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Abstract

In the present study, we investigated how different processing stages involved in the perceptual analysis of biological motion (BM) are
reflected by modulations in event-related potentials (ERP) in order to elucidate the time course and location of neural processing of BM. Data
analysis was carried out using conventional averaging techniques as well as source localization with low resolution brain electromagnetic
tomography (LORETA). ERPs were recorded in response to point-light displays of a walking person, an inverted walking person and displays
of scrambled motion. Analysis yielded a pronounced negativity with a peak at 180 ms after stimulus onset which was more pronounced for
upright walkers than for inverted walkers and scrambled motion. A later negative component between 230 and 360 ms after stimulus onset had
alarger amplitude for upright and inverted walkers as compared to scrambled walkers. In the later component, negativity was more pronounced
in the right hemisphere revealing asymmetries in BM perception. LORETA analysis yielded evidence for sources specific to BM within the
right fusiform gyrus and the right superior temporal gyrus for the second component, whereas sources for BM in the early component were
located in areas associated with attentional aspects of visual processing. The early component might reflect the pop-out effect of a moving dot
pattern representing the highly familiar form of a human figure, whereas the later component might be associated with the specific analysis
of motion patterns providing biologically relevant information.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction human walker, determine his/her gend8r16,33,34,58]
recognize various action patterfis3], identify individual
The human visual system is very sensitive to the detection persons[17] and even recognize themselvé8]. The
of animate motion patterns. We can efficiently detect another evolutionary importance of the perception of animate motion
living being in a visual scene, recognize human action pat- patterns has led to the development of a specific neural
terns and attribute many features of psychological, biological machinery as shown by several brain imaging studies using
and social relevance to other persons. fMRI and PET[11,24-27,51,62]These studies report selec-
An experimental approach for studying information from tive activation of the superior temporal sulcus (STS) to visual
biological motion (BM) with reduced interference from non stimuli consisting of BM. In addition to area STS, activation
dynamic cues is to represent the main joints of a person’s specific to BM has also been shown in the cerebellum
body by bright dots against a dark backgroJy8d]. From [25,62] area VP[51], the amygdaldl1] and the occipital
such point-light displays, observers can easily recognize aand fusiform face aref27]. Activity in the STS-region is
not induced by meaningful and coordinated non-biological
* Corresponding author. Tel.: +49 234 32 23174; fax: +49 234 32 14622, Motion such as the pendulum movements of a grandfather
E-mail addressdaniel jokisch@ruhr-uni-bochum.de (D. Jokisch). clock [44]. A dissociation between visual processing of
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moving humans and moving manipulable objects was also stimuli, and they evoked larger ERPs compared to control
supported by Beauchamp et |d] by showing STS activity  stimuli at around 200 ms post motion onset. Puce and Perrett
to human point-light and video displays in contrast to activity [46] recently concluded that specialized visual mechanism
in the middle temporal gyrus to tool video and point-light exist in the STS complex of both humans and non-human
displays. primates which produces selective neural responses to mov-
According to a neural model based on BM perception ing natural images of faces and bodies. These mechanisms
studies, both the dorsal and ventral processing streams conare also involved in the processing of point-light displays of
tribute to the perceptual analysis of BM3]. The ventral BM.
form pathway is thought to provide information about se- Whereas substantial knowledge is available about the neu-
quences of body postures; the dorsal motion pathway isral structures underlying BM perception, many issues con-
thought to provide information about complex optic flow pat- cerning the processing stages and their temporal character-
terns. Data from both pathways are integrated in the STSistics in humans are as yet unclear. Hirai eff29] tried to
region. clarify the neural dynamics in BM perception by comparing
