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Our ability to recognize the emotions of others is a crucial feature of human social cognition. Functional neuroimaging studies indicate
that activity in sensorimotor cortices is evoked during the perception of emotion. In the visual domain, right somatosensory cortex
activity has been shown to be critical for facial emotion recognition. However, the importance of sensorimotor representations in
modalities outside of vision remains unknown. Here we use continuous theta-burst transcranial magnetic stimulation (cTBS) to inves-
tigate whether neural activity in the right postcentral gyrus (rPoG) and right lateral premotor cortex (rPM) is involved in nonverbal
auditory emotion recognition. Three groups of participants completed same- different tasks on auditory stimuli, discriminating between
the emotion expressed and the speakers’ identities, before and following cTBS targeted at rPoG, rPM, or the vertex (control site). A
task-selective deficit in auditory emotion discrimination was observed. Stimulation to rPoG and rPM resulted in a disruption of partic-
ipants’ abilities to discriminate emotion, but not identity, from vocal signals. These findings suggest that sensorimotor activity may be a
modality-independent mechanism which aids emotion discrimination.

Introduction

Simulation models of emotion recognition suggest that under-
standing another’s emotions requires individuals to map the ob-
served state onto their own representations which are active
during the experience of the perceived emotion (Adolphs, 2002;
Goldman and Sripada, 2005; Keysers and Gazzola, 2006). Sup-
porting this, functional brain imaging studies indicate that per-
ceiving another person’s facial expressions correlates with
increased activity in similar sensorimotor cortices (e.g., premotor
and somatosensory cortices) as when the perceiver generates the
same expression (Winston et al., 2003; Hennenlotter et al., 2005;
van der Gaag et al.,, 2007) and that sensorimotor cortices are
recruited during the perception of nonverbal emotion expres-
sions (e.g., hearing somebody laughing) (Warren et al., 2006).
Further, in the visual domain, there is growing evidence that
sensorimotor activity plays a causal role in facial emotion recog-
nition: neuropsychological findings indicate that deficits in the
recognition of facial affect are related to damage within right
hemisphere somatosensory-related cortices (Adolphs et al,

Received Feb. 6, 2010; revised July 27, 2010; accepted Aug. 4, 2010.

This work was partly supported by a Medical Research Council grant to V.W., M.J.B. is supported by the Economic
and Social Research Council, and S.K.S. is supported by Wellcome Trust Grant WT074414MA.

Correspondence should be addressed to Michael Banissy, Institute of Cognitive Neuroscience, Department of
Cognitive, Perceptual and Brain Sciences, University College London, London WCTN 3AR, UK. E-mail: m.banissy@
ucl.ac.uk.

DOI:10.1523/JNEUR0SCI.0786-10.2010
Copyright © 2010 the authors  0270-6474/10/3013552-06$15.00/0

2000) and transcranial magnetic stimulation (TMS) findings in
healthy adults are consistent with this (Pitcher et al., 2008).

