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ABSTRACT

ARTICLE HISTORY

How do we perceive voices coming from diﬀerent spatial locations, and how is this
aﬀected by emotion? The current study probed the interplay between space and
emotion during voice perception. Thirty participants listened to nonverbal
vocalizations coming from diﬀerent locations around the head (left vs. right; front
vs. back), and diﬀering in valence (neutral, positive [amusement] or negative
[anger]). They were instructed to identify the location of the vocalizations
(Experiment 1) and to evaluate their emotional qualities (Experiment 2). Emotionspace interactions were observed, but only in Experiment 1: emotional vocalizations
were better localised than neutral ones when they were presented from the back
and the right side. In Experiment 2, emotion recognition accuracy was increased for
positive vs. negative and neutral vocalizations, and perceived arousal was increased
for emotional vs. neutral vocalizations, but this was independent of spatial location.
These ﬁndings indicate that emotional salience aﬀects how we perceive the spatial
location of voices. They additionally suggest that the interaction between spatial
(“where”) and emotional (“what”) properties of the voice diﬀers as a function of task.
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The human voice is plausibly the most important
sound category in our social landscape. Conﬁrming
the special status of voices in the brain, there are
regions of the temporal cortex that selectively
respond to voices compared to non-vocal sounds
(e.g. environmental sounds), located bilaterally along
the mid and anterior parts of the superior temporal
gyrus and sulcus (Belin, Zatorre, Lafaille, Ahad, &
Pike, 2000). In addition to being the carrier of
speech, voices convey socially relevant information
about the speaker, namely his/her emotional state.
Imagine a family reunion where people are interacting
with each other. If, suddenly, somebody starts shouting from another room in the house, the tone of
voice may signal a potential threat that can be
promptly inferred even if the speaker’s face and gestures are not visible. This illustrates the relevance of
a rapid and accurate recognition of vocal emotional
expressions that allows us to make inferences about

Emotion; space; voice;
perception; accuracy

the intentions of others, shaping behaviour and
communication.

1.1. Emotional cues are prioritised during voice
perception
Vocal emotions may be expressed through speech
prosody modulations or through purely nonverbal
vocalizations (e.g. laughter, crying). Most studies
probing vocal emotions have focused on speech
prosody. However, nonverbal vocalizations arguably
represent a more primitive form of emotional
expression, and may be considered an auditory analogue of facial emotions (e.g. Belin, Fillion-Bilodeau,
& Gosselin, 2008).
Event-related potential (ERP) studies indicate that
emotional vocalizations are rapidly diﬀerentiated
from neutral ones within 50 ms of exposure (Liu
et al., 2012) and capture more attention (e.g. Pinheiro,
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Barros, Dias, & Kotz, 2017). The rapid and accurate
detection of emotionally salient cues in the environment also requires the estimation of their proximity,
for instance when these signals convey threat. In the
example above, listeners would be particularly interested in identifying where the voice expressing distress or danger was coming from: did it come from
the nearby kitchen (maybe an accident involving the
oven?) or did it come from the more distant balcony
(where a scary insect was hiding)? However, we
know remarkably little about the interaction
between emotional (what?) and spatial (where?) properties of voices.

1.2. Spatial and emotional representations
interact during sound processing
Neuroimaging evidence indicates that diﬀerent neural
mechanisms underpin the processing of “what” (e.g.
what type of emotional meaning does a vocalisation
convey?) and “where” (e.g. where does a vocal
emotion come from?) information. More generally,
auditory processing is known to rely on two separate
cortical streams that resemble the dorsal and ventral
streams of the visual system (e.g. Rauschecker &
Scott, 2009). Auditory spatial cues are processed primarily in posterior-medial regions of the auditory
cortex (e.g. Altmann, Henning, Döring, & Kaiser,
2008), whereas auditory identity cues are processed
in anterior-lateral regions of the auditory cortex (e.g.
Grandjean, Sander, Lucas, Scherer, & Vuilleumier,
2008). While auditory ventral and dorsal streams
have been mostly discussed in the context of speech
perception, recent evidence suggests that this dualstream architecture also supports non-linguistic processing (Sammler, Grosbras, Anwander, Bestelmeyer,
& Belin, 2015).
Converging evidence from functional magnetic
resonance imaging (fMRI), lesion and ERP studies indicates that spatial cues modulate the processing of
emotional sounds. For instance, neuroimaging
studies show that temporal lobe activity is modulated
by the spatial features of vocal sounds: enhanced activation in right voice-sensitive regions is seen for proximal as compared to distal vocal anger (Ceravolo,
Frühholz, & Grandjean, 2016b). Studies with right
hemisphere stroke patients presenting left auditory
extinction revealed that these patients detect prosodic stimuli presented to the left ear more easily
when the stimuli are emotional vs. neutral, demonstrating that emotion moderates auditory extinction

