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People are extremely efficient at detecting relevant objects in complex natural scenes. In three experiments, we used functional magnetic
resonance imaging-guided transcranial magnetic stimulation (TMS) to investigate the role of the extrastriate body area (EBA) in the
detection of people in scenes. In Experiment 1, participants reported, in different blocks, whether people or cars were present in a briefly
presented scene. Detection (D-prime) of people, but not of cars, was impaired after TMS over right EBA (rEBA; five pulses at �200, �100,
0, 100, 200 ms) compared with sham stimulation. In Experiment 2, we applied TMS either before (�200, �100 ms) or after (�100, �200)
the scene onset. Poststimulus EBA stimulation impaired people detection relative to prestimulus EBA stimulation, while timing had no
effect during sham stimulation. In Experiment 3, we examined anatomical specificity by comparing TMS over EBA with TMS over
scene-selective transverse occipital sulcus (TOS). Two scenes were presented side by side, and response times to detect which scene
contained people (or cars) were measured. For people detection, but not for car detection, response times during EBA stimulation were
significantly slower than during TOS stimulation. Furthermore, rEBA stimulation led to an equivalent slowing of response times to left
and right lateralized targets. These findings are the first to demonstrate the causal involvement of a category-selective human brain
region in detecting its preferred stimulus category in natural scenes. They shed light on the nature of such regions, and help us understand
how we efficiently extract socially relevant information from a complex input.

Introduction
An important capacity of human vision is the ability to rapidly
extract relevant information from complex natural scenes. Hu-
man observers can accurately make judgments about briefly pre-
sented scenes, such as the semantic category of the depicted
location or the presence of an abstractly specified target (Intraub,
1981; Thorpe et al., 1996). More recently, neuroimaging ap-
proaches have begun to show how the process of searching and
categorizing scenes arises from a coordination of activity in pos-
terior and anterior brain regions (Peelen and Kastner, 2011).
However, the causal role of specific brain regions in parsing nat-
ural scenes remains poorly understood.

As a social species, one of the key elements we must extract
from natural scenes is information about the conspecifics around
us. Perhaps the most basic question that a “social brain” must ask
of the surrounding environment is as follows: “is there someone
else there?” Accordingly, the bodies and faces of other individuals
are salient, tending to capture the gaze and attention of observers
(Downing et al., 2004; Ro et al., 2007; Bindemann et al., 2010;
Stein et al., 2012). The importance of perceiving human bodies

and faces appears to be mirrored in the organization of high-level
visual regions in extrastriate cortex. In functional magnetic reso-
nance imaging (fMRI) studies of humans and macaques, several
focal regions respond strongly and selectively to images of these
stimuli, relative to other objects (Kanwisher and Yovel, 2006;
Peelen and Downing, 2007; Tsao and Livingstone, 2008).

Here we focus on one such region, the extrastriate body area
(EBA; Downing et al., 2001), found in the posterior lateral occipi-
totemporal cortex, most strongly in the right hemisphere. EBA
likely plays a role in the perception of the shape and posture of
human bodies and body parts (Downing and Peelen, 2011), and
has been proposed to be involved in body detection rather than
identification (Chan et al., 2004; Hodzic et al., 2009). To date,
efforts to demonstrate a causal role for EBA in perception have
mainly applied transcranial magnetic stimulation (TMS). In several
studies, TMS over EBA, relative to control sites, shows specific im-
pairments in accuracy and response time for discrimination tasks on
body stimuli, relative to other categories (Urgesi et al., 2004, 2007a,b;
Pitcher et al., 2009; Calvo-Merino et al., 2010). These studies typi-
cally used a delayed match to sample discrimination task, with stim-
ulation applied in the interval or at test. These tasks required
discrimination of fine differences in body posture or shape on stim-
uli that were presented in isolation on a homogenous background.
Hence they do not address the potential role of EBA in the detection
of people in natural scenes.

In the present study, we consistently find that stimulation of
EBA interferes selectively with person detection in natural scenes.
Furthermore, processing immediately after, as opposed to imme-
diately before, scene presentation is critical for detection; inter-

Received June 15, 2012; revised Feb. 20, 2013; accepted March 11, 2013.
Author contributions: M.G.V.K., M.V.P., and P.E.D. designed research; M.G.V.K. performed research; M.G.V.K. and

P.E.D. analyzed data; M.G.V.K., M.V.P., and P.E.D. wrote the paper.
This research was supported by the Leverhulme Trust. We thank Robert Rafal and Nick Oosterhof for helpful

discussions and Tegan Penton for help with data collection.
Correspondence should be addressed to Martijn van Koningsbruggen, Center for Mind/Brain Sciences (CIMeC),

University of Trento, 38068 Rovereto (TN), Italy. E-mail: mg.vankoningsbruggen@unitn.it.
DOI:10.1523/JNEUROSCI.2853-12.2013

Copyright © 2013 the authors 0270-6474/13/337003-08$15.00/0

The Journal of Neuroscience, April 17, 2013 • 33(16):7003–7010 • 7003



ference with right hemisphere EBA impedes detection equally in
both hemifields. This study is the first to demonstrate and char-
acterize the causal involvement of a category-specific brain re-
gion in the detection of preferred stimuli in natural scenes.

