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Abstract

Gaze direction, a cue of both social and spatial attention, is known to modulate early neural responses to faces e.g. N170.
However, findings in the literature have been inconsistent, likely reflecting differences in stimulus characteristics and task
requirements. Here, we investigated the effect of task on neural responses to dynamic gaze changes: away and toward
transitions (resulting or not in eye contact). Subjects performed, in random order, social (away/toward them) and non-social
(left/right) judgment tasks on these stimuli. Overall, in the non-social task, results showed a larger N170 to gaze aversion
than gaze motion toward the observer. In the social task, however, this difference was no longer present in the right
hemisphere, likely reflecting an enhanced N170 to gaze motion toward the observer. Our behavioral and event-related
potential data indicate that performing social judgments enhances saliency of gaze motion toward the observer, even
those that did not result in gaze contact. These data and that of previous studies suggest two modes of processing visual
information: a ‘default mode’ that may focus on spatial information; a ‘socially aware mode’ that might be activated when
subjects are required to make social judgments. The exact mechanism that allows switching from one mode to the other
remains to be clarified.
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Introduction

As social primates, we continually monitor the behaviors of
others so that we can appropriately respond in a social inter-
action. Our ability to do that depends critically on decoding our
visual environment, including important information carried by
the face, the eyes and gaze changes. An individual’s gaze direc-
tion transmits a wealth of information not only as to their focus
of spatial attention, but also about their intention to approach

or withdraw, therefore conveying both visuospatial and social
information to the observer. In this respect, it is important to
note crucial differences between direct and averted gaze. Direct
gaze mainly signals that the observer is the likely recipient of a
directed behavior, and is indicative of the intention to start a
communicative interaction; thus direct gaze mainly conveys so-
cial information to the observer (Senju and Johnson, 2009). On
the contrary, averted gaze transmits both social and spatial
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information to the observer. On the one hand, gaze cueing ex-
periments indicate that averted gaze serves as a powerful
stimulus for altering the observer’s focus of visuospatial atten-
tion; yet there appears to be a difference in how the brain treats
visual cues consisting of eyes vs arrows. Lesions to the right su-
perior temporal sulcus or the amygdala disrupted gaze, but not
arrow cueing (Akiyama et al., 2006, 2007). In contrast to arrows,
averted gaze also conveys a range of social meanings including
for instance, shyness, dishonesty, the intentionality of the
gazer, and their emotional state (Adams and Kleck; 2005; Fox,
2005; Calder et al., 2007). Consequently, modulations of brain ac-
tivity by gaze direction have been accounted for by either a
change in social (Puce and Schroeder, 2010; Caruana et al., 2014)
and/or visuospatial attention (Grossmann et al., 2007;
Hadjikhani et al., 2008; Straube et al., 2010). This suggests that
gaze processing may be sensitive to task-based manipulations
of participants’ attention toward either a social or a spatial di-
mension. Consistently, the task being performed by participants
is known to be increasingly important in the processing of so-
cial stimuli such as gaze or facial expressions (Graham and
Labar, 2012).

Not surprisingly, it is believed that the human brain pos-
sesses specialized mechanisms for the processing of gaze and
other important information conveyed by the eyes (Langton
et al., 2000; Itier and Batty, 2009). Indications of specialized proc-
esses dedicated to the perception of gaze come from functional
magnetic resonance imaging (fMRI) and event-related potential
(ERP) studies (Puce et al., 1998, 2000; Wicker et al., 1998; George
et al., 2001). Notably, the face-sensitive N170 (Bentin et al., 1996)
also shows sensitivity to static eyes, typically being larger and
later for eyes shown in isolation (e.g. Bentin et al., 1996; Itier
et al., 2006; Nemrodov and Itier, 2011). Furthermore, the N170 re-
sponse to eyes matures more rapidly than that of faces (Taylor
et al., 2001a), leading researchers to describe the N170 as a
potential early marker of eye gaze processing (Taylor et al.,
2001a,b; Itier et al., 2006; Nemrodov and Itier, 2011).
Interestingly, while in 4-month-old infants early brain activity
is greater to gaze contact than to averted gaze (Farroni et al.,
2002), in adults, the modulation of N170 by gaze direction seems
to vary as a function of task demand and stimulus (Puce et al.,
1998; Conty et al., 2007; Ponkanen et al., 2011). Indeed, studies
that have measured N170 modulations by gaze direction in
adults reported no consistent results (Itier and Batty, 2009).
Some studies reported a larger N/M170 to averted gaze (Puce
et al., 2000; Watanabe et al., 2002; Itier et al., 2007a; Caruana et al.,
2014), some to direct gaze (Conty et al., 2007; Ponkanen et al.,
2011) whereas others reported no modulations of the N170 by
gaze direction (Taylor et al., 2001b; Schweinberger et al., 2007;
Brefczynski-Lewis et al., 2011; Myllyneva and Hietanen, 2015).
Inconsistent results in the study of gaze perception are also re-
ported in fMRI (Calder et al., 2007; Nummenmaa and Calder,
2009). Discrepancies between studies have been attributed
mainly to task and stimulus factors (Itier and Batty, 2009:11;
Nummenmaa and Calder, 2009; Puce and Schroeder, 2010). Gaze
perception studies have used either passive viewing tasks (Puce
et al., 2000; Watanabe et al., 2002; Caruana et al., 2014), or ‘social’
judgment tasks, where participants report whether the gaze
was oriented away or toward them (Conty et al., 2007; Itier et al.,
2007a).

Moreover, gaze perception studies have used a diversity of
stimuli with varying head orientation, either front-view (e.g.
Puce et al., 2000), or/and 3=4-viewed (e.g. Kawashima et al., 1999;
Conty et al., 2007; Itier et al., 2007a), and varying angles of gaze
deviations (from 5� to 30�; e.g. Schweinberger et al., 2007).

Importantly, the majority of studies manipulated gaze in static
displays, even though gaze is rarely static in natural situations,
and social information important for non-verbal communica-
tion is often conveyed via dynamic gaze changes. The use of dy-
namic stimuli can pose a challenge in neurophysiological
studies because they may not have clear onsets, and can poten-
tially elicit a continuous and dynamic neural response (see
Ulloa et al., 2014). To overcome this problem, apparent face mo-
tion stimuli, which allow eliciting clear ERPs to dynamic stimu-
lation, were developed (Puce et al., 2000; Conty et al., 2007).
Apparent face motion stimuli have a precise stimulus onset for
performing traditional ERP analyses, while conserving the dy-
namic and more ecological aspects of perception.

The purpose of this study was to investigate whether the
modulations of the N170 by gaze direction depend on task de-
mands, using a varied set of eye gaze transitions. To that aim,
we used an apparent motion paradigm in a trial structure iden-
tical to Conty et al. (2007) and a subset of their stimuli. We gen-
erated a series of six potential viewing conditions: three
motions away from the participants and three motions toward
the participants. The six conditions included full gaze transition
between an extreme and a direct gaze, mimicking conditions
used in Puce et al. (2000), two conditions starting at an inter-
mediate gaze position, mimicking those of Conty et al. (2007)
and an additional two conditions, ending on the intermediate
gaze position, to ensure a balanced stimulus design.
Importantly, we ran two task versions on the same subject
group using the same stimuli in the same experimental session.
In Task 1 subjects made a ‘social’ judgment identifying if the
gaze moved toward or away from them, as in Conty et al. (2007).
In Task 2, subjects made a ‘non-social’ judgment where they
indicated if the gaze change was to their left or right. We thus
explicitly examined how ERPs to viewing eye gaze changes were
influenced by the task performed by the participants. We
hypothesized that gaze transition away from the participants
will lead to larger N170 than gaze motion toward the partici-
pants, at least in the non-social task, regardless of the size of
the gaze transition.

