategy to enhance one’s voice power. The question of the discriminability of
the voice quality changes linked to twang, or other energy-enhancing strategies remains to be
explored (see Gerratt and Kreiman, 2001, for such a work on non-modal phonations).

In the case of expressive speech, it thus seems that combinations of several acoustic
parameters (or model-derived estimates such as NAQ) are important to attain a better account of
perceptual correlates like pitch and loudness. Goudbeek and Scherer (2010) have shown that the
Arousal dimension changes many aspects of vocal performance (see also Liénard 2019
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specifically on the influence of vocal effort on the spectral characteristics of the speech output).
Experimental and theoretical descriptions of voice source behavior (Titze 1989; Titze and
Sundberg 1992) have shown correlations between intensity and FO parameters, but how they are
linked to perception remains to be fully understood.

In this paper, we have reported connections between perceptual variation in affective
dimensions, along with acoustic/prosodic phonatory voice-related variation in these affective
dimensions. There are some very new things in our data: (a) we examine affective expressions,
not emotions, and (b) based on the perception of these attitudes, we explore their acoustic and
auditory correlates with a strong focus on voice quality parameters. We also report in passing
some speaker-specific differences as a secondary observation. The overarching pattern is that we
see different acoustic and auditory characteristics for different well-perceived affective
expressions. The findings from this pilot study await to be verified by studying larger datasets.
We hope that some of the avenues explored here are sufficiently interesting to encourage future
research in the area of acoustic and perceptual profiles of social affective expressions across
various dialects and languages.

6 Data Availability Statement

The audio sound files for the six pairs of affective expressions for two speakers, along with the
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