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Svizzera Italiana, Lugano, Switzerland; fCrossmodal Perception and Plasticity Laboratory, IPSY, University of Louvain, Louvain-la-
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ABSTRACT
Vocal bursts are non-linguistic affectively-laden sounds with a crucial function in
human communication, yet their affective structure is still debated. Studies showed
that ratings of valence and arousal follow a V-shaped relationship in several kinds
of stimuli: high arousal ratings are more likely to go on a par with very negative or
very positive valence. Across two studies, we asked participants to listen to 1,008
vocal bursts and judge both how they felt when listening to the sound (i.e. core
affect condition), and how the speaker felt when producing it (i.e. perception of
affective quality condition). We show that a V-shaped fit outperforms a linear
model in explaining the valence-arousal relationship across conditions and studies,
even after equating the number of exemplars across emotion categories. Also,
although subjective experience can be significantly predicted using affective
quality ratings, core affect scores are significantly lower in arousal, less extreme in
valence, more variable between individuals, and less reproducible between studies.
Nonetheless, stimuli rated with opposite valence between conditions range from
11% (study 1) to 17% (study 2). Lastly, we demonstrate that ambiguity in valence
(i.e. high between-participants variability) explains violations of the V-shape and
relates to higher arousal.
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In recent decades, affective sciences have variously
explored the underlying nature of affective states
(see, for instance, Cowen et al., 2019; Kragel & LaBar,
2015; Zachar & Ellis, 2012). One of the most popular
models is the “Affect Circumplex” proposed by
Russell (1980; 2003; Russell & Barrett, 1999). This
model represents affect in terms of two dimensions:
an arousal axis, ranging from deactivated to activated,

and a bipolar hedonic valence axis, ranging from dis-
pleasure to pleasure.

Specific mixtures of arousal and valence are used to
represent prototypical affective states, if any exist (but
see Wilson-Mendenhall et al., 2011), or to describe
specific instances of an emotion category. A prototypical
affective state, such as fear, is thus characterised in this
model as high arousal negative valence state.
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Importantly, the circumplex model of affect
assumes that valence and arousal are independent.
This is because the existence of any linear or non-
linear relationship would suggest that a more parsi-
monious model (in terms of the number of dimen-
sions) is able to explain the emotional experience
equally well.

Nonetheless, findings suggest that arousal and
valence tend to form a V-shaped relation, both in
terms of subjective experience and in affective evalu-
ations of stimuli (Kuppens et al., 2013). This means
that higher pleasure (or displeasure) is more likely to
be experienced in combination with higher arousal.
Despite being subject to cultural and intersubjective
variability (Kuppens et al., 2017), this V-shaped
relation is consistently reported across various
studies and datasets. However, following a general
trend in affective science, until recently, the majority
of studies have focused on visual stimuli (Kurdi
et al., 2017; Lang et al., 2008). It is thus important to
determine whether the V-shaped relation represents
an intrinsic feature of the arousal-valence model
rather than a bias holding for affectively-laden visual
stimuli specifically (Kuppens et al., 2013). More
recent results across different sensory modalities
show that the V-shaped relation holds strong also
for natural and artificial sounds (Yang et al., 2018), syn-
thetic nonverbal vocalizations (Anikin 2020), and
odours (Toet et al., 2020).

Does the V-shaped relation between arousal and
valence also hold for human vocal bursts? Most
studies centred on affective reactions to vocal bursts
do not directly address this question and rather
focus on different topics, such as the universality of
affect (Cordaro et al., 2016), its generalizability
across species (Filippi et al., 2017; Fritz et al., 2018),
or the relation between acoustic and affective proper-
ties (Belin et al., 2008; Laukka et al., 2005). However,
some studies initially devised to address different
research questions do report evidence of the V-
shaped relation (see, for instance, Green & Cliff,
1975; Sauter et al., 2010a ; Cowen et al., 2019; Anikin
2020; Holz et al., 2021). This evidence calls for a
more systematic investigation of the V-shaped
relation in vocal bursts, which is the first aim of this
study.

Moreover, we sought to test whether the same
relation holds for semantic knowledge about
affective stimulus properties and for the actual subjec-
tive feeling it brings about. Following Russell (2003),
we will call them Perception of Affective Quality

(PAQ) and Core Affect (CA), respectively. For instance,
two melancholic sighs, the first one produced by a
stranger and the second one by someone we care
about, are likely to elicit the same PAQ but different
subjective reactions in terms of CA (Russell, 2017).
Moderate evidence supporting a dissociation
between PAQ and CA comes from a series of exper-
iments by Itkes and colleagues (2017, 2019), in
which participants were instructed to provide either
feeling-focused (i.e., CA) or knowledge-focused (i.e.,
PAQ) judgments about pictures and movie clips. A
limitation of these investigations is that feeling-
focused and knowledge-focused ratings were col-
lected in separate groups of participants. Further
studies are thus needed to test whether PAQ and
CA ratings are uncoupled in response to vocal
bursts and when the same individual is providing
both judgments.

Lastly, a recent model supports an intriguing
hypothesis concerning the occasional dissociation
between valence and arousal and violations of the
V-shaped relationship (Brainerd, 2018; Mattek et al.,
2017). Mattek and colleagues suggest that, while
arousal is tightly associated with positive/negative
valence when stimuli are unambiguously positive (or
negative), the two dimensions come apart as a func-
tion of stimulus ambiguity. However, data supporting
this hypothesis usually fail to distinguish between
PAQ and CA (Mattek et al., 2017, supplementary
materials).

In light of all this, the present research aims to
answer three questions. First, does the V-shaped
valence/arousal relation hold strong for affective
states communicated via human vocal bursts?

Second, if a V-shape relationship exists for vocal
bursts, is it specific to ratings of subjective experience
(i.e. How did you feel when listening to the vocaliza-
tion? – CA), or does it apply to semantic judgments
as well? (i.e. How did the speaker feel when producing
the vocalization? – PAQ). Also, do CA and PAQ come
apart significantly in the context of vocal bursts?

Third, does stimulus ambiguity explain violations
in the V-shaped relation between valence and
arousal in vocal bursts? If this is the case, does ambi-
guity equally affect judgments about one’s own
experience (CA) and others’ emotional experience
(PAQ)?

Two studies were designed to answer these ques-
tions. In the first study, we asked a small convenience
sample to provide valence and arousal judgments
about 1,008 vocal bursts under two experimental

2 D. GROLLERO ET AL.



conditions, collected across multiple experimental
sessions (∼48,000 ratings collected in total). We then
confirmed the findings obtained from study 1 in a
second online experiment, conducted on a much
larger and heterogeneous cohort (∼900 participants;
∼38,000 ratings collected in total).