It remains unclear, however, whether neural activity in senso-
rimotor cortices is central to global processing of emotion across
modalities (e.g., in the auditory domain). To address this, we
used continuous theta burst TMS (cTBS), an offline TMS para-
digm (i.e., conducted while the participant is at rest) following
which neural activity may be suppressed for several minutes (Di
Lazzaro et al., 2005; Huang et al., 2005), to examine whether
neural activity in sensorimotor cortices [right lateral premotor
(rPM) and right postcentral gyrus (rPoG)] is involved in discrim-
inating affect from vocal signals. We conducted three experi-
ments. In experiment 1, we sought to establish the effects of cTBS
targeted at rPM, rPoG, or the vertex (cTBS control site) on par-
ticipants’ abilities to complete a same—different auditory emo-
tion discrimination task. We used nonverbal emotional
vocalizations such as laughter or screams, which were adapted
from a previous fMRI study investigating the role of sensorimo-
tor resources in nonverbal auditory emotion perception (Warren
etal., 2006). In experiment 2, we used identical stimuli and ¢cTBS
parameters, but instructed a new group of participants to com-
plete a same—different auditory identity discrimination task. In
experiment 3, we further examined the role of sensorimotor cor-
tex activity in participants’ auditory identity processing abilities,
by using a task which previously been shown to be sensitive to
selective neuropsychological impairment in vocal identity recog-
nition (i.e., developmental phonagnosia) (Garrido et al., 2009).
This allowed us to examine any nonspecific effects of cTBS and
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numbers of channels used during vocoding, the
more spectral detail associated with speaker rec-
ognition was preserved (Garrido et al., 2009).
Procedure. All experiments consisted of
three testing sessions conducted over three
nonconsecutive days. At each testing session
one of the three brain regions was stimulated
(rPoG, rPM, or vertex). The order of site of
stimulation was pseudo-randomized between
participants in an ABC-BCA-CAB fashion. Par-
ticipants completed the experimental task twice
within each session, one run before cTBS (base-
line performance) and the other following cTBS.
In experiment 1, the task comprised of 120 tri-
als (preceded by 20 practice trials) divided be-
tween two blocks of 60 trials. Each trial began
with the presentation of a fixation cross (1500
ms) followed by the presentation of the prime
stimulus. Five hundred milliseconds after the off-
set of the prime stimulus, a second emotion was

Baseline Task

(12 minutes) (20 sec)

Figure 1.

of effects seen in the motor cortex (Di Lazzaro et al., 2005; Huang et al., 2005).

whether the effects observed in experiment 1 were selective to
affective processing. Based on simulation accounts of emotion
recognition we predicted that cTBS targeted at rPM and rPoG
would result in a disruption of participants’ abilities to discrimi-
nate the auditory emotions, but not identity, of others.

Materials and Methods

Participants. Twenty-six healthy naive adult participants, 13 female and
13 male (aged 2035 years), took part in the study. All were right handed,
had normal or corrected-to-normal vision, and gave informed consent in
accordance with the ethics committee of University College London.
Twenty participants took part in experiments 1 and 2 (experiment 1: 6
female and 4 male aged 2030 years; experiment 2: 5 female and 5 male
aged 20-35 years). Six participants (2 female and 4 male aged 21-36
years) took part in experiment 3.

Materials. Identical stimuli were used in experiments 1 and 2. Stimuli
were one of four categories of nonverbal auditory emotions (amusement,
sadness, fear, or disgust). These vocalizations are reliably recognized by
human listeners (Meyer et al., 2005; Sauter and Scott, 2007; Sauter et al.,
2010) and can be considered to be closer to emotional facial expressions
than emotional speech because they do not contain the segmental struc-
ture of emotionally inflected speech or nonsense speech (Dietrich et al.,
20065 Scott et al., 2009; Sauter et al., 2010). The stimuli were adapted
from a previously validated set of nonverbal vocalizations (Sauter, 2006;
Warren et al., 2006; Sauter and Scott, 2007; Sauter and Eimer, 2010;
Sauter etal., 2010) and two of these emotions (amusement and fear) were
adapted from stimuli used in a previous fMRI study investigating the role
of sensorimotor resources in nonverbal auditory emotion perception
(Warren et al., 2006). Ten stimuli, produced by four different actors (two
male/two female), per emotion type were used. All emotional vocaliza-
tions were edited to 500 ms in duration and were presented aurally via
headphones (for example stimuli, see www.visualcognition.net).