Materials and Methods
Participants. Right-handed participants were recruited from the Bangor
student community. In an initial, separate session, the procedure and
possible risks were explained to the participants. Next, written informed
consent was obtained from each participant, and participants completed
a safety screening questionnaire for TMS (Keel et al., 2001). Participants
were familiarized with the sensation of repetitive TMS (rTMS) over the
temporal lobe. Only participants who fulfilled all safety criteria, tolerated
rTMS over the temporal lobe region, and whose performance was above
D-prime � 1 on a brief version of the main experiment, were allowed to
participate. For three potential participants, task performance was inad-
equate, and a further two found the TMS too uncomfortable and so
elected not to participate. Ethics approval was obtained from the School
of Psychology at Bangor University, UK. Participants received £10/h for
their participation.

Imaging methods for localization. Before the TMS experiment(s), each
participant was scanned on a series of blocked-design localizer scans to
identify functional regions of interest with respect to individual brain
anatomy. Each scan consisted of 21 16 s blocks in which blocks 1, 6, 11,
16, and 21 were fixation-only baseline epochs. The stimuli consisted of
blocks of images of human bodies (without heads), unfamiliar faces,
outdoor scenes, and chairs. Each condition was presented in four 16 s
blocks in each scan. In each block, 20 images (selected randomly from a
full set of 40) from one category were presented (300 ms on/500 ms off).
Twice during each stimulus block, the same image was presented two
times in succession. Participants were instructed to detect these immedi-
ate repetitions and report them with a button press (1-back task). Each
participant was scanned on at least two runs of this localizer. Two differ-
ent versions were tested that were identical except for the order of blocks.
Within each scan, the assignment of blocks to conditions was also coun-
terbalanced so that the mean serial position in the scan of each condition
was matched and centered.

The data were acquired using a 3 T Philips MRI scanner with an
8-channel SENSE phased-array head coil. For functional imaging, a sin-
gle shot echo planar imaging sequence was used (T2*-weighted, gradient
echo sequence; echo time, 35 ms; flip angle, 90°). The scanning parame-
ters were as follows: repetition time 2000 ms; 35 off-axial slices; voxel
dimensions 3 � 3 mm; 3 mm slice thickness, SENSE factor 2, phase
encoding direction anterior–posterior. The slices were positioned to in-
clude the entire cortex. Seven dummy volumes were acquired before each
functional scan to reduce the effects of T1 saturation. Parameters for
T1-weighted anatomical scans were as follows: 175 sagittally oriented
slices; 1 mm isotropic voxels; TR � 8.4 ms, TE � 3.8 ms; flip angle � 8°.

Preprocessing and statistical analyses of the MRI data were performed
using BrainVoyager QX (Brain Innovation). Functional data were mo-
tion corrected, and low-frequency drifts removed with a temporal high-
pass filter (0.006 Hz). Spatial smoothing was applied (4 mm full-width at
half-maximum). Functional data were automatically coregistered with
the anatomical T1 scans. TMS coil positioning was based on fMRI data
registered to T1 images in native space.

For each participant, a general linear model was created. One boxcar
predictor, convolved with a two-gamma hemodynamic response func-
tion to model the hemodynamic response, modeled each condition of
interest. Regressors of no interest were also included to account for dif-
ferences in the mean MR signal across scans. Regressors were fitted to the
MR time series in each voxel and the resulting � parameter estimates
were used to estimate the magnitude of response to each experimental
condition.

