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A Moan of Pleasure Should Be Breathy: 
The Effect of Voice Quality on the Meaning 
of Human Nonverbal Vocalizations
Andrey Anikin    
Lund University, Lund, Sweden

Abstract
Prosodic features, such as intonation and voice intensity, have a well-docu-

mented role in communicating emotion, but less is known about the role of laryn-
geal voice quality in speech and particularly in nonverbal vocalizations such as 
laughs and moans. Potentially, however, variations in voice quality between tense 
and breathy may convey rich information about the speaker’s physiological and af-
fective state. In this study breathiness was manipulated in synthetic human nonver-
bal vocalizations by adjusting the relative strength of upper harmonics and aspira-
tion noise. In experiment 1 (28 prototypes × 3 manipulations = 84 sounds), 
otherwise identical vocalizations with tense versus breathy voice quality were as-
sociated with higher arousal (general alertness), higher dominance, and lower va-
lence (unpleasant states). Ratings on discrete emotions in experiment 2 (56 × 3 = 
168 sounds) confirmed that breathiness was reliably associated with positive emo-
tions, particularly in ambiguous vocalizations (gasps and moans). The spectral cen-
troid did not fully account for the effect of manipulation, confirming that the per-
ceived change in voice quality was more specific than a general shift in timbral 
brightness. Breathiness is thus involved in communicating emotion with nonverbal 
vocalizations, possibly due to changes in low-level auditory salience and perceived 
vocal effort. © 2020 The Author(s)

Published by S. Karger AG, Basel

Introduction

Nonverbal vocalizations, such as moans or laughs, are ubiquitous in every-
day interaction, express a wide range of easily recognizable emotions and atti-
tudes (Sauter, Eisner, Calder, & Scott, 2010; Lima, Castro, & Scott, 2013; Anikin 
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& Persson, 2017; Wood, Martin, & Niedenthal, 2017), and display significant 
cross-cultural similarities (Cordaro, Keltner, Tshering, Wangchuk, & Flynn, 
2016). Their relatively simple acoustic structure, intuitiveness, and flexible 
meaning make nonverbal vocalizations attractive options for enriching speech 
synthesis (Campbell, 2006) and human-machine interaction (El Haddad, Çak-
mak, Sulír, Dupont, & Dutoit, 2016). Furthermore, the acoustic structure and 
production context of some vocalizations, such as laughs (Davila Ross, Owren, & 
Zimmermann, 2009) and screams (Högstedt, 1983), show marked similarities 
across species, suggesting that these sounds predate language and have deep 
biological roots. Insights from ethology can therefore prove instrumental for re-
search on human nonverbal communication; in turn, learning more about hu-
man nonverbal repertoire can shed new light onto acoustic communication in 
nonhuman animals.

In order to elucidate how humans communicate with nonverbal vocal cues, 
a crucial task is to understand the underlying acoustic code. This is an active 
area of research; several studies have reported detailed acoustic analyses of hu-
man nonverbal vocalizations, looking for acoustic correlates of emotion either 
across all types of vocalizations (Sauter et al., 2010; Lima et al., 2013; Anikin & 
Persson, 2017) or in particular vocalizations or call types such as laughter (Sza-
meitat et al., 2009; Wood et al., 2017). In many ways this research parallels the 
more extensive search for acoustic markers of emotion in speech (e.g., Murray 
& Arnott, 1993; Banse & Scherer, 1996; Pell, Paulmann, Dara, Alasseri, & Kotz, 
2009). In both cases, the main focus is on easily measured prosodic characteris-
tics such as intonation, intensity, and temporal features. More subtle acoustic 
features, such as the spectrum of laryngeal vocal source, the presence and spec-
trum of turbulent noise, the variability in the period (jitter) and amplitude 
(shimmer) of glottal pulses, or nonlinear vocal phenomena (e.g., pitch jumps and 
subharmonics), are more challenging to measure accurately and consequently 
less well understood (Gobl & Ní Chasaide, 2003). At the same time, these aspects 
of vocal production, which give the voice a particular coloring or “voice quality,” 
provide important information about the speaker’s age, sex, and emotion in 
speech (Murray & Arnott, 1993; Cummings & Clements, 1995; Laukkanen, Vilk-
man, Alku, & Oksanen, 1996; Johnstone & Scherer, 1999; Airas & Alku, 2006; He, 
Lech, & Allen, 2010; Waaramaa, Laukkanen, Airas, & Alku, 2010; Patel, Scherer, 
Björkner, & Sundberg, 2011; Grichkovtsova, Morel, & Lacheret, 2012) and prob-
ably also in nonverbal vocalizations (Lima et al., 2013; Mittal & Yegnanarayana, 
2014; Wood et al., 2017). In fact, nonspeech sounds may be particularly suitable 
for studying the intrinsic link between voice quality and emotion because they 
are free both from semantic contents (Lavan, Scott, & McGettigan, 2016) and 
from the constraints imposed by language-specific phonemic structure or socio-
cultural rules (Patel et al., 2011). For example, adding different types of nonlin-
ear phenomena to human nonverbal vocalizations revealed that these acoustic 
features are perceptually salient and associated with distinct affective states: 
abrupt pitch jumps in screams enhance the impression of fear, episodes of un-
stable phonation with subharmonics or chaos in gasps and moans make the 
speaker sound hurt rather than pleased, and so on (Anikin, 2019b). The focus in 
the present paper is on the perceptual consequences of manipulating another 
aspect of voice quality, namely breathiness.
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What Makes a Voice Tense or Breathy?
Vibrating vocal folds produce changes in air pressure that are periodic, but 

not perfectly sinusoidal. As a result, the glottal source of excitation contains the 
lowest frequency component determined by the rate at which the vocal folds 
oscillate (known as the fundamental frequency or f0) and a number of other fre-
quency components that are multiples of f0 (harmonics). The energy of harmon-
ics above f0 dissipates, or rolls off – hence, “rolloff” – approximately exponen-
tially at a rate of about 6–12 dB per octave, depending on the mode of phonation, 
alveolar pressure, f0, and other factors (Stevens, 2000, chapter 2). The buzz-like 
glottal pulses, as well as other excitation sources such as aspiration noise, are 
then modified by the resonances of the vocal tract before being perceived by the 
listeners, as described by the source-filter model (Fant, 1960). For a particular 
speaker, the exact shape of glottal pulses, and therefore the spectrum of glottal 
source, is primarily determined by the tension of the vocal folds and subglottal 
pressure, which are controlled by laryngeal and respiratory muscles (Gobl & Ní 
Chasaide, 2010). In addition, the source spectrum can be significantly affected 
by nonlinear interactions between glottal source and filter, which are particu-
larly relevant when f0 is high enough to cross formant frequencies, as in many 
nonverbal vocalizations (Titze, Riede, & Popolo, 2008).