Materials and methods
Subjects

Overall, 26 subjects from the general Indiana University
(Bloomington) community took part in the experiment. All pro-
vided written informed consent in a study that was approved by
the Indiana University Institutional Review Board (IRB
1202007935). All subjects were paid $US25 for their participation.
Four individuals generated electroencephalographic (EEG) data
that contained excessive head or eye movement artifacts, and
hence were excluded from subsequent data analysis. Therefore,
a total of 22 subjects (11 female; mean age 6 s.d.: 26.23 6 3.44
years) contributed data to this study. All, but one, subjects were
right handed (mean handedness 6 s.d.:þ 54.77 6 31.94), as as-
sessed by the Edinburgh Handedness Inventory (Oldfield, 1971).
All subjects were free from a history of neurological or psychi-
atric disorders and had normal, or corrected-to-normal, vision.

Stimuli

Stimuli consisted of the frontal face views from Conty et al.
(2007) that were presented using an identical trial structure. A
total of forty 8-bit RGB color frontal view faces (20 males) were
presented with direct gaze (direct), 15� (intermediate) or 30�
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(extreme) averted gaze positions. There were a total of six
images per face: one with a direct gaze, one with an averted
horizontal gaze of 15� to the right, one with an averted horizon-
tal gaze of 30� to the right and mirror images of each. Apparent
gaze motion was created from the static images by presenting
two images sequentially (Figure 1A).

A total of six gaze apparent motion conditions were gener-
ated (see Figure 1A and B):

1. Direct to extreme gaze [Dir-Ext].
2. Extreme to direct gaze [Ext-Dir].
3. Intermediate to extreme [Int-Ext].
4. Intermediate to direct [Int-Dir].
5. Direct to intermediate [Dir-Int].
6. Extreme to intermediate [Ext-Int].

The large number of conditions in this study allows us to
reconcile potential differences between previous published
studies. In this study, conditions (1) and (2) were identical to
those previously studied in Puce et al. (2000), whereas (3) and (4)
were a subset of those used in Conty et al. (2007). Conditions (5)
and (6) were not used in either of the previous studies, but were
added to the current study so that a balanced experimental de-
sign could be created. For the sake of brevity, throughout the
manuscript we refer to these groupings of pairs of conditions
subsequently as ‘full transition’, ‘intermediate-to-endpoint’ and
‘endpoint-to-intermediate’. Note that conditions (1), (3) and (5)
correspond to gaze transition made away from the subjects,

whereas conditions (2), (4) and (6) correspond to gaze transition
made toward the subjects, resulting (2,4) or not (6) in eye
contact.

Design

Each subject completed two tasks in a recording session: in the
social task subjects pressed one of two response buttons to indi-
cate whether the viewed gaze transition was moving away or
toward them. In the non-social task, a gaze transition was
judged relatively as either moving toward either their left or
their right. The order of the two tasks was counterbalanced
across subjects. For each task, 480 trials were broken up into
four runs of 120 trials each to allow rest for subjects between
runs, so that they could keep their face and eye movements to a
minimum.

A single trial consisting of the presentation of two
stimuli had the following structure: the first image of each trial
was presented for 800, 900 or 1000 ms (randomized) on a black
background. It was immediately replaced by a second image,
which differed from the first one only by its gaze direction, cre-
ating an apparent motion stimulus. The second image re-
mained on the screen for 1100 ms. Trials were separated by an
800 ms white fixation cross appearing on a black background
(Figure 1A). Each of the six stimulus conditions was presented a
total of 80 times in randomized order, for a total of 480 trials per
task.

Fig. 1. Methods. (A) Time line for individual trial structure. A first static face is displayed on the screen. Gaze direction in that first face can be direct (illustrated), inter-

mediate or extreme. The first face is then replaced by a second static face, in which the gaze direction, different from gaze direction in the first face, can be direct, inter-

mediate or extreme (illustrated) in order to create apparent gaze motion. Subjects were instructed to respond while the second face was still on screen. (B) Example of

the different apparent motion conditions. The light gray box highlights gaze transition made away from the subjects. The dark gray box highlights gaze transition

made toward the subjects. (C) Location of the electrodes of interest (red dots). Data illustrated is the average ERPs across conditions at the latency of the N170.
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Data acquisition

Each subject was fitted with a 256-electrode HydroCel Geodesic
Sensor Net (EGI Inc., Eugene, OR). Electrodes were adjusted as
needed to keep impedances below 60 kX, consistent with manu-
facturer’s recommendations. Half way through the experimen-
tal session an additional impedance check was performed, and
impedances were adjusted as needed. Continuous EEG record-
ings were made during both tasks using a gain of 5000 with a set
of EGI Net Amps 300 neurophysiological amplifiers using
NetStation 4.4 data acquisition software and were stored for off-
line analysis. EEG data were recorded with respect to the vertex
using a sampling rate of 500 Hz and a band pass filter of 0.1–
200 Hz.

Once the EEG set-up was complete, subjects sat in a comfort-
able chair in a darkened room 2.75 m away from a 160 cm moni-
tor (Samsung SyncMaster P63FP, Refresh Rate of 60Hz) mounted
on a wall at eye level. Stimuli were presented with a visual angle
of 7.0� 8.6 deg (horizontal�vertical) using Presentation V14
software (Neurobehavioral Systems, San Francisco, CA).

Data analysis

Behavioral data
Response time (RT) and accuracy data, collected with
Presentation, were exported to Matlab 2012 (The Mathworks
Inc., Natick, MA). Mean RTs and accuracy were calculated for
each condition, task and subject.

EEG data preprocessing
EEG data preprocessing was performed in NetStation EEG soft-
ware (EGI Inc., Eugene, OR) and EEGlab (Delorme and Makeig,
2004), following recommended guidelines; detailed information
is presented in supplementary material. Continuous EEG data
were epoched into 1.6 s epochs, including a 518 ms pre-stimulus
(the second face of the apparent motion stimulus) onset1.

Event-related potentials
For each task, an average ERP was generated for each subject
and condition; average number of trials included in the average
ERP were greater than 60 in all conditions and tasks (repeated-
measures ANOVAs, all P> 0.05). ERP peak analyses were
conducted on individual subject averages for each of the 12 con-
ditions (6 apparent motion� 2 tasks). N170 latencies and ampli-
tudes were measured from the ERPs averaged over a nine-
electrode cluster (Figure 1C), centred on the electrode where the
grand average (collapsed for conditions) was maximal between
142 and 272 ms post-stimulus. In order to investigate ERP effects
other than the N170, we further tested for experimental effects
at all time-points and electrodes using the LIMO EEG toolbox
(spatial-temporal analyses, Pernet et al., 2011—presented in
Supplementary Material).

