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Understanding human motion, to infer the goal of others' adgbns, is thought to involve
the observer's motor repertoire. One prominent class of aébns, the human locomotion,
has been object of several studies, all focused on manipulatg the shape of degraded
human gures like point-light walker (PLW) stimuli, represged as walking on the spot.
Nevertheless, since the main goal of the locomotor functiors to displace the whole body
from one position to the other, these stimuli might not fullyepresent a goal-directed
action and thus might not be able to induce the same motor resnance mechanism
expected when observing a natural locomotion. To explore tils hypothesis, we recorded
the event-related potentials (ERP) of canonical/scrambieand translating/centered PLWs
decoding. We individuated a novel ERP component (N2c) overentral electrodes,
around 435ms after stimulus onset, for translating compare to centered PLW, only
when the canonical shape was preserved. Consistently with ur hypothesis, sources
analysis associated this component to the activation of tnak and lower legs primary
sensory-motor and supplementary motor areas. These resudt con rm the role of
own motor repertoire in processing human action and suggesthat ERP can detect
the associated motor resonance only when the human gure is gplicitly involved in
performing a meaningful action.

Keywords: event-related potentials (ERPs), biological mot ion perception, electroencephalography (EEG), motor

resonance, embodied cognition, goal-directed action

INTRODUCTION

One of the most impressive properties of the human visual sysseiime possibility to perceive a
moving subject starting from the observation of a poor visoplit. The most famous class of such
stimuli is the point-light display (PLD), which consists of niog dots recorded while attached to
the limbs of a human walking actod¢hansson, 19y 3PLD stimuli have been largely investigated,
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showing that it is possible to infer a human moving body alsds expressed in bilateral occipito-temporal scalp region and i
when the canonical form is inverted, surrounded by noise opresumably generated in extra-striate ventral stream ardaes.
even scrambled, by randomly modifying dot positions whilelatter represents a second stage of a more advanced analysis,
preserving their kinematicElake and Shi rar, 200)7 Presently, likely either related to the integration of form and actiov/(iite
manipulations on PLD shape represent the most investigateelt al., 201} or the recognition of potential social implication.
experimental factor, revealing that several cortical ara@s This component is expressed in bilateral occipito-temporalpsca
speci cally involved in decoding the unique spatial featuoés regions and is thought to be generated in the posterior part
human body shapeBonda et al., 1996; Downing et al., 2001;0f the superior temporal sulcus (pSTS)okisch et al., 2005;
Peelen et al., 2006; Saygin, 2007; Jastor and Orban, 200&akowski et al., 20)1 Since ERP components to translating
Matheson and McMullen, 2010; Grosbras et al., 2012 PLW were never tested, we took into account the possibility to
PLD locomotion have been investigated under a wide range afvestigate further components according to the observedpsc
experimental manipulations, but all characterized by displgyi maps. In such cases, we also performed a distributed source
the point-light walker (PLW) as walking on a treadmill, that analysis in order to locate the cortical sources underlyinghs
is, without any forward movement. This kind of stimuli, novel components.
the locomotor action, display intransitive body movements
composed of successive and in nite cyclical legs and amMATERIALS AND METHODS
motion. Considering that a prominent idea regarding bioladic
motion recognition is related to the so-called “motor way of Subjects
seeing” Calvo-Merino et al., 2005; Orgs et al., 2)1being Thirteen right-handed volunteers (seven females, mean age
the visual perception of kinematic features tuned by motor27, standard deviation: 3.5), with normal or corrected to
representations\(iviani and Stucchi, 1992; Pozzo et al., 2006normal vision, took part in this study. The present study has
Saunier et al., 2008the presence of a without goal-oriented been conducted according to the principles expressed in the
body displacements should evoke a di erent motor response inevised Declaration of HelsinkiV{orld Medical Association
the observer brain. According to this, the visual input of anGeneral Assembly, 20pand was approved by the local ethical
observed action would be mapped on to the observer's owoommittee of ASL-3 (“Azienda Sanitaria Locale,” local treal
motor repertoire through a direct-matching mechanis@gllese  unit) of Genova, Italy. All participants provided written infmed