The spectrum of glottal pulses prior to their filtering by the vocal tract 
(source spectrum) has a major impact on the perceived voice quality (Gobl & Ní 
Chasaide, 2010; Kreiman, Gerratt, Garellek, Samlan, & Zhang, 2014). In fact, used 
in the narrow sense, the term “voice quality” may refer specifically to laryngeal 
source (Gobl & Ní Chasaide, 2003), although other aspects of vocal production 
are often also included, and the exact terminology varies across disciplines. One 
of the most widely recognized and perceptually important dimensions is breathi-
ness, which describes variations in voice quality from tense to breathy, with 
modal phonation as the neutral type. A tense, or pressed, voice is characterized 
by complete and abrupt closure of the vocal folds, strong harmonics, and little 
or no aspiration noise. In contrast, a breathy voice is characterized by loosely 
closed glottis, a strong f0, weak harmonics, and audible aspiration noise caused 
by air leaking through the partially closed glottis (Gobl & Ní Chasaide, 2003, 
2010; Stevens, 2000). The strength of upper harmonics and the amount of aspi-
ration noise are thus the main acoustic correlates of voice quality changes along 
the tense-breathy continuum, which are referred to as “breathiness” in the re-
mainder of the text.

Evidence Linking Breathiness and Emotion
Because the prominence of upper harmonics depends on subglottal pres-

sure and the activity of laryngeal muscles (Gobl & Ní Chasaide, 2010), breathi-
ness has the potential to convey rich information about the speaker’s physiolog-
ical and affective state. To test whether listeners do utilize this information, it is 
necessary to manipulate, or at least to measure accurately, source spectrum. The 
most reliable way to estimate source spectrum is to monitor the oscillations of 
glottal folds directly using electroglottography (Laukkanen et al., 1996), but a 
more common indirect approach involves inverse filtering, which removes the 
contribution of the vocal tract by deconvolution of the signal with an estimated 
vocal tract transfer function (Drugman, Alku, Alwan, & Yegnanarayana, 2014). 
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Several studies performed inverse filtering to demonstrate that source spec-
trum varied depending on the speaker’s emotion in vowel sounds extracted 
from speech (Cummings & Clements, 1995; Laukkanen et al., 1996; Johnstone & 
Scherer, 1999; He et al., 2010; Patel et al., 2011), and there have been attempts 
to apply inverse filtering to laughs (Mittal & Yegnanarayana, 2014). Despite 
many methodological challenges and inconsistent definitions of voice quality in 
different studies (Gobl & Ní Chasaide, 2010), one of the most robust findings ap-
pears to be the association of pressed phonation with anger or other intense 
emotions, and of breathy phonation with more relaxed or subdued affective 
states. There are also reports that variations along the pressed-breathy contin-
uum in synthesized speech are associated with perceived speaker’s arousal or 
general alertness (Gobl & Ní Chasaide, 2003; Brady, 2005).

Researchers who do not have access to highly specialized recording facili-
ties, or who wish to analyze large collections of recordings, are usually unable 
to perform electroglottography or inverse filtering and are confined to describ-
ing the observed spectrum (Gobl & Ní Chasaide, 2010). Conventional measures 
of the general shape of the spectral envelope that have been reported in relation 
to emotion in speech or nonverbal vocalizations include spectral center of grav-
ity or centroid (Lavan et al., 2016; Lima et al., 2013; Sauter et al., 2010), peak 
frequency with the highest amplitude within the spectrum (Scheiner, Hammer-
schmidt, Jürgens, & Zwirner, 2002), spectral slope or tilt (Schröder, Cowie, 
Douglas-Cowie, Westerdijk, & Gielen, 2001; Goudbeek & Scherer, 2010), ratios 
of energy above and below a certain frequency (Patel et al., 2011; Wood et al., 
2017), dominant frequency bands and quantiles of spectral energy distribution 
(Fichtel, Hammerschmidt, & Jürgens, 2001; Hammerschmidt and Jürgens, 2007), 
or principal components combining several of these features. All these mea-
sures say something about the balance of low- and high-frequency energy in the 
spectrum, but their informativeness about source spectrum is limited by two 
factors. First, they do not distinguish between the contribution of source and 
filter. Increasing the frequency of one or more formants has the effect of raising 
the spectral centroid and making the voice “brighter” regardless of the glottal 
source (Stevens, 2000; Fastl & Zwicker, 2006). As a result, a vowel like [a] (high 
F1, average F2) will have noticeably stronger harmonics and sound brighter 
than [u] (low F1 and F2), even when both are pronounced or synthesized with 
the same glottal source. Second, glottal pulses are not the only source of excita-
tion: the presence of turbulent noise can have a major effect on the shape of the 
resulting spectrum. For example, the spectrum flattens, and its center of gravity 
rises as harmonics increase in strength in a tonal sound (Fig. 1a), but this effect 
is much less noticeable in the presence of aspiration noise (Fig. 1b). In other 
words, harmonics in a breathy voice are weaker than might be expected based 
on the overall spectral slope (Gobl & Ní Chasaide, 2010). As a result, summary 
measures of spectral envelope may fail to capture variation in voice quality that 
is potentially informative to listeners.

Keeping in mind these limitations of nonspecific spectral measures, such as 
peak frequency or spectral centroid, there are several reports that listeners in-
terpret high-frequency spectral energy as a sign of high arousal in speech (John-
stone & Scherer, 1999; Schröder et al., 2001) and in nonverbal vocalizations 
(Lima et al., 2013; Lavan et al., 2016). Raine, Pisanski, Simner, and Reby (2019) 
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also report that listeners associate breathy voices with low pain intensity. In ad-
dition, there is extensive evidence from ethological literature that the spectrum 
contains more high-frequency energy when the animal is highly aroused (Fich-
tel & Hammerschmidt, 2002; Briefer, 2012) or distressed (Lingle, Wyman, Kotr-
ba, Teichroeb, & Romanow, 2012). These studies support the generalization that 
stronger harmonics in source spectrum may be associated with higher general 
alertness (arousal) or emotion intensity not only in speech, but also in human 
nonverbal vocalizations and animal calls.

Besides the clearly motivated connection of a tense voice quality with arous-
al, various measures of high-frequency energy have been associated with un-
pleasant emotional experiences (negative valence) in human nonverbal vocaliza-
tions (Scheiner et al., 2002; Sauter et al., 2010) and speech (Hammerschmidt & 
Jürgens, 2007; Goudbeek & Scherer, 2010). On the other hand, the spectral cen-
troid was positively correlated with reward ratings of laughs in the study by 
Wood et al. (2017). The evidence is also mixed for animal vocalizations (Briefer, 
2012), and the issue is further complicated by the fact that strongly negative af-
fective states are usually associated with high arousal, making it difficult to know 
whether it is the intensity of emotion or its unpleasantness that is responsible for 
the observed acoustic characteristics. In one of the most methodologically rigor-
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Fig. 1. Manipulation of rolloff from –16 to –6 dB/octave in a synthetic vowel that is purely 
harmonic (a) or contains turbulent noise at a constant level of –14 dB relative to the har-
monic component (b). Spectrograms and spectral slices at ∼50 and 950 ms. Observe that 
the spectral centroid is less dependent on the strength of harmonics in the presence of tur-
bulent noise.
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ous studies, peak frequency was the best predictor of negative valence in squirrel 
monkeys, but only for relatively ambiguous vocalizations (Fichtel, Hammer-
schmidt, & Jürgens, 2001). Earlier maximum peak frequency has also been asso-
ciated with positive valence, suggesting that a downward trajectory of peak fre-
quency may mark positive valence (Hammerschmidt & Jürgens, 2007; Briefer, 
2012). The relationship between the spectral envelope and perceived aversive 
or hedonistic nature of vocalizations may thus depend on temporal dynamics, the 
type of vocalization, and/or it may be mediated by arousal. Finally, several re-
ports have linked high-frequency spectral energy to speaker’s dominance or ag-
gression in speech (Banse & Scherer, 1996; Hammerschmidt & Jürgens, 2007; 
Gobl & Ní Chasaide, 2010; McAleer, Todorov, & Belin, 2014) and in human non-
verbal vocalizations (Sauter et al., 2010; Wood et al., 2017). However, many of 
these effects may be mediated by arousal or the intensity of affect in general, 
since high-frequency spectral energy has also been reported to correlate with the 
perceived intensity of several emotions (e.g., Banse & Scherer, 1996).