In experiment 3, participants discriminated two samples of noise-
vocoded speech (Shannon et al., 1995). Stimuli were 21 sentences read by
native British English speakers, which were normalized for peak amplitude
and noise-vocoded using PRAAT (cf. Garrido et al., 2009). The stimuli were
noise vocoded at three different numbers of channels (6, 16, 48). The higher

cTBS Rest
(5 minutes)

Summary of cTBS and task protocol in experiments 1 and 2. Participants completed a same- different auditory
emotion (experiment 1) or identity (experiment 2) matching task. Both experiments consisted of three testing sessions conducted
over three nonconsecutive days. At each testing session one of the three brain regions was stimulated (rPoG, rPM or the vertex) and
each task was completed before and 5 min following cTBS to each site. The 5 min rest period was based on the observed time course

presented aurally. Concurrent with the pre-
sentation of the second emotion, partici-
pants were asked to indicate whether the
second nonverbal emotion was the same or
different from the first using a key press (Fig.
1). The need for speed and accuracy were
emphasized. Each block lasted ~12 min.

In experiment 2, the same stimuli and para-
digm was used, but participants were in-
structed to indicate whether the prime and
target emotions were expressed by the same or
different person.

Experiment 3 used the same methodology as Garrido et al. (2009), in
which a developmental phonagnosic was shown to be impaired at dis-
criminating pairs of male or female voices using noise-vocoded speech.
The task required participants to discriminate whether two sequentially pre-
sented noise-vocoded sentences were said by the same or different speaker,
with half being different pairs. For each pair, the speaker was always the same
sex. There were a total of 84 trials, with 28 pairs per frequency level. The task
lasted ~15 min and accuracy levels were compared.

TMS parameters and coregistration. TMS was delivered via a figure of
eight coil with a 70 mm diameter using a Magstim Super Rapid Stimula-
tor. An offline cTBS paradigm was used, which consisted of a burst of 3
pulses at 50 Hz repeated at intervals of 200 ms for 20 s, resulting in a total
of 300 pulses. This paradigm was used to prevent any influence of online
auditory and proprioceptive effects of TMS on task performance (Terao
et al., 1997). Based upon previous findings (Di Lazzaro et al., 2005;
Huang etal., 2005; Valessi et al., 2007; Kalla et al., 2009) the time window
of reduced excitability following theta burst stimulation was expected to
last between 20 and 30 min and a 5 min rest period after stimulation
offset was implemented for each site stimulated.

TMS machine output was set to 80% of each participant’s motor
threshold with an upper limit of 50% of machine output. Motor thresh-
old was defined using visible motor twitch of the contralateral first dorsal
interosseus following single pulse TMS delivered to the best scalp posi-
tion over motor cortex. Motor threshold was calculated using a modified
binary search paradigm (MOBS) (Tyrrell and Owens, 1988; see also Thilo
et al., 2004 for example use). For each subject, motor threshold was
calculated following pre-cTBS baseline and before coregistration.

Locations for ¢TBS were identified using Brainsight TMS-magnetic
resonance coregistration system (Rogue Research). FSL (FMRIB Soft-
ware Library) software [FMRIB (Functional Magnetic Resonance Imag-
ing of the Brain), Oxford, UK] was used to transform coordinates for
each site to each subject’s individual MRI scan (Fig. 2). The rPoG site was
selected based on coordinates from 12 neurologically normal partici-
pants in an fMRI study following touch to their own face relative to the
neck (Blakemore et al., 2005; 27, —27, —69) and was confirmed anatom-
ically as the postcentral gyrus on each participant’s structural scan. The
coordinates for rPM (54, —2, 44) were the averages of neurologically

Post cTBS Task
(12 minutes)
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normal participants in an fMRI study of non-
verbal auditory emotion processing (Warren et
al., 2006). The vertex was identified as the point
midway between the inion and the nasion,
equidistant from the left and right intertragal
notches.