This region is not only involved in the perception of whole ERPs elicited by point-light displays of BM and scrambled
body movements. Activation of STS is also observed during motion. They report that both types of stimuli elicited peaks
perception of movements of the eyes, hand and mouth andat around 200 and 240 ms which were larger in the BM con-
even when looking at implied motion in static imadé$. dition than in the scrambled motion condition.
With respect to face perception, STS is suggested to be in- The aim of the present study was to further elucidate the
volved in the processing of dynamic aspects of faces that nature, time course and location of neural processing involved
convey information facilitating social communicatif28]. in the perception of BM by using event-related potentials and,
Results from imaging studies as well as from simula- in addition, low resolution brain electromagnetic tomogra-
tions [23] are consistent with neuropsychological findings phy (LORETA). Point-light displays of whole body motion
in neurological patients suffering from focal brain lesions in upright and inverted orientation served as stimuli in or-
[15,35,50,60,61]These case studies provide evidence for a der to focus on the dynamic aspects of body motion and to
dissociation between mechanisms involved in the perceptionreduce form cues from body shape. In contrast to some pre-
of BM on the one hand, and mechanisms involved in inani- vious ERP-studiegl7,64]and in accordance to the approach
mate visual motion tasks or static object recognition tasks on of Hirai et al.[29], in the current study form information
the other hand. has to be derived from the information of the motion trajec-
One approach to study the neuronal dynamics of percep-tories. Furthermore, the comparison of upright and inverted
tion of action is to measure activity when presenting stimuli biological motion aims to provide deeper insight into dis-
consisting of body movements in full view in which the dis- tinct processing stages associated with BM since inverted
play initially stands still and movement onset occurs with a displays convey the same structural information as upright
delay. Neural responses to onset of movements of the mouthBM but the detection of an actor is substantially impaired
and the eyeft7] were observed within 200 ms after motion as shown in several psychophysical experimgtizss3,59]
onsetas measured by ERPs. Facial movements occurring on &ontrol stimuli were displays of scrambled motion in which
continuously present face elicited different N170 amplitudes dots have the same motion vector as in the BM condition but
for mouth opening versus closing and for eye aversion ver- with their initial position being randomized. We predicted an
sus eyes gazing at the observer. Similar results were found forinversion effect for biological motion in the time window up
the observation of whole body actions of othf4]. ERPs to 200 ms after stimulus onset as usually found for faces or
elicited in response to movement onset in movie sequences obther stimulus categories for which the observer is an expert.
body stepping, hand closing and opening, and mouth open-Moreover, we expected an ERP source specific to upright BM
ing and closing were selective for specific hand and body in the STS-complex, concerned with the fine analysis of mo-
motions. tion patterns which provide biologically relevant information
Findings from ERP and functional imaging studies in hu- and contribute to social perception.
mans are complemented by electrophysiological studies in
monkeys. Single cell recordings in the macaque superior
temporal polysensory area (STP) yielded neurons which re-2. Methods
sponded selectively to the sight of whole body movements as
well as to point-light displays of BM38]. Many STS cells 2.1. Participants
integrate information about the form and motion of animate
objects[39]. 15 healthy volunteers (8 females, 7 males; ages 20-35
Further support for the notion that also the temporal lobe years) participated in this study, which was undertaken with
integrates facial form and motion in humans stems from an the understanding and written consent of each participant.
fMRI and ERP study of visual processing of natural and line- The procedure was approved by the Ethics Committee of
drawings displays of moving facd48]. The STS and the the Ruhr-University Bochum. All participants had normal or
fusiform gyrus responded selectively to both types of face corrected-to-normal vision.
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2.2. Stimuli screen; successive trials were separated by intertrial intervals
of 2000 ms in which a black screen was presented. Stimulus