To summarize, the available evidence suggests that listeners interpret tense 
voices with strong harmonics as indicators of high alertness (arousal) or intense 
emotional states. Shifts from tense to breathy phonation may also be interpret-
ed as a sign of unpleasant affective states (negative valence) or an assertive at-
titude (high dominance), but the evidence in this respect appears to be more 
mixed. In addition, there seem to be no experimental data showing that listeners 
attend to the strength of harmonics independently of the overall distribution of 
energy in the spectrum. Crucially, the most acoustically informative evidence of 
the role of laryngeal source – obtained with inverse filtering or direct manipula-
tions of voice quality in synthetic stimuli – comes from studies of isolated vowels 
or short verbal utterances. The role of laryngeal voice quality in naturalistic non-
verbal vocalizations or animal calls remains largely uncharted. 

The Present Study
Affective speech synthesis has been slow in coming because of many techni-

cal challenges (Schröder, 2009), but it is an attractive complementary approach 
to inverse filtering that offers an ability to modify the laryngeal source according 
to stringent definitions and without acoustic confounds common in correlation-
al studies (Gobl & Ní Chasaide, 2003). The aim of the present study was to capi-
talize on this underutilized methodological opportunity and to shed new light 
onto the role of tense-breathy voice quality in emotional nonverbal vocaliza-
tions. Soundgen, an open-source formant synthesizer developed and validated 
specifically for parametric synthesis of nonverbal vocalizations (Anikin, 2019a), 
was used to synthesize a number of laughs, screams, and other nonspeech vo-
calizations; each sound was created in three versions that differed only in voice 
quality and had identical duration, intonation and other acoustic characteristics. 
Most stimuli included both a harmonic component and some turbulent noise, 
and the manipulation had the effect of simultaneously modifying (1) the strength 
of higher harmonics relative to f0 and (2) the strength of the harmonic compo-
nent as a whole relative to the noise component. Qualitatively, this approximate-
ly corresponds to changing the perceived voice quality along the tense-breathy 
continuum, although this terminology was developed for speech and may not 
adequately describe acoustically “extreme” sounds like high-pitched screams. 
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Importantly, because the rolloff of harmonics was not the sole determinant 
of the observed spectrum in the presence of turbulent noise, it was possible to 
tease apart the effects of excitation source and overall spectral balance of en-
ergy. Statistically, this was achieved by analyzing the effect of manipulation after 
controlling for spectral centroid – the most common summary measure of spec-
tral envelope and an excellent predictor of perceived timbral brightness of the 
human voice (Fastl & Zwicker, 2006) and musical tones (Schubert, Wolfe, & Tar-
nopolsky, 2004). Based on the evidence reviewed above, it was hypothesized 
that shifts from breathy to tense phonation would produce an impression of 
intense or unpleasant emotional states. 

To test this hypothesis, listeners rated nonverbal vocalizations with ma-
nipulated breathiness on valence, arousal, and dominance scales (experiment 1) 
and then on discrete emotions (experiment 2). Valence and arousal are among 
the most commonly used dimensions of emotional experience in both human 
(Belin, Fillion-Bilodeau, & Gosselin, 2008; Lima et al., 2013) and animal (Briefer, 
2012) research. Dominance is less well established as an emotional dimension, 
and the literature mentions a variety of conceptually related measures such as 
control, power, or potency (Goudbeek & Scherer, 2010). Categorization into dis-
crete emotions is sometimes obtained alongside ratings on continuous dimen-
sions in perceptual studies (e.g., Lima et al., 2013); in this study, this was a natu-
ral choice given that (a) sounds in the original corpus were obtained from con-
texts related to several well-defined affective states, and (b) two previous 
studies established which emotions are most commonly perceived by people 
who hear these sounds (Anikin, Bååth, & Persson, 2018; Anikin, 2019a).

Experiment 1

Methods
Stimuli
The stimuli were synthetic versions of human nonverbal vocalizations from the cor-

pus collected by Anikin and Persson (2017). The original vocalizations were mostly non-
staged, spontaneous emotional bursts that had been captured on video in real-life situa-
tions and then uploaded to social media. These sounds included little or no phonemic struc-
ture and were associated with a powerful emotional experience such as incurring a physical 
injury (pain), being the victim of a scare prank (fear), witnessing a funny accident (amuse-
ment), and so on for a total of 9 emotions, whose recognition was tested in a validation 
study (Anikin & Persson, 2017). The sounds have also been sorted into call types based on 
linguistic labeling by English-, Swedish-, and Russian-speaking participants as well as 
acoustic analysis (Anikin et al., 2018).

For the present study, 28 prototypes were chosen from the larger corpus to represent 
the following 7 call types: cry, gasp, grunt, laugh, moan, roar, and scream. These particular 
sounds were chosen primarily based on the relatively high authenticity ratings of their syn-
thetic versions in the soundgen validation study (Anikin, 2019a), and together they repre-
sent a broad range of vocalizations from the human nonverbal repertoire. The 28 prototype 
vocalizations were all from different individuals (17 women and 11 men) and varied be-
tween 0.22 and 2.7 s in duration (Table 1). 

Each of these 28 sounds was manually analyzed, and then a similar synthetic version 
was created with original/strengthened/weakened harmonics in source spectrum using 
soundgen 1.1.2 (Anikin, 2019a), for a total of 28 × 3 = 84 stimuli. Soundgen is an implemen-
tation of the source filter model written in the R language that creates a separate sine wave 
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for each harmonic, adds a noise component, and filters this excitation source with a simu-
lated transfer function. All control parameters are set manually by specifying a few anchors 
that are interpolated to produce smooth curves for an entire syllable or bout; for example, 
the intonation contour is given by a few pitch anchors at different time points. The quality 
of this parametric synthesis had previously been validated, in the sense that synthetic vo-
calizations were shown to be similar to the original recordings in terms of their ratings on 
valence and arousal as well as perceived emotion, and in most cases the authenticity of 
synthetic stimuli was on a par with the originals (Anikin, 2019a). At the same time, the syn-
thesized sounds in this study were not exact replicas of the 28 prototypes, and their fully 
synthetic nature made it possible to manipulate any desired acoustic characteristic, with-
out any limitations associated with audio editing or resynthesis.