Results

The role of sensorimotor cortices in
discriminating emotions and identity
from auditory cues

Comparison of performance across sites
and tasks in experiments 1 (emotion
matching) and 2 (identity matching)
Baseline performance did not differ sig-
nificantly across sites in either task (Emo-
tion task group: F, 1) = 1.64, p = 0.221;
Identity task group: F, 5y = 0.815, p =
0.458). To assess the effects across tasks
and across sites, we calculated the differ-
ence between the post-cTBS and pre-
cTBS baseline reaction times (i.e., baseline
RT corrected for accuracy minus post-cTBS RT corrected for
accuracy) for each site stimulated. A 2 (task group) X 3 (TMS
site) mixed ANOVA was then conducted to determine the effects
of cTBS on participants’ abilities to recognize identity and emo-
tion from auditory signals. The overall main effect of TMS site
was not significant (F, 3¢, = 0.361, p = 0.699), however a signif-
icant task group X TMS site interaction was found (F, 55, = 3.43,
p = < 0.05). This was because the effects of ¢TBS significantly
differed across sites on the emotion (F, 1 = 4.78, p = < 0.05)
(Fig. 3a), but not on the identity task (F, 5y = 0.574, p = 0.573)
(Fig. 3b). The main effect of TMS site on the emotion task was due
to significant impairments following cTBS targeted at rPM com-
pared with the vertex (¢t = 2.81, p = < 0.05) and following cTBS
targeted at rPoG relative to the vertex (t = 2.28, p = < 0.05).
Therefore, cTBS stimulation of right sensorimotor cortices dis-
rupted participants’ abilities to discriminate between the audi-
tory emotions (Fig. 3a), but not the vocal identities (Fig. 3b), of
others. This impairment in emotion processing following cTBS
to rPoG and rPM was not modulated by emotion type (supple-
mental Table 1, available at www.jneurosci.org as supplemental
material).

Between-group comparisons also revealed a main effect of
task group (F(, 15 = 12.81, p = < 0.005). This task-specific dis-
sociation was modulated by site of stimulation, with ¢TBS tar-
geted at rPoG (t = 3.28, p = < 0.005) and rPM (¢ = 3.06, p = <
0.01) resulting in a disruption of performance on the emotion
task but a facilitation in performance on the identity task (Fig. 3).
This pattern of effects was not found following stimulation at the
vertex (cTBS control site), where there was a trend for facilitation in
both tasks (f = 0.204, p = 0.841). Thus, the ¢cTBS impairments
observed at rPoG and rPM in the emotion task are not due to general
impairments in processing following cTBS, but reflect a task-specific
impairment on emotion discrimination performance.

Accuracy performance (i.e., post-cTBS percentage correct mi-
nus baseline percentage correct) did not significantly differ across
sites in either task (supplemental Table 2, available at www.
jneurosci.org as supplemental material).

Figure 2.

lated as a cTBS control site.

Within-site comparisons in experiments 1 and 2

In addition to our between-site and -task comparisons, we also con-
ducted a separate analysis for each task group which compared post-
cTBS reaction time performance (corrected for accuracy) and
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Summary of cTBS sites stimulated, rPoG (a) and rPM (b). Locations of cTBS were determined using the Brainsight
coregistration system. To ensure that any differences observed were not due to nonspecific effects of cTBS, the vertex was stimu-
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Figure 3.  Magnitude of disruption or facilitation (mean == SEM) in milliseconds following
(TBS targeted at rPoG, rPM and the vertex (experiments 1 and 2). To determine whether the
magnitude of impairment following ¢TBS stimulation differed across the sites and tasks we
calculated the difference between the post-cTBS and pre-cTBS baseline reaction times (3 SDs
and all errors removed; and corrected for accuracy) for each condition (i.e., baseline RT/accuracy
minus post-cTBS RT/accuracy for each site stimulated across tasks). A disruption in reaction
times following stimulation is shown by a negative value and facilitation by a positive value. a,
For the emotion discrimination task (experiment 1), participants (n = 10) were impaired in
their abilities to discriminate between the auditory emotions of others following stimulation to
rPoG and rPM compared with stimulation at the vertex (cTBS control site). b, This was not found
to be the case when participants (n = 10) had to discriminate auditory identity (experiment
2)—the effects of cTBS targeted at rPoG, rPM and the vertex did not significantly differ be-
tween the sites stimulated, and there was a trend for facilitation at all sites. Between-group
comparisons also revealed that the disruption in performance on the emotion-discrimination
task following TBS to rPoG and rPM was significantly different to the facilitation shown in the
identity task. No significant difference between emotion discrimination and identity discrimi-
nation task performance was found following cTBS at the vertex. *p << 0.05.