Statistical analysis

Statistical analyses of behavioral data and ERP peak amplitudes
and latencies were performed using IBM SPSS Statistics V20
(IBM Corp., Armonk, NY).

Behavioral data
To directly compare our results with those of previous studies,
we ran three separate two-way repeated-measure ANOVAs on
the data in this study explicitly comparing the conditions
identical to Puce et al. 2000 (Dir-Ext/Ext-Dir), Conty et al. 2007 (Int-
Ext/Int-Dir) and new conditions not previously tested (Ext-Int/
Dir-Int—Figure 1B); these ANOVAs are respectively referred to as
the full transition ANOVA, intermediate-to-endpoint ANOVA or
endpoint-to-Intermediate ANOVA. All three ANOVAs had two
within-subjects factors: task and condition (Dir-Ext/Ext-Dir or Int-
Ext/Int-Dir or Dir-Int/Ext-Int). A significant effect was identified at
the P< 0.05; significant interactions were further explored using
paired t-test. Results of an omnibus ANOVA with all conditions
are presented in Supplementary Material.

Event-related potentials
A mixed-design ANOVA using within-subject factors of task,
condition and hemisphere and a between-subjects factor of
gender was performed to identify significant differences in
N170 amplitude and latency. A significant effect was identified
at the P< 0.05 level using a Greenhouse-Geisser sphericity cor-
rection, when relevant; pairwise comparisons were Bonferroni
corrected. Statistical analyses of N170 latency are reported in
Supplementary Material.

Using logic similar to the analysis of the behavioral data, we
additionally ran three separate three-way ANOVAs comparing
the condition subgroups i.e. the full transition ANOVA,
intermediate-to-endpoint ANOVA and endpoint-to-intermedi-
ate ANOVA. All three ANOVAs had three within-subjects
factors: task, condition and hemisphere (left, right). A signifi-
cant effect was identified at the P< 0.05 level; significant inter-
actions were further explored using paired t-test.

Results
Behavioral results

Accuracy
Accuracy results are displayed in Figure 2A and in Table 1. The
full transition ANOVA, i.e. comparison between direct-to-extreme
and extreme-to-direct gaze changes, revealed an effect of task
(F(1,21)¼ 5.34; P¼ 0.031; g2¼ 0.20), and a two-way interaction
(F(1,21)¼ 12.13; P¼ 0.002; g¼ 0.37). Subjects performed better in
the non-social task than in the social task, in particular for gaze
aversions. In the non-social task, accuracy was higher for gaze
aversion than gaze changes toward the participants (t(21)¼ 3.82;
P¼ 0.001); in the social task, accuracy was not modulated by gaze
transition direction (t(21)¼�0.751; P¼ 0.461). The intermediate-
to-endpoint ANOVA, i.e. comparisons between Int-Ext and Int-
Dir, again showed a main effect of task (F(1,21)¼ 4.58; P¼ 0.044;
g2¼ 0.17): accuracy was better in the non-social task than in the
social task, regardless of the gaze direction. No other effect or
interaction was found. Finally, the endpoint-to-intermediate
ANOVA, namely comparisons between Ext-Int and Dir-Int
changes, showed a main effect of task (F(1,21)¼ 7.48; P¼ 0.012;
g2¼ 0.26), condition (F(1,21)¼ 5.49; P¼ 0.029; g2¼ 0.21) and a
two-way interaction (F(1,21)¼ 7.20; P¼ 0.014; g2¼ 0.26). Again, ac-
curacy differed as a function of gaze transition direction in the
non-social task (higher for gaze aversion; t(21)¼ 2.82; P¼ 0.01) but
not in the social task (t(21)¼ 0.44; P¼ 0.666).

Response times
RT data are displayed in Figure 2B and in Table 1. The full transi-
tion ANOVA, revealed main effects of task (F(1,21)¼ 33.42;

1 An advisory notice from the EGI EEG system manufacturer
has informed us about an 18 ms delay between real-time ac-
quisition (to which events are synchronized) and the EEG sig-
nal. Consequently, a post hoc latency factor of 18 ms was
applied to all ERP latencies.
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P< 0.001; g2¼ 0.61), condition (F(1,21)¼ 19.09; P< 0.001; g2¼ 0.48)
and an interaction (F(1,21)¼ 7.65; P¼ 0.012; g2¼ 0.267). RTs were
overall shorter in the non-social than in the social task, and, in
the social task, for gaze changes made toward the subjects. The
two-way interaction between task and condition revealed that
RTs were significantly shorter for toward gaze transition in the
social task (t(21)¼ 4.64; P< 0.001), but less so in the non-social
task (t(21)¼ 2.76; P¼ 0.012). The intermediate-to-endpoint
ANOVA revealed main effects of task (F(1,21)¼ 30.81; P< 0.001;
g2¼ 0.59) and condition (F(1,21)¼ 20.62; P< 0.001; g2¼ 0.49).
Again RTs were shorter in the non-social task and for eye
gaze changes toward the subjects. Finally, the endpoint-

to-intermediate ANOVA showed effects similar to that of the
full transition ANOVA: main effect of task (F(1,21)¼ 31.94;
P< 0.001; g2¼ 0.60), condition (F(1,21)¼ 12.83; P¼ 0.002; g2¼ 0.38)
and an interaction (F(1,21)¼ 5.58; P¼ 0.028; g2¼ 0.21). RTs were
faster in the non-social task, and for gaze changes made toward
the subjects. RTs were only significantly faster to toward gaze
transition in the social task (t(21)¼ 4.07; P¼ 0.001; non-social
task: t(21)¼ 1.56; P¼ 0.13).

Event-related potentials
Overall, a very clear triphasic positive–negative–positive ERP
complex was observed in all conditions at the posterior scalp bi-
laterally (Figures 3–5). The negative ERP corresponded to the
N170, consistent with previous studies (Puce et al., 2000; Conty
et al., 2007) and peaked around 200 ms. So as to better compare
with previous studies, averaged ERPs recorded for nine-
electrode occipitotemporal clusters over each hemisphere for
all conditions were generated (Figures 3–5 and Supplementary
Figure S1). For all conditions, N170 was earlier (Supplementary
Material) and larger in the right electrode cluster. Below we de-
scribe the results of statistical tests on ERP amplitudes as a
function of task and condition.

N170 amplitude: omnibus ANOVA
Histograms of N170 amplitudes and latencies as a function of
condition are presented in Supplementary Materials (Supple-
mentary Figure S1). Our ANOVA had factors of task, condition,
hemisphere and gender (or participant). Participants’ gender af-
fected N170 amplitude differently for the two tasks (task� gen-
der interaction: F(1,20)¼ 5.577; P¼ 0.028; g2¼ 0.218). There was
no difference in N170 amplitude between male and female par-
ticipants in the social task; however, N170 was larger in male
participants in the non-social task. The omnibus mixed-factor
ANOVA also revealed main effects of condition (F(4.09,81.83)¼
13.017; P< 0.001; g2¼ 0.394), hemisphere (F(1,20)¼ 15.515;
P¼ 0.001; g2¼ 0.437) and a three-way interaction between task,
condition and hemisphere (F(4.05,81.11)¼ 5.125; P¼ 0.001; g2¼
0.204).