The harmonic structure of spectral source is controlled by several parameters in 
soundgen, but its overall slope can be manipulated with a single parameter called “rolloff,” 
which corresponds to the rate of exponential decay of the energy in harmonics above f0, in 
decibels per octave (Fig. 2). Depending on the sound, rolloff was changed by ±4–10 dB/oc-
tave, aiming to make the magnitude of manipulation comparable across all stimuli in terms 
of the perceptual salience of voice quality changes. All sounds were normalized for peak 
amplitude, so changes in rolloff did not entail major changes in the overall sound pressure 
level, although subjective loudness may have changed. Increasing or decreasing the strength 
of harmonics changed the spectral centroid on average by +316 Hz and –183 Hz, respec-
tively. However, 20 out of 28 prototype sounds included some turbulent noise, whose spec-
trum was not affected by the rolloff setting. Because the amplitude of the noise component 
was tied to the amplitude of the first harmonic (f0), changing the amplitude of higher har-
monics relative to f0 also affected the relative amplitudes of the voiced and unvoiced (noise) 

Table 1. Acoustic characteristics of the synthetic stimuli in experiment 1

Call 
type

Stimuli, n Acoustic characteristics: mean [range]

total 
(with 
noise)

 female/ 
male

rolloff 
 manipulation, 
dB/octave

duration,  
s

median 
voiced 
syllable, s

median f0,  
Hz

median  
HNR, dB

median 
 spectral 
centroid, 
kHz

Cry 4 (2) 3/1 ±4 
[4, 4]

2.2 
[1.6, 2.6]

0.3 
[0.1, 0.5]

468 
[255, 790]

15.5 
[13.1, 19]

1.5 
[0.8, 2.1]

Gasp 4 (4) 3/1 ±7.5 
[6, 8]

1.3 
[1.2, 1.5]

1.0 
[0.6, 1.2]

362 
[255, 498]

11.2 
[5.2, 16.6]

1.9 
[1.0, 2.8]

Grunt 4 (4) 2/2 ±5.5 
[4, 10]

0.4 
[0.2, 0.5]

0.3 
[0.1, 0.4]

289 
[190, 378]

4.1 
[0.7, 9.5]

1.3 
[0.8, 1.6]

Laugh 4 (4) 1/3 ±5 
[4, 8]

1.8 
[1.4, 2.6]

0.1 
[0.1, 0.2]

459 
[330, 617]

7.9 
[3.2, 12.7]

2.1 
[1.4, 2.6]

Moan 4 (4) 2/2 ±5.5 
[4, 10]

1.3 
[0.7, 1.8]

0.5 
[0.4, 0.6]

293 
[161, 490]

8.6 
[1.7, 14.8]

1.5 
[1.0, 2.2]

Roar 4 (2) 2/2 ±4 
[4, 4]

0.8 
[0.5, 1.1]

0.8 
[0.5, 1.0]

454 
[288, 701]

1.2 
[-3.0, 5.2]

1.8 
[0.9, 2.9]

Scream 4 (0) 4/0 ±7 
[4, 10]

0.9 
[0.6, 1.2]

0.8 
[0.4, 1.2]

1,800 
[1420, 2,102]

9.1 
[3.4, 16.7]

2.6 
[1.9, 4]

HNR, harmonics-to-noise ratio, measured based on autocorrelation. HNR and spectral centroid were mea-
sured in the synthesized audio files using soundgen, and the rest of acoustic characteristics were derived di-
rectly from the settings used for synthesizing the stimuli.
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components. In particular, noise partly replaced higher harmonics in manipulated sounds 
with steeper (more negative) rolloff, making the voice sound breathy, while in manipulated 
sounds with shallower (less negative) rolloff harmonics tended to replace the noise, creat-
ing the impression of pressed phonation (Fig. 2). High-pitched screams and roars were 
synthesized without a noise component because in real life these vocalizations are nor-
mally too loud for aspiration noise to be audible. In these sounds, the manipulation affected 
only the strength of harmonics relative to f0.

Weaker harmonics
(rolloff = –28 dB/octave)

15_000_r–8

Stronger harmonics
(rolloff = –28 dB/octave)

15_000_r+8
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Fig. 2. Spectrograms illustrating the manipulation of rolloff in synthetic gasp #15 corre-
sponding to changes in voice quality along the breathy-tense continuum. 
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Procedure
The rating experiment was performed online. To avoid presenting very similar sounds 

repeatedly to the same participants and to optimize the effectiveness of data collection, the 
rolloff manipulation was tested partly as a separate study, and partly in conjunction with 
another experiment on nonlinear vocal phenomena, which employed different manipula-
tions, but the same prototype sounds and design (Anikin, 2019b). The stimuli were divided 
in such a manner that each batch contained at most 2 manipulated versions of the same 
prototype stimulus, and each batch was rated by a different sample of participants. As a 
result, each participant heard only a subsample of experimental stimuli and rated each 
stimulus on 3 scales (valence, arousal, and dominance), which were explained to partici-
pants as follows:

Valence is high if the experience is pleasant, so the speaker is happy, pleased, relieved, 
etc.; valence is low if the experience is unpleasant, so the speaker is sad, afraid, in pain, etc.

Arousal is high if the person is very energetic, alert, wide-awake; arousal is low if the 
person is sleepy, relaxed, calm

Dominance is high if the speaker sounds assertive, self-confident, superior, perhaps 
aggressively so; dominance is low if the person sounds submissive, uncertain, perhaps as 
someone who seeks reassurance or needs a hug

The rating was performed on a continuous horizontal visual analog scale. To minimize 
the correlation between valence, arousal, and dominance ratings, the experiment was di-
vided into three blocks, in random order. For example, one participant might first rate the 
stimuli on valence, then on arousal, and finally on dominance; another participant would 
begin with dominance, etc. The order of sounds within each block was also randomized for 
each participant. Prior to each block the upcoming scale was illustrated with two contrast-
ing examples: nonsynthetic recordings of a person crying (low valence) or laughing (high 
valence), sighing (low arousal) or screaming (high arousal), and whimpering (low domi-
nance) or roaring (high dominance; adapted from Puts, Gaulin, & Verdolini, 2006).

Participants
Data quality was ensured by carefully checking all submissions and reimbursing only 

participants with minimum 40 trials and responses that were not obviously faked (ex-
tremely fast and stereotypical). Out of 136 submissions that passed this minimal quality 
control, the responses of 4 participants were clear outliers in terms of their low correlation 
with the global median ratings across all 3 scales (r < 0.2), presumably indicating that they 
had not attended to the task. The responses of these 4 participants (2.2% of all data) were 
therefore excluded from the analysis. In addition, individual trials with a response time un-
der 500 ms presumably represented accidental clicks and were removed from the data set 
(< 0.5% of all data). The final sample consisted of 132 participants, of whom 18 were unpaid 
volunteers contacted via online advertisements and 114 were recruited from https://
www.prolific.ac. Each sound was rated on average 43 times (range 40–47) on each scale. 
No demographic characteristics were collected; according to the statistics on https://www.
prolific.ac/demographics, over 80% of participants on this platform are native English 
speakers, and about 75% are between 20 and 40 years of age. 