eﬀects (Grandjean et al., 2008). Studies using crossmodal stimuli indicate that the detection of a visual
target location is facilitated by spatially congruent
emotional (but not neutral) prosody preceding the
target (e.g. Brosch, Grandjean, Sander, & Scherer,
2009). A similar facilitation eﬀect was observed in
the detection of sine wave tones preceded by congruent emotional (but not neutral) prosodic stimuli (e.g.
Ceravolo, Frühholz, & Grandjean, 2016a). These
ﬁndings suggest that spatial processing is facilitated
by the emotional properties of voices, plausibly via
enhanced attentional orienting to emotionally arousing (vs. neutral) cues that boosts early processing
stages (Liu et al., 2012). While distinct neurobiological
pathways might support the processing of emotion
and sound location, a robust body of evidence
suggests that they interact during voice perception.
Even though the processing of vocal emotions
involves both hemispheres, some acoustic features,
namely pitch, were found to engage the right hemisphere to a greater extent (Zatorre & Gandour,
2008). Behaviourally, the facilitated detection of
vocal emotions presented to the left ear was attributed to a right-hemisphere advantage (Alba-Ferrara,
de Erausquin, Hirnstein, Weis, & Hausmann, 2013).
These studies extend behavioural evidence supporting an implicit association of diﬀerent emotion categories with diﬀerent locations in the left-right space
or up–down space (e.g. Amorim & Pinheiro, 2018).
To date, however, no studies have examined how
our capacity to decode vocal emotions is aﬀected by
their spatial location. It also remains unknown
whether the spatial location of vocal sounds is more
easily detected for emotional vs. neutral voices, i.e. if
emotional salience confers an advantage in space
processing.

1.3. The current study
Using a novel within-subjects design with spatialised
sounds, the current study probed the interplay
between emotion and spatial properties during
voice perception. Nonverbal emotional vocalizations
were selected to rule out potential confounding
eﬀects associated with the concurrent processing of
semantic and lexical information in speech prosody.
We presented vocalizations coming from diﬀerent
spatial locations around the head (left vs. right; front
vs. back), and tested interactions between emotion
and spatial location under diﬀerent attentional
requirements. In the ﬁrst experiment, participants
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identiﬁed the source locations of neutral, positive
(amusement) and negative (anger) nonverbal vocalizations presented in a virtual auditory environment.
The same spatialised stimuli were presented in a
second experiment, in which participants explicitly
identiﬁed the emotional qualities of the vocalizations.
Testing how the same vocal sounds are processed
under diﬀerent task instructions is particularly relevant
as the attentional focus toward or away from the
emotional quality of the stimulus inﬂuences how
voices are processed (e.g. Frühholz, Ceravolo, & Grandjean, 2012).
This study is exploratory to a certain extent, as the
interactions between spatial location and emotion
have not been tested before in a unimodal paradigm
with voices only. However, we anticipated that the
spatial location of emotional voices could be identiﬁed
more accurately than the location of neutral voices
(Experiment 1). This hypothesis is indirectly supported
by previous research revealing interactions between
emotion and space, namely facilitated detection of
auditory targets (sine wave tones) preceded by
emotional compared to neutral prosodic cues presented at the same location (e.g. Ceravolo et al.,
2016a), and of visual targets preceded by emotional
compared to neutral prosody presented at congruent
locations (Brosch et al., 2009). Plausibly, the emotional
quality of the voice could inﬂuence spatial processing
by enhancing attention orienting (Asutay & Västfjäll,
2015), which might be related to direct feedback
signals from the amygdala to cortical sensory pathways (Sander, Grafman, & Zalla, 2003).
Additionally, we hypothesised that the emotional
quality of vocalizations (Experiment 2) could be
more accurately decoded if presented at back
locations (the space behind the head where visual
cues in social interactions are not available). This was
supported by anecdotal and experimental evidence
suggesting enhanced perceived arousal for sounds
presented at the back vs. front locations (Asutay &
Västfjäll, 2015; Occelli, Spence, & Zampini, 2011).