The visual stimuli used in this study were obtained from and motion onset occurred simultaneously. The experiment
20 men and 20 women walking on a treadmill, which served consisted of 60 trials per condition, resulting in 180 trials
as models to acquire BM data. Data were recorded in 3D altogether which were presented in randomized order. Par-
space using a motion capture system (Vicon; Oxford Met- ticipants were asked to maintain central eye fixation during
rics, Oxford, UK). A framework which allows using linear the trials and to respond as quickly and accurately as possi-
methods to transform BM da{&8] was applied. As result  ble by pressing the right button to dot patterns representing
of this procedure, an “average walker” was computed from BM (in upright and inverted orientation) and the left button
our data set and animated as a point-light display. The dotsto scrambled motion. Observers did not receive feedback on
representing the major joints of the body were located at the their responses. Before starting the experimental trials ob-
ankles, the knees, the hips, the wrists, the elbows, the shoul-servers were shown some demonstration trials of all stimulus
ders, the center of the pelvis, on the sternum, and in the centerconditions in order to familiarize them with the display and
of the head. the setup.

The point-light displays were presented in frontal view on
a black screen either in upright orientation, inverted orienta- 2.4. EEG-recording
tion (180 rotated in fronto-parallel plane) or as scrambled
motion.Fig. lillustrates the three categories of visual stim- EEG was recorded with Ag-AgCl electrodes mounted in
uli. In the latter condition, the moving dots had the same an elastic cap from 30 scalp sites (F5, FZ, F6, T7, C5, C3,
local motion trajectories as in the upright BM displays, but CZzZ, C4, C6, T8, TP7, CP5, CP3, CP4, CP6, TP8, P7, P5, P3,
their initial starting position was randomized destroying the PZ, P4, P6, P8, PO7, O1, OZ, 02, PO8, Al, A2) according
spatial relation among the dots. The area in which the scram-to the 10—20 system, referenced to an electrode on the tip of
bling occurred was matched with respect to size to the otherthe nose. EOG was recorded from above and below the left
stimulus conditions. eye as well as from the outer canthi of both eyes. Impedance
was kept below 5&. A Neuroscan Synamps System with
related software was used for recording. EEG was sampled
with 200 Hz and stored on hard disk.

Participants were seated in a dimly lit sound attenuated _ The EEG data were analyzed off-line using the Brain Vi-
cabin, with response buttons under their right hands. A com- Sion Analyzer software package. Raw data were digitally fil-
puter screen was mounted at a distance of 90 cmin front of thetéred with a 0.1 Hz high-pass and a 40 Hz low-pass filter and
participant’s eyes. At this distance the stimuli subtended a vi- S€gmented into epochs ranging from 200 ms before stimu-
sual angle of approximately £.1n height and 1.6in width. lus onset to 2000 ms after stimulus onset. After removing

All stimuli were presented for 800 ms at the center of the S€gments containing artifacts, ocular correction was carried
out. Artifact detection was automatically performed (crite-

rion £75uV) and visually checked, afterwards. Epochs were
baseline-corrected using the signal during the 200 ms that
preceded the onset of the stimulus and averaged according to
the three experimental conditions. Thereafter, grand averaged
ERPs were calculated. Since the error rate was generally very
low (less than 5%), all trials were included in the analysis.

2.3. Experimental setup

BEM IBM SCR

2.5. Data analysis

f.’;’?;e

Behavioral performance was analyzed by conducting a
repeated measure one-way ANOVA to determine effects of
stimulus condition on response times. ERP effects of exper-
imental variables were determined by conducting repeated
measures ANOVAs on ERP peak amplitude values (N170)
or ERP mean amplitude values (N300). N170 amplitude was
measured as peak amplitude in the 150-200 ms time range
using an automated procedure. N300 amplitude was defined
as mean activity in the time range between 230 and 360 ms
after stimulus onset and calculated automatically. Peak la-
tencies were analyzed for the N170 component and for the
Fig. 1. Categories of stimuli: BM in upright orientation (BM), BM in in-  POSitive component preceding the N300 component in the
verted orientation (IBM) and scrambled motion (SCR). time window 220-280 ms after stimulus onset. The ANOVASs
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were conducted for the factors stimulus category (BM versus 700 7
inverted BM versus scrambled motion), selected electrode lo- 600
cations (01, O2 versus PO7, PO8 versus P7, P8 versus TP7, —_
TP8) and recording side (right versus left). Electrode selec- _g 500 - //T
tion was based on the main areas of interest as suggested g 400 1 /
by previous functional imaging studig$1,24—-27,51,62] = /
Greenhouse-Geisser adjustments to the degrees of freedom 2 300 -
were performed when appropriate. §-

& 200 /

100 - /

2.6. LORETA-analysis 0 . .

) BM IBM SCR
LORETA [40,41] calculates the current density at each

voxel in the gray matter and the hippocampus of a referenceFig. 2. Reaction times for correct responses in the three experimental con-
brain as a linear, weighted sum of the scalp electric poten- ditions. Error bars indicate S.E.M.

tials. 'LORETA chqoses the smoothest of. all possible gurrent 3.9 ERP effects

density configurations throughout the brain volume. This pro-

cedure only implicates that neighboring voxels should have
a maximally similar activity, no other constraints are used.