In each participant, right hemisphere EBA was defined by contrasting
the response to human bodies with that to the remaining three condi-
tions. The right hemisphere EBA was selected as this region is normally
found in nearly every individual, and has been successfully stimulated in
previous TMS studies. In the present study we were able to identify a right

EBA region of interest in all participants. The mean Talairach and
Tournoux (1988) coordinates (X, Y, Z, with SEs) for the targeted region
were as follows: Experiment 1: 48 (1.0), �64 (2.6), �4 (1.2); Experiment
2: 44 (1.4), �65 (1.7), �3 (1.9); Experiment 3: 47 (1.1), �69 (1.6), 0
(2.1). In Experiment 3, a scene-selective region of transverse occipital
sulcus (TOS; Epstein et al., 2005) was also defined, by contrasting the
response to scenes with that to images of chairs. Peak voxels were selected
within anatomical regions referring to previous studies (Epstein et al.,
2005; Kontaris et al., 2009) and used to position the TMS coil (mean
coordinates � 33 (1.1), �77 (2.0), 14 (1.8)).

General TMS methods. A MagStim Super Rapid Stimulator (Magstim)
with a 70 mm figure-eight coil was used for the TMS. The hand area of
motor cortex was first localized in the right hemisphere. We used the
right hemisphere motor cortex/left hand for threshold determination in
order that the same hemisphere would be used to set intensity levels and
to perform the primary experiments. The motor threshold (MT) then
was determined by finding the minimum amount of TMS intensity that
was required to elicit a clearly visible hand twitch in the relaxed left,
nondominant, hand in at least 5 of 10 attempts. Stimulation was set to
120% of the MT.

At the start of each block, the exact TMS location was determined by
using Brainsight (Rogue Research) neuronavigation software, and was
marked on a tight-fitting swimming cap. Sham TMS was given over the
rEBA by tilting the coil in a 90° angle from the skull. For TMS over rEBA
or TOS, the handle of the coil was oriented upward; the exact orientation
was adjusted individually to minimize muscle stimulation.

Stimuli. Natural scene pictures were selected from an on-line database
(Russell et al., 2008) and were a subset of those used in previous fMRI
studies (Peelen et al., 2009; Peelen and Kastner, 2011). Pictures could
contain one or more people (but no cars), one or more cars (but no
people), or no cars and no people. The pictures were primarily photo-
graphs of city streets. The position, viewpoint, and size of the people and
cars in the pictures were highly variable, mimicking real-world viewing
conditions (Fig. 1). Perceptual masks were colored pictures of a mixture
of white noise at different spatial frequencies on which a naturalistic
texture was superimposed (Walther et al. 2009). Within a TMS session
each of the presented pictures was unique. All pictures were full-color
photographs reduced to 480 (vertical) � 640 (horizontal) pixels.

Experiment 1 procedure. To ensure that EBA could effectively be stim-
ulated with TMS, participants were selected for whom TMS over rEBA
caused impaired body discrimination performance in several different
pilot experiments. These informal pilot experiments, adopted from pre-
vious studies (Urgesi et al., 2004; Pitcher et al., 2009), with identical
stimuli and timings, but with only sham or TMS over rEBA, required
participants to discriminate the shape of isolated body part stimuli using
a delayed match-to-sample paradigm. We either used identical TMS
stimulation (N � 22), or used off-line theta TMS instead (N � 4). Of
these, 14/26 (54%) showed lower mean body discrimination perfor-
mance after rEBA TMS, relative to sham TMS. These participants were
asked to participate in Experiment 1; 12 of them (2 male; mean age 24
years, SE � 1.3) agreed to do so. By using this selection procedure, we
ensured that TMS was likely to be effective in disrupting rEBA in our
sample, excluding participants for whom TMS was unable to effectively
target rEBA due to, for example, large skull–EBA distance, ineffective coil
orientation, and/or TMS intensity that was too low. It should be noted,
however, that our selection procedure potentially limits the generaliz-
ability of results, as our results only apply to those individuals who pre-
viously showed an effect of rEBA TMS on body discrimination (Urgesi et
al., 2004, 2007a,b; cf. Pitcher et al., 2009).

Participants were tested in two sessions. The first session was used to
titrate presentation times and TMS was not applied. In the second ses-
sion, presentation time was fixed, and TMS (or sham TMS) was applied.
Data from one participant were dropped due to extremely poor overall
performance on the task (all D-primes � 1); including this participant’s
data in the analysis did not change the overall pattern of results.

Participants were seated in front of a CRT computer screen (1024 �
768 pixel dimensions, 85 Hz refresh rate); a chin rest held viewing dis-
tance constant at 57 cm. Each trial began with the presentation of an
outline circular fixation point at the center of the screen, which indicated
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that the trial was ready to begin (Fig. 2). When ready, participants initi-
ated the trial with a keypress, at which point the outline fixation point was
filled in (black). To reduce participants’ ability to anticipate the stimulus,
there was then a variable delay interval of 750 –1000 ms during which
only the fixation point was visible. Next, a single, full-color natural scene
was presented centered on fixation and spanning 10° width and 8° height.
In the first session, duration of this stimulus was varied in different blocks
among 35, 47, and 59 ms. Based on results from the first session, scene
duration was set at 47 ms (four screen refreshes) for the second session. At
this duration most participants performed above chance but below ceiling.
On each trial in the second session, TMS pulses were delivered at �200,
�100, 0, �100, and �200 ms relative to the onset of the scene image.