et al., 1996; Rizzolatti et al., 2QPalso called motor resonance. consent before the experiment began.
In the case of observing an arti cial walker on the spot, the
visual input should be more di cult to match with the motor Experimental Protocol: Stimuli and Task
repertoire and one may predict di erent cortical activitiesrfo Participants were presented with PLW animations obtained by
natural and treadmill locomotion. More precisely, considegrin recording an actor walking naturally with a VICON Motion
that action observation shares common neurophysiologiaald Capture System (10 cameras recording at 100 Hz). The actor
with motor execution {eannerod, 2001; Mulder, 2Q0plausible had 13 passive infrared re ective markers placed at the main
sources for the motor resonance process could be hypothesizgints and other landmarks. Post-processed stimuli data were
from previous studies on locomotion observatioviglouin et al.,  displayed using the Psychophysics ToolbBxa(nard, 199y on
2003; Iseki et al., 2008; Orgs et al., 20The latter revealed the an LCD monitor, with a refresh rate of 60 Hz. Point-lights wer
activation of legs primary motor areas and supplementary motowhite against a black background. Four types of PLW stimuli
and dorsolateral premotor area. Since body translation icgp® were created: a centered canonical (CC), a centered scrdmble
the natural and expected outcome of the locomotion action, w¢CS), a translating canonical (TC), and a translating sdrikzoh
expect a stronger pattern matching between such action and th@S). TheCC animation was built by translating all the dots of
PLW stimulus, when its legs and trunk movements also inducéhe TC animation by the opposite of the vector de ning their
its spatial displacement. Consequently, considering thateced  center of mass with respect to the center of the screen.d®e
walker proved to evoke motor related activity, at least wieret  animation was built by changing randomly the initial positions
frequency analysis was employeeh(lidou et al., 2014; Lange of the dots in theCCanimation but keeping their velocity vectors
et al., 201} translating canonical walker would induce a higherunchanged; the dots' trajectories were constrained to ramai
motor resonance compared to a centered one. inside the vertically oriented rectangle in which tB€animation
To explore this hypothesis, we designed a two-by-two taswas inscribed. Th&Sanimation was built by changing randomly
protocol showing both a canonical or scrambled walker that irthe initial positions of theTC animation in an analogous way.
half of the trials stayed with its barycenter in the middletbé  Translating stimuli, moved rightward from the monitor ceart
screen and in the other half walked from the center to theeare Each animation was 1 s long, allowing displaying two steps (that
periphery, and we recorded the event related potentials (ERP) is one full locomotor cycle). All translating animation nmexy
a population of healthy subjects. We opted for an ERP approaatightward. Experimental protocol is summarized Figure 1
to compare our results to all the previous EEG papers on PLVIDuring the experiment, participants were sitting comfortably
observation. Following the existing literature on centeRLW  a darkened room in front of the monitor where PLWs were
decoding, we investigated the two main ERP components: thdisplayed, 60 cm apart. Consequently, centered and translating
early N1 and the later N2. The former is implied in the low-levelconditions were observed with a visual horizontal angleveen
decoding of basic and ne-grained form and motion features,0 and 5.7 (also considering the upper limbs dots' oscillations)
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FIGURE 1 | Experimental protocol and stimuli displays. Upper part shos the
four categories of stimuli. Body joint trajectories (in wtg) are depicted on
black screen for illustrative purposes but were not visiblduring the actual
experiment. From left to right (upper horizontal green arw), stimuli shape
change from a scrambled structure to a real walker body struture. From top
to bottom (left lateral yellow arrow), stimuli keep the samshape but change
from a centered to a translated display. Abbreviations: S-@nd C-C for
scrambled and canonical centered PLW respectively; S-T an€-T for
scrambled and canonical translating PLW. The trajectoriesf the markers
during the whole point light animation (PLA) are shown. Thewer part sums
up the experimental protocol. During each of the 10 experimetal blocks of 48
trials, every condition was randomly presented 12 times fot s. During each
trial, subjects were told to anchor their gaze on the red cros displayed in the
middle of the screen.

simulation of theobserves implicit translation, rather than of
the observedexplicit translation. We thus opted for the most
ecological locomotion representation and paid special atient
to compensate for the e ect of eye movements on ERP results.