2. Method
2.1. Participants
Thirty college students (15 female; M = 21.53, SD =
2.63 years, age range 18–31 years) participated in
the two experiments. Inclusion criteria were: European
Portuguese as native language; no history of DSM-V
diagnosis of drug or alcohol abuse (American
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Psychiatric Association [APA], 2013); no hearing or
vision impairment; no history of psychiatric disorder;
no current use of medication for psychiatric disorders;
right handedness. Written informed consent was
obtained from all participants, who received course
credit for their participation in the experiments. The
study was approved by the Ethics Committee of the
University of Minho.

2.2. Stimuli
Emotional stimuli were selected from the corpus of
nonverbal vocalizations (amusement; anger) by Lima,
Castro, and Scott (2013). As this corpus does not
contain neutral vocal expressions, neutral control
vocalizations were selected from the Montreal
Aﬀective Voices battery (MAV; Belin et al., 2008), considering Portuguese normative ratings (Vasconcelos,
Dias, Soares, & Pinheiro, 2017). Ten vocalizations portraying positive (amusement), negative (anger) and
neutral states (50% female and 50% male vocalizations) with the highest recognition accuracy rates
were selected.1 The two emotion categories were
selected as they have relatively similar acoustic
proﬁles (e.g. high intensity and variable F0; Juslin &
Laukka, 2003).
The stimuli included in the two experiments consisted of binaural sounds (frequency rate = 44.1 KHz)
processed in free-ﬁeld and generated in Matlab®
using the MIT Head Related Transfer Function (HRTF)
database
(http://sound.media.mit.edu/resources/
KEMAR.html). Stimuli were generated at [0°, 45°]
elevation degrees combined with [45°, 90°, 135°,
225°, 270°, 315°] azimuth degrees allowing the listener
to perceive the sounds at diﬀerent locations (Figure 1).
These locations were selected after a pilot study (n =
37 college students, 24 females), in which we determined the locations that were associated with
above-chance recognition accuracy (for example,
vocalizations presented at 0° and 180° locations
could not be distinguished by the participants).

2.3. Procedure
Each participant was seated comfortably at a distance
of 100 cm from a computer monitor in a soundattenuating booth. Sounds were presented via Sennheiser HD 202 II headphones at 80 dB SPL. Participants
responded using a standard QWERTY keyboard, with
the response keys associated with each spatial
location (Figure 1). The two experiments occurred in
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Figure 1. Illustration of the six spatial sources of the vocalizations presented in Experiment 1 and 2.
Notes: To generate these binaural sounds, impulse responses of each HRTF were convolved with the original sound samples, consequently originating a spatially
located sound. The convolution of the HRTF with the sound sample added inter-aural time diﬀerence (ITD) and inter-aural level diﬀerence (ILD) cues to correspond
to a new spatial location. In Experiment 1, participants assigned a key number to the spatial location of the vocal sound.

diﬀerent days with at least 24 h between them. Stimulus presentation, timing of events and recording of
participants’ responses were controlled by Superlab
5.0 (Cedrus Corporation, San Pedro, CA, USA).

2.3.1. Experiment 1
Participants were instructed to discriminate between
six diﬀerent locations (Figure 1). Before the experiment, participants completed two training blocks to
get familiarised with the instructions and task. Training stimuli were not used in the main experiment.
During training, vocalizations could be replayed. The
task was completed when participants reached 7 out
of 10 consecutive correct answers in a maximum of
70 trials, otherwise they were excluded from subsequent analyses (n = 4; these participants were not
included in the ﬁnal sample described in the
Methods section).
Before each sound, a ﬁxation cross was presented
centrally on the screen for 500 ms. At the end of the
vocalisation, a question mark was presented during
5 s and the participant was required to indicate
the location of the vocalisation. At the end of each
trial (in both training and experimental blocks),
feedback was provided. A total of 180 trials (60
per valence type and, for each valence type,
10 per spatial location) were presented in a

randomised order. The experiment lasted approximately 40 min.

2.3.2. Experiment 2
Stimuli were the same as in Experiment 1. However,
here participants were instructed to identify the
emotional category associated with each vocalisation
in a forced choice emotion recognition task. Additionally, participants were instructed to rate the arousal of
each vocalisation (from 1 = not arousing at all, to 9 =
extremely arousing).
Before the experimental block, participants completed a training session with 8 vocalizations to
make sure they understood the instructions. Before
each sound, a ﬁxation cross was presented centrally
on the screen for 500 ms. At the end of the vocalisation, the participant was instructed to identify the
emotion category, and to subsequently rate the
arousal of each vocalisation. The experiment included
216 trials (including 36 ﬁllers, i.e. MAV vocalizations
portraying fear, sadness and disgust). The experiment
lasted approximately 45 min.