The scene was replaced by one of the mask images, selected randomly
on each trial. The mask was presented for 300 ms. Subsequently the
words “present” and “absent” were presented to either side of the fixation

point, spatially compatible with the relevant
response keys. Participants were asked to de-
cide whether the target item for that block
(person or car) was present; accuracy (not
speed) was emphasized. An intertrial interval
of 4 s was then enforced before participants
could begin the next trial.

In both sessions, half of the participants
started with the car task (for two blocks) and
half with the people task. For the first session,
40 trials were tested for each of the three target
durations in separate blocks. For the second
session, stimulation type (rEBA or sham) and
task (detect people or cars) were varied across
four blocks of 108 trials each. Orthogonally,
half of the participants were tested in the order
{sham, rEBA, sham, rEBA} or {rEBA, sham,
rEBA, sham}. A 2 min break was enforced every
36 trials. The coil was changed during every
break to prevent overheating, and the stimula-
tion location was checked.

Experiment 2 procedure. The participants in
Experiment 2 had not taken part in Experiment
1. They were selected from a group of 23 par-
ticipants who participated in another TMS ex-
periment (not reported here) that included, in
addition to other conditions, conditions in
which TMS was applied over EBA during per-
son and car detection tasks. As in Experiment
1, TMS pulses were applied both before and
after the onset of the scene image (�200,
�100, 0, �100, �200 ms), and 18/23 partici-
pants (78%) showed stronger effects of TMS
on person detection than on car detection. The
9 participants in Experiment 2 (three male,
mean age � 23, SE � 1.33) were selected from
these 18 participants.

The present study tested if decreased perfor-
mance on the person-detection task following
TMS over EBA was primarily the result of TMS
interfering with the preparatory interval, the
postprocessing interval, or both. Each partici-
pant was tested over 2 days. The first day con-
sisted of a replication of Experiment 1
(Experiment 2a). On the second day (Experi-
ment 2b), participants were tested in four
blocks (90 trials each) of the person-detection
task (the car task was not tested). Block types
were determined from the factorial combina-
tion of {pretarget or post-target stimulation} �
{sham or rEBA stimulation site}. In pretarget
blocks, two TMS pulses were delivered, at
�200 and �100 ms relative to the onset of the
scene. In post-target blocks, two pulses were
delivered at �100 and �200 ms. The order of

blocks was counterbalanced across participants. In other respects the
procedures were identical to Experiment 1 (Fig. 2).

Experiment 3 procedure. In Experiment 3 (N � 16; nine new unselected
participants (four male) and seven randomly selected from Experiments
1 or 2 (five male), mean age � 20, SE � 0.4) we tested performance on a
localization task (Fig. 3). On each trial, two natural scenes were pre-
sented, in gray scale, to the left and right of the fixation point. The
distance between the two images, center to center, was 18° visual angle.
For the person task, one of the two scenes had a person or people in it, and
the other did not; likewise for the car task. The target item appeared on
either the left or the right with exactly 50% probability across each
block, with the constraint that it never appeared on the same side �5
trials in a row. The two tasks were completed in two separate sessions
(�1 week apart), counterbalanced for order across participants.

Figure 1. Sample real-world scenes used in Experiments 1–3. Columns, from left to right: scenes with people, with cars, with
neither, and masks.

Figure 2. Diagram of experimental protocol from Experiments 1 and 2. Either TMS was delivered to right hemisphere EBA
(functionally localized in each individual), or sham stimulation was applied. Figure elements are not to scale. Inset figure illustrates
typical anatomical location of EBA in a screen capture from Brainsight stereotactic localization software. The small arrow reflects
the estimated trajectory of the TMS coil.
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The two scenes were presented for 94 ms
(eight screen refreshes), after which they were
each replaced with masks, which remained
present until the participant responded. On
each trial, participants were asked to report
with a keypress which of the two scenes con-
tained either people or cars, depending on the
session. Participants were instructed to make
speeded responses. Reaction time was mea-
sured relative to scene onset. Three blocks of 40
trials were tested in each session. During each
block, stimulation was delivered at either right
hemisphere EBA or right hemisphere TOS, or
sham stimulation was applied. Five TMS pulses
were given, time locked to the onset of the target
scenes (e.g., �200, �100, 0, �100, �200 ms).