Statistical Analysis
The response variable was the rating of a sound on a continuous scale (valence, arous-

al, or dominance) provided in a single trial by a particular participant. These ratings were 
modeled using the beta distribution in Bayesian mixed models with random intercepts per 
participant, per stimulus, and per prototype (shared by all sounds that were modifications 
of the same original vocalization). Rolloff manipulations were treated as a continuous vari-
able with 3 values: 0 for more negative rolloff (breathy voice), 0.5 for original, and 1 for less 
negative (tense voice). To compare the relative contributions of the relative strength of 
harmonics and the overall spectral shape, rolloff manipulation and the logarithm of spectral 



Voice Quality in Nonverbal Vocalizations 337Phonetica 2020;77:327–349
DOI: 10.1159/000504855

centroid were entered simultaneously in multiple regression models. Mixed models were 
fit in Stan computational framework (http://mc-stan.org/) accessed with R package brms 
(Bürkner, 2017). To improve convergence and guard against overfitting, regularizing pri-
ors were used for all regression coefficients. The effects were summarized as the median of 
posterior distribution and 95% credible interval. The stimuli, R code for their generation, 
experimental data sets, and scripts for statistical analysis can be downloaded from http://
cogsci.se/publications.html.

Results
Interrater reliability was moderate for valence (ICC = 0.48, 95% CI 0.41–

0.57) and arousal (ICC = 0.53, 95% CI 0.46–0.61). These levels of agreement 
among raters were similar to those in previous studies of both real (Anikin, 
2019a) and synthetic (Anikin, 2019a, b) versions of similar sounds. In contrast, 
dominance was rated less consistently by different participants: ICC = 0.22, 95% 
CI 0.17–0.29. The results for the dominance scale should therefore be treated 
with caution.

Increasing the rolloff parameter in soundgen (making it less negative) made 
the voice tenser (strong harmonics, less aspiration noise), while decreasing the 
rolloff made it more breathy (weak harmonics, more aspiration noise). The va-
lence ratings were 3.4% (95% CI 0.4–6.3) lower in otherwise identical sounds 
with tense versus breathy phonation. This small negative effect remained essen-
tially unchanged after controlling for spectral centroid (–3.0%, 95% CI –6.6 to 
0.5), while the independent effect of spectral centroid after controlling for rolloff 
was highly uncertain: –2.6%, 95% CI –17.8 to 11.7 over the observed range of 
0.8–4 kHz. 

As predicted, making the voice tenser increased arousal ratings by 6.9% 
(95% CI 3.6–10.1). The effect of rolloff on arousal became slightly weaker after 
controlling for spectral centroid (5.3%, 95% CI 1.0–9.3), whereas the effect of 
spectral centroid itself on perceived arousal was statistically uncertain after 
controlling for rolloff: 11.3%, 95% CI –6.0 to 29.0. In other words, the effect of 
manipulations on arousal may be partly mediated by the general shape of the 
spectral envelope, but the strength of harmonics as such clearly makes an inde-
pendent contribution. Dominance ratings were slightly higher for tense versus 
breathy voice quality (2.8%, 95% CI 0.4–5.1). It is not clear to what extent this 
change may be mediated by spectral centroid: the effect of rolloff manipulation 
controlling for spectral centroid is predicted to be 2.1% (95% CI –0.8 to 5.1), and 
that of spectral centroid 4.9% (95% CI –6.6 to 16.2), which is too uncertain to 
draw any firm conclusions.

Although the three resynthesized versions of each prototype vocalization – 
with original/increased/decreased rolloff – differed only in the synthetic equiva-
lent of laryngeal voice quality, there was a large variation among the 28 prototype 
sounds in terms of their duration, temporal structure, average pitch, and other 
prosodic characteristics. To test whether the effect of rolloff manipulation depend-
ed on some of these acoustic characteristics, likelihood ratio tests in non-Bayesian 
mixed models were employed to test the significance of interaction terms between 
rolloff manipulation and the following acoustic characteristics: duration, median 
f0, median and maximum length of voiced syllables (taken directly from the control 
parameters supplied to the synthesizer), and the original speaker’s sex. None of 
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these interaction terms were significant after Bonferroni correction in models pre-
dicting valence, arousal, or dominance ratings, suggesting that the effects of rolloff 
manipulations were broadly consistent across acoustically diverse stimuli. On the 
other hand, the number of stimuli and effect sizes were not large enough to reveal 
relatively subtle interactions; the resolution of this analysis could be improved by 
creating and testing a larger number of stimuli.

Discussion
The aim of experiment 1 was to perform an initial exploration of the percep-

tual consequences of manipulating laryngeal voice quality along the tense-
breathy continuum in several types of human nonverbal vocalizations. The test-
ed manipulations affected the ratings of synthetic vocalizations in a manner 
broadly consistent with theoretical predictions. Making the voice tenser en-
hanced the perceived level of the speaker’s general alertness or arousal; it also 
made the vocalizations slightly more aversive and enhanced the speaker’s per-
ceived dominance, although the latter effect was uncertain. A commonly report-
ed measure of timbral brightness or overall balance of low- and high-frequency 
energy in the spectrum – spectral centroid – appeared to contribute to the ob-
served effects of voice quality but did not fully account for them. From a listen-
er’s perspective, the experimental manipulations of voice quality thus appeared 
to be both salient and more specific than a general shift of energy towards high-
er frequencies.

Experiment 2

Some perceptual effects of source spectrum may be specific to particular 
types of vocalizations, but these differences could not be estimated in experi-
ment 1 with only 4 prototype sounds per acoustic class. Accordingly, in the fol-
low-up study the number of sounds of the same type, such as laugh or scream, 
was increased. To keep the overall number of stimuli manageable, only 4 acous-
tic classes were investigated: one that was predominantly positive in valence 
(laughs), one negative (screams or high-pitched roars), and two more ambiva-
lent (gasps and moans). Laughs, screams, and moans are among the 4 most uni-
versally recognized human nonverbal vocalizations (Anikin et al., 2018). Gasps 
have not been extensively studied, but their ingressive nature makes them very 
distinct acoustically. 

Only a few studies have looked at voice quality in specific vocalization types. 
Lavan et al. (2016) showed that ratings of breathiness provided by trained pho-
neticians were associated with higher valence ratings in all laughs and with 
higher arousal ratings in spontaneous, but not in volitional laughs. In contrast, 
laughs with a higher spectral centroid were rated as slightly higher on both 
dominance and reward scales in the study by Wood et al. (2017). Apart from 
laughs, some measures of voice quality have been reported in human screams. 
Mostly these relate to the presence of nonlinear phenomena (Arnal, Flinker, 
Kleinschmidt, Giraud, & Poeppel, 2015; Raine et al., 2019), but Hansen, Nand-
wana, and Shokouhi (2017) also report more high-frequency energy and flatter 
spectral slopes in screams compared to neutral speech. This evidence is not suf-
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ficiently detailed to make specific predictions regarding the perceptual effects 
of breathiness in different call types. The most parsimonious assumption is that 
the same general acoustic code applies to both speech and all nonverbal vocal-
izations. On the other hand, there are significant differences between such vo-
calizations as gasps and screams in their production mechanism (e.g., ingressive 
or egressive) and general acoustic characteristics (the degree of voicing, pitch, 
syllable structure), which may affect the perceptual consequences of changes in 
voice quality.