N170 was also larger to eye motion made toward an extreme
position, i.e. away from the observer (Dir-Ext and Int-Ext
changes, which did not differ), compared to eye motion made
from an extreme position, i.e. toward the observer (Ext-Dir/Ext-
Int, which did not differ). Other eye gaze motion directions (Dir-
Int/Int-Dir) led to N170 with intermediate amplitudes. The
three-way interaction between task, condition and hemisphere
was further explored by running two 2-way repeated-measure
ANOVAs: one per hemisphere. In the left hemisphere (LH), there
was a main effect of condition (F(4.09,86.08)¼ 11.31; P< 0.001;
g2¼ 0.35): N170 was larger for motion away from the partici-
pants which did not differed significantly (Dir-Ext, Int-Ext,

Fig. 2. Behavioral results. Red bars: non-social task; blue bars: social task. Light

colored bars illustrate gaze transition made away from the subjects. Dark col-

ored bars highlight transition made toward the subjects. Error bars represent

standard error of mean (SEM). (A) Accuracy. *P< 0.05. Note that accuracy is plot-

ted between 80 and 100%. (B) RTs. *P<0.01.

Table 1. Behavioral Results (group mean 6 SEM) as a function of task and condition

Dir-Ext Ext-Dir Int-Ext Int-Dir Dir-Int Ext-Int

Accuracy (%) 6 SEM
Non-social 98.35 6 0.79 95.17 6 1.33 96.53 6 1.04 96.02 6 1.18 97.78 6 0.76 93.24 6 2.17
Social 94.15 6 0.97 94.83 6 1.16 93.52 6 0.95 94.20 6 1.27 92.50 6 1.22 92.10 6 1.31

RTs (ms) 6 SEM.
Non-social 434 6 16 412 6 19 466 6 14 443 6 18 440 6 16 429 6 20
Social 535 6 24 489 6 23 563 6 19 523 6 23 545 6 24 512 6 24

M. Latinus et al. | 5
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Dir-Int; all P> 0.29); it was the smallest for motion toward the
participants (Ext-Int and Ext-Dir, which did not differed signifi-
cantly). In the right hemisphere (RH), there was a main effect of
condition (F(4.21,88.35)¼ 7.65; P< 0.001; g2¼ 0.27) and, a signifi-
cant interaction between task and condition (F(78.67,3.74)¼
3.83; P¼ 0.008; g2¼ 0.15). Overall, N170 amplitudes were larger
for gaze aversion to an extreme averted position than for gaze
motion ending with gaze contact; motion toward an intermedi-
ate position led to the smallest N170, with a larger N170 to the
motion away from the observer (Dir-Int).

We further explored the interaction in RH, by running a one-
way ANOVA for each task: both revealed a significant effect of
condition (non-social task: F(3.58,75.07)¼ 6.46; P< 0.001;
g2¼ 0.24; social task: F(3.53,73.99)¼ 6.09; P< 0.001; g2¼ 0.23). In
the non-social task, N170 were larger for motion away from the
participants, and smaller for motion toward the participant. In
the social task, N170 amplitudes were the smallest for gaze
changes toward an intermediate position: gaze aversion toward
an intermediate averted gaze (Dir-Int) yield the smallest N170.
Consequently, while in the non-social task, in RH, N170 ampli-
tude appears larger for gaze transition away from the subjects,
in the social task, the pictures is less clear cut, with the N170
being the smallest for an away condition (Dir-Int).

N170 amplitude: ANOVAs on condition groupings based
on previous studies
In the full transition ANOVA (Figure 3), overall N170 was larger
in the RH (F(1,20)¼ 14.98; P¼ 0.001; g2¼ 0.43) and for gaze

aversions (Dir-Ext; F(1,20)¼ 13.70; P¼ 0.001; g2¼ 0.41). A three-
way interaction between task, condition and hemisphere
(F(1,20)¼ 4.69; P¼ 0.042; g2¼ 0.19) indicated that, while the away
condition evoked a larger N170 than the toward condition in
both hemispheres when subjects were involved in a non-social
judgment (LH: t(21)¼� 2.79; P¼ 0.011; RH: t(21)¼�2.88;
P¼ 0.009), this difference disappeared in RH in the social task
(LH: t(21)¼�5.30; P< 0.001; RH: t(21)¼�0.96; P¼ 0.35). This ab-
sence of difference in RH during the social judgments was
attributed to an enhanced N170 to the stimuli showing a gaze
change toward the subjects. A task by gender interaction
(F(1,20)¼ 4.75; P¼ 0.041; g2¼ 0.19) revealed a larger N170 for
male subjects than female subjects in the social task, whereas
no differences were observed in the non-social task.

The intermediate-to-endpoint ANOVA (Figure 4) again
showed a larger N170 over the RH (F(1,20)¼ 14.74; P¼ 0.001;
g2¼ 0.42) and for gaze changes away from subjects (F(20,
1)¼ 7.54; P¼ 0.012; g2¼ 0.27). A three-way interaction between
task, condition and hemisphere (F(20, 1)¼ 10.35; P¼ 0.004;
g2¼ 0.34) showed that the modulation of N170 amplitude by
gaze direction was significant in RH, while subjects were
involved in the non-social task (t(21)¼�2.78, P¼ 0.011), but not
in the social task (t(21)¼�1.10, P¼ 0.284), likely reflecting an
enhanced N170 amplitude for gaze changes toward subjects. In
LH, the opposite was true: the difference between conditions
was not significant during the non-social task (t(21)¼�0.11,
P¼ 0.916), but N170 was significantly smaller for gaze
changes toward the subjects in the social task (t(21)¼�3.30,

Fig. 3. Grand average ERPs for the full transitions [direct-to-extreme and extreme-to-direct—conditions similar to Puce et al. (2000)]. Top panels, red lines: non-social

task; bottom panels, blue lines: social task. Light colored lines illustrate gaze transition made away from the subjects. Dark colored lines highlighted transition made

toward the subjects. Shaded areas represent the 95% confidence interval built using bootstrap (n¼1000) with replacement of the data under H1.
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P¼ 0.003). There was no interaction between task and gender
(F(1,20)¼ 3.10; P¼ 0.094).

Finally, the endpoint-to-intermediate ANOVA (Figure 5)
again showed that N170 was larger in RH (F(1,20)¼ 14.80;
P¼ 0.001; g2¼ 0.43), and for the motion away from subjects
(F(1,20)¼ 11.72; P¼ 0.003; g2¼ 0.37). As observed in the full tran-
sition ANOVA, a three-way interaction between task, condition
and hemisphere (F(1,20)¼ 4.70; P¼ 0.042; g2¼ 0.19) revealed was
no difference in N170 amplitude evoked by away and toward
gaze changes in RH, when subjects performed a social judgment
(t(21)¼ 1.116; P¼ 0.28). A task by gender interaction
(F(1,20)¼ 6.70; P¼ 0.018; g2¼ 0.25) revealed a larger N170 for
male subjects than female subjects in the social task, and no
differences were observed in the non-social task.