Materials and methods

Participants – Study 1. Participants of study 1 were
graduate students with a background in psychology
or medicine (i.e. 18 years of education). All individ-
uals signed informed consent to take part in the
study after the risks and procedures were explained.
Volunteers did not receive any compensation for
their participation. They were clinically healthy and
reported no history of neurological or psychiatric
conditions, as well as no history of drug or alcohol
abuse. They had normal hearing and normal or cor-
rected-to-normal vision. The local Ethical Review
Board approved the experimental protocol and pro-
cedures (CEAVNO: Comitato Etico Area Vasta Nord
Ovest; Protocol No. 1485/2017), and the study was
conducted in accordance with the Declaration of
Helsinki. From an initial sample of 19 individuals,
12 Italian native speakers (6 F, 6 M; 29.02 ± 2.12
years of age) completed the data collection. Four
individuals dropped out after the first experimental
session, whereas three participants withdrew after
having completed half of the study protocol. Prior
to the beginning of each experimental session, par-
ticipants were asked to self-assess their anxiety
level and positive/negative mood on a scale
ranging from 0 to 100. Overall, individuals reported
low levels of anxiety (32.53 ± 18.4) and a moderately
positive mood (65.31 ± 9.34).

Participants – Study 2. In the second study, we
recruited 1,128 Italian participants through advertise-
ments on social media. Of these, 925 individuals
(545 F, 14 non-binary; 31.6 ± 11.3 years of age) pro-
vided consent to participate in the experiment and
rated at least one vocal burst. Seven hundred and
thirty-seven (737) individuals completed all trials. All
participants reported having normal hearing, and
the average number of education years was 15.5 ±
2.6. Risks and procedures were explained on the
welcome page, and participants had the right to with-
draw at any time. Study 2 was approved by the local
Ethical Review Board (Comitato Etico congiunto per
la ricerca della Scuola Normale Superiore e della
Scuola Superiore Sant’Anna; Protocol No. 14/2022)

and was conducted following the Declaration of
Helsinki.

Stimuli. Stimuli consisted of nonlinguistic utter-
ances commonly referred to as vocal bursts. These
vocalizations predate spoken words (Banse &
Scherer, 1996; Cordaro et al., 2016; Prather et al.,
2009; Snowdon, 2003) in conveying specific
emotional content (Simon-Thomas et al., 2009;
Sauter et al., 2010b; Cordaro et al., 2016; Bryant,
2021) which is not only interpreted by conspecifics
but, to some extent, by exemplars of other species
as well (Filippi et al., 2017; Fritz et al., 2018). Two
thousand and thirty-two (2,032) vocal bursts
recorded by 56 speakers (26 F, 30 M, age range: 18-
35) were collected from two previously published
datasets: 425 utterances recorded by 11 professional
actors were obtained from the VENEC corpus (Laukka
et al., 2013), and 1,607 vocalizations recorded by 45
naïve subjects (countries of origin: United States,
India, Kenya, Singapore) retrieved from Cowen and
colleagues (Cowen et al., 2019). The procedure to
record vocal bursts consisted in presenting to each
individual a subset of specific scenarios deemed to
elicit 30 emotions of interest, such as sadness, fear,
and sexual desire, covering a broad spectrum of
combinations of valence and arousal (see Sup-
plementary Table 1; adapted from Cowen et al.,
2019). Then, they had to imagine being present in
the given scenario and produce the most appropri-
ate non-linguistic sound. In addition, Cowen et al.
(2019) also sampled spontaneous non-linguistic
vocal utterances by the same actors (see their Sup-
plementary Materials). From this pool of stimuli, we
selected 1,008 vocal bursts (600 utterances from
female speakers) based on their duration: stimuli
lasting less than 567 ms or more than 1,700 ms
were discarded.

Stimuli – Study 1. In the first study, each individual
listened and rated all stimuli under two experimental
conditions. Ratings were obtained from 18 exper-
imental sessions over multiple days. In total, each par-
ticipant completed 8-15 h of data collection. Further,
in study 1, we modified the duration of vocal bursts
so that each stimulus lasted exactly 850 ms. Thus,
each sound could be maximally stretched or com-
pressed in time by 50% of its original duration, and
the procedure was performed using a pitch-preser-
ving algorithm (audioStretch, phase-vocoder
method). This allowed changing stimulus duration
without altering its spectral properties (e.g. funda-
mental frequency, speech harmonics). Lastly, stimuli
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were normalised in loudness according to the EBU R
128 Standard.

Stimuli – Study 2. In the second study, participants
were presented with the original version of the 1,008
vocal bursts. Extant literature suggests that temporal
structure is a crucial characteristic of vocal bursts
(Bryant & Aktipis, 2014), which may affect the per-
ceived emotion intensity and authenticity. To assess
whether unedited sounds differ in their affective
properties, no time compression or stretching was
applied, and the stimuli were not normalised in loud-
ness. Each participant listened to a random selection
of 12 stimuli under two experimental conditions,
and the average completion time was approximately
8 min.

Protocol and Procedure. Participants were asked to
listen to vocal bursts under two alternative exper-
imental conditions: “Core Affect” (CA) and “Perception
of Affective Qualities” (PAQ). CA required individuals
to focus on their internal affective state as a result
of stimulus presentation, namely on how they felt
when listening to the sound. Instead, PAQ prompted
participants to consider the speaker’s affective state,
namely to evaluate how the speaker felt when produ-
cing the sound (Itkes et al., 2017, 2019).

Protocol and Procedure – Study 1. Because affective
ratings can be contaminated by inter-subject variabil-
ity (an issue emphasised by Barrett et al., 2018;
Kuppens et al., 2013; Kuppens et al., 2017), we asked
all participants to rate each of the 1,008 vocal bursts
under CA and PAQ conditions. The two experimental
conditions consisted of 9 blocks of 112 randomly
selected vocal bursts, with the order of blocks ran-
domised across individuals. Participants were
instructed to complete no more than one block of
stimuli per day to avoid fatigue or loss of concen-
tration. The two experimental conditions were
acquired in distinct periods of time, with a minimum
of 3 and a maximum of 5 days between the end of
the first condition and the beginning of the second.
The order of experimental conditions was counterba-
lanced across participants (i.e. half of them partici-
pated in the CA condition first, whereas the
remaining six in the PAQ first).