Instead of the dimensions of valence, arousal, and dominance, participants 
in experiment 2 rated the intensity of discrete emotions, aiming to provide a 
complementary outcome measure that was arguably more intuitive for partici-
pants. Three emotional labels were provided for each call type: pleased/ 
hurt/surprised for gasps, amused/evil (jeering)/polite for laughs (adapted from 
Szameitat et al., 2009, and Wood et al., 2017), pleased/hurt/effortful for moans, 
and pleased/afraid/aggressive for screams. These emotions correspond to the 
most common classifications of acoustically similar vocalizations in earlier stud-
ies (Anikin et al., 2018; Anikin, 2019a). They may not cover every possible inter-
pretation, but the objective in experiment 2 was primarily to contrast responses 
to the same stimulus after a particular acoustic manipulation. The measure of 
interest was thus the difference in the weights of particular emotions caused by 
strengthening or weakening harmonics in the source spectrum of the same pro-
totype sound.

Methods
Stimuli
The experimental stimuli were 168 modifications of 56 prototype vocalizations, se-

lected from the same source as in experiment 1 (Anikin & Persson, 2017) and resynthesized 
with original, weakened, or strengthened harmonics with soundgen 1.2.0 (Anikin, 2019a). 

Table 2. Acoustic characteristics of the synthetic stimuli in experiment 2

Call type Stimuli, n Acoustic characteristics: mean [range]

total 
(with 
noise)

female/
male/
child

rolloff 
manipulation, 
dB/octave

duration, 
s

median 
voiced 
syllable, s

median f0,  
Hz

median  
HNR, 
dB

median 
spectral 
centroid, 
kHz

Gasp 10 
(10)

6/4/0 ±7.5 
[4, 15]

0.8 
[0.5, 1.4]

0.6 
[0.2, 1.2]

345 
[111, 634]

8.4 
[0.4, 16.8]

1.8 
[1.0, 2.7]

Laugh 14 
(14)

6/6/2 ±4.4 
[4, 6]

1.7 
[1.1, 3.1]

0.2 
[0.1, 0.7]

517 
[167, 846]

10.2 
[1.5, 19.1]

1.8 
[1.2, 2.9]

Moan 15 
(15)

7/8/0 ±5.9 
[4, 8]

0.8 
[0.4, 2.0]

0.6 
[0.2, 1.8]

288 
[135, 423]

13.3 
[3.7, 20.1]

1.3 
[0.5, 2.8]

Scream/
roar

17 
(4)

10/6/1 ±6.1 
[4, 8]

0.9 
[0.3, 1.9]

0.7 
[0.2, 1.6]

1205 
[295, 3063]

18.4 
[11.3, 22.4]

2.4 
[0.9, 4.3]

HNR, harmonics-to-noise ratio, measured based on autocorrelation. HNR and spectral centroid were mea-
sured in the synthesized audio files using soundgen, and the rest of acoustic characteristics were derived di-
rectly from the settings used for synthesizing the stimuli.
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The prototypes included 10 gasps, 14 laughs, 15 moans or grunts, and 17 screams or high-
pitched roars with duration ranging from 0.4 to 3.4 s (Table 2). Out of 56 prototypes, 24 
were by men, 29 by women, and 3 by preadolescence children; 15 were also used in ex-
periment 1. The range of rolloff manipulation was ±4–15 dB/octave.

Procedure
The experiment was performed in a web browser and began with training, in which 

participants rated 8 human nonverbal vocalizations in order to become familiar with the 
rating tool and the nature of stimuli. Following training, participants rated 81 or 84 syn-
thetic vocalizations each – a subsample of a larger corpus prepared for this study and a 
companion study on nonlinear phenomena (Anikin, 2019b). The rating tool was a triadic 
scale designed for rating the proportional weight of 3 response categories with a single 
click. Three labels were placed in the corners of an equilateral triangle (Fig. 3), and the 

Surprised

O
R–
R+

Gasps Laughs

Moans Screams
Effortful Aggessive

Polite

Hurt Pleased

Hurt Pleased Afraid Pleased

Evil Amused

a b

c d

Fig. 3. Mean coordinates representing the perceived emotion of different call types and 
acoustic manipulations. Labels in bold show the average for all sounds, while individual 
symbols and arrows show the effect of manipulations for each prototype sound. O, original; 
R–, less energy in harmonics (breathy); R+, more energy in harmonics (tense).
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weights of these 3 categories were related to the position of the marker within the triangle 
via a nonlinear transformation under the constraint that the 3 weights should sum to 100%. 
Participants were instructed to set these weights, which were displayed as bars under the 
triangle.

Participants
Participants were recruited via https://www.prolific.ac. As in experiment 1, only sub-

missions that were complete and not obviously faked were accepted and reimbursed. Be-
yond this initial quality check, no participants were excluded from the analysis because 
there were no clear outliers among participants in terms of how well their responses agreed 
with the typical response pattern (see Results). Individual trials with an unusually rapid 
response time suggestive of a technical problem or accidental clicking were excluded; they 
represented approximately 1.4% of data. The response time threshold was higher than in 
experiment 1 (2,000 vs. 500 ms) because of a different design involving at least 2 clicks per 
trial in experiment 2. The responses of 151 participants provided on average 49 (range 
46–51) ratings per sound.

Statistical Analysis
The triadic rating scale returns a vector of 3 weights that sum to 1 – a so-called simplex 

– which was modeled with a redundantly parameterized normal distribution that forces the 
means for the 3 categories to sum to 1 with a softmax transform (Gelman, Bois, & Jiang, 
1996):

µi = exp(φi)/(exp(φ1) + exp(φ2) + exp(φ3)), 

for i in {1, 2, 3}, where µi is the mean of the normal distribution for the weight of each 
category and φi is normally distributed with a mean of zero. The φ parameters are not 

Table 3. Contrasts between the effect of different acoustic manipulations on the weight of emotion 
categories for each call type: median of posterior distribution (%) and 95% CI

Model Contrast Gasps Laughs

hurt surprised pleased evil polite amused

Without SC R+ vs. R– 13.4 
[9.1, 17.7]

–3.5 
[–9.7, 2.7]

–9.9 
[–14.4, –5.5]

0.7 
[–4.0, 5.6]

–5.1 
[–8.5, –1.7]

4.4 
[1.1, 7.9]

With SC R+ vs. R– 13.7 
[9.4, 17.9]

–3.7 
[–9.9, 2.4]

–9.9 
[–14.3, –5.5]

–8.1 
[–14.1, –1.2]

3.4 
[–2.0, 8.5]

4.6 
[–0.8, 9.8]

SC1 13.9 
[1.4, 25.5]

–11.6 
[–29.6, 6.3]

–2.0 
[–15.5, 11.0]

26.7 
[10.3, 39.0]

–25.4 
[–37.5, –12.8]

–1.0 
[–13.0, 12.0]

Model Contrast Moans Screams

hurt effortful pleased afraid aggressive pleased

Without SC R+ vs. R– 12.8 
[9.5, 16.1]

–0.3 
[–3.6, 3.0]

–12.5 
[–17.2, –7.8]

5.1 
[2.4, 7.9]

2.4 
[–0.3, 5.1]

–7.6 
[–11.4, –3.7]

With SC R+ vs. R– 12.7 
[8.3, 17.3]

0.4 
[–4.0, 4.8]

–13.1 
[–19.2, –7.0]

–3.6 
[–10.0, 2.9]

1.9 
[–3.1, 7.3]

1.7 
[–6.8, 9.9]

SC 0.6 
[–13.8, 14.9]

–3.5 
[–17.8, 10.8]

2.8 
[–17.1, 22.4]

4.6 
[1.5, 7.6]

0.3 
[–2.2, 2.5]

–4.9 
[–8.6, –1.0]

SC, spectral centroid; R–, weaker harmonics; R+, stronger harmonics. Cells in bold contain 95% CIs that exclude or nearly exclude 
zero. This is merely a visualization aid, not significance testing. 1 Effect over the observed range of 530–4,260 Hz, controlling for rolloff 
manipulation.
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uniquely identifiable, but they do provide valid inference on µ. A corresponding Bayesian 
model was defined in Stan and extended to include main effects (condition, spectral cen-
troid) and 2 random intercepts (per participant and per prototype sound) with regularizing 
priors. A separate model was fit for each of 4 call types.