Results
Experiment 1
The D-prime results were submitted to a
within-participants ANOVA with Task
(car, people) and TMS Site (EBA, sham)
as factors (Fig. 4). There was a significant
main effect of TMS Site, F(1,10) � 21.3, p �
0.005, �p

2 � 0.68, qualified by a signifi-
cant interaction between both factors,
F(1,10) � 8.4, p � 0.05, �p

2 � 0.46. There
was no significant main effect of Task,
F(1,10) � 1.1, p � 0.32, �p

2 � 0.10. Simple effects tests for each
task revealed significantly lower D-prime on the people task for
EBA stimulation (1.63 (SE � 0.18)) compared with sham stimu-
lation (2.32 (SE � 0.15)), t(10) � 5.5, p � 0.001. In contrast, there
was no significant difference on the car task (rEBA � 1.78 (SE �
0.09); sham � 1.91 (SE � 0.15)), t(10) � 0.97.

The signal detection framework allows us to separate D-prime
(sensitivity to detect the presence or absence of a specified target
in a natural scene) from criterion (level of evidence at which the
observer is willing to report that a target is present). Criterion
measures (C � �0.5 � (zHit � zFA)) were submitted to a
within-participants ANOVA with Task (car, people) and TMS
Site (EBA, sham) as factors. There were no significant main ef-
fects, all F � 1. However, there was a significant interaction,
F(1,10) � 10.1, p � 0.01, �p

2 � 0.50. Simple effects tests for each
task revealed significantly higher criterion on the people task for
EBA stimulation (0.44 (SE � 0.13)) compared with sham stimu-
lation (0.39 (SE � 0.13)), t(10) � 2.82, p � 0.05. In contrast, there
was a significantly lower criterion on the car task for EBA stimu-
lation (0.19 (SE � 0.14)) relative to sham (0.39 (SE � 0.15)),
t(10) � 2.30, p � 0.05. Thus EBA stimulation made participants
more conservative in the people task, and more liberal in the car
task, relative to sham stimulation.

Reaction times were submitted to a within-participants
ANOVA with Task (car, people), TMS Site (EBA, sham), and
Trial Type (Hit, CR) as factors. There was a significant main effect
of Trial Type, F(1,10) � 31.2, TMS Site, p � 0.005, �p

2 � 0.76,
caused by slower response times during CR trials (613 ms)
compared with Hit trials (562 ms). In addition, there was a
significant interaction between Task � TMS, F(1,10) � 6.2, p �
0.05, �p

2 � 0.38. Follow-up paired sample t tests did not reveal
any significant reaction time effect for the People task (Sham
(580 ms (SE � 42)) versus rEBA (596 ms (SE � 36)), t�1), nor
for the Car task (Sham (599 ms (SE � 38)) versus rEBA (575
ms (SE � 40)), t(10) � 1.5, p � 0.17). No other main effects or
interactions were significant.

Experiment 2a
D-prime results were submitted to a within-participants ANOVA
with Task (car, people) and TMS Site (EBA, sham) as factors.
There was a significant main effect of TMS Site, F(1,8) � 8.5, p �
0.05, �p

2 � 0.51, qualified by a significant interaction, F(1,8) �
14.6, p � 0.01, �p

2 � 0.65. Simple effects tests for each task
revealed significantly lower D-prime on the people task for EBA
stimulation (1.87 (SE � 0.14)) compared with sham stimulation
(2.42 (SE � 0.16)), t(8) � 4.6, p � 0.005. In contrast, there was no
significant difference on the car task (rEBA � 2.07 (SE � 0.18);
sham � 2.10 (SE � 0.18)), t(8) � 0.9. Criterion results were
submitted to a within-participants ANOVA with Task (car, peo-
ple) and TMS Site (EBA, sham) as factors. There were no signif-
icant effects (all F � 1.1).

Experiment 2b
D-prime results were submitted to a within-participants ANOVA
with Timing (pre, post) and TMS Site (EBA, sham) as factors
(Fig. 5). Neither main effect reached significance, F(1,8) � 2.65,

Figure 3. Diagram of protocol for Experiment 3. TMS was delivered to right hemisphere EBA (as in Experiments 1 and 2), or to
the functionally defined, scene-selective focus of the TOS, or sham stimulation was applied. Figure elements are not to scale. Inset
figure illustrates typical anatomical location of TOS in a screen capture from Brainsight stereotactic localization software.