2.4. Statistical analyses
Unaggregated, trial-level data2 were analysed with
Bayesian mixed models (R 3.4.3). The accuracy of
detecting the spatial location (Experiment 1) or
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Table 1. Confusion matrix of responses in Experiment 1 by spatial
location.
Target
Response
45°
90°
135°
225°
270°
315°

45°

90°

135°

225°

270°

315°

194
172
104
0
1
0

344
527
284
0
0
1

355
197
501
2
0
0

3
0
4
453
138
266

1
0
0
289
531
385

0
0
1
155
223
245

emotional category (Experiment 2) of sounds was
modelled as a binary outcome with location,
emotion, and their interaction as ﬁxed eﬀects. We
included a random intercept per stimulus to account
for the variation in their intrinsic diﬃculty, and a
random slope of location per participants. This structure of random eﬀects was chosen based on theoretical considerations as well as comparisons of Widely
Applicable Information Criterion (WAIC) values.
Arousal ratings (Experiment 2) were modelled with
the same random eﬀects, but assuming the Gaussian
distribution for the outcome variable. These models
were ﬁt with the brms package (Bürkner, 2017) using
default, mildly normalising priors.
The location of sounds was entered as a categorical predictor with six possible values (i.e. all six angles
were treated as unique). To compare left vs. right and
front vs. back, the corresponding locations were then
grouped without reﬁtting the model, through averaging of ﬁtted values. For example, the contrast
between the accuracy of localising sounds coming
from the front vs. back was calculated for each step
in the MCMC chain as the diﬀerence between the
predicted accuracy averaged for the two front
angles (45° and 315°) and the two back angles
(135° and 225°). The posterior distribution of each
contrast was then summarised by its median and
95% coverage interval.
Statistical power analysis is presented in the online
supplemental information ﬁle.

3. Results
3.1. Experiment 1
The overall location accuracy was 45.6% (chance level
= 16.7%). The analysis of confusion patterns (Table 1)
indicated that participants could nearly always guess
whether the vocalisation had come from the left or
right side (99.7% correct), with most errors resulting
from a failure to locate the source in the sagittal
plane (front vs. back).
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As we aimed to probe the impact of emotion on
the ability to detect spatial location, we explored a
model predicting the accuracy of responses as a function of voice location and emotion, with an interaction. In general, vocalizations presented from the
back (135° and 225°) were localised 33.5% (95% CI
[23.5, 42.7]) more accurately than vocalizations presented in the front (45° and 315°; Figure 2). In contrast,
there was no diﬀerence between the accuracy of localising vocalizations coming from the right (45°, 90° or
135°) vs. left (225°, 270° or 315°) side: – 0.9% [−4.6,
2.8]. We also observed no overall diﬀerence in the
accuracy of localising either vocalizations with negative vs. positive valence (−0.03% [−3.27, 3.11]) or
emotional vs. neutral vocalizations (2.1% [−0.65, 4.85]).
Notably, however, the Location × Emotion interaction signiﬁcantly improved model ﬁt as measured
by a likelihood ratio test (χ 2 = 19.7, df = 10, p = .03;
WAIC = 6348.71 without interaction and 6348.69 with
interaction, diﬀerence = −0.02, SE = 8.78). Partly supporting our hypothesis, emotional (negative or positive) vocalizations were localised more accurately
than neutral ones when presented in the back (6.6%
[1.5, 11.7]) or on the right side (4.4% [0.7, 8.2]). This
was not the case when they were presented in the
front (2.5% [−1.6, 6.8]) or on the left side (−0.25%
[−4.27, 3.77]).

3.2. Experiment 2
3.2.1. Accuracy
The accuracy of vocal emotion recognition was overall
high (94.8%), with no diﬀerences between right vs. left
(−0.4% [−1.3, 0.3]) or back vs. front (0.1% [−0.9, 1.2])
locations (Figure 3). Averaging across all locations, recognition accuracy was 91.5% for anger, 95.7% for
neutral and 98.5% for amusement. That is, accuracy
was increased for positive relative to neutral vocalizations (predicted diﬀerence = 1.3% [0.6, 2.5]), and for
neutral relative to negative vocalizations (predicted
diﬀerence = 2.2% [1.0, 4.3]). Considering possible
interactions between location and emotion, we
found no evidence that the advantage of positive vs.
neutral vocalizations in emotion recognition accuracy
depended on whether the sounds were presented on
the right vs. left (diﬀerence = 1.2% [−0.3, 3.6]) or in the
front vs. back (−0.3% [−2.6, 1.9]). The Location x
Emotion interaction was not a signiﬁcant predictor
of emotion recognition accuracy (χ 2 = 7.5, df = 10,
p = .67). The model without an interaction was
strongly preferred based on WAIC (1626.93
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Figure 2. Accuracy in spatial location of vocalizations in Experiment 1 (“where”).