Stimulus presentation and the recording of ratings
were implemented in MATLAB (R2019b; MathWorks
Inc., Natick, MA, USA). The study was conducted remo-
tely: participants ran a pre-compiled MATLAB executa-
ble binary on their personal computers. To ensure the
counter-balanced presentation of CA and PAQ, the
material relative to the second condition was

provided only after completing the nine blocks of
the first one. Volunteers were asked to perform the
experiment in a quiet environment, wear head-
phones, and set the audio volume to a comfortable
level. Before starting the data collection, participants
had to indicate their current mood and anxiety level
using two visual-analog scales. The mood scale
ranged from “very negative” to “very positive”,
whereas the anxiety scale ranged from “not at all” to
“very much”. After this, individuals were redirected
to the study instruction page that preceded the
actual beginning of the experiment. For each vocal
burst, they had to move the cursor to indicate either
the subjective (i.e. CA condition) or the speaker’s
(i.e. PAQ condition) level of arousal ranging from
“very calm” to “very excited”. Similarly, valence was
rated in each condition on a visual analog scale
ranging from “very negative” to “very positive”. In
both cases, a central anchor point indicated the
mid-level. The starting position of the cursor was ran-
domised for each trial and slider. Lastly, to investigate
if raters systematically perceived the time stretching
of stimuli, for each vocal burst, we asked them to indi-
cate whether they perceived it as “modified” or “not
modified”.

Protocol and Procedure – Study 2. In the second
study, we took advantage of online recruitment to
reach a larger cohort of participants and increase
sample heterogeneity. The experiment was
implemented in Qualtrics XM (Qualtrics, Provo, UT).
Firstly, we randomly split the 1,008 vocal bursts into
84 batches (12 unique stimuli each). Each participant
was presented with a randomly selected batch of
stimuli and instructed to provide valence and
arousal ratings under the CA and PAQ conditions
(i.e. 48 responses in total). Differently from study 1,
valence and arousal scores were collected in separate
blocks. We opted for this procedure as it was brought
up during the review process that the concomitant
rating of valence and arousal dimensions could
result in spurious correlations between the two
(Lima et al., 2013). Thus, four blocks of ratings were
collected for the 12 stimuli included in a batch: (1)
valence under the PAQ condition, (2) arousal under
the PAQ condition, (3) valence under the CA con-
dition, and (4) arousal under the CA condition. The
order of stimuli within a batch and of response
blocks was randomised across subjects. Volunteers
were asked to perform the experiment in a quiet
environment free from distractions and set the
audio volume to a comfortable level. Participants
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were instructed to provide valence scores using a
visual analog scale that ranged from “extremely
unpleasant” to “extremely pleasant”, with the central
anchor point “neither pleasant nor unpleasant”.
Arousal ratings were collected on a visual analog
scale ranging from “not aroused at all” to “very
aroused”, with the central anchor point being “moder-
ately aroused”. For study 2, the starting position of the
cursor was fixed. Specifically, for the arousal scale, the
cursor appeared on the left anchor point (“not
aroused at all”), whereas, for the valence, it appeared
on the central anchor point (“neither pleasant nor
unpleasant”). For each stimulus, affective dimension
and condition we collected an average of 9 ratings
(CA valence median number of acquired ratings,
[min – max] = 9, [5–11]; PAQ valence = 9, [6–11]; CA
arousal = 9, [5–11]; PAQ arousal = 8, [6–11]).

Data Analysis. Across the two studies, we tested
whether a V-shaped association, rather than a linear
trend, captured the valence-arousal relationship in
CA and PAQ conditions. To do this, we first computed
the between-participants average valence and arousal
scores and then built three regression models sum-
marised by formulae A, B, and C. Formula A tested
the existence of a linear relationship between
affective dimensions. Formulae B and C, instead,
expressed two V-shaped associations: a quadratic
relationship and a linear association between absol-
ute difference from neutral valence and arousal
scores, respectively.

Formula A:
Arousal = α + β * Valence
Formula B:
Arousal = α + β * Valence + β * Valence2

Formula C:
Arousal = α + β * |(Valence-50)|
For both CA and PAQ, the adjusted coefficient of

determination R2 evaluated which model better
explained the relationship between the two
affective dimensions. Because stimuli selection may
affect fitting results, we compared the linear and the
V-shaped models after equating the number of
vocal bursts over emotion categories with random
selection. To do this, we used categorical ratings
(Cowen et al., 2019) and a winner-takes-it-all approach
to attribute each vocal burst to one of the 30
emotions of interest. Categories with less than 8
exemplars were discarded, and the minimum
number of stimuli per category was established. We
then randomly selected the same number of vocal
bursts for each emotion and obtained their valence

and arousal ratings averaged across participants.
Using this subset of vocal bursts, we fitted the linear
and the V-shaped models and assessed the difference
between the adjusted coefficients of determination.
We repeated this analysis 1,000 times, selecting a
random subset of vocal bursts at each iteration and
using valence and arousal ratings collected in
studies 1 and 2. Such a procedure ensured that differ-
ences in fitting (if any) did not depend on the unequal
distribution of vocal bursts across emotion categories.
To further rule out the possibility that results observed
in the 1,008 vocal bursts were specific to this set of
exemplars, we repeated the same analysis on the orig-
inal set of 2,032 stimuli and by using dimensional
ratings collected by Cowen and coauthors (2019).
On a separate note, we characterised valence and
arousal ratings of vocal bursts as a function of the
emotion category they belong to and across con-
ditions (i.e. core affect and perception of affective
quality; see Supplementary materials).

Moreover, using data collected in study 2, we com-
pared the V-shape goodness of fit with the one
obtained from the linear model using a generalised
linear mixed-effects approach. Specifically, instead of
aggregating valence and arousal scores across indi-
viduals, single-trial responses from each participant
were modelled. This allowed the specification of
both fixed and random effects. As a first step, the
dataset was arranged so that each row expressed
the valence and arousal scores of a single participant
listening to a specific vocal burst. Two models were
then built and compared: the first (formula D)
included the fixed terms specified in formula A and
– as random terms – the participant and the stimulus
identity; the second model (formula E) included the
fixed terms specified in formula B and the random
terms of formula D. After having inspected the distri-
bution of arousal scores, we opted for a Poisson distri-
bution and a log link function to model ratings of the
dependent variable. As a further check, we repeated
the analysis by modelling scores of the dependent
variable using the Normal distribution. Because the
fit expressed by formula D is nested in formula E, in
addition to inspecting the goodness of fit parameters
(i.e. adjusted R2, bayesian information criterion – BIC,
Akaike information criterion – AIC, and log-likelihood),
we used the theoretical likelihood ratio test to directly
compare the two models and assess the significance
of the difference. These analyses were repeated
across the two experimental conditions (i.e. CA and
PAQ), as in the case of the fixed-effects approach.
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Formula D:
Arousal = α + β * Valence + (1 | Participant) + (1 |

Stimulus)
Formula E:
Arousal = α + β * Valence + β * Valence2 + (1 | Par-

ticipant) + (1 | Stimulus)
Also, we investigated whether and to what extent

valence and arousal ratings were consistent across
experimental conditions. Specifically, the difference
between CA and PAQ valence scores was computed
for each participant and then averaged across sub-
jects. We used a Wilcoxon signed-rank test to evaluate
whether the median of the distribution of differences
was significantly distant from zero. Statistical signifi-
cance for this test was set to p < 0.05. We repeated
the procedure for the arousal dimension as well.