Attention Task

In each block, arandom (between 2 and 4) number of animations
(odd trials) changed color from white to green for 250 ms. Afte

a random (between 1 and 3) number of trials, participants were
asked to indicate which condition had previously changed its
color, by pressing a key number between 1, 2, 3, and 4 (indigati
respectively CC, CS, TC, and TS stimuli). Each participant
learned the correspondence between these keys and the istimul
during a training session before starting the actual experim
Subjects did not receive any feedback on their performance
during the experiment. Odd trials were later discarded from
analysis.

Data Recording and Preprocessing

The electroencephalogram (EEG) was recorded from 62 Ag/AgCl
active electrodes (actiCAP, Brain Products, Munchen, Gagna
placed on the scalp, mounted on a cap according to the
international 10-20 system. Reference and ground electrode
were set at the place of FCz and AFz electrodes respectively.
The EEG was ampli ed with two BrainAmp MR plus ampli ers
(Brain Products), digitized at 1,000Hz. Impedances of all
electrodes were kept below 10 kOhms. Raw EEG signals were
band-pass ltered between 0.15 and 45 Hz through a Butterworth
Iter as implemented in Brain Vision Analyzer software (Brain
Products GmBH, Gilching, Germany). An Ocular ICA correction
was applied to remove eye-blink related artifacts. Data were
down-sampled to 250 Hz, then imported into EEGLAB software
and referenced to a common average. No bad electrodes were
found, no trials had to be discarded. Epochs, frord00 to
1,000 ms with respect to stimulus presentation, were baseline
corrected (from 400to 0) and then averaged in order to produce
the ERP of each four experimental condition.

and 0-18.9 respectively; stimulus vertical size was 9.5 degree.

The experiment was organized in 10 blocks composed by 48 PL@OmMponents Assessment

animations (12 of each of the four types, for a total of 120 triaWe calculated the peaks amplitudes of the two most prominent
for each experimental condition) presented in pseudo-randonfKrakowski et al., 2011; White et al., 20IBRP components

order, with an inter-trial interval (ITl) varying randomlfpetween

(N1 and N2) according to a well-established methddiréi

2 and 4s. Participants were asked to maintain their gaze xedt al., 2003; Jokisch et al., 2005; Krakowski et al., 2011teWhi
toward the screen center during PLW observation, to helmthe et al., 201} In the spatial domain, we created a cluster by
a xation cross was displayed in the screen center during Tie | averaging the amplitudes of those occipito-temporal elecsode

period.

commonly used in the literature to model such component.

We are aware that the chosen design may induce smootim the temporal domain, (i) we individuated, at the group

pursuit eye movements toward translating stimuli,

thuslevel, a preliminary time window where each component did

possibly biasing our comparisons. Nevertheless, in our opinio express itself and (ii) calculated the individual peak, then
alternative scenario, matching eye movements, would hay@i) we averaged the cluster amplitudes within a 20 ms-wide
introduced biases even more dicult to compensate for. Fortime window centered on that peak. We nally obtained one
instance, a straightforward, in principle, way to represenmeasure for each subject/condition/component that was then
translation along with matching eye movements, the onestatistically investigated. Since translation was expaotaodify
showing a translating background, would have represented drrain response and no previous ERP studies were available
ecological stimulus only assuming that also the observer haor reference, we looked for further components by visually
moved in the same direction. Consequently, the resultingano exploring the scalp maps and by performing a cluster-based
related activity could have been a correlate of the senszidm permutation analysis where the signi cance probability was
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calculated by means of the so-called Monte Carlo methdal{s task (Viakin et al., 2012 According to their position and to
and Oostenveld, 2007 The latter analysis results were usedthe pointing direction of the corneo-retinal dipoles in theesy
to identify the new components' cluster electrodes and grougCroft and Barry, 200)) their amplitudes were expected to de ect
preliminary time window. Novel components were then analyzeatoherently with the direction of an horizontal eye movemand
with the same methods used for N1 and N2 ones. thus correlate with the time course of an ordinary horizdnta
electro-oculogram.
Eye Movement Analysis
Although subjects were asked to keep their gaze on thStatistical Analysis
screen center, since half of the stimuli translated along thFor each ERP component, a factorial 2 model, investigating
screen, smooth pursuit eye movements were expected to méye e ect of the within subjects TRANSLATION (centered,
occur during translating stimuli observation. As a possiblerranslating) and SHAPE (canonical, scrambled) factors dedtt
consequence, part of the measured cortical activity mighinteractions, was created in EEGLAB and analyzed through
have been related to piloting such movements rather than ta permutation analysis Delorme, 200p employing 100000
processing the stimulus content. In order to may correct oated permutations.Post ho@nalyses were performed through paired
for this e ect, we calculated the magnitude of eye movemests &-test, corrected for multiple comparisons through the false
the time course of the absolute value of the electric potéatia discovery rate (FDR) approach within each component. The
electrode AF7 referenced to AF8 [hEyebs(AF7—AF8)] and we same factorial model was tested on the three hEye channedsal
then calculated its average value in correspondence to €&fh Ecalculated in correspondence to the three components (hEye
component's peak (hEyg, hEyq;2, hEye2c), using the same hEyeyz, hEye2c). The classip < 0.05 threshold was used.
previously de ned time windows. A linear twas then estiméte
between each hEye value and ERP component amplitude anBource Analysis
when it resulted signi cant, the estimated slope and intpice In order to reconstruct the cortical generators of those ERP
values were regressed out from the latter data. AF7 and A%8 hacomponents a ected by the translation factor, we employed
been previously considered among the most signi cant foeehe a distributed sources analysis using the Brainstorm software
electrodes to detect eye movemeritglkacem et al., 20 and (Tadel et al., 2001 Cortical current source distribution within
used to detect eye activity during a covert horizontal tiagk the brain was represented through 15,002 elementary dipoles