without interaction and 1641.90 with interaction,
diﬀerence = 14.97, SE = 6.39).
Arousal ratings were 0.6 [0.5, 0.7] points higher for
negative vs. positive vocalizations and 2.1 [2.0, 2.2]
higher for emotionally charged vs. neutral vocalizations. These ratings did not depend on whether vocalizations were presented on the left vs. right side (0.01
[−0.08, 0.09]), but vocalizations presented in front vs.
back locations were judged to be 0.14 [0.04, 0.23]
points more arousing. The advantage of negative vs.
positive vocalizations in terms of perceived arousal
was the same regardless of whether they were presented on the right vs. left (diﬀerence = 0.08 [−0.11,
0.27]) or in the front vs. back (−0.2 [−0.43, 0.03]). Likewise, the advantage of emotional vs. neutral vocalizations in terms of perceived arousal did not depend on
whether they were presented on the right vs. left
(−0.04 [−0.21, 0.12]) or front vs. back (0.08 [−0.13,
0.27]). The Location x Emotion interaction was not a

signiﬁcant predictor of arousal ratings (χ 2 = 5.76, df =
10, p = .83), and the model without the interaction
was strongly preferred based on WAIC (19,360.54
without interaction and 19,374.83 with interaction,
diﬀerence = 14.29, SE = 4.66).

4. Discussion
The current study examined emotion and spatial
location eﬀects in a spatial hearing paradigm with
nonverbal emotional vocalizations. Participants’ performance was examined when attention was
focused on the spatial location (Experiment 1) or on
the emotional quality (Experiment 2) of the voice. In
the ﬁrst experiment, interaction eﬀects between
emotion and space were observed: spatial detection
was facilitated when the voice had an emotional vs.
neutral quality, namely when it was presented on
the right side or from the back. In the second
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Figure 3. Accuracy in emotion recognition (Panel A) and perceived arousal (Panel B) of vocalizations in Experiment 2 (“what”).

experiment, no interaction eﬀects were observed:
accuracy was enhanced for positive vocalizations;
positive and negative vocalizations were rated as
more arousing than neutral ones, but these eﬀects
were independent of spatial location.

4.1. Decoding the location of vocal emotions
(“where”)
Our ﬁrst experiment revealed that, even if task-irrelevant, emotion impacted upon space detection and
representation. The observed emotion-space interactions agree with previous evidence showing that
emotion facilitates the discrimination of target
locations in the absence of an explicit valence categorisation task (e.g. Amorim & Pinheiro, 2018).
Emotionally salient sounds have been found to
modulate attention (Pinheiro et al., 2017), which
could facilitate spatial detection. ERP studies provided
evidence for an early automatic processing of
emotional salience in the voice (Liu et al., 2012), indicating that emotional cues in the voice are prioritised
in the processing stream, which has been linked to
evolutionary adaptations. Nonetheless, the emotion
facilitation eﬀects in the current study were only
observed for some locations, namely for vocalizations
coming from the back or from the right side.
Detecting approaching objects may be particularly
relevant when these objects come from the back of

the head and, thereby, are out of sight, which may
imply that front and rear space locations are represented by separate neural networks. Vision plays a
critical role in the processing of spatial information in
frontal space; hence, the location of sounds coming
from behind a person’s head rely almost exclusively
on audition. Previous studies found that the processing
of auditory spatial cues is improved in the rear compared to frontal space (Asutay & Västfjäll, 2015;
reviewed in Occelli et al., 2011). Accordingly, studies
with blind participants revealed faster vocal emotion
discrimination as compared to sighted controls, and
this behavioural advantage was paralleled by
increased amygdala activation (Klinge, Röder, &
Büchel, 2010). It is plausible that automatic capture
of attention by emotional cues is increased in the
rear space, leading to facilitated spatial detection.
This could represent a compensatory mechanism in
audition when visual cues are not available. The
enhanced location accuracy of emotional vocalizations
presented in rear space may involve similar mechanisms to those underlying auditory looming perception
eﬀects (Ghazanfar, Neuhoﬀ, & Logothetis, 2002).
The facilitated detection of emotional vocalizations
presented from the right side could be partly explained
by manual motor ﬂuency (Casasanto & Chrysikou,
2011). As participants responded with their (dominant)
right hand, this could have changed space-valence
mappings and lead to facilitated spatial judgements
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of emotional vocalizations presented at the same side
of the response hand, irrespective of valence.
However, this explanation is admittedly speculative
and needs to be tested in future studies.