Figure 4. Results of Experiment 1. D-prime for detection of people (but not cars) in natural
scenes is reduced by TMS over rEBA, relative to sham stimulation. This pattern was also repli-
cated in a separate group of participants (see Results). Error bars in this and all following data
figures indicate SEM.
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�p
2 � 0.25 and F(1,8) � 0.12, �p

2 � 0.01, respectively. Impor-
tantly, the interaction was significant, F(1,8) � 5.6, p � 0.05,
�p

2 � 0.41. For sham stimulation, there was no significant effect
of timing (pre-TMS � 2.21 (SE � 0.14); post-TMS � 2.24 (SE �
0.17)), t(8) � 1. In contrast, for EBA stimulation, poststimulus
TMS (2.00 (SE � 0.12)) produced significantly worse perfor-
mance than prestimulus TMS (2.38 (SE � 0.13)), t(8) � 2.9, p �
0.05. Criterion results were submitted to a within-participants
ANOVA with Timing (pre, post) and TMS Site (EBA, sham) as
factors. Neither main effect reached significance, both F � 1. The
interaction of these factors was significant, F(1,8) � 6.09, p � 0.05,
�p

2 � 0.43. However, simple effects tests for each TMS condition
separately revealed no significant differences (Pre-Sham (0.26
(SE � 0.11)) versus Post-Sham (0.47 (SE � 0.15)), t(8) � 1.77,
p � 0.11; Pre-TMS (0.43 (SE � 0.18) versus Post-TMS (0.29
(SE � 0.18)), t(8) � 1).

Reaction times were submitted to a within-participants
ANOVA with TMS Time (pre, post), TMS Site (EBA, sham), and
Trial Type (Hit, CR) as factors. There was a significant main effect
of Time, F(1,8) � 18.6, p � 0.01, �p

2 � 0.70, caused by speeding
up of response times when TMS was applied during the prepara-
tory interval (457 ms (SE � 28)) compared with the postinterval
(504 ms (SE � 27)). No other main effects or interactions were
significant (TMS Site F(1,8) � 2.6, p � 0.15, �p

2 � 0.24, all other
F � 1).

Experiment 3
Mean response time from accurate trials (93% of trials) for which
response time was within the range of 200 –1000 ms, were sub-
mitted to an ANOVA with Task (car, people), TMS Site (EBA,
TOS, sham), and Hemifield (left, right) as factors (Fig. 6). Signif-
icant main effects of Task, F(1,15) � 4.9, p � 0.05, �p

2 � 0.24, and
of TMS Site, F(2,30) � 3.4, p � 0.05, �p

2 � 0.18, were qualified by
an interaction of these two factors, F(2,30) � 4.0, p � 0.05, �p

2 �
0.21. No other main effects or interactions were significant, all
F � 1.6. The interaction of Task and TMS Site was followed up
with separate one-way ANOVAs, collapsing across Hemifield,
separately for each task. For the car task, there was no reliable
effect of TMS Site, F(2,30) � 1.6, p � 0.23, �p

2 � 0.09. In contrast,
for the people task, there was a significant main effect of TMS
Site, F(2,30) � 4.4, p � 0.05, �p

2 � 0.23. In follow-up pairwise t
tests, the response times for EBA stimulation (415 ms (SE � 18)
were significantly slower than for TOS stimulation (386 ms (SE �
11), t(15) � 2.2, p � 0.05. Response times for EBA stimulation

were marginally significantly slower than for sham stimulation
(394 ms (SE � 11), t(15) � 1.9, p � 0.08.

The mean error rates were submitted to a similar ANOVA.
There was a significant main effect of TMS Site, F(2, 30) � 4.8, p �
0.05, �p

2 � 0.24, and a significant interaction between Task �
TMS Site, F(2, 30) � 3.7, p � 0.05, �p

2 � 0.20. Separate ANOVAs
were performed for each task. For the car task, there were no
significant effects, but the main effect of TMS Site was significant
for the people task, F(2, 30) � 6.5, p � 0.005, �p

2 � 0.30. Error
rates on this task were slightly but reliably (p � 0.05) higher
during TMS over TOS (8.1% (SE � 0.7%)) compared with both
TMS over EBA (6.2% (SE � 0.7%)) and sham (5.6% (SE �
0.6%)). This effect of TOS stimulation, while not germane to the
present study, is notable given the results of a recent TMS study
on this region. Ganaden et al. (2013) found that while left TOS
stimulation did not differentially interfere with a man-made/nat-
ural scene categorization task, it did result in slower reaction
times and lower accuracy rates, relative to a control condition.
Further, Dilks et al. (2013) found that TMS over this region
selectively impaired discrimination or categorization of highly
similar or degraded buildings and scenes (relative to similar
tasks on faces or objects). Person detection/discrimination
was not tested.