As the original conceptualisation of valence is
bipolar (Russell, 2003; Russell & Carroll, 1999), we sep-
arately assessed the significance of CA-PAQ differ-
ences for positively – and negatively-valenced
stimuli. To this aim, sounds having positive (or nega-
tive) average scores in both experimental conditions
were identified, and the between-condition difference
was assessed using a Wilcoxon signed-rank test (p <
0.05).

To further explore the relationship between CA
and PAQ, we built a linear model testing the associ-
ation between valence and arousal ratings across
the two conditions. CA scores were used to predict
PAQ, and adjusted R2 was considered a measure of
the goodness of fit.

Furthermore, we explored the reproducibility of
valence and arousal scores collected under the CA
and PAQ conditions across the two studies. In this
regard, we employed between-participants average
valence scores obtained from study 1 under the CA
condition to predict CA valence scores collected in
study 2. The adjusted coefficient of determination R2

was used to measure the extent to which the variation
in ratings collected in the second study was explained
by the scores of the first experiment. The procedure
was repeated for judgments of CA arousal, PAQ
valence, and PAQ arousal.

We also compared the between-participants varia-
bility in valence and arousal ratings between the CA
and the PAQ conditions. In this regard, we first esti-
mated the between-participants average and stan-
dard deviation of valence and arousal judgments of
each stimulus. Afterward, to account for potential
differences in average ratings between conditions
while focusing on variability, for each affective

dimension, we computed the coefficient of variation
as the standard deviation divided by the average.
We compared the coefficients of variation obtained
from CA and PAQ using a Wilcoxon signed rank test
(p < 0.05) and repeated this analysis for studies 1
and 2 separately.

Lastly, we were interested in clarifying whether
stimulus ambiguity could explain violations of the V-
shaped relationship between valence and arousal
and investigating if the role of ambiguity was similar
between experimental conditions. Here, we defined
ambiguity in terms of between-individuals variability
in ratings (cf. Brainerd, 2018), as – for instance – an
average score of 50 could result from consistent
ratings (i.e. lower between-subjects standard devi-
ation; low ambiguity) or scores with extremely oppo-
site polarity (i.e. 10 vs 90; high between-subjects
standard deviation; high ambiguity). In brief, to ident-
ify ambiguous stimuli (i.e. those having significantly
higher-than-average standard deviations), as well as
vocal bursts rated consistently between participants
(i.e. those having significantly lower-than-average
standard deviations), we first computed the standard
deviation of each stimulus’ valence and then created a
null distribution by randomly shuffling valence scores
of each participant 10,000 times and computing
stimulus standard deviation at each iteration. Stimuli
with a standard deviation larger than the 97.5th per-
centile of the null distribution were considered
ambiguous, whereas those having a standard devi-
ation smaller than the 2.5th percentile were defined
as unambiguous (α = 0.05, two-tailed test). Also, to
quantify the extent to which stimuli violated the V-
shape, for each vocal burst, we estimated the
squared distance (i.e. fitting error) between the
actual arousal rating and the one predicted by the
quadratic relationship with valence (i.e. formula B).
Across the two studies and conditions, we then
used the Wilcoxon rank sum test (p < 0.05) to verify
whether ambiguous stimuli were departing from the
V-shape valence-arousal relationship (i.e. had greater
fitting errors) more than unambiguous vocal bursts.
As the fitting error represented the squared distance
from predicted arousal (i.e. the unsigned difference),
we then assessed – using again Wilcoxon rank sum
test; p < 0.05 – whether arousal ratings of ambiguous
vocal bursts were significantly higher (or lower) than
those of stimuli rated consistently. To rule out the
possibility that findings obtained from this analysis
were due to the between-participants averaging pro-
cedure, we assessed the effects of stimulus ambiguity
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on arousal ratings with a linear mixed model. Using
single-participant data collected in study 2 and the
model summarised by formula F, we estimated the
significance of the main effect of ambiguity and of
the interaction between ambiguity and valence in
determining arousal scores.

Formula F:
Arousal = α + β * |(Valence-50)| + β * Ambiguity + β

* (Ambiguity × |(Valence-50)|) +
(1 | Participant) + (1 | Stimulus)
As a side note, in study 1, pairwise Pearson’s

product-moment correlations assessed the coherence
in valence and arousal ratings across participants. The
significance level was adjusted for the number of
tests (i.e. all possible pairings of subjects) using Bonfer-
roni correction (pcrit = 7.6*10−4). Also, because each
individual rated 1,008 vocal bursts, we explored the
existence of carry-over effects by computing the auto-
correlation function of valence and arousal ratings
(autocorr) and its significance (p < 0.05; see Sup-
plementary Materials and Supplementary Figures 1–2).

All analyses were conducted using MATLAB
(R2019b; MathWorks Inc., Natick, MA, USA).

Results

To answer our first question, we evaluated whether a
V-shaped fit, rather than a linear model, explained the
relationship between arousal and valence in response
to brief human vocalizations. We compared the three
models on group-averaged scores and found that the
quadratic fit and the one based on the absolute differ-
ence from neutral valence outperformed the linear
model across the two experimental conditions and
studies. In study 1 CA data, we observed adjusted R2

values of 0.38, 0.36, and 0.17 for the quadratic, absol-
ute difference from neutral valence, and linear fits,
respectively (Figure 1A). Likewise, in the PAQ con-
dition, we found that the V-shaped fits attained an
adjusted R2 value of 0.40 (formula B) and 0.37
(formula C), whereas explained variance was 0.06 for
the linear fit (Figure 1B). In the CA condition of
study 2, we found adjusted R2 values of 0.10 and
0.01 for the quadratic and linear fits, respectively
(Figure 1C). In the PAQ condition, the adjusted R2

value was 0.22 for the quadratic fit and 0.01 for the
linear model (Figure 1D). The adjusted R2 for the
model based on the absolute difference from
neutral valence was 0.11 in CA and 0.22 in PAQ.