Discussion

Our aim in this study was to test if brain activity to gaze
changes was sensitive to task demands, as mainly signaled by
N170 ERP characteristics. This question is important given
inconsistencies found in the gaze perception literature irre-
spective of whether EEG/MEG or fMRI was used as the imaging
modality (Itier and Batty, 2009:11; Nummenmaa and Calder,
2009). Differences between studies could have arisen from dif-
ferences in task requirements or stimuli used (e.g. size of the
gaze transition). Hence, here we studied the same group of sub-
jects as we varied task (social vs non-social judgment) and used
the same trial structure with a subset of stimuli previously used

in Conty et al. (2007), and analogous stimulus conditions used in
two previous studies. Our data showed clear main effects of
task, gaze direction (away/toward) and interaction effects be-
tween these two variables. These effects were present irrespect-
ive of gaze position onset and the size of the gaze transition,
and irrespective of whether the motion toward the viewer
involved eye contact.

Discrepancies between studies may potentially be explained
by differences in the degree of gaze aversion, which ranged
from 5� to 30� (Puce et al., 2000; Conty et al., 2007; Schweinberger
et al., 2007). In our current study, gaze aversion was produced
with different degrees, nonetheless when all conditions were
compared in a single statistical analysis, N170 amplitude was
not modulated by motion transition size. N170 amplitudes were
not significantly different for conditions with the same direc-
tion of motion, but with different degrees of motion excursion.
Rather, the N170 response pattern was more ‘categorical’, indi-
cating that the observed modulations in N170 amplitude
occurred when gaze changed to look (further) away from the ob-
server. This observation is consistent with an fMRI study show-
ing sensitivity of the anterior superior temporal sulcus to
overall gaze direction that was independent from gaze angle
(Calder et al., 2007).

We performed separate statistical analyses on the current
data, based on groups of conditions that were used in each of
our previous studies (Puce et al., 2000; Conty et al., 2007), so as to
enable interpretation of observed differences. We replicated the
findings of Puce et al. (2000) where extreme gaze aversions

Fig. 4. Grand average ERPs for the intermediate-to-endpoint transitions (IE and ID—conditions similar to Conty et al. (2007)). Top panels, red lines: non-social task; bot-

tom panels, blue lines: social task. Light colored lines illustrate gaze transition made away from the subjects. Dark colored lines highlighted transition made toward

the subjects. Shaded areas represent the 95% confidence interval built using bootstrap (n¼1000) with replacement of the data under H1.
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elicited larger N170s relative to direct gaze in a passive viewing
task (using the non-social task here as a comparison). For non-
social judgments, we observed similar N170 amplitude modula-
tion effects for all away and all toward conditions, irrespective
of the starting/ending position of the gaze transition. Gaze dir-
ection facilitates target detection by directing attention toward
the surrounding space (Itier and Batty, 2009). Larger N170s to
averted gaze could reflect a shift of attention toward the sur-
rounding space, cueing the observer to a potentially more be-
haviorally relevant part of visual space. Spatial cueing has
previously been shown to modulate early ERPs (P1/N1; Holmes
et al., 2003; Jongen et al., 2007); notably, the N170 is enhanced for
cued/attended targets (McDonald et al., 2003; Pourtois et al.,
2004; Carlson and Reinke, 2010). Thus, our results suggest an
increased salience of spatial cueing over social processing, at
least with the frontal face views used here, in situations where
no explicit social judgment needs to be made. It should be noted
that these cueing effects occur earlier in time relative to other
ERP effects related to spatial cueing seen in the literature. Two
types of known ERP negativity elicited to spatial cueing in
Posner-like (Posner et al., 1980) visuo-spatial cueing paradigms:
the posterior early directing attention negativity and the anter-
ior directing attention negativity (ADAN) (Harter et al., 1989;
Yamaguchi et al., 1994; Hopf and Mangun, 2000; Nobre et al.,
2000), typically occur in the 200–400 ms and 300–500 ms range,
respectively.

Surprisingly, task had no effect on the N170 measured in the
LH: left N170s were always larger for gaze aversion, irrespective

of whether a social or non-social decision was being made, con-
sistent with previous reports (Hoffman and Haxby, 2000; Itier
et al., 2007b; Caruana et al., 2014). Notably, however, in the social
task, the modulations of N170s by gaze aversion disappeared in
the RH: N170s were not significantly different between condi-
tions due to the occurrence of an enhanced N170 for gaze tran-
sitions toward the participants. This effect was seen for all gaze
transitions toward participants, regardless of whether the gaze
change ended with direct eye contact (and independent of refer-
ence electrode—see Supplementary Materials). Our results are
consistent with those of Itier et al. (2007b) who used a social
task with static face onset displays; they report larger N170 to
averted than direct gaze, for front-view faces only, and mainly
in the LH. However, our results are inconsistent with Conty
et al., 2007 who reported significantly larger N170s to direct gaze
than to gaze aversion, in particular for deviated head view. It
should be noted that these two studies included stimuli with
different head positions in addition to gaze changes, and it is
possible that these additional conditions may have further
modulated N170 activity (e.g. see Itier et al., 2007b).

Head orientation has been shown to modulate gaze percep-
tion in behavioral paradigms (Langton et al., 2000). In particular,
incongruence between head and gaze direction can decrease par-
ticipant’s performance in spatial judgments (Langton et al., 2000).
Thus, including different head views may have put greater em-
phasis on the processing of gaze direction in Conty et al. (2007),
because the gaze transitions were displayed under different con-
figurations and therefore judging their direction (away/toward

Fig. 5. Grand average ERPs for the endpoint-to-intermediate transitions (direct-to-intermediate and extreme-to-intermediate). Top panels, red lines: non-social task;

bottom panels, blue lines: social task. Light colored lines illustrate gaze transition made away from the subjects. Dark colored lines highlighted transition made toward

the subjects. Shaded areas represent the 95% confidence interval built using bootstrap (n¼1000) with replacement of the data under H1.
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them) required deepened processing of the eye region. Following
Conty et al.’s hypothesis, our results indicate that, in the case of
explicit social judgments, N170 modulations reflect processes of
toward motion transition, even though the observer does not ne-
cessarily become the focus of attention. It should be noted that
defining social attention is particularly difficult and the definition
varies between research groups: some scientists will make the ar-
gument that our tasks are actually both social as there is a
human face in all conditions, for others both our tasks may be
considered as spatial. It is possible that task differences could re-
flect a self-referential processing effect, as it the spatial computa-
tion may seem to be made relatively to the self (in the ‘social’
task), or absolutely (non-social task). However, we believe that
the left/right judgment could also be regarded as self-centered as
it is dependent on the participant’s right and left.