LORETA-images represent the electrical activity at each of

the voxel as squared magnitude of the computed current
density.

Amplitudes of the N170 component and mean activ-
ity between 230 and 360 ms (N300) were exported from
the results as ASCII data for LORETA analysis. For each
subject and each condition, one LORETA image was gen-
erated. These images were convertattp(//www.ihb.spb.
ru/ petlab/L2S/L2SMain.htrp for further analysis with
SPM99 fttp://www.fil.ion.ucl.ac.uk/spny/ In SPM99 a
PET/SPECT design with a two sampleest was performed.
The following parameters were used for the analysis: global
normalisation with proportional scaling and proportional
scaling to a global mean = 50, absolute threshold masking
with an analysis threshold set to 0 and global calculation of
mean voxel value (within per image).

The level of significance was set R<0.03. Foci of sig-
nificant differences were transformed into Talairach space
[54] using the algorithm suggested by Bréittp://www.mrc-
cbu.cam.ac.uk/Imaging/mnispace.htribr anatomical la-

Fig. 3A shows grand averaged ERPSs in response to the
three experimental conditions. In the latency window up
to 400ms after stimulus onset, two distinct components
emerged in all experimental conditions. The first negative
component peaks on average at a latency of 183 ms. In ac-
cordance with previous studi¢46—48,64] this component
was termed N170.

The later negative component is located in the time win-
dow between 230 and 360 ms after stimulus onset. We refer
to this second negative component as NJ&Q. 3B shows
the difference waveforms of BM minus scrambled motion as
well as inverted BM minus scrambled motion to illustrate the
differential amplitudes of BM and inverted BM compared to
scrambled motion. These difference waveforms reach their
largest amplitudes earlier than the N170 peak and the N300
peak, respectively.

3.3. N170 amplitude and latency
N170 amplitude was assessed individually as peak ampli-

tude withinthe 150-200 ms latency window. ANOVA yielded
significant main effects of stimulus conditiof(@,28) =9.97;

belling. P=0.001) and electrode locatioR(2,28) = 4.42P = 0.044)
as well as a significantinteractioR(@,28) = 3.31P=0.018).
Differences between stimulus conditions were tested post-
3. Results hoc with Bonferroni adjusted measures yielding a significant
difference between the BM and scrambled motion conditions
3.1. Behavioral performance (P = 0.003) and between the BM and inverted BM condi-

tions (P = 0.029). The main effect of electrode locations is

Behavioral performance of correct identification of all due to generally smaller peak amplitudes at parieto-temporal
three stimulus categories exceeded 95% across all conditionselectrodes in comparison to the other sites. The interaction
RTs in the upright BM condition were significantly shorter between stimulus condition and electrode location reflects
than in the other conditiond=(2,20) = 27.66;P < 0.001). larger peak amplitude differences between upright BM and
RTs in the inverted BM condition and in the scrambled mo- the other conditions for posterior electrodes than for anterior
tion condition did not differ significantly from each other as electrodes.
tested post hoc with Bonferroni adjusted measuFés. ). Analysis of peak latencies for the N170 component
RT analysis is based on 11 out of 15 subjects, because of(Table J) did not yield significant differences between the
missing data in four subjects. three conditionsK(2,28) = 0.327 = 0.969).
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Fig. 3. (A) Grand-averaged ERPs recorded at lateral posterior electrodes (left hemisphere: O1, PO7, P7 and TP7; right hemisphere: O2, PO8,i®8 and TP8)
response to BM (solid lines), inverted BM (dotted lines) and scrambled motion (dashed lines). Arrows indicate mean peak latency of the N170 &nd the N30
component. (B) Difference waveforms obtained by subtracting ERP’s to scrambled motion from ERPs to BM (solid line) and by subtracting ERP®tb scrambl
motion from ERPs to inverted BM (dotted line).