The two V-shaped models outperformed the linear
fit even when participants’ ratings were aggregated

differently. Indeed, by computing median valence
and arousal scores in the CA condition of study 1,
we found adjusted R2 of 0.31, 0.29, and 0.15 for the
quadratic, the absolute difference from the neutral
valence and the linear fits, respectively (Supplemen-
tary Figure 3A). Similar results were observed in the
PAQ condition: adjusted R2 was 0.40, 0.35, and 0.06
for the quadratic, absolute difference, and linear fits,
respectively (Supplementary Figure 3B). In line with
this, the quadratic, the absolute difference, and the
linear fits yielded 0.12, 0.15, and 0.01 adjusted R2 in
study 2 CA data (Supplementary Figure 3C), and
0.23, 0.24, and 0.01 adjusted R2 in the study 2 PAQ
condition (Supplementary Figure 3D). That the V-
shaped model explained the valence-arousal relation-
ship better than the linear model was also evident in
the original ratings collected by Cowen and col-
leagues on 2,032 vocal bursts (2019; e.g. quadratic
fit: adjusted R2 = 0.33; linear fit: adjusted R2 = 0.21;
Supplementary Figure 4).

Concerning categorical ratings collected by Cowen
and colleagues (2019), we observed uneven distri-
bution of vocal bursts across emotions, both for the
original set of 2,032 vocal bursts (Supplementary
Figure 5) and for the selection of 1,008 stimuli
employed in studies 1 and 2 (Supplementary Figure
6). Also, we reported valence and arousal ratings of
emotion categories across studies, and conditions in
Supplementary Figures 7–11. To rule out the possi-
bility that the uneven distribution of stimuli across
the affect space may have affected the fitting
results, we repeated the comparison between the
quadratic V-shaped and the linear models after equat-
ing the number of vocal bursts over emotion cat-
egories with random sampling. Importantly, we still
observed higher fitting values for the V-shaped
model, as compared to the linear one (Figure 2).
Using CA ratings collected in study 1, we found that
the average (± standard deviation) adjusted R2

across the 1,000 iterations (each: n = 168 vocal
bursts; 21 emotion categories; 8 vocal bursts per cat-
egory) was 0.104 ± 0.035 (min: 0.015, max: 0.248) for
the linear model and 0.343 ± 0.048 (min: 0.200, max:
0.491) for the quadratic one (Figure 2A). Also, across
random resamplings, the V-shaped fit explained on
average 23.9% (± 4.8%) variance more than the
linear model (Figure 2B). In study 2, the average
adjusted R2 was 0.0007 ± 0.009 (min: −0.006, max:
0.054) for the CA linear fit and 0.112 ± 0.035 (min:
0.005, max: 0.256) for the CA quadratic model
(Figure 2E). The V-shaped fit explained on average
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11.1% (± 3.5%) variance more than the linear model
(Figure 2F).

Similarly, using PAQ ratings obtained from study
1, we showed that the average adjusted R2 coeffi-
cient across iterations was 0.022 ± 0.019 (min:
−0.006, max: 0.130) for the linear fit and 0.392 ±
0.047 (min: 0.244, max: 0.537) for the quadratic
model (Figure 2C). In this regard, the V-shaped fit
explained on average 37.0% (± 5.0%) variance more
than the linear model (Figure 2D). In study 2, the
average adjusted R2 coefficient across iterations
was −0.001 ± 0.007 (min: −0.006, max: 0.061) for
the PAQ linear fit, 0.268 ± 0.047 (min: 0.112, max:
0.421) for the PAQ quadratic model (Figure 2G),
and the V-shaped fit explained on average 26.9%
(± 4.7%) variance more than the linear model
(Figure 2H).

The same analysis conducted on the entire set of
2,032 vocal bursts and dimensional ratings collected
by Cowen and colleagues (2019) confirmed that a
quadratic model explained the valence-arousal
relation better than a linear fit (Supplementary
Figure 12). In line with previous findings (1,000 iter-
ations, each: n = 384 vocal bursts; 24 emotion cat-
egories; 16 vocal bursts per category), the average
adjusted R2 was 0.229 ± 0.029 (min: 0.147, max:
0.342) for the linear model and 0.352 ± 0.025 (min:
0.274, max: 0.442) for the quadratic one, with an
average difference of 12.3% (± 2.2%) in explained var-
iance between the models.

Having obtained valence and arousal ratings from
two studies allowed us to explore the reproducibility
of judgments acquired under the CA and PAQ con-
ditions (Figure 3). In PAQ, we found that average

Figure 1. The figure shows the extent to which the quadratic (V-shaped; solid line) and the linear models (dashed line) explain the relationship
between valence and arousal in the core affect (CA; panel A) and in the perception of affective quality (PAQ; panel B) of study 1. Panel C (CA
condition) and D (PAQ condition) represent the valence-arousal relationship in study 2.
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valence scores collected in study 1 explained 74% of
the variance in ratings obtained from study 2
(Figure 3C). Concerning valence ratings in CA, the pro-
portion of explained variance dropped to 58% (Figure
3A). Similar results were observed for the arousal
dimension: study 1 arousal ratings explained 57% of
the variance of study 2 judgments in the PAQ con-
dition (Figure 3D) and 32% in CA (Figure 3B).

We further analyzed the relationship between
valence and arousal using the mixed-effects approach
and demonstrated that, even in this case, a quadratic
fit explained their association significantly better than
a linear model in both experimental conditions. As far
as CA was concerned, the adjusted R2 was 0.683 for
the quadratic model and 0.679 for the linear one,
and the likelihood ratio test statistic resulted to be sig-
nificant (linear model: log-likelihood =−67,132, BIC =
134,301, AIC = 134,273; quadratic model: log-likeli-
hood =−65,966, BIC = 131,977, AIC = 131,942;
LRStat(1) 2333.2, p < 0.001; Figure 4A). Similar
results were observed in the PAQ condition:
the adjusted R2 was 0.643 for the quadratic fit and
0.636 for the linear model (linear model: log-likeli-
hood =−64,903, BIC = 129,841, AIC = 129,813;

quadratic model: log-likelihood =−63,638, BIC =
127,322, AIC = 127,286; LRStat(1) 2528.8, p < 0.001;
Figure 4B). The modelling of arousal scores using
the Normal distribution (rather than the Poisson) did
not change the results. In CA data, we observed
adjusted R2 = 0.520 for the quadratic model and
adjusted R2 = 0.497 for the linear fit (LRStat(1)
485.66, p < 0.001). Using PAQ scores, we found
adjusted R2 = 0.542 for the quadratic model and
adjusted R2 = 0.515 for the linear fit (LRStat(1)
668.37, p < 0.001).