Overall our observations are consistent with previous stud-
ies showing that N170 is modulated by top-down influences
(Bentin and Golland, 2002; Jemel et al., 2003; Latinus and Taylor,
2006). Our spatial-temporal analysis showed that ERP effects
that were modulated by task began as early as 148 ms and
lasted for 300 ms. This modulation was mostly seen on frontal
electrodes, in line with the idea that task engages top-down in-
fluences arising from higher order regions. The modulation of
an ERP as a function of social decision might be indicative of
whether the brain is in a ‘socially aware’ mode or not. In the
non-social task, involving visuospatial judgments, we observed
larger N170s to transitions away from the observer, irrespective
of whether the transition was made from gaze contact.
This augmented N170 to gaze aversion replicates previous re-
sults observed under passive viewing (Puce et al., 2000; Caruana
et al., 2014) suggesting that in the case of viewing eye gaze, the
implicit working mode of the brain may not be social. Changes
in gaze direction, in particular aversion from a direct gaze pos-
ition, can signal a shift in spatial attention toward a specific lo-
cation, inducing the observer to shift his/her attention toward
the same location (Puce and Perrett, 2003; Hadjikhani et al.,
2008; Straube et al., 2010). Our data seems to indicate that the
‘default’ mode of the brain might be to process gaze as an indi-
cation of a shift in attention toward a specific visuospatial loca-
tion. In contrast, in an explicit ‘socially aware’ mode, the N170
is augmented in conditions with toward gaze transitions. Our
data suggest that the social meaning of direct gaze arises from
being in an explicit social mode where social context is the
most salient stimulus dimension. This study raises questions
regarding what exactly is an explicit social context. A study by
Pönkanen et al. (2011) reported larger N170 to direct than
averted gaze with real persons, but not with photography; yet,
the same team further demonstrated that these effects were de-
pendent on the mental attribution from the observer
(Myllyneva and Hietanen, 2015). Taken together with our re-
sults, this may suggest than in ecological situations, such as in
a face-to-face conversation, the presence of real faces rather
than photographs may be sufficient in generating a social con-
text, allowing the switching of processing mode from a default
to an explicit socially aware mode.

Converging with the proposal that gaze processing is non-
social by default, participants had more accurate performance
and faster RTs in the non-social task. As stated previously, gaze
direction is thought to facilitate target detection—target detec-
tion is more likely to occur in the non-social task, than in the so-
cial task in which the observer is the target of a directed
behavior. Alternatively, social judgment may result in a slower
attentional disengagement from the face leading to slower RTs
and increased error rates in the social task (Itier et al., 2007b).

Indeed, slower RTs have been reported for faces with direct
gaze, and were thought to reflect an enhanced processing of
faces with direct gaze (Vuilleumier et al., 2005), or a slower at-
tentional disengagement from faces with direct gaze (Senju and
Hasegawa, 2005). Consistent with this explanation, RTs for ‘to-
ward’ gaze transitions in the social task were faster than gaze
aversion, which may reflect a smaller attentional disengage-
ment in gaze change toward the participants in the social task.
These smaller RTs were consistent with our neurophysiological
data, in that social judgments produced relatively enhanced
N170 amplitudes to gaze transitions directed toward the
subject.

We have made the claim here that our data are consistent
with a ‘socially aware’ and ‘non-social’ bias for information
processing in the brain, and that this bias can be conferred via
top-down mechanisms (e.g. task demand) or via bottom-up
mechanisms (e.g. redeployment of visuospatial attention). An
alternative possibility is that non-social mechanisms related to
the re-allocation of visual attention to another part of visual
space—a possibility that requires future testing. Studies that
systematically investigate the hypothesis that social context in-
fluences the perception of gaze transition direction are needed.
One way of providing an explicitly social context might be to in-
clude multisensory stimulation, where auditory cues such as
non-speech and speech vocalizations and other (non-human)
environmental sounds might be presented as a face generates
gaze transitions away from the viewer. This would also make
the stimuli more ecologically valid. Multisensory cues with ex-
plicitly social and non-social dimensions could potentially dif-
ferentiate between different ‘top-down’ processing modes
(including social and non-social ones). So that this issue can be
teased out participants would have to complete a series of
tasks, where they might focus on one particular type of auditory
cue at a given time. If our claim that communicative intent in
incoming stimuli switches the brain into a ‘socially aware’
mode is true, then we should observe the largest N170 to gaze
transitions accompanied by speech stimuli, with those to non-
speech vocalizations being smaller, and those to environmental
sounds being smaller still when subjects are explicitly given a
social task e.g. detect a word target such as hello for example.

Conclusions

This dataset reconciles data from two studies on apparent gaze
motion with seemingly opposite results. We report modulations
of the N170 by gaze transition direction dependent on the task
performed by the subjects. N170 was larger to gaze aversions in
both hemispheres when subjects were involved in a non-social
task, mimicking previous results with passive viewing, suggest-
ing that the brain’s Default mode may not be ‘social’. Focusing
subjects’ attention to social aspects of the stimuli, by requiring
explicit social judgments, led to an enhanced N170 to toward
gaze transitions in the RH, irrespective of the ending position of
the gaze motion. This could reflect an increased salience of to-
ward gaze motion in a ‘social’ context, and the brain operating
in a ‘socially aware’ mode.
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Supplementary	
  Methods	
  	
  

	
  

1. Data	
  Analysis	
  

a. EEG	
  Data	
  preprocessing	
  

Within	
  Net	
  Station	
  EEG	
  software	
  (EGI	
  Inc.,	
  Eugene,	
  OR,	
  USA),	
  electrodes	
  with	
  poor	
  contact	
  

(‘bad’	
  electrodes)	
  were	
  visually	
  identified	
  during	
  the	
  EEG	
  recording	
  and	
  in	
  the	
  continuous	
  

EEG	
   data	
   recorded	
   for	
   both	
   tasks.	
   The	
   electrodes	
   identified	
   as	
   bad	
   differed	
   between	
  

subjects;	
   average	
   number	
   of	
   ‘bad’	
   electrodes	
   (standard	
   error	
   of	
  mean,	
   sem)	
  was	
   20.38	
   ±	
  

0.93	
   out	
   of	
   256	
   channels;	
   bad	
   electrodes	
   were	
   removed	
   from	
   subsequent	
   preprocessing	
  

until	
  their	
  interpolation	
  at	
  a	
  later	
  stage.	
  Continuous	
  EEG	
  data	
  were	
  first	
  filtered	
  using	
  a	
  0.5	
  

Hz	
  high-­‐pass	
   filter,	
  epoched	
   into	
  1.6s	
  epochs,	
   including	
  a	
  518ms	
  pre-­‐stimulus	
  onset.	
  Only	
  

EEG	
   epochs	
   in	
   which	
   there	
   was	
   a	
   correct	
   response	
   were	
   included	
   in	
   subsequent	
   EEG	
  

analyses.	
  The	
  epoched	
  EEG	
  data	
  were	
   then	
  exported	
   in	
  a	
  binary	
   format	
   from	
  the	
  EGI	
  Net	
  

Station	
   software	
   and	
   subsequently	
   imported	
   into	
   EEGLab	
   (V11)	
   {Delorme,	
   2004	
   #5},	
  

running	
  in	
  the	
  Matlab	
  2012	
  environment.	
  The	
  epoched	
  EEG	
  data	
  were	
  submitted	
  to	
  a	
  two-­‐

pass	
   Independent	
   Component	
   Analysis	
   (ICA)	
   to	
   identify	
   and	
   remove	
   components	
  

corresponding	
  to	
  blinks,	
  lateral	
  eye	
  movements,	
  carotid	
  pulse	
  artifact	
  and	
  60	
  Hz	
  line	
  noise.	
  