4.2. Decoding the emotional quality of
vocalizations presented at diﬀerent locations
(“what”)
When comparing emotion recognition accuracy for
spatialised vocalizations, our prediction of emotionspace interactions was not conﬁrmed. Studies with
non-spatialised vocal emotional stimuli have consistently demonstrated the preferential processing of
emotional vocal sounds, reﬂected in increased recognition accuracy (e.g. Lima et al., 2013; Vasconcelos
et al., 2017). The current study revealed a speciﬁc
advantage of positive vocalizations in terms of
emotion recognition accuracy. The positivity bias in
Experiment 2 conﬁrms prior reports of enhanced recognition accuracy of non-spatialised positive (laughter) vocal emotions in participants from the same
cultural context (Vasconcelos et al., 2017). Nonetheless, both positive and negative vocalizations were
generally rated as more arousing than neutral vocalizations, irrespective of space. Previous studies
revealed that explicit emotion recognition is fast and
relatively impermeable to cognitive load manipulations, indicating that it relies on largely automatic
mechanisms (Lima, Anikin, Monteiro, Scott, & Castro,
2018). The current ﬁndings add to this evidence by
suggesting that emotion decoding is also robust to
space manipulations.

4.3. Processing spatialised vocal emotions as a
function of task instructions
The distinct pattern of results observed in Experiment
1 and Experiment 2 indicates that voice processing is
aﬀected by task instructions and, speciﬁcally, by attention focus. Emotion interacted with space when the
focus was on the detection of spatial location, but
not when the focus was on explicit emotional evaluations. This is in good agreement with prior studies
showing a diﬀerential processing of vocal emotions
under implicit (e.g. identifying the gender of a vocalisation) vs. explicit (e.g. decoding the emotion category
of the voice) task instructions (Frühholz et al., 2012).
The current ﬁndings open a new avenue of inquiry
regarding the interactions between “what” and
“where” properties of vocal emotions. Additionally,

they have implications for models of vocal emotional
processing and voice perception more generally, by
pointing out the need to account for – and to better
understand – how emotional and spatial properties
modulate implicit and explicit aspects of vocal processing. We should note, though, that our results reﬂect
later evaluative processes. Evidence that describes
how these two types of information interact through
distinct processing stages of voice perception is still
missing. Future studies using fMRI and EEG will
clarify the neural mechanisms underpinning the interactions between emotion and sound localisation from
stimulus onset until a response is made.

5. Conclusions
The current study investigated how emotion interacts
with spatial location during voice perception, when
attention was focused on the spatial source (Experiment 1) or on the emotional quality of the voice
(Experiment 2). Emotion-space interactions were
observed when the emotional quality of the vocalizations was task-irrelevant (Experiment 1), as indicated
by a facilitated spatial location of emotional vs.
neutral voices for back and right side locations.
When participants had to explicitly identify the
emotional qualities of vocalizations (Experiment 2),
accuracy did not vary by space.
These ﬁndings demonstrate that emotional vocal
sounds are prioritised also when the spatial source
of the stimulus is manipulated. Together, they
support the interaction between spatial (“where”)
and emotional (“what”) properties of the voice,
which diﬀers as a function of task instructions.

Notes
1. The vocalizations selected were: Anger - Anger_C_5,
Anger_C_3,
Anger_C_2,
Anger_C_1,
Anger_C_4,
Anger_C_6, Anger_T_11, Anger_T_12, Anger_M_7,
Anger_M_8; Amusement - Amusement_C_3, Amusement_C_4, Amusement_MS_10, Amusement_C_2, Amusement_C_1, Amusement_T_14, Amusement_T_16,
Amusement_M_5, Amusement_M_6, Amusement_T_15;
Neutral - 6_neutral, 42_neutral, 45_neutral, 46_neutral,
53_neutral,
55_neutral,
58_neutral,
59_neutral,
60_neutral, 61_neutral.
2. Raw data available at https://osf.io/s6785.
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