Discussion
Human observers can efficiently detect abstractly specified tar-
gets in complex natural scenes, even when these are presented
very briefly (Intraub, 1981; Thorpe et al., 1996; Li et al., 2002).

Figure 5. Results of Experiment 2b. Dual-pulse TMS over EBA immediately after (�100,
�200 ms) stimulus presentation reduces D-prime for person detection, relative to TMS before
(�200, �100 ms) presentation. No difference between time intervals was found for sham
stimulation.

Figure 6. Results of Experiment 3. EBA stimulation, relative to TOS stimulation, increases
response times to locate (left/right hemifield) a scene containing people, equivalently for tar-
gets in either hemifield. TMS had no significant effect on a control task requiring left/right
localization of scenes containing cars.
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Here we have demonstrated a causal role for a category-selective
region in detecting its preferred stimulus class in complex scenes.
TMS over rEBA reduced the sensitivity of observers (as measured
by D-prime) to detect people in briefly presented scene pictures.
This reduced sensitivity was specific to EBA (compared with
sham and/or TOS stimulation) and to person targets (compared
with car targets). We found evidence that EBA stimulation is
more effective immediately after stimulus presentation com-
pared with immediately before presentation. TMS also affected
decision criteria in Experiments 1 and 2, making participants
slightly more conservative in Experiment 1, but slightly more
liberal in Experiment 2. In both cases D-prime was reduced; these
findings highlight the value of the signal-detection approach in
separating contributions of sensitivity and response criterion to
detection performance. Finally, we found evidence from a
response-time measure that the effects of right hemisphere EBA
stimulation extend to person detection in both hemifields. Col-
lectively, these findings have implications for our understanding
of the neural basis of natural scene categorization, and for under-
standing the properties of category-selective brain regions iden-
tified with fMRI.

Previous neuroimaging studies have shown that the detection
of objects in natural scenes is associated with the evocation of
distributed category-specific patterns of neural activity in the oc-
cipitotemporal cortex (Peelen et al., 2009; Peelen and Kastner,
2011). Interestingly, person selectivity in EBA was strongly mod-
ulated by task relevance: EBA was person selective when partici-
pants sought to detect people, but not when they detected the
presence of cars in the same scenes, suggesting a role for EBA in
person detection (Downing and Peelen, 2011). The present TMS
results provide evidence for a causal involvement of the rEBA in
the detection of people in natural scenes.

Our results also showed that TMS was more effective at im-
pairing person detection when delivered immediately after
(�100 and �200 ms) than immediately before (�200 and �100
ms) the presentation of the target scenes. We speculate that the
contribution of EBA to the present task is to on-line processing of
the stimulus, rather than to anticipatory prestimulus activity.
This is in line with the findings of a recent fMRI study, in which
overall preparatory activity in EBA did not differ for trials on
which participants prepared to detect people as compared with
cars (Peelen and Kastner, 2011). Instead, it was shown that dis-
tributed activity patterns in object-selective cortex discriminated
the two preparatory states, and that such preparatory activity
patterns were correlated with object detection performance
(Peelen and Kastner, 2011). Together with the present findings,
this suggests that the preparation to detect people is reflected in
distributed patterns partly outside EBA, with EBA subsequently
being critical for deciding whether a scene picture contains a
person or not.

Previous TMS studies on natural scene categorization have
shown a causal role for early visual cortex in detecting animals in
scenes (Camprodon et al., 2010; Koivisto et al., 2011). V1/V2 was
causally involved in animal detection at two time intervals (100
and 220 ms; Camprodon et al., 2010), both before and after lat-
eral occipital cortex (LO) was implicated in the task (Koivisto et
al., 2011). These results were interpreted as reflecting recurrent
interactive processing, with both feedforward and feedback con-
nections between LO and V1/V2 contributing to animal detec-
tion. Future studies could test whether recurrent processing is
similarly important for the detection of people in scenes, and if
so, whether EBA (rather than LO) is the source of feedback to
early visual cortex during person detection.