scrambled canonical

centered

translating ,

-4

600 800 200 600 800

0 200

o

400 400
Latency (ms) Latency (ms)

FIGURE 2 | Representation of ERP pattern. Data are represented as a bigr y plot, showing scalp maps at the onset of the classical Nland N2 components and of
the novel central N2, here labeled as N2c, and observed arouhthe vertex only in the translating centered condition.
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obtained by sampling a tessellated cortical mesh templafacir ve time-points (20 ms), centered on the peak of the ERP
derived from the standard 1 mm resolution brain (Colin27) of component to be reconstructed. Finally, pairwise comparisons
the Montreal Neurological Institute. Since the individual MRI between two experimental conditions were investigated with
were not available, and thus the dipole orientations deriveghairedt-test and results were corrected for multiple comparisons
from the template could not in any way approximate the actuakccording to two dierent approaches: a classigaD 0.05
brain geometry, dipole orientations were not xed normal teet FDR corrected threshold and a more liberpl D 0.0005
cortex surface but were let free to assume whichever otienta uncorrected one.

The EEG forward modeling of volume currents was completed

with a three-layers (head, outer, and inner skull) symmetricRESULTS

boundary element model (BEM) generated with OpenMEEG .

(Gramfort et al., 201)L A diagonal noise covariance matrix wasAttention Task

computed for each participant using the pre-stim interval toParticipants were able to correctly discriminate the 91.8 %he
estimate the sensors variance. Sources intensities weratel ~ stimuli (CC: 92.3%, TC: 90.8%, CS: 92.1%, TS: 92%).

through a depth-weighted minimum norm approactBdillet

et al., 200). This technique has been shown to be robust

to. nOIS? n re_corded da.'ta anq head model approxImatlonszBLEl|Electrodes clusters composition.

with fair spatial resolution Baillet et al., 2001 and the

depth weighting used in this approach alleviates the naturatomponent Cluster name Electrodes list Time window
bias of basic minimum norm estimation approaches toward
super cial currents. Brainstorm's default parameter sejéimave N1 Ventral (inferior  PO8, P8, TP8, PO7, P7, TP7 180-250

been used for both source reconstruction and BEM creation. occipito-temporal)

Sources data were then post-processed as following: (i) sinté
we were interested in evaluating source intensity di erexjce N2c
the norm of the vectorial sum of the three orientations atfeac Listand composition of the electrodes clusters used to model the N1 and N2 componets
vertex was calculated for each time-point; (ii) source dag@ew in centered PLW. An additional cluster, de ned according to cluster-basd permutation
reduced in the time domain by applying the same proceduré”a'ySiS' was kept in consideration for modeling the N2c component present dy in