Results
The emotion category with the greatest weight was identified for each of 

151 participants and for the entire sample. The proportion of sounds for which 
a given participant assigned the greatest weight to the same category as the ma-
jority was then used as a measure of interrater agreement. This proportion was 
approximately normally distributed with no clear outliers and ranged from 0.26 
to 0.71 (mean = 0.45), suggesting that most participants understood the experi-
mental procedure and were reasonably consistent in their responses.

The effect of voice quality manipulations can be visualized as the change in 
the average coordinates within the triangle per prototype sound, as shown in 
Figure 3. Since participants were instructed to set the relative weights of three 
emotions, the main analysis focused on how acoustic manipulations affected 
these weights, not coordinates as such. Similarly to experiment 1, the outcome 
was modeled before and after controlling for spectral centroid (Table 3).

Making the voice quality tenser in gasps (less negative rolloff, condition 
“R+” vs. “R–”) made the speaker sound more hurt (+13.4%, 95% CI 9.1–17.7) and 
less pleased (–9.9%, 95% CI –14.4 to –5.5). For moans, a tense voice was likewise 
associated with being hurt (+12.8%, 95% CI 9.5–16.1) rather than pleased 
(–12.5%, 95% CI –17.2 to –7.8). Interestingly, voice quality in moans had no ef-
fect on perceived effort (–0.3%, 95% CI –3.6 to 3.0). Accounting for the spectral 
centroid did not substantively alter the observed effects on the perceived emo-
tion in either gasps or moans, and spectral centroid had no independent effect 
on the weight of any emotion after controlling for rolloff, except for making the 
speaker sound 13.9% (95% CI 1.4–25.5) more hurt in gasps (Table 3). 

Tenser voice quality in laughs enhanced the impression that the speaker 
was genuinely amused (+4.4%, 95% CI 1.1–7.9) rather than merely polite (–5.1%, 
95% CI –8.5 to –1.7). However, this effect was relatively small and disappeared 
after controlling for spectral centroid (Table 3). Interestingly, a higher spectral 
centroid was strongly associated with sounding evil (+26.7%, 95% CI 10.3–39.0) 
rather than polite (–25.4%, 95% CI –37.5 to –12.8), presumably because strong-
ly aspirated giggles with little voicing are considered impolite or malicious.

Screams with stronger harmonics were associated with being afraid (+5.1%, 
95% CI 2.4–7.9) rather than pleased (–7.6%, 95% CI –11.4 to –3.7). Since screams 
were synthesized with little or no noise component, rolloff of harmonics was the 
sole determinant of the spectral shape, and therefore the effects of rolloff ma-
nipulation and spectral centroid in screams could not be separated in multiple 
regression, leading to uncertain results when both were entered simultaneous-
ly (Table 3).

Discussion
Experiment 2 aimed to verify and nuance the findings from experiment 1 by 

increasing the number of stimuli and using discrete emotions instead of the di-
mensions of valence, arousal, and dominance. The results confirmed that a shift 
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in voice quality from breathy to tense was associated with more aversive emo-
tions, but with interesting differences between call types. 

The clearest picture emerged for the most ambiguous of the tested call 
types – gasps and moans. Tense voices with strong harmonics and little aspira-
tion noise were perceived as considerably more aversive than breathy voices 
with weak harmonics. In effect, manipulating only the voice quality, without 
changing the intonation or any other acoustic characteristic, was enough to turn 
a gasp or moan of pleasure into pain. Since this effect of voice quality persisted 
after controlling for spectral centroid, listeners appeared to attend specifically 
to breathiness, and not simply to the amount of high-frequency energy in the 
spectrum.

In screams, the manipulation did not create a breathy voice as such, since 
no aspiration noise was added. Furthermore, screams were predominantly in-
terpreted as an expression of fear, and this limited variation in responses partly 
masked the effect of manipulations. Nevertheless, strengthening upper harmon-
ics relative to the fundamental frequency noticeably shifted the interpretation 
of screams from pleasure to fear, as predicted. 

As for laughs, making the voice quality tense within one particular sound – 
without changing any prosodic characteristics – made the speaker sound slight-
ly more amused rather than merely polite. When comparing different laughs, on 
the other hand, a higher spectral centroid (a measure of timbral brightness) was 
strongly associated with sounding malicious. Laughs come in a great variety of 
acoustic forms and contain a large amount of aspiration noise, complicating the 
relationship between summary measures of spectral shape, such as spectral 
centroid, and glottal source spectrum. This is possibly the reason for seeming- 
ly contradictory reports in previous correlational studies, which found that 
breathy laughs scored higher on both arousal and valence (Lavan et al., 2016), 
but also that laughs with a higher spectral centroid were rated as more reward-
ing (Wood et al., 2017). Taking the present results at face value, tensing the voice 
quality in laughs does not make them more negative – unlike other analyzed vo-
calizations – but it appears to enhance the perception of genuine amusement. 
Because high-intensity emotional expressions are often perceived as more au-
thentic (Lavan et al., 2016; Anikin & Lima, 2018), this is in line with the associa-
tion of tense voice quality with higher perceived arousal in experiment 1. Con-
sidering that the manipulation effect for laughs was relatively weak and uncer-
tain, however, it should be treated with caution. In addition, laughs present a 
formidable challenge to manual parametric synthesis because of their complex 
and dynamic spectrotemporal characteristics, and the perceived authenticity of 
synthetic laughs was lower than for other vocalizations in a previous validation 
study (Anikin, 2019a). It is therefore possible that the synthesis of laughs was 
not successful enough to analyze the effects of voice quality. The relatively short 
and noisy syllables that laughs consist of also make changes in laryngeal source 
harder to detect because breathiness is more salient in longer sustained sylla-
bles.
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General Discussion

Two experiments were carried out to test the perceptual consequences of 
modifying the laryngeal voice quality in otherwise identical synthetic nonverbal 
vocalizations. The manipulation consisted in changing the rolloff of harmonics 
in source spectrum, which had two effects: it made upper harmonics more or 
less pronounced relative to the fundamental frequency and simultaneously 
changed the amplitude of aspiration noise relative to the voiced component. 
Perceptually, this manipulation approximately corresponds to shifting the voice 
quality along the tense-breathy continuum. As predicted, breathiness was asso-
ciated with less intense and more pleasant emotions, particularly for those vo-
calizations that can be either positive or negative in valence. Some implications 
of these findings are discussed below.