Before	
  performing	
  the	
  first	
   ICA,	
  manual	
  visual	
   identification	
  of	
  the	
  epoched	
  EEG	
  data	
  was	
  

performed	
   to	
   reject	
   trials	
  with	
   excessive	
   artifacts	
   (e.g.,	
   very	
   large	
  muscle	
   artifacts	
   due	
   to	
  

swallowing,	
   or	
   subject	
   movement).	
   The	
   first	
   ICA	
   enabled	
   components	
   corresponding	
   to	
  

blinks	
   and	
   line	
   noise	
   to	
   be	
   identified	
   and	
   removed	
   from	
   the	
   epoched	
   EEG	
   dataset.	
   After	
  

blinks	
   and	
   line	
   noise	
   had	
   been	
   corrected,	
   a	
   second	
   manual	
   inspection	
   of	
   the	
   data	
   was	
  



Latinus	
  et	
  al.,	
  	
   	
   	
   	
   	
   	
   Supplementary	
  Materials	
  

	
  

	
  
performed	
  to	
   further	
  exclude	
  remaining	
  trials	
  containing	
  saccadic	
  and	
  other	
  artifacts	
  (e.g.	
  

remaining	
  muscle	
   activity).	
   The	
   second	
   ICA	
   typically	
   allowed	
   for	
   identification	
   of	
   carotid	
  

pulse	
   artifact	
   and	
   line	
  noise	
  when	
  present.	
   	
  After	
   artifacts	
  were	
   eliminated	
   from	
   the	
  EEG	
  

recordings,	
  the	
  EEG	
  data	
  were	
  digitally	
  re-­‐referenced	
  with	
  respect	
  to	
  an	
  average	
  reference.	
  

A	
   second	
  EEG	
  dataset	
  was	
   created	
  using	
  a	
  nasion	
   reference	
  electrode	
   to	
  be	
  able	
   to	
  make	
  

direct	
   comparisons	
   to	
   the	
  previous	
   studies	
  of	
  Puce	
   and	
   colleagues	
   (2000)	
   and	
  Conty	
   and	
  

colleagues	
  (2007).	
  

	
  

EEG	
   epochs	
   were	
   baseline	
   corrected	
   (-­‐118	
   ms	
   to	
   -­‐18	
   ms).	
   Finally,	
   bad	
   channels	
   were	
  

interpolated	
   using	
   a	
   spherical	
   interpolation:	
   electrical	
   activity	
   was	
   interpolated	
   with	
  

respect	
  to	
  the	
  surrounding	
  nearest	
  neighbor	
  electrodes.	
  

	
  

b. Event-­‐related	
  potentials	
  

Detrending	
  was	
  performed	
  using	
  a	
  1	
  Hz	
  Infinite	
  Impulse	
  Response	
  (IIR)	
  high-­‐pass	
  filter	
  and	
  

data	
  were	
  digitally	
  low-­‐pass	
  filtered	
  using	
  a	
  40	
  Hz	
  Finite	
  Impulse	
  Response	
  (FIR)	
  filter.	
  

In	
  order	
  to	
  investigate	
  ERP	
  effects	
  other	
  than	
  the	
  N170,	
  we	
  further	
  tested	
  for	
  experimental	
  

effects	
  at	
  all	
  time-­‐points	
  (-­‐118-­‐482	
  ms)	
  and	
  electrodes	
  using	
  the	
  LIMO	
  EEG	
  toolbox	
  (spatial-­‐

temporal	
  analyses,	
  Pernet	
  et	
  al.,	
  2011).	
  To	
  that	
  aim,	
  individual	
  pre-­‐processed	
  EEG	
  datasets	
  

for	
  each	
  task	
  were	
  merged	
  into	
  a	
  single	
  dataset,	
  and	
  a	
  categorical	
  regressor	
  was	
  created	
  (4	
  

conditions:	
  task	
  x	
  direction	
  of	
  gaze	
  transition).	
  This	
  strategy	
  was	
  used	
  as	
  the	
  peak	
  analysis	
  

revealed	
  an	
  overall	
   effect	
   of	
   gaze	
   transition	
  direction	
   independent	
  of	
   the	
   size	
  of	
   the	
   gaze	
  

transition,	
  so	
  data	
  were	
  collapsed	
  along	
  the	
  other	
  dimension	
  (i.e.,	
  starting	
  and	
  end	
  point	
  of	
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the	
  gaze	
  transition).	
  Data	
  were	
  then	
  analysed	
   in	
  a	
  hierarchical	
  GLM,	
  where	
  parameters	
  of	
  

the	
   GLM	
   are	
   first	
   estimated	
   on	
   all	
   trials	
   at	
   each	
   time	
   point	
   and	
   electrode	
   at	
   the	
   single	
  

subject	
  level	
  (first-­‐level	
  analysis).	
  The	
  estimated	
  parameters	
  of	
  the	
  first-­‐level	
  analysis	
  were	
  

then	
  taken	
  into	
  a	
  second-­‐level	
  analysis	
  to	
  perform	
  group	
  level	
  statistics.	
  

	
  

2. Statistical	
  Analysis	
  

a. Behavioral	
  data	
  analysis	
  

Analysis	
  of	
  the	
  behavioral	
  data	
  from	
  both	
  tasks	
  was	
  performed	
  using	
  mixed-­‐design	
  ANOVAs	
  

within	
  the	
  General	
  Linear	
  Model	
  framework	
  with	
  gender	
  as	
  a	
  between-­‐subjects	
  factor,	
  and	
  

2	
  within-­‐subjects	
  factors:	
  Task	
  and	
  Condition.	
  A	
  significant	
  effect	
  was	
  identified	
  at	
  the	
  p	
  <	
  

0.05	
   level	
   using	
   a	
   Greenhouse-­‐Geisser	
   sphericity	
   correction,	
   when	
   relevant;	
   pairwise	
  

comparisons	
   were	
   Bonferroni	
   corrected.	
   This	
   analysis	
   was	
   performed	
   for	
   both	
   accuracy	
  

and	
   response	
   time	
  data.	
   Gender,	
   as	
   a	
   between-­‐subjects	
   factor,	
  was	
  not	
   significant;	
   it	
  was	
  

thus	
  not	
  considered	
  in	
  subsequent	
  ANOVAs	
  of	
  behavioral	
  data.	
  

b. Spatio-­‐temporal	
  analysis	
  of	
  ERP	
  data	
  
	
  
To	
  examine	
  changes	
  in	
  neural	
  activity	
  as	
  a	
  function	
  of	
  condition	
  across	
  the	
  entire	
  trial	
  epoch	
  

and	
   entire	
   scalp,	
   a	
   two-­‐way	
   repeated-­‐measures	
   ANOVA,	
   with	
   task	
   and	
   gaze	
   transition	
  

direction	
  as	
  within-­‐subject	
  factors,	
  was	
  run	
  on	
  the	
  beta	
  coefficients	
  estimated	
  at	
  each	
  time-­‐

point	
  and	
  electrode	
  at	
   the	
  single-­‐subject	
   level	
  within	
   the	
  LIMO	
  EEG	
  toolbox	
  (Pernet	
  et	
  al.,	
  

2011).	
  To	
  estimate	
  the	
  statistical	
  significance	
  of	
  the	
  ANOVA,	
  data-­‐driven	
  distribution	
  of	
  F-­‐

values	
   were	
   built	
   using	
   a	
   bootstrap-­‐F	
   method	
   developed	
   in	
   the	
   toolbox	
   (n=1000	
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bootstraps);	
   this	
  method	
  makes	
   no	
   assumption	
   on	
   the	
   normality	
   of	
   the	
   data	
   distribution	
  

and	
   is	
   therefore	
   robust	
   to	
   normality	
   violations	
   (Berkovits	
   et	
   al.,	
   2000).	
   To	
   correct	
   for	
  

multiple	
   comparisons,	
   we	
   used	
   the	
   bootstrap	
   spatial-­‐temporal	
   clustering	
   approach	
  

implemented	
  in	
  LIMO	
  EEG.	
  	