.. translating canonical (C-T) PLW. The time window column reports the intervevhere the
used for ERP data. Each source activity was averaged acr@§§onent individual peak was looked for.
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FIGURE 3 | N2c component identi cation. (A) Results of cluster-based permutation analysis of the CC-T€onditions' contrast. In rst two columns, the two
conditions' group-averages are displayed. In the third colmn, we represent their amplitude differences (imV), in those channels-latencies pairs where a signi cant
(p < 0.05) difference was found. In accordance with the scalp topgraphy observed for TC condition, the electrodes cluster usd to model the negative N2c
component was composed by those electrodes that had negatie (blue) values in TC condition and positive (red) in CC oneSelected electrodes-latencies were
marked by a black rectangle.(B) Fronto-central electrodes, de ned according to the above citeria, used to compose the N2c cluster.(C) Plot of the N2c cluster's
group-average in each condition.
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Visual Inspection of ERP Data its negative polarity and its latency,40 ms after the N2, we
An average number of 4.5 1.2 trials for each subject were called this component central N2 (N2cJable 1 summarizes
discarded from the analysis for movement-related artifditual  the electrodes contained within each cluster and the temporal
exploration of the scalp maps revealed, together with the twawindow used to search for the individual peak.

classical N1 and N2 components, a fronto-central negativity

in canonical translating PLW, which was completely missingcye Channel Data

in centered stimuli Figure 2. We thus performed a cluster- The analysis on rectied eye channel values (hEyes) showed
based permutation analysisigure 3A) over our main pairwise that, from 250-300 ms, only three subjects smoothly pursued
comparison of interest, the translation e ect within canoaic the translating stimuli (gray curves of the two top panels of
PLW, which revealed a set of electrodes that resulted signily ~ Figure 4). At the group level, such progressively increasing
dierent (p < 0.05). To estimate such novel component, weseparation between translating and centered conditionslied
created a cluster composed by those signi cantly dierentsigni cant only in the correspondence of the N2c [main
electrodes that had positive values in CC and negative ones éect of translation: F; 12y D 5.48,p D 0.037,! 5, D 0.31,

TC (C1, C2, Cz, FC1, and FC2). We then plotted its temporabottom-left panel of Figure 4. The shape eect and the
evolution (Figure 3Q and found a peak around 435ms. Forinteraction between the two were not signi cant. Repeating

FIGURE 4 | Eye channel traces. In the upper row, the individual traces afanonical center(left) and canonical translating(right) conditions clearly show that only
three subjects smoothly pursued the translating stimuli @y lines). In the lower row, group averages of the whole groufleft) and of the not-pursuing subjects group
(right) are displayed. The vertical dotted line represents the N2atency when, in the latter group, eye movements to translaig and centered conditions are almost
equivalent.
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instead the analysis on eye channel values for the remainir@LWs, resulting more negative for the canonical compared
10 subjects (successively referred as the not-pursuingpgrouto scrambled conditions. The N2c showed a more negative
the translation e ect during the N2c component disappearedde ection in canonical compared to scrambled PLW, only when
[Fi1,129 D 1.34,p D 0.27,! 2 D 0.12; bottom-right panel both translated.

of Figure 4. No signi cant correlations, either considering

the whole group or the not-pursuing one, were found Translation e ectwithin canonical and scrambled conditis
among hEyg1, hEye2, hEyeaoc values and the corresponding Post-ho@nalysis results are summarizediable 3 Both ventral
ERP components amplitudes; hence the latter data wemnd central N2 resulted sensitive to translation factor, baly

not corrected for eye movementFigure5 clearly shows, considering canonical PLW.

for example, the absence of any relationship between hEye .

channel traces and central cluster amplitudes: while th&nalyses on the Not-Pursuing Group _

former traces during the two translating conditions almostAll the analyses were repeated for the not-pursuing group of 10
overlapped, the ERP traces in the central cluster were cleadyPiects. A same ERP negative de ection on scalp topography

di erent. could be observed in absence of eye movements (Figure
S1) and statistical analyses, summarized in supplementary
ERP Data Table 4 completely con rmed the whole group results. These

Statistical analyses were rst performed on the wholeSupplementary analyses suggest that eye movements did not
group. Successively, they were repeated for the not-pursuig uence our ndings.

group- Source Analysis

Main Effects of Shape and Translation Source analysis was only used to reconstruct the cortical