3.4. N300 amplitude and latency 14.90;P < 0.001). A post-hoc test with Bonferroni adjusted
measures revealed a significant difference between the BM
The later negative component (N300) was quantified as and scrambled motion conditiorB€ 0.001) and between the

mean amplitude within the 230-360 ms latency window. The inverted BM and scrambled motion conditiof’s{0.003). In
N300 component had a larger amplitude for upright and in- addition, there was a significant interaction between stimulus
verted walkers as compared to scrambled walkef2,28) = condition and side of recordingr(2,28) = 4.21P < 0.027).

This interaction is due to larger differences in mean ampli-
Table 1 tudes between BM and scrambled motion at right temporo-
Peak latencies for the N170 component and the positive peak preceding theparietal and parietal electrodes. This indicates a pronounced

N300 component (means and S.E.M.s in ms) right-hemispheric advantage in visual processing of BM, par-

BM IBM SCM ticularly at later processing stages.
Mean N170 peak latency 184.3 (2.7) 181.6 (3.1) 182.9 (3.1) In addition to amplitude differences, significant differ-
Mean positive peak 246.1(3.4)  2471.7(49)  257.9(3.0)  encesinthe latencie$gble ) of the positive peak preceding

latency pre N300

the N300 component emergelé(2,28) = 4.70;P < 0.024).
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Table 2
Results of LORETA analysis for N170 and N300 contrasts showing Talairach space coordinates, probable Brodman areas (BA) in the range of 3mm and level
of significance

BA X y z P

N170 BMvs. SCR

Lingual gyrus 10 —24 79 -7 0.016

Posterior cingulate gyrus 23,30 -3 —44 22 0.024
N170 BMvs. IBM

Subcallosal gyrus, precuneus -16 —64 23 0.014

Posterior cingulate gyrus 30 -3 -51 16 0.014

Middle occipital gyrus 19 46 —78 11 0.024
N300 BM vs. SCR

Fusiform gyrus, Cerebellum 6 32 —45 -15 0.001

Subcallosal gyrus, Anterior cingulate gyrus 6 -3 9 -11 0.009

Medial frontal gyrus, rectal gyrus 25,11 -10 16 -19 0.015

Superior temporal gyrus 52 —-37 16 0.011
N300 IBM vs. SCR

Inferior frontal gyrus, middle frontal gyrus 47,11 25 29 -12 0.004

Medial frontal gyrus, rectal gyrus 25,11 -3 16 -18 0.013

Anterior cingulate gyrus 25 -3 16 -6 0.013

Superior temporal gyrus 52 —-37 9 0.027

The peak was delayed in the scrambled motion condition, superior temporal gyrus was estimated. Additional sources
whereas the latencies for BM and inverted BM did not differ were observed in the orbitofrontal cortex (subcallosal gyrus
significantly. Moreover, there was also a significant effect of and anterior cingulate gyrus; rectal gyrus and medial frontal
peak amplitudes for this positive pedk(2,28) = 18.76P < gyrus). Results for the inverted BM versus scrambled motion
0.001) with a pronounced positivity for scrambled motion. contrastyielded four distinct sources. One source was located
Amplitude differences between BM and inverted BM were in the right superior temporal gyrus, the other sources were
not significant. located in orbitofrontal brain areas (rectal gyrus and medial

3.5. Source analysis

Source analysis was performed for two reasons: to con-
sider the data from all electrodes during the two time windows
of interest and to get an approximation of the ERP compo-
nent sources. Results of the LORETA analysis are listed in
Table 2 It has to be pointed out that the spatial resolution
of this analysis is not as high as resolution from fMRI ex-
periments. Source analysis was performed separately for the
N170 and N300 component.

For the N170 component, the contrast between upright
BM and scrambled motion and the contrast between upright
BM and inverted BM were calculated, since the ERP am-
plitudes between those conditions differed significantly from
each other. The contrast between upright BM and scrambled
motion revealed sources in the posterior cingulate gyrus and
in the left lingual gyrus. Results for the upright BM ver-
sus inverted BM contrast yielded three distinct sources: one
in the posterior cingulate gyrus, one in the area of the sub-
callosal gyrus/precuneus and another in the right occipital
gyrus Fig. dillustrates schematically the location ofthe N170
sources for both contrasts.