accuracy performance relative to baseline for each brain region stim-
ulated (i.e., rPoG baseline performance compared with rPoG post-
cTBS performance; rPM baseline performance compared with rPM
post-cTBS performance; vertex baseline performance compared
with vertex post-cTBS performance).

For the emotion task group, cTBS to rPoG resulted in a sig-
nificant disruption on reaction time performance compared with
baseline (¢, = 2.83, p = =.05; supplemental Fig. 1, available at
www.jneurosci.org as supplemental material). This was also the
case following stimulation at rPPM (t) = 2.29, p = =.05; supple-
mental Fig. 1, available at www.jneurosci.org as supplemental
material). No significant difference in performance was found
following stimulation to our active control site (¢4, = 1.29, p =
0.229; supplemental Fig. 1, available at www.jneurosci.org as sup-
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plemental material). Therefore, consistent with our between-site
analysis, suppressing sensorimotor cortex activity impaired partici-
pants’ abilities to discriminate the auditory emotions of others.

Comparisons of within-site reaction time performance on the
identity matching task revealed that participants were signifi-
cantly faster in the post-cTBS blocks compared with baseline at
rPoG [baseline mean = SEM = 1977.34 = 162.31; post-cTBS
mean * SEM = 1813.27 = 116.84; (¢, = 2.31,p = = 0.05) and
rPM (baseline mean = SEM = 1866.44 * 130.93; post-cTBS
mean = SEM = 1698.12 *+ 122.72; (¢, = 2.26, p = = 0.05)].
Despite a similar trend for improved performance in the post-
¢TBS condition, this was not the case at the vertex (baseline
mean = SEM = 1997.14 * 174; post-cTBS mean = SEM =
1924.4 + 177.07; (o) = 1.33, p = 0.216). Notably, the increased
speed in reaction time performance did not significantly differ
across sites (Fig. 3b) indicating that it is a nonspecific effect.

Our analysis of within-site accuracy performance revealed no
significant differences at any site of stimulation in the emotion
discrimination task (supplemental Table 3, available at www.
jneurosci.org as supplemental material), nor were they found
following stimulation at rPoG or rPM in the identity matching
task (supplemental Table 3, available at www.jneurosci.org as
supplemental material).

What is the relationship between the temporal effects of cTBS
and performance (experiment 1)?

In the motor domain ¢TBS has been shown to cause a brief in-
creasing (for ~5 min post-cTBS) and then lasting decreasing
suppression of neural activity (Di Lazzaro et al., 2005; Huang et
al., 2005). To assess whether our main effect of cTBS on emotion
discrimination was modulated by similar dynamics, we divided
trials from experiment 1 into four blocks (30 trial segments last-
ing ~3 min each) and compared the difference between the post-
cTBS and pre-cTBS baseline reaction times across sites using a 3
(site) X 4 (block) ANOVA (supplemental Fig. 2, available at
www.jneurosci.org as supplemental material). There was trend for
reaction time dynamics to follow a similar pattern to that observed in
the motor domain, however the interaction between site and block
did not reach significance (F4 54y = 1.12, p = 0.362).

The role of sensorimotor cortices in discriminating voices
using noise-vocoded speech (experiment 3)

Between-site comparisons

Although experiments 1 and 2 demonstrated that cTBS to rPoG
and rPM resulted in task- and site-specific impairment on audi-
tory emotion but not auditory identity discrimination when us-
ing identical parameters and stimuli, the identity matching task
used in experiment 2 had not previously been shown to be sensi-
tive to impairment and therefore it remained possible that the
task-specific effects were due to alack of sensitivity in our identity
control task. We therefore conducted a further control experi-
ment to examine the effects of cTBS to rPoG, rPM and the vertex
on an auditory identity processing task which has been shown to
be sensitive to selective neuropsychological impairment in voice
perception (Garrido et al., 2009).