Results of the analysis of the main e ects and their interaxtio 9enerators of the novel N2c component and to assess if such

are summarized iTable 2and displayed irFigure 6. component could be considered a novel one with respect to N2.
An explorative source analysis of the brain patterns undedyin

Shape

A more negative de ection of N1 was found for canonical with
respect to scrambled PLW. Results are summarized in the left ) _ _
column of Table 2and displayed irFigure 6A. TABLE 2 | Main effects and interactions.

i Comp. Shape effect Translation effect Interactions
Translation

A stronger negative de ection of N2c was found for trangigti N1 F(; 15D 4.54,
with respect to centered PLW. Results are summarized in the p < 0.001;!2p D0.43

right column of Table 2and displayed irFigure 6C N2 F1, 12)D13.84,
p D 0.003; ! 5 D 0.34
Interactions Between Shape and Translation N2c F, 120D 7.50, F(1, 12 D7.19,

Shape e ect within centered and translating conditions PD 000112 D043 pDO.019; 15, D042

Post-hoc analysis results are summarized ifable3 N2  Results of non-parametric bootstrap ANOVA: Main effects and interactions. Eh! »
con rmed its sensitivity to the shape factor only within cenéd  symbol represents the partial eta squared measure of the ANOVA effect siz

FIGURE 5 | Differences between eye channel and central cluster withimanslating conditions, considering all the subjects. Wk the two eye-channel traces overlaps,
central cluster one showed a signi cant deviation that cannbbe thus related to eye muscles effects.
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FIGURE 6 | Effect of shape, translation and their interaction over ERBata. Black asterisks below the gures represent:(A) main effect of shape during N1.
(B) Post-hoc of the shape translation interaction, showing the within centered onlgffect of shape during N2.(C) Main effect of translation over N2c component.
(D) Post-hoc of the shape translation interaction, showing the effect of translatio during N2 and N2x only within canonical PLW.

the N2 and N2c componentsF{gure 7) revealed a dierent areas almost bilaterallyFigure 8 shows the resulting pattern
set of generators for the two components when the translatingccording to the two employed corrections. No sources redulte
PLW also preserved the human gure. To statistically measursensitive to translation in the scrambled conditions.

the e ect of the translation factor within both canonical and

scrambled PLW, for each subject and condition, we used the

individual ERP peak latencies of the central cluster to deteem DISCUSSION

the center of the 20ms wide window used to average the

sources activity. The activity of the individually de nedchgle In the present paper, we wanted to test the role of translation
time-point was compared between conditions. According toon visual motion processing of locomotion, by displaying a
the multiple comparison correction employed, we found anPLW moving or not across the screen combined with scrambled
increased activation to translating PLW only within cancali or human body structure. Previous studies depicted PLW
stimuli. Using the FDR correction, we found a focused a¢itra on a treadmill, staying xed in the center of the screen.
spot overlaying lower limbs primary somatosensory cortex [MNIAccording to recent theories on action perceptidaz]lese et al.,
coordinates: »D 7, yD 39, zD 84,t D 6.99), while using a more 1996; Rizzolatti et al., 2001; Calvo-Merino et al., 2005; Orgs
liberal threshold p < 0.0005 uncorrected) we found a largeret al., 201} we speculated that the observation of a complete
active region embracing also primary and supplementary motorepresentation of the locomotion, like that depicting an adtu
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displacement of the human agent, could evoke a di erent brairinteraction between translation and shape showed that the
pattern compared to the perception of an articial centeredamplitude of the N2c component was signicantly larger

PLW. during canonical translating condition compared to either
. ) . canonical centered and scrambled translating ones. Thues, th
Shape and Kinematic Integration simultaneous display of both human gure's local motion and