Forthe N300 component, the contrast between upright BM
and scrambled motion and the contrast between inverted BM _ _ _ _

. Fig. 4. LORETA-analysis: group comparison of absolute current density
and Scrambl’_‘ad motion were calculated. _The IarQESt contras alues between the upright BM condition and the scrambled motion condi-
between upright BM and scrambled motion emerged for the tjon (8M-SCR) and between the upright BM condition and the inverted BM
right fusiform gyrus. In addition, a source within the right condition (BM-IBM) for the N170 peak. Three perceéwalue threshold.
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verted BM conditions in later processing stages. Whereas the
sources generating the N170 component are mainly located
in posterior areas near the midline, the later N300 component
is generated by sources in the superior temporal gyrus and
the fusiform gyrus in the right hemisphere.

In our experimental setup, onset of stimulus presentation
and onset of motion occur in parallel. Therefore, the ERPs are
evoked in response to stimulus onset as well as in response
to motion onset and consequently both processes may con-
tribute to the neural responses recorded in the ERPs. The neu-
ral basis of motion perception has been studied psychophysi-
ologically using motion-onset VER3,4,31] Visual motion
onset evokes VEP at two major sites, the occipital/occipital-
temporal sites and the vertex. At occipital sites, visual motion
onset per se evokes ERP components that are dominated by a
minor positivity (P1) around 100-130 ms and a pronounced
negativity (N2) around 150—-200 ms. The negative component
represents motion mechanisms as shown by its susceptibility
to motion adaptation, while the positive component is more
likely associated with form-processing mechanisms. In vi-
sual perception of faces or man-made objects like houses,
stimulus onset elicits a negative component around a latency
of 170 ms[21]. Taking these factors into consideration, the
Fig. 5. LORETA-analysis: group comparison of absolute current density first “‘?Qat've ERP component (N1_70)_0btamed in the present
values between the upright BM condition and the scrambled motion condi- €Xperiment may reflect the contribution of both processes.
tion (BM-SCR) and between the inverted BM condition and the scrambled Since both processes are inherent features of BM, the relative
motion condition (IBM-SCR) in the time range 230-360 ms after stimulus contribution of each process to ERPs is difficult to estimate.
onset (N300). Three perceRivalue threshold. BM processing occurs with very short latencies. Visual

processing needed to perform the highly demanding task of
frontal gyrus; and anterior cingulate gyrus) and in the Infe- discrimination between upright BM patterns on the one hand
rior frontal gyrus. Locations of the N300 sources for both and scrambled motion and inverted BM on the other hand
contrasts are illustrated Fig. 5. can be achieved within a time period of 180 ms. In static im-

LORETA analysis yielded evidence for sources specific ages of natural scenes processing required to decide whether
to BM within the right fusiform gyrus and the right superior  the scene contains an animal can even be performed within
temporal gyrus for the second component, whereas sourceg50 ms, as measured by ERP modulatjbr]. Processing
specific for BM in the early component were located in areas speed cannot be improved by extensive traifi®g], and
associated with attentional aspects of visual processing (posseems to be limited by the underlying neural mechanism.
terior cingulate cortex). Additional sources generating the The present study is concerned with motion rather than with
second component were located in orbitofrontal brain areasstatic stimuli representing animate versus inanimate stimuli.
(anterior cingulate gyrus, medial frontal gyrus). Given a monitor frame rate of 60 Hz, the visual system needs

at least 2/60~ 30 ms to integrate two frames, which is a

prerequisite for generation of a coherent percept in stimuli
4. Discussion of BM. Because of the short latencies obtained in the present