Another TMS study on natural scene perception found that
TMS over LO facilitated scene processing (Mullin and Steeves,
2011). In that study, rather than detecting the presence of object
categories in scenes, participants indicated whether the scenes
were natural or man-made environments. It is likely that this type
of scene discrimination is performed based on global scene prop-
erties such as the global layout of the scene, the spatial frequency
distribution of the image, or the overall amount of clutter (Oliva
and Torralba, 2007). Processing such global features may rely on
a different neuroanatomical pathway than that involved in de-
tecting within-scene objects (Wolfe et al., 2011). Inhibitory con-
nections between the object and scene pathways could then
account for the facilitatory effects observed in Mullin and Steeves
(2011). The dual-pathway hypothesis is supported by fMRI stud-
ies showing that activity patterns in lateral occipitotemporal cor-
tex contain information about within-scene objects, while
patterns in scene-selective areas such as parahippocampal place
area, TOS, and retrosplenial cortex contain information about
global scene layout (Goh et al., 2004; Walther et al., 2011; Kravitz
et al., 2011; MacEvoy and Epstein, 2011; Park et al., 2011; Harel et
al., 2013).

All previous TMS studies of EBA, as well as those of face-
selective occipital and temporal regions, have tested single target
stimuli that were presented in isolation against a simple, neutral
background (Urgesi et al., 2004, 2007a,b; Pitcher et al., 2007,
2008, 2009; Candidi et al., 2008; Calvo-Merino et al., 2010).
While these studies have uniformly shown selective disruption by
TMS on tasks involving the preferred category of a region (as
measured with fMRI and event-related potential, ERP), the use of
such stimuli limits conclusions about a region’s role in real-world
vision.

Furthermore, in all previous TMS studies of the behavioral
effects of EBA stimulation, participants performed a body dis-
crimination task. Typically, a body (or body part) stimulus was
presented, followed by a brief delay, followed by either one test
image (task: same or different?) or two test images (task: which
matches the sample?). TMS was delivered in the interval or dur-
ing the test stimulus. A similar task protocol was also used in a
study of neurological patients with occipitotemporal damage
(Moro et al., 2008). Thus these findings, while important dem-
onstrations of selectivity, leave open the question of whether EBA
selectively contributes to the detection of people. The target stim-
uli (people) in the images tested here, when present, appeared in
complex background scenes. They varied in number, position,
posture, and identity, and could be occluded to varying degrees.
The finding that EBA stimulation interferes with such a task ar-
gues strongly for a causal role in detecting other people, and
further that this region contributes to a representation that cap-
tures general abstract visual features of the human body. Of
course, these findings do not contradict an additional role for
EBA in the discrimination of body shapes, or in short-term mem-
ory maintenance of body-related perceptual information.

Studies of body perception using ERP or intracranial electro-
physiological recordings demonstrate a body-selective negative
deflection in the region of EBA, peaking at about 190 ms after
stimulus onset (Stekelenburg and de Gelder, 2004; Pourtois et al.,
2007; Taylor et al. 2010, Thierry et al., 2006). Recent evidence
shows that TMS over EBA modulates this N1 response, selectively
increasing its amplitude only to images of bodies (Sadeh et al.,
2011). Consistent with these ERP findings, our results showed
that TMS was effective at impairing person detection when
delivered at 100 and 200 ms after the presentation of the target
scenes.
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Our final experiment showed that TMS to EBA delayed cor-
rect responses in a localization task. These results suggest that
right hemisphere EBA is implicated in person detection across
both sides of the visual field. A previous study using fMRI with
multivariate pattern analysis (Chan et al., 2010) reported con-
tralateral biases in the discrimination of body parts, with, for
example, stronger discrimination via rEBA patterns of types of
body parts presented in the left hemifield. Although superficially
contradictory, the two sets of results are difficult to compare
directly as they involve different measures on different tasks, op-
erating over different timescales. Nonetheless these findings sug-
gest further studies in which the laterality of TMS (left vs right
EBA) is manipulated systematically. Such studies would shed
light on the organization of spatial information in occipitotem-
poral regions, a topic of great recent interest (Niemeier et al.,
2005; Hemond et al., 2007; MacEvoy and Epstein, 2007; Schwar-
zlose et al., 2008; Kravitz et al., 2010; Taylor and Downing, 2011).
They could also inform us about differences between left and
right EBA in the response to body perspectives (Chan et al., 2004;
Saxe et al., 2006) and haptic perception (Costantini et al., 2011).
Finally, given recent reports that the lateralization of EBA re-
sponses depends on gender and handedness (Aleong and Paus,
2010; Willems et al., 2010) these factors should also be examined
systematically.

In summary, activity in the rEBA area contributes causally to
the detection of people in natural scenes. This is consistent with
our previous proposal (Downing and Peelen, 2011) that this re-
gion, together with the fusiform body area (Peelen and Downing,
2005), creates a mid-level representation of the shape and posture
of perceived human form. In doing so, it extracts vital informa-
tion rapidly and efficiently, performing a core function of the
social brain.
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