To assess participants’ abilities at discriminating identity from
noise vocoded speech, we separated trials into each spectral fre-
quency band (6, 16, 48) and compared accuracy across sites using
a 3 (site) X 3 (spectral frequency) repeated-measures ANOVA.
We took this approach to analysis based upon a previous study
which used this task to demonstrate selective neuropsychological
impairment at discriminating vocal impairment which was most
pronounced on the 16 band frequency level (Garrido et al., 2009).
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This revealed that there was no main effect of TMS site (F, ;o) =
0.468, p = 0.639) (supplemental Fig. 3, available at www.jneurosci.
org as supplemental material) or spectral frequency band
(F(1.00,5.44) = 1.085, p = 0.350), nor was there a significant inter-
action (F(,,0) = 2.41, p = 0.084). This was also the case with
reaction time performance. A 3 (site) X 3 (frequency band)
ANOVA revealed no main effect of site (F, 5, = 0.062, p =
0.940) or frequency band (F, o) = 0.853, p = 0.455), and the
interaction did not reach significance (F, 55y = 0.465,p = 0.761).
These findings are consistent with our task-specific effects from
experiments 1 and 2, and further demonstrate that cTBS stimu-
lation of right sensorimotor cortices did not disrupt participants’
abilities to discriminate between the auditory identities of others.

Within-site comparisons
As with our analyses of experiments 1 and 2, we also compared
performance post-cTBS relative to baseline separately for each
brain region stimulated in experiment 3. Comparisons of within-
site accuracy performance when participants discriminated vocal
identity from noise-vocoded speech were conducted separately
for each frequency band. For the 6 band frequency level, partici-
pants were significantly more accurate in the post-cTBS blocks
compared with baseline at the vertex (baseline mean = SEM =
61.2 * 2.21%; post-cTBS mean = SEM = 67.9 * 2.92%; (t5) =
3.35, p = = 0.05). They were also significantly more accurate for
16 band frequency items following cTBS stimulation of the pre-
motor cortex compared with baseline [baseline mean + SEM =
70.24 * 3.28%; post-cTBS mean = SEM = 80.75 * 3.91%;
(ts) = 291, p = = 0.05)]. No other significant differences were
found and the facilitation in accuracy did not significantly differ
across sites (supplemental Fig. 3, available at www.jneurosci.org as
supplemental material), indicating that this is a nonspecific effect.
Comparisons of within-site reaction time performance when
participants discriminated vocal identity from noise-vocoded
speech were also conducted separately for each frequency band.
No significant differences were found between baseline reaction
times and post-cTBS reaction times at any site stimulated.

Discussion

The current study investigated whether the sensorimotor cortices
are recruited in discriminating affect based on nonverbal vocal
signals. Using neuronavigation procedures to coregister targeted
sites onto each participant’s structural MRI scan we observed that
cTBS suppression of sensorimotor cortices led to a significant
disruption in the ability to discriminate between the auditory
emotions (Fig. 3a), but not identities (Fig. 3b; supplemental Fig.
3, available at www.jneurosci.org as supplemental material), of
others. This pattern was not found following cTBS at the vertex,
indicating that the differences observed were not due to nonspecific
effects of cTBS. Therefore consistent with predictions, suppression
of sensorimotor cortices reduced the ability to discriminate the au-
ditory emotions, but not identities, of others.