To answer our second question, we investigated to
what extent affective ratings in the PAQ condition
explained arousal and valence scores in the CA exper-
iment. Across the two studies, we found a strong
association for the valence (study 1 – valence adjusted
R2 = 0.87; study 2 – valence adjusted R2 = 0.71; Figure
5A, C), as well as for the arousal dimension (study 1 –
arousal adjusted R2 = 0.83; study 2 – arousal adjusted
R2 = 0.58; Figure 5B, D).

When assessing the differences between CA and
PAQ ratings in study 1, we observed higher arousal
scores when participants had to judge the speaker’s
affective state as compared to their own (z =−26.6,

Figure 2. The figure shows the goodness of fit of the linear and quadratic (V-shaped) models after equating the number of vocal bursts over
emotion categories with random selection (n = 1,000 iterations). In panels A, C, E, and G, each dot represents the adjusted R2 coefficient of the
V-shaped (dark grey) and linear (light grey) models for a random selection of 168 vocal bursts (21 emotion categories, 8 stimuli per category). In
panels B, D, F, and H, histograms show the distribution of the difference between the two models. The dark grey dot and line represent the
average difference and standard deviation across the 1,000 random iterations.
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p < 0.001; Figure 6A). Conversely, valence scores did
not differ between CA and PAQ (z =−1.33, p > 0.05;
Figure 6B), indicating no significant shifts in the
neutral point between the two experimental con-
ditions. However, because valence was defined
along a bipolar dimension in our study, we replicated
this analysis by splitting vocal bursts into two inde-
pendent datasets based on experienced and attribu-
ted pleasantness (i.e. pleasant stimuli: average score
> 50 in CA and PAQ; unpleasant stimuli: average
score < 50 in both conditions). Importantly, we
found that the vast majority of vocal bursts (i.e. 898
out of 1008; 89.1%) were rated consistently across
the two experimental conditions (451 pleasant,
44.7%; 447 unpleasant, 44.3%). Moreover, CA
valence scores were closer to neutral as compared
to PAQ ratings, regardless of stimulus polarity

(pleasant stimuli: CA mean ± standard deviation =
58.7 ± 5.8, PAQ = 61.9 ± 8.5, Wilcoxon signed rank
test z =−10.9, p < 0.001, Figure 6C; unpleasant
stimuli: CA = 37.1 ± 8.3, PAQ = 34.5 ± 10.0, Wilcoxon
signed rank test z = 10.3, p < 0.001; Figure 6D). Partici-
pants also reported higher arousal scores for unplea-
sant stimuli as compared to pleasant ones across
the two experimental conditions (CA: pleasant
stimuli mean ± standard deviation = 32.1 ± 10.6,
unpleasant stimuli = 41.8 ± 13.5; Wilcoxon rank sum
test z =−11.2, p < 0.001; PAQ: pleasant stimuli = 42.7
± 15.8, unpleasant stimuli = 53.7 ± 17.1; Wilcoxon
rank sum test z =−10.0, p < 0.001). In study 2, we
confirmed that stimuli were rated as more arousing
in PAQ than in CA (z =−23.6, p < 0.001; Figure 6E).
Also, we found that valence scores were more nega-
tive if collected under the CA condition (mean =

Figure 3. Panels A and C show the association between valence ratings collected across the two studies under the CA and PAQ conditions,
respectively. The similarity in arousal scores collected between the studies is represented in panel B for the CA condition and D for the PAQ
condition. Solid lines represent linear regression lines. Dashed lines express the perfect correspondence between study 1 and study 2 ratings.
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46.2 ± 14.6) as compared to the PAQ experiment
(mean = 48.9 ± 20.3; z =−6.6, p < 0.001; Figure 6F). Of
note, although the shift in the neutral point was sig-
nificant in study 2, but not in study 1, the directional-
ity of the effect was the same across the two (i.e.
negative z value). As in study 1, the majority of
stimuli (i.e. 832 out of 1008; 82.5%) were rated consist-
ently across the two experimental conditions (386
pleasant, 38.3%; 446 unpleasant, 44.2%). Also, we
confirmed that pleasant stimuli were judged less posi-
tively when participants followed CA (mean = 60.5 ±
7.2), rather than PAQ task instructions (mean = 67.3
± 10.1; Wilcoxon signed rank test z =−12.4, p <
0.001; Figure 6G). Similarly, for unpleasant stimuli,
negative valence ratings were less extremes when
subjects referred to CA (mean = 33.7 ± 9.6) than to
PAQ (mean = 30.1 ± 11.6; Wilcoxon signed rank test
z = 8.5, p < 0.001; Figure 6H). Moreover, unpleasant
stimuli were judged as more arousing than pleasant
ones under the PAQ (pleasant stimuli, mean = 46.5 ±
15.8; unpleasant stimuli, mean = 51.8 ± 19.2; Wilcoxon
rank sum test z =−3.84, p = 0.001), but not the CA
condition (pleasant stimuli, mean = 36.3 ± 13.9;
unpleasant stimuli, mean = 38.2 ± 15.0; Wilcoxon
rank sum test z =−1.77, p = 0.076).

When investigating the variability in ratings across
experimental conditions in study 1, we observed sig-
nificantly larger coefficients of variation in CA
(arousal CV mean = 0.67 ± 0.16; valence CV mean =
0.80 ± 0.22) as compared to PAQ (arousal CV mean

= 0.47 ± 0.17; valence CV mean = 0.77 ± 0.25) both
for arousal and valence dimensions (Wilcoxon
signed rank test z = 26.1, p < 0.001 and z = 6.4, p <
0.001, respectively). In study 2, CV values were signifi-
cantly higher for the CA as compared to the PAQ con-
dition as well: arousal mean CV was 0.75 (± 0.24) for
CA and 0.57 (± 0.22) for PAQ (Wilcoxon signed rank
test z = 21.3, p < 0.001), whereas valence mean CV
was 0.80 (± 0.25) for CA and 0.67 (± 0.25) for PAQ (Wil-
coxon signed rank test z = 14.8, p < 0.001).