In line with previous reports based on conventional measures of spectral 
shape (Schröder et al., 2001; Briefer, 2012; Lingle et al., 2012; Lima et al., 2013), 
stronger harmonics were associated with higher arousal ratings. This is not sur-
prising, since physiologically this change in voice quality is caused by greater 
pharyngeal constriction (Briefer, 2012) and higher subglottal pressure (Ste-
vens, 2000), both of which are associated with an active, aroused state. In addi-
tion, increasing the strength of harmonics had a negative effect on valence rat-
ings in experiment 1. This finding was strongly confirmed in experiment 2, par-
ticularly for intrinsically ambiguous vocalizations such as gasps and moans. For 
example, a breathy gasp or moan with a strong f0 and weak harmonics (breathy 
voice) was likely to be interpreted as a sign of pleasant surprise, whereas an 
otherwise identical sound with stronger harmonics and less aspiration noise 
(tense voice) was interpreted as an expression of pain. Voice quality had a small-
er effect on vocalizations that were interpreted as predominantly hedonistic 
(laughs) or predominantly aversive (screams). This tallies with the earlier ob-
servation that the distribution of energy in the spectrum correlates with valence 
only in the more ambiguous primate vocalizations (Fichtel et al., 2001). More 
generally, it calls for caution when generalizing acoustic observations across call 
types, since perceptual effects of acoustic features may be vocalization-specific 
(Linhart, Ratcliffe, Reby, & Špinka, 2015). 

In addition to testing the relevance of laryngeal voice quality to the communi-
cation of emotion specifically in nonverbal vocalizations, an important novelty of 
the chosen experimental approach lies in the ability to distinguish between the 
contribution of “glottal source” (or rather, its synthetic counterpart) and the gen-
eral balance of low- and high-frequency energy in the spectrum. A nonspecific mea-
sure of timbral brightness (spectral centroid) appeared to contribute to some of 
the observed effects but did not fully account for them. In line with speech research 
(Garellek, Samlan, Gerratt, & Kreiman, 2016), this suggests that listeners are sensi-
tive to the relative strength of individual harmonics in nonverbal vocalizations 
when they decide what emotion the speaker is experiencing. As a result, relatively 
subtle modifications of voice quality – changes that would be nearly invisible to a 
conventional acoustic analysis – are sufficient to cause a major effect on perceived 
emotion, sometimes “flipping” the valence of a vocalization.

The reported manipulation of voice quality was somewhat simplified: in re-
ality, breathiness also includes other acoustic characteristics that were not mod-
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eled in this study, such as increased formant bandwidth and additional zero-
pole pairs in the source spectrum due to coupling with supralaryngeal resona-
tors (Gobl & Ní Chasaide, 2010). In addition, the manipulation affected all 
harmonics in the source spectrum, whereas speech research suggests that hu-
mans are sensitive to the difference between specific harmonics, the overall 
spectral slope, and high-frequency noise excitation (Garellek et al., 2016; Krei-
man, Gerratt, & Antoñanzas-Barroso, 2007; Kreiman et al., 2014). On the other 
hand, the narrow range of f0 and moderate vocal effort typical of speech are dif-
ferent from the conditions of voice production in nonverbal vocalizations such 
as screams or roars, making it problematic to apply linguistic terminology or 
speech-specific measures of source spectrum. Furthermore, the role of laryn-
geal voice quality in nonverbal vocalizations is largely terra incognita, and the 
results reported here are only a preliminary investigation that will need to be 
confirmed and elaborated in future studies.

An interesting question for follow-up research is whether a tense voice with 
strong harmonics is intrinsically associated with intense and unpleasant affec-
tive states, or whether this effect is due to changes in perceived loudness and 
pitch. Although pitch is usually considered to be the perceptual equivalent of the 
fundamental frequency, it may in fact depend on other spectral characteristics 
(McPherson & McDermott, 2018), including voice quality. In particular, a tense 
voice literally sounds higher than a breathy voice (Kuang, Guo, & Liberman, 
2016). Likewise, sounds with more high-frequency energy are subjectively ex-
perienced as louder because human hearing is more sensitive to high frequen-
cies (Fastl & Zwicker, 2006), and loudness can enhance the impression of high 
activation states (Yanushevskaya, Gobl, & Ní Chasaide, 2013). It is therefore pos-
sible that strengthening the harmonics rather mechanistically makes the stimu-
lus appear louder, brighter, and more high-pitched, thus enhancing its low-level 
perceptual salience to the auditory system. 

In addition, listeners may interpret vocalizations with strong harmonics as 
originally produced with high vocal effort – loudly and close to the upper limit 
of the speaker’s pitch range (Kuang, Guo, & Liberman, 2016; but see Bishop & 
Keeting, 2012). Because louder vocalizations tend to have stronger harmonics 
(Traunmüller & Eriksson, 2000) and therefore a higher peak frequency (Stout, 
1938; Gustison & Townsend, 2015), some information about the loudness of the 
original utterance is still available to listeners even from recordings with nor-
malized amplitude. This estimate of the original speaker’s vocal effort may then 
be taken into account when interpreting the vocalization. For example, listeners 
may expect that a moan of pleasure will be produced in a quieter and breathier 
voice than a moan of pain, that a person in pain will scream with greater vocal 
effort and thus a tenser voice than a person who is delighted, and so on. Indeed, 
hedonistic vocalizations, such as moans of pleasure, are more likely to occur in 
intimate, close-range contexts, whereas aversive vocalizations, such as screams 
of fear, are meant to broadcast the signal to distant observers, call for help, or 
warn others about the presence of predators, necessitating high vocal effort 
(Gustison & Townsend, 2015). Similarly, listeners in perceptual experiments 
may assume, often mistakenly, that intense emotional expressions are more 
likely to be aversive rather than hedonistic (Anikin & Persson, 2017). On the 
other hand, the association of tense voice quality with feeling more genuinely 
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amused in laughs, although relatively uncertain, could indicate that higher per-
ceived vocal effort is simply interpreted as a sign of greater emotion intensity, 
making purely hedonistic vocalizations such as laughs more positive, and aver-
sive or ambiguous vocalizations more negative. It will be a productive avenue 
for future research to look more closely at the differences between vocalization 
types when investigating the link between voice acoustics and emotion, not least 
because it could elucidate the cognitive mechanisms involved.

To end on a methodological note, the present results further underline the 
importance of estimating glottal source when analyzing field recordings of non-
speech vocalizations. In speech research it is common to compare the ampli-
tudes of the first few harmonics with each other and with the harmonic nearest 
to the first formant or a specific frequency as an indirect measure of spectral 
source (Garellek et al., 2016; Gobl & Ní Chasaide, 2010; Kreiman et al., 2007, 
2014), but this may be inappropriate for nonverbal vocalizations and animal 
calls with an extreme range of f0 that routinely crosses formant frequencies. An 
interesting option is to estimate how high detectable harmonics reach in the 
spectrum (cf. “frequency range” in Fichtel et al., 2001; Fichtel & Hammerschmidt, 
2002; Hammerschmidt & Jürgens, 2007), although high levels of jitter and noise 
will affect this measure. Above all, it is advisable to extract multiple measures of 
spectral shape instead of a single descriptive, such as mean or peak frequency, 
and to provide access to the original recordings. 
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