The rstresult of our study is the N1 and N2 selectivity to ham  spatial displacement seemed to boost brain regions' activity
body structure. This nding replicates previous EEG and MEGwhere locomotion-related cortical motor centers reside.
studies reporting a stronger negativity for canonical wigispect We speculate that N2c would represent an integrative
to scrambled walker around both the occipito-temporal N1 andencoding of the two motor components usually present during
N2 components irai et al., 2003, 2005; Jokisch et al., 2005aatural daily life locomotion perception: dots' structuredichl
Krakowskietal., 2011; White et al., 20 afd con rms thatthese  oscillatory kinematics (following the two-third power law) @n
components are associated to the recognition of human bodyisplacement kinematic. If this hypothesis was veri ed, it may
shape. explain the lack of N2c in previous ERP investigations for
The main result of our study was the presence of awhich protocols displayed only body limbs oscillations withou
novel negative de ection during translating canonical PLWany horizontal PLW displacement. Further, a visual separation
observation. Since it clearly emerged over central elde§o bhetween shape and kinematic is only possible using arti cial
(Figure 2) and peaked only< 40ms after the classical ventral experimental protocols and rarely visible during normal daily
N2, we labeled it N2c. Thpost hocanalysis of the signi cant |ife where limbs oscillation and translation are always eisged.
The very few probability to see a walker gliding on the
ground probably re ects the strong visual e ect produced by a
TABLE 3 | Post-hocs analysis of shape and translation factors. “moonwalk” dance. With respect to phylogenesis, locomotion on
the spot, as an aberrant motion for an alert predator, probably
occupied a dierent status in the motor repertoire requiring

Comp.  Within centered (C-C vs. S-C) Within translating (C-Tv ~ s. S-T)

sgAPE S ——— speci ¢ neural circuitry besides the motor resonance networ

\oe 12D 223, p D 0,005 In fact, an ewden.t behaworgl di erence betwggn natural and
' on the spot locomotion is that in the latter condition sucdess

TRANSLATION : - footsteps are passively initiated as a reaction to the backwar

Comp. - Within canonical (C-T vs. C-C)  Within scrambled (S-Tvs. - SC) gigp1acement of the support surface, which limits the voluntary

N2 taz) P 2.70.pD0.019 component of the motion initiation and walker alertness.

N2c t12)D 5.21, p < 0.0005 At last, the functional dependency of kinematic from body

Post-hocs were performed through paired t-test, FDR corrected within eeh component. structure becomes clearer when considering biomechanical
Single conditions are named according to the following convention: lepe-translation;  variables of locomotion. Indeed, mechanical transforimatof
C-C, canonical-centered; C-T, canonical-translating. ground reaction force and gravity into body forward acceliera

TABLE 4 | Statistical analysis on the not-pursuing group.

MAIN EFFECTS AND INTERACTIONS

Comp. Shape effect Translation effect Interactions
N1 Fa, 12)D 14.23,

p D 0.0011;! 2p D 0.51
N2 F, 12 D11.12,

p D 0.0027; !5, D 0.28
N2¢ F, 12D 11.9, F(1,12)D13.25,p D 0.
p D 0.0004;! 5, D 0.34 0042; ! 75 D 0.62

POST-HOCS ANALYSIS OF SHAPE AND TRANSLATION FACTORS
Shape
Comp. Within centered (C-C vs. S-C) Within translating (C-T vs. S-T)
N2 t(12)D 2.67, p D 0.0011
N2¢ t(12)D 3.01, p D 0.0007
Translation
Comp. Within canonical (C-T vs. C-C) Within scrambled (S-T vs. S-C)
N2 tazD 2.01,p D 0.0038
N2c t(12)D 3.98, p D 0.0005

Upper panel: Results of non-parametric bootstrap ANOVA: Main effects ahinteractions. The! 2, symbol represents the partial eta squared measure of the ANOVA effect sizLower
panel: Post-hocs were performed through paired t-test, FDR corrected \thin each component. Single conditions are named according to the followinganvention, shape-translation;
C-C, canonical-centered; C-T, canonical-translating.
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FIGURE 7 | Source analysis of N2 and N2c components. A clear sensorimat and supplementary motor activity, with respect to the basline period, could be found
only during N2c in the translating canonical condition.

Using a more liberal statistic threshold we found the samece e
in regions belonging to the mesial primary and supplementary
motor areas, only in the within canonical conditionsigure 8).
Although locomotion neural control mostly occurs at either
spinal [39], subcortical [40] and cerebellar [41] levels, phesent
cortical activation is well knownL@joie and Drew, 2007; Fling
et al., 201) [18]. Central primary motor (legs and trunks),
premotor and supplementary motor areas are in fact involved
in modulating the activity of the former neural structures to
implement locomotion. Supplementary motor area is implicated
in locomotion initiation [18] while posterior parietal cortexi
dealing with obstacles management [19].