Lastly, across the two studies and conditions, we
evaluated the extent to which affective ratings vio-
lated the V-shaped relationship as a function of stimu-
lus ambiguity and found that ambiguous vocal bursts
(i.e. those with a significantly higher-than-average
standard deviation in valence) had higher fitting
errors (i.e. squared distance from predicted arousal
score), than stimuli rated more consistently between
participants (CA – study 1: Wilcoxon rank sum test z
= 4.85, p < 0.001; study 2: z = 2.92, p = 0.004; PAQ –
study 1: z = 4.37, p < 0.001; study 2: z = 3.64, p <
0.001). In addition, we found that vocal bursts charac-
terised by high ambiguity were also considered more
arousing, as compared to less ambiguous stimuli (CA
– study 1: Wilcoxon rank sum test z = 5.52, p < 0.001;
study 2: z = 5.77, p < 0.001; PAQ – study 1: z = 3.91,
p < 0.001; study 2: z = 4.12, p < 0.001). Importantly,
ambiguous and unambiguous stimuli did not differ
in terms of valence (p-values > 0.05 in all conditions
and studies). When using single-participant data and

Figure 4. This figure shows the results for the generalised linear mixed-effects model analysis (study 2; Poisson distribution, log link function, fit
method: maximum likelihood using Laplace approximation). Panel A depicts the relationship between arousal scores observed in the CA con-
dition and those predicted based on the squared version of CA valence ratings (formula D in the main text). Panel B shows the same association
in PAQ data. Dashed lines represent perfect predictions.
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the mixed-effect approach, we found that ambiguity
significantly explained arousal scores across the two
conditions (CA condition: t-stat(5868) 4.820; p-value
< 0.001; PAQ condition: t-stat(6399) 3.958; p-value <
0.001). Instead, we did not observe any significant
interaction between stimulus ambiguity and absolute
distance from neutral valence (CA condition: t-
stat(5868) 0.471; p-value = 0.638; PAQ condition: t-
stat(6399) −0.969; p-value = 0.333). The distribution
of stimulus ambiguity and fitting error in the affect
space are shown in Supplementary Figures 13 and 14.

Discussion

In the current work, our first aim was to test whether
the V-shaped relationship between valence and
arousal, emerging from other studies on affective
vocal bursts (e.g. Green & Cliff, 1975; Sauter et al.,
2010a; Cowen et al., 2019; Anikin 2020; Holz et al.,
2021), holds across a variety of experimental

conditions. To this aim, we collected judgments
about a large sample of nonlinguistic human utter-
ances (n = 1,008) across two studies. In study 1, all
stimuli were rated by a cohort of 12 participants
across several days. In study 2, randomised subsets
of the stimuli were rated by a cohort of 925 partici-
pants. In both studies, each stimulus was rated
under two experimental conditions: focusing on
one’s subjective feelings (CA) and trying to interpret
the emotion of the speaker (PAQ). We found that
the V-shaped relation between arousal and valence
holds across conditions and studies. Indeed, a quadra-
tic fit outperformed a linear model in summarising the
relationship between the two affective dimensions,
even after equating the number of vocal bursts over
emotion categories with random sampling. Impor-
tantly, the existence of a V-shaped association
between valence and arousal does not necessarily
imply that states characterised by low arousal and
extremely positive or negative valence are

Figure 5. This figure summarises the linear relationship between core affect and perception of affective quality ratings of valence (panel A, C)
and arousal (panel B, D) across the two studies (study 1 top row, study 2 bottom row).
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nonexistent. Instead, it signals that they are – on
average – less likely to be evoked by or communi-
cated through vocal bursts, as compared to low
arousal neutral states or to high arousal, very (un)plea-
sant ones.

Conducting two studies allowed us to verify the
stability of results in the face of differences in the
experimental design. We summarise the main
changes from study 1 to study 2 as follows: (a) the
position of the cursor, (b) the temporal characteristics
of the stimuli, (c) the order of their presentation, and
(d) the composition of the cohorts. First, (a) while in
study 1, the starting position of the cursor was ran-
domised, in study 2, it was fixed at neutral valence
and at the lowest possible arousal score, respectively.
Despite that, no relevant difference seems to follow
from this design choice regarding the V-shaped fit.
Second, (b) in study 1, each selected vocal burst was
modified and could be maximally stretched or com-
pressed in time by 50% of its original duration. The
worry that this alteration of the stimuli might have
had an impact on subjects’ perception of the
emotional charge of vocalizations was mitigated by
the fact that only 6% of stimuli were actually per-
ceived as artificially manipulated by at least one-
third of our raters. In fact, results are consistent with

those of study 2, which used unedited stimuli. Third,
(c) while in study 1, subjects were asked to rate
both arousal and valence right after the presentation
of each stimulus, in study 2, we followed Lima et al.
(2013) in proposing the same stimulus several times
and asking subjects to rate a single dimension each
time. Again, no substantial effect seems to follow
from this methodological choice. Finally, (d) conduct-
ing two studies with different cohorts also allowed us
to address a pressing methodological question in
affective science and in psychology more generally
(Smith & Little, 2018). Small-N design studies – like
our study 1 – involve a relatively small number of par-
ticipants but allow researchers to collect a significant
amount of data per participant (i.e. “deep phenotyp-
ing” approach). Collaborative effort studies – like our
study 2 – rather test a larger number of individuals
on a relatively small number of stimuli, thereby allay-
ing worries about sample representativeness. In our
case, both studies yielded similar results, thereby indi-
cating that the measured effect is likely to be robust in
the face of both inter- and intra-individual variance.

Previous studies on other kinds of stimuli (Itkes
et al., 2017; Itkes & Kron, 2019) investigated how
affective ratings of pictures and clips differed
between semantic (PAQ) and subjective (CA),

Figure 6. This figure summarises the differences between core affect (CA) and perception of affective quality (PAQ) as a function of arousal
(panel A and E), valence (panel B and F), pleasantness (panel C and G), and unpleasantness (panel D and H) of vocal bursts. Arousal, pleasant-
ness, and unpleasantness ratings were more extreme for the PAQ rather than for the CA condition across the two studies. A significant shift in
the neutral point was observed in study 2 (panel F) but not in study 1 (panel B).
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concluding that they represent two distinct con-
structs. However, in these studies, different groups
of subjects were asked to provide ratings for the
two conditions. This may be potentially problematic
due to the well-known problem of intersubject varia-
bility in affective ratings (Barrett et al., 2018; Kuppens
et al., 2017). By collecting participants’ ratings for all
stimuli in both PAQ and CA, our studies have the
advantage of sidestepping possible confounds
related to idiographic ratings.

To our knowledge, this is the first study on vocal
bursts testing the same stimuli under two distinct
experimental conditions: (a) subjective experience of
affect (CA), by asking participants to focus on their
internal affective state; and (b) emotion attribution
(PAQ), in which individuals had to consider how the
speaker felt when producing the sound. In our data,
we found that perceived pleasantness in CA can be
explained by PAQ valence scores (i.e. between 87%
and 71% of explained variance) and that between
89% (i.e. study 1) and 83% (i.e. study 2) of vocal
bursts are rated consistently in valence across the
two experimental conditions.