study, it seems likely that the processing of BM must be based

The current results present clear evidence for the involve- on highly automated feed-forward mechanisms.
ment of two distinct processing stages inthe visual analysisof  Nevertheless, we cannot rule out completely that static
BM: an early negative component (N170) peaking at 180 ms cues have played a minor role to perform the discrimina-
after stimulus onset and a later negative component (N300)tion task. The three classes of stimuli can be discriminated
in the time window between 230 and 360 ms after stimulus on the basis of static versions of the displays since the spa-
onset. The N170 component is modulated differently by up- tial arrangement is slightly different for upright, inverted and
right BM in comparison to inverted BM and scrambled mo- scrambled stimuli. Such a discrimination of static displays
tion. The difference between upright and inverted BM reflects would be based purely on geometrical cues and is clearly
an inversion effect in BM perception. The amplitude of the different from the discrimination based on the percept of a
N300 componentdid not differ significantly between inverted walking human figure which is only evoked by animated dis-
and upright BM stimuli, but was less pronounced for scram- plays of biological motion. Moreover, we found sources of
bled motion, indicating similar processing for uprightand in- the ERP signal in the second component in brain areas which




202 D. Jokisch et al. / Behavioural Brain Research 157 (2005) 195-204

were reported to be selectively involved in biological motion serial process since reaction times increased with the num-

perception in several imaging studigsl,24-27,51,62pbut ber of items. The reaction time increase was attributed to
were not reported to be activated by static displays consistingincreasing attentional demands of the task. Results in a dual
of a few dots which match joint positions. task paradigm to explore the role of attention in the process-

The ERP effects are in accordance with psychophysical ing of BM [56] suggested that, in some cases, perception of
findings showing a strong inversion effect in perception of BM can be automatic. But if strategies operating in a global,
BM [9,18,19,37,43,53,5%s well as in face perception, e.g. top-down fashion are required, attentional demands play a
[55,59,63] As expected, the ERP effects are mirrored by be- vital role.
havioral data, showing shorter response times for the detec- The N300 component might reflect processes associated
tion of upright walkers in comparison to inverted walkers and with “vision with scrutiny” according to the reverse hierar-
scrambled motion. Taking into account the longer responsechical theory{30] and is responsible for the fine analysis of
times for inverted BM and scrambled motion, similar mod- BM patterns which is necessary to retrieve visual information
ulations in the early ERP-component in response to inverted of social and psychological relevance. This view is in agree-
BM and scrambled motion can be expected. The pronouncedment with source localization relating to the contrast between
effect for upright BM, therefore, probably reflects the pop- BM and scrambled motion in the second component. These
out effect of BM in familiar orientation that leads to shorter sources are located in the right superior temporal gyrus and
reaction times for the detection of this type of visual informa- the right fusiform gyrus. For the contrast between inverted
tion. This pop-out effect might be associated with the global BM and scrambled motion, there was only one source located
recognition of a human person depicted as a point-light dis- in the superior temporal gyrus. In several brain imaging stud-
play as previously describglO]. ies, the STS complex as well as the fusiform face area were

A pop-out phenomenon resulting from perceptual expe- shown to be involved in perception of B§L1,24-27,51,62]
rience requires the involvement of high-level areas, since The present results from ERPs and source analysis are
complex visual stimuli such as point-light displays of BM in accordance with the findings from these brain imaging
must be integrated in neural populations having large recep-studies.
tive fields. Due to the short latency of the N170 component,  Inadditionto STG and FFG, we also found sources within
this can only be achieved by a feedforward mechanism. Thisthe anterior cingulate cortex and the orbital prefrontal cortex
interpretation is in accordance with the reverse hierarchy the-for the second component. Several studies have shown that
ory [30] suggesting that “vision at a glance” matches a high- the anterior cingulate cortex is involved in response selection
level, generalized, categorical scene interpretation by neural[12], monitoring of performance and conflict evaluat[@]
processing along the feedforward hierarchy of areas leadingand regulation of attentiof#5]. The anterior cingulate cor-
to increasingly complex representations. High-level spread tex source may be thus more related to cognitive processes
attention associated with “vision at a glance” subserves the associated with the task requirements (to make a decision be-
initial, crude global percept of the gist of a scene. The pop- tween two response alternatives) than to perceptual analysis
out effect is only one aspect of this crude initial assessment.of various stimulus classes. A number of studigp pro-