Motor activity was found few tens of milliseconds after the
N2 component which is thought to be generated by pSTS
(Jokisch et al., 2005; Krakowski et al., 20IThe latter area,
besides being implicated in shape decoding, is part of theractio
observation network (AON) and contributes with the mirror
neuron systemKilner, 2011; Avenanti et al., 20)li& extracting
the observed action meaningdkisch et al., 2005Since N2

FIGURE 8 | Effect of translation within canonical walkers. Source argsis of . .
| s and N2c components showed similpost-hoaesults and their

the pairedt-test between TC and CC showed areas of increased activatioffor

translating with respect to centered condition. The astesk represents brain peak activities are separated by only few tens of milliseconds
regions resulting signi cant withp < 0.05 and FDR corrected for multiple we thus support the possibility that they re ect the cooperation
comparisons; the remaining regions withp < 0.0005 uncorrected. between pSTS and locomotion-related motor areas in encoding

goal-oriented locomotion pattern. A similar cooperation,sha
been already hypothesized for biological visual ow progessi
is only possible through a particular body geometry, that igSaunier et al., 20).3Source analysis on the N2 component
the so called “inverted pendulum” biomechanical con gucati Was actually tested, but it did not produce any signi cant
(Winter, 2009. Thus, scramble displays provide body shape®r nearly signi cant activation, neither comparing TC vs. CC
incompatible with kinetics laws producing walking movement. conditions nor comparing each condition vs. their baseline
Source analysis on the translation e ect within both canahic period (Figure 7). Interestingly, Ulloa et al.l(lloa and Pineda,
and scrambled walkers revealed that to a more negative N2§07) found similar sensorimotor activity when observing
over the scalp vertex corresponded an increased activafitieo human actions with limited forward displacement but all goal
mesial sensory cortex (using the more conservative thidgho oriented (like kicking or doing the jumping jack movement).
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Altogether, this suggests that, in addition to the translatof targets may unselectively recruit more attentional resesrc
the visual scene, the transitive dimension of the observetion  compared to the centered one. Nevertheless, several fagesu
would facilitate the motor resonance mechanism. that our N2c activity was not biased by these phenomena.,First
The present motor brain response, recorded during thesigni cant ERP dierences exist between the two translating
observation of natural translated locomotion compared toconditions, while their eye-channel traces almost coiadid
walking on the spot, has in our opinion interesting implicat&n  (Figure 5). Such independence between eye movements and the
as it might explain previous behavioral and psychophysickrain pattern associated to the N2c component was further
results. The idea that a natural locomotor pattern would éett con rmed by the absence of any signi cant linear t between
resonate with the observer's motor repertoire agrees widtamt  them. Second, the e ect of the smooth pursuit eye movement or
nding showing better visual discrimination of a translafj  the alternative saccade correction can be discarded canside
walker compared to a translating non biological gure, whilethat the analysis on not-pursuing group coincided with the \Weho
in the absence of translation (a centered walker vs. a rajatingroup's one.
geometrical gure) such di erence could not be observétr(s,
2007. Similarly, subjects that learned to execute new movementCONCLUSION
through verbal instructions, demonstrated later a bettkill s
in visually discriminating those same movemen@agile and Walking on a treadmill creates a con icting sensorimotor cextt
Giese, 2006 Also in support to this, when the link between where voluntary body movement (legs and arms oscillations)
action and perception system is interrupted due to lowerdo not induce self-motion perception. Consequently, when
limbs dea erentation (e.g., paraplegic patients), somatotopigisplayed, it triggers dierent visual perception processes, a
sensorimotor reorganization and neural atrophy, observergesult that should be kept into consideration when designing
show a poor performance in detecting and discriminating theecological stimuli for investigating brain processes elato
direction of a translating PLW Arrighi et al., 201). At last, biological motion perception. At last, once such result hadbee
even if visual preference and stimulus discrimination cannocon rmed in a larger population of healthy subjects and patients,
be considered a-priori related, the importance of an existinghe N2c peak, presently uncovered, could represent a pertinent
locomotor repertoire in processing a translating human gureclinical marker for evaluating the e ect of locomotion-rédal
is supported by newborns behavior. Two-days newborns in factehabilitation procedures.
result equally attracted by both a human gure and a cloud of

random moving dots when both translate@i(let-lidei et al., AUTHOR CONTRIBUTIONS
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