However, some differences across the two con-
ditions were observed. First, between-participants
agreement in ratings was higher in PAQ than in CA.
In addition, we observed significantly higher arousal
scores when participants had to rate actors’ affective
state (PAQ) as compared to their own (CA). One poss-
ible interpretation relates to the fact that arousal rep-
resents one’s own levels of activation and action-
readiness (Frijda, 1986; Goldie, 2002). In this view,
arousal – possibly more so than valence – is perceived
at peak levels when the subject is directly involved
and engaged in the relevant action: for instance,
when facing a threat and physiological responses
are recruited to facilitate a flight (or fight) reaction.
Clearly, this was not the case in our studies, where
participants were asked to rate stimuli that did not
directly involve their immediate environment. Relat-
edly, it has been suggested that arousal may work
as a proxy for some salience mechanism (Petrolini &
Viola, 2020) or as an evolutionary significant atten-
tion-grabbing filter (Holz et al., 2021). Both readings
see arousal as a more primitive construct with
respect to valence, which seems to enter the scene
at a later stage, i.e. once stimuli have already been
“tagged” as relevant (see also Olteanu et al., 2019).

Moreover, in the CA condition, participants rated
vocal stimuli with less extreme values regardless of
stimulus polarity. This suggests that similarly to

what happens for arousal, “pleasant for them” does
not necessarily translate into “(equally) pleasant for
me”. Unpleasant vocal bursts were also rated with
higher arousal scores across the two experimental
conditions, consistently with existing data showing
higher saliency of negative vocalizations (Holz et al.,
2021; Parsons et al., 2014).

Lastly, we investigated whether the decoupling
between arousal and (either negative or positive)
valence can be explained by valence ambiguity
(Mattek et al., 2017). It should be noted that the exper-
imental question employed by Mattek and colleagues
to collect arousal scores was the following: “Please
rate the strength of your emotional response to the
image”, followed by the presentation of emotional
faces, pictures, and words (Mattek et al., 2017, sup-
plementary materials, p. 29, emphasis ours). In our
view, this likely prompts people to assume a CA per-
spective, in which participants focus on what the rel-
evant stimulus evokes in them. By contrast, task
instructions for valence rating read as follows:
“Please rate how negative/positive this [stimulus] is”
(p. 2, emphasis ours), which arguably taps onto PAQ.
As a consequence, Mattek and colleagues (2017)
may not have adequately distinguished between sub-
jective experience and emotion attribution, thus
adding a possible confound in the relationship
between arousal and valence. This worry is
somehow mitigated by Brainerd (2018), who shows
that valence ambiguity is a parsimonious and reliable
predictor of the degree of decoupling between
arousal and valence in ratings of many extant data-
bases, which relied on different operationalizations
of arousal and valence. Our results dovetail with
findings reported by Brainerd (2018) and Mattek and
colleagues (2017): across the two studies, we show
that vocal bursts characterised by higher between-
participants variability in valence (i.e. more ambigu-
ous sounds) also violate the V-shaped relationship
to a greater extent and are rated higher in arousal.
Interestingly, the association between ambiguity
and arousal could be neither explained by the distri-
bution of vocal bursts in valence nor by the inter-
action between ambiguity and valence. Further
studies should be conducted to deepen the under-
standing of appraisal features of ambiguous stimuli.

Overall, the current work suggests that a stimulus’
average affective ratings in CA are not distant from
their counterparts in PAQ, which may ease some
worries about the practice of conflating the two con-
ditions. However, caution is still advised. Indeed, as
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compared to PAQ judgments, ratings collected in
CA are smaller in magnitude, more variable
between participants and less reproducible
between studies. Although these differences apply
to both affective dimensions, they are more
evident for arousal. Thus, researchers should verify
that ratings obtained with PAQ-like questions are
not interpreted as if they were related to CA (or
vice versa). Also, one of the advantages of
drawing the CA vs PAQ distinction with respect to
ambiguity is that it may allow us to isolate
different classes of stimuli. For instance, future
work may explore potential differences between
actually neutral states on the one hand – i.e. low
(or high) arousal combined with intersubjective
agreement – and ambivalent or ambiguous states
on the other hand – i.e. high arousal combined
with intersubjective disagreement. Further investi-
gations on valence ratings focused on positive and
negative affect might then contribute to disambigu-
ate between ambivalent states (where positive and
negative feelings co-occur) and ambiguous states
(where subjects lack clarity about a stimulus’
hedonic value). In all these cases, the potential
difference between conditions in which subjects
rate stimuli with respect to what they evoke in
them (CA) and conditions in which subjects rate
how someone else might feel (PAQ) should be
kept in mind when designing experimental tasks
and when drawing inferences from their results.

Our work is not immune to criticism. The first limit-
ation concerns our sample: both studies exclusively
involved Italian speakers, thus limiting the generaliz-
ability of our findings to other cultures. Also, partici-
pants in study 1 came from a similar background,
i.e. graduate students from a local university. None-
theless, to increase sample heterogeneity, partici-
pants of Study 2 were recruited through advertising
on social media.

Also, both our studies were conducted remotely.
Participants were provided with an executable
MATLAB programme (study 1) or Qualtrics survey
(study 2), and this did not allow us to obtain full
control over the experimental setting (e.g. volume,
headphones). Yet, we carefully instructed participants
of study 1 to ensure familiarity both with the use of
software and the experiment design more generally.
Furthermore, recent investigations pointed out the
possibility of acquiring high-quality data even using
online platforms and remote modalities (Buhrmester
et al., 2015).

Another limitation depends on the nature of the
stimuli, as some of them were acted while others
were spontaneous (see Supplemental Material of
Cowen et al., 2019). This may raise issues concerning
the ecological validity of the stimuli since extant lit-
erature suggests that high-intensity real-life vocaliza-
tions are often rated as more ambiguous in terms of
valence, while their arousal is judged more consist-
ently (see Anikin et al., 2020; Atias et al., 2019).

Lastly, in the mixed-effect approach, we modelled
participants’ responses using Normal and Poisson dis-
tributions. In this regard, although a zero-one-inflated
Beta distribution might have represented a more
suited solution, the MATLAB implementation of the
generalised linear mixed-effects model does not
offer such an option. Nevertheless, the adjusted R2

values obtained from Poisson and Normal mixed
models were large (i.e. adjusted R2>0.26; Cohen,
2013), zero-inflation was properly accounted for by
the Poisson distribution (see Figure 4), and residuals
Q-Q plot did not show a substantial departure from
normality.
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