In contrast, for later “vision with scrutiny”, reverse hierar- vided evidence that the orbitofrontal cortex plays a crucial
chy routines focus attention to specific units incorporating role in social cognition and has strong interconnections to
detailed information available there into conscious percep- the STS-complex as well as to the fusiform gyrus which are
tion. Therefore, fine discrimination depends on re-entry to engaged in social perception. In the present study, sources in
low-level specific receptive fields to bind features. the orbitofrontal cortex might also be related to these neural

In the N170 component, sources generating both the con-mechanisms.
trast between BM and inverted BM and the contrast between The ERP correlate of the inversion effectin BM perception
BM and scrambled motion are located in the posterior cingu- are opposite to inversion effects obtained in face recognition
late cortex. This area seems to have different attention-relatedparadigms, in which inverted faces elicit a higher negativity in
functions. It has been suggested that the cingulate region maythe N170 component than upright fadéS]. When compar-
establish a neural interface between attention and motivationing upright faces with control stimuli (consisting of houses,
[52]. In addition, activity in the posterior cingulate cortex was etc.), faces elicit a more pronounced N170 eff@€21]. In
correlated with the speed of detecting a visual target when the present procedure, we used scrambled motion as control
it was preceded by a predictive c{@6]. We assume that  stimuli. There were no differences in the early component
the posterior cingulate cortex might reflect high-level spread between scrambled and inverted BM, indicating that these
attention subserving neural processing leading to the globaltwo stimulus types are processed similarly during initial pro-
percept. The finding of sources generating the contrast be-cessing stages. In addition, the mean peak latency of the first
tween BM and the other conditions in attention-related areascomponent was 180 ms. This latency is longer than the peak
alsofits well with recent behavioral data suggesting that atten- latencies usually reported for face percepf{®in This differ-
tion is required for the visual analysis of point-light displays ence may be a consequence of an extended integration time
[14,56] Cavanagh et a[14] showed that discrimination of  for the detection of form conveyed by motion which is not
specific features of point-light displays of BM seems to be a required for static image perception.
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The finding of hemispheric asymmetries in STG and FFG primarily involved in the second ERP component (N300) and
in later processing of BM representing human gait patterns show clear hemispheric asymmetries in the perceptual anal-
is also consistent with evidence from fMRI stud[2g,25], ysis of BM only during later processing stages.
which reported pronounced activity in the right hemisphere
associated with the perception of BM. This finding may be
related to information useful for the recognition of individ- Acknowledgments
ual human features. These displays contain such sources of
information and provide important cues for social interaction.  This research was funded by the International Graduate

Our results are in accordance with the ERP — findings from School of Neuroscience (IGSN) of the University of Bochum,
Hirai et al.[29] who reported peaks at around 200 and 240 ms Germany and by the Volkswagen Foundation.
after stimulus onset which were larger in response to BM
than to scrambled motion. In contrast to our study, they used
only two experimental conditions (BM versus scrambled mo-
tion) and d',d not 'nduqe source analysis. Their displays were [1] Adolphs R. The neurobiology of social cognition. Curr Opin Neu-
presented in profile view and were generated by a computer - ropiol 2001;11(2):231-9.
algorithm. There are, however, differences concerning the la- [2] Allison T, Puce A, McCarthy G. Social perception from visual cues:
tency of the first component which was on average shorter  role of the STS region. Trends Cogn Sci 2000;4(7):267—78.
in our paradigm than in the study by Hirai et {29]. Our [3] Bach M, Ullrich D. Motion adaptation governs the shape of motion-

. . . : evoked cortical potentials. Vision Res 1994;34(12):1541-7.
study extends this work by demonstrating inversion effects [4] Bach M, Ullrich D. Contrast dependency of motion-onset and

in e_arly visual processirjg reflecting an pop-out effect With pattern-reversal VEPs: interaction of stimulus type, recording site
upright walkers, but not in later processing stages associated  and response component. Vision Res 1997;37(13):1845-9.
with the fine analysis of BM. In addition, our findings offer  [5] Barclay CD, Cutting JE, Kozlowski LT. Temporal and spatial fac-

some evidence for the brain areas associated with the two tors in gait perception that influence gender recognition. Percept
Psychophys 1978;23:145-52.
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