In recent years a number of functional brain imaging studies
have documented the role of premotor cortex activity in the mir-
roring of actions and emotions of others (Hennenlotter et al.,
2005; Gazzola et al., 2006; Warren et al., 2006; van der Gaag et al.,
2007; Jabbi and Keysers, 2008). Using stimuli adapted from one
such study (Warren et al., 2006), our findings show that neural
activity in rPM plays a central role in nonverbal auditory emotion
discrimination in healthy adults. The findings also extend re-
search demonstrating the involvement of right somatosensory-
related cortices in facial affect recognition (Adolphs et al., 2000;
Pitcher et al., 2008) and suggest that activity in rPoG may be
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central to the perception of emotion across different modalities.
However, while we were able to confirm that our site corre-
sponded to the rPoG, we are unable to confirm the precise soma-
totopy of the site stimulated (e.g., face or trunk representation)
(cf. Blatow et al., 2007; Eickhoff et al., 2008; Fabri et al., 2005) and
therefore we limit our claims on the spatial specificity of the effect
in rPoG.

The task-specific nature of our findings also supports the role
of sensorimotor activity as substrates for a mechanism that facil-
itates overt decisions about emotion vocalizations. Under equiv-
alent conditions to experiment 1, cTBS targeted at sensorimotor
cortices did not impair participants’ ability to discriminate an-
other’s identity, indicating that the changes in reaction time are
not simply due to a general reduction in reaction times following
cTBS stimulation of these regions. This was also confirmed on a
second control task (experiment 3), in which we showed that
suppressing sensorimotor cortex activity did not impair partici-
pants’ auditory identity discrimination abilities on a task which
has previously been shown to be sensitive to impairment in de-
velopmental phonagnosia (Garrido et al., 2009). In contrast to a
disruption in emotion discrimination abilities, there was a trend
for facilitation when participants were asked to discriminate the
identity of others. This facilitation is nonspecific because it is seen
over all sites stimulated and does not differ significantly between
sites. The nature of the effect may reflect practice in the post-
cTBS blocks or intersensory facilitation following cTBS (Marzi et
al., 1998; Walsh and Pascual-Leone, 2003).

There is growing evidence that the ability to detect affect from
voice relies upon similar neural mechanisms which are recruited
for visual social signals. For example, in the visual domain, event
related potential (ERP) studies have demonstrated enhanced
frontal positivity for emotional compared with neutral faces 150
ms after stimulus onset (Eimer and Holmes, 2002, 2007; Ashley et
al., 2004). This mechanism also extends to the auditory domain,
in which nonverbal auditory emotions, compared with spectrally
rotated neutral sounds, result in an early frontocentral positivity
which is similar in timing, polarity and scalp distribution to ERP
markers of emotional face processing (Sauter and Eimer, 2010).
Our findings add to this by demonstrating that sensorimotor
activity is implicated in not only facial (Adolphs et al., 2000;
Pitcher et al., 2008), but also auditory emotion perception and
imply that sensorimotor resources may subserve an emotion-
general processing mechanism in healthy adults.

The findings are also compatible with recent TMS findings
documenting the necessity of the right frontoparietal operculum
in emotional prosody (van Rijn et al., 2005; Hoekert et al., 2008).
They extend these by demonstrating the importance of premotor
resources in auditory emotion discrimination; by examining the
role of sensorimotor cortices in nonverbal auditory emotion pro-
cessing as opposed to emotional speech (for a discussion of the
benefits of using nonverbal emotions instead of emotional speech
see Dietrich et al., 2006; Sauter et al., 2010; Scott et al., 2009); and
by showing a functional dissociation for the role of sensorimotor
resources in discriminating speaker emotion, but not speaker
identity, from vocal signals.

In sum, this study extends previous findings that sensorimo-
tor activity is important in facial emotion recognition (Adolphs et
al., 2000; Pitcher et al., 2008), by demonstrating that neural ac-
tivity in sensorimotor cortices is involved in emotion processing
across modalities. These resources are not specifically required
for discriminating the identity of others and appear to play a
specific role in facilitating emotion discrimination in healthy
adults in a modality-independent manner.
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