  	
  

	
  

This	
   analysis	
   allows	
   identifying	
   the	
   duration	
   of	
   significant	
   effects	
   in	
   ERP	
   data,	
   unlike	
   a	
  

conventional	
   ERP	
   peak	
   analysis,	
   which	
   will	
   typically	
   focus	
   on	
   a	
   single	
   time	
   point.	
  

Additionally,	
   the	
   spatial	
   extent	
   of	
   significant	
   condition	
   differences	
   can	
   be	
   clearly	
   seen,	
  

which	
  may	
  extend	
  beyond	
  designated	
  electrodes	
  of	
  interest.	
  This	
  analysis	
  is	
  very	
  useful	
  for	
  

examining	
  later	
  ERP	
  activity	
  where	
  peaks	
  can	
  be	
  broader	
  and	
  more	
  difficult	
  to	
  characterize	
  

using	
  conventional	
  peak	
  picking	
  methods.	
  

	
  
	
  
Supplementary	
  Results	
  

1.	
  Behavioral	
  results	
  

For	
   information	
  we	
  report	
   the	
  results	
  of	
   the	
  2	
  (task)	
  X	
  6	
  (condition)	
  X	
  2	
  (gender)	
  mixed-­‐

factor	
  ANOVA	
  on	
  accuracy	
  and	
  reaction	
  times.	
  

a.	
  Accuracy	
  

The	
  ANOVA	
  revealed	
  main	
  effects	
  of	
  task	
  (F(1,20)	
  =	
  7.16;	
  p	
  =	
  0.015;	
  η2	
  =	
  0.264),	
  conditions	
  

(F(1.78,35.6)	
  =	
  4.74;	
  p	
  =	
  0.018;	
  η2=	
  0.192),	
   and	
  an	
   interaction	
   (F(3.72,74.49)	
  =	
  4.52;	
  p	
  =	
  

0.003;	
  η2=	
  0.18).	
  Overall,	
  participants	
  were	
  more	
  accurate	
  in	
  the	
  non-­‐social	
  task	
  (Table	
  1;	
  

Figure	
  2).	
  There	
  was	
  an	
  overall	
  effect	
  of	
  condition,	
  driven	
  by	
  a	
  lower	
  accuracy	
  in	
  the	
  Ext-­‐Int	
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condition.	
   Post-­‐hoc	
   tests	
   (one-­‐factor	
   repeated-­‐measures	
   ANOVAs)	
   were	
   run	
   to	
   further	
  

investigate	
   the	
   interaction.	
   In	
   the	
   non-­‐social	
   task,	
   there	
   was	
   a	
   main	
   effect	
   of	
   condition	
  

(F(1.68,	
  35.33)	
  =	
  6.32;	
  p	
  =	
  0.007;	
  η2	
  =	
  0.23)	
  in	
  that	
  left/right	
  judgments	
  were	
  significantly	
  

more	
   accurate	
   for	
   eye	
   gaze	
   changes	
   away	
   from	
   the	
   direct	
   position	
   (Dir-­‐Ext/Dir-­‐Int)	
  

compared	
   to	
   eye	
   gaze	
   toward	
   the	
   direct	
   position	
   (Ext-­‐Dir/Int-­‐Dir);	
   other	
   pairwise	
  

comparisons	
  were	
  not	
  significant.	
  In	
  the	
  social	
  task,	
  there	
  was	
  a	
  trend	
  toward	
  a	
  significant	
  

effect	
   of	
   condition	
   –	
   F(3.19,	
   67.08)	
   =	
   2.61;	
   p	
   =	
   0.055;	
   η2	
   =	
   0.11	
   –	
   reflecting	
   a	
   significant	
  

difference	
   between	
   Ext-­‐Dir	
   and	
   Ext-­‐Int,	
   respectively	
   the	
   most	
   and	
   least	
   accurate.	
  

Consequently,	
   the	
   two-­‐way	
   interaction	
  seems	
   to	
   reflect	
  a	
  modulation	
  of	
  accuracy	
  by	
  gaze	
  

transition	
  direction	
  in	
  the	
  non-­‐social	
  task,	
  but	
  not	
  in	
  the	
  social	
  task.	
  Importantly,	
  while	
  the	
  

Ext-­‐Dir	
  condition	
  led	
  to	
  the	
  least	
  accurate	
  performance	
  in	
  the	
  non-­‐social	
  task,	
  it	
  led	
  the	
  best	
  

performance	
  in	
  the	
  social	
  task.	
  	
  	
  

b.	
  Response	
  Times	
  

Response	
  time	
  (RT)	
  data	
  are	
  displayed	
  in	
  Figure	
  2B.	
  Overall,	
  response	
  times	
  were	
  faster	
  in	
  

the	
  non-­‐social	
  task	
  than	
  in	
  the	
  social	
  task	
  (Figure	
  2;	
  Table	
  1;	
  F(1,20)	
  =	
  32.14;	
  p	
  <	
  0.001;	
  η2	
  =	
  

0.62).	
  There	
  was	
  a	
  main	
  effect	
  of	
  condition	
  (F(2.89,57.7)	
  =	
  22.08;	
  p	
  <	
  0.001;	
  η2	
  =	
  0.52):	
  the	
  

shortest	
  reaction	
  times	
  were	
  observed	
  for	
  the	
  Ext-­‐Dir	
  condition	
  (p	
  <	
  0.004,	
  compared	
  to	
  all	
  

other	
  conditions),	
  longest	
  response	
  times	
  were	
  recorded	
  to	
  the	
  Int-­‐Ext	
  condition	
  (p	
  <	
  0.01,	
  

compared	
   to	
   all	
   other	
   conditions).	
  When	
   gaze	
   changed	
   toward	
   an	
   intermediate	
   position,	
  

response	
   times	
  were	
   faster	
  when	
   the	
   starting	
   point	
  was	
   from	
   an	
   extreme	
  position,	
   i.e.,	
   a	
  

motion	
  toward	
  the	
  observer	
  (Ext-­‐Int	
  <	
  Dir-­‐Int;	
  p	
  =	
  0.02).	
  Overall,	
  the	
  conditions	
  with	
  gaze	
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transition	
   toward	
   the	
   subjects	
   (Ext-­‐Dir,	
   Ext-­‐Int,	
   Int-­‐Dir)	
   led	
   to	
   shorter	
   RTs	
   than	
   the	
  

conditions	
  with	
  gaze	
  transition	
  away	
  from	
  the	
  subjects.	
  

	
  

The	
   interaction	
   (F(2.95,	
  59.08)	
  =	
   	
  3.28;	
  p	
  =	
  0.028;	
  η2	
  =	
  0.14)	
  was	
   further	
  explored	
  using	
  

one-­‐factor	
  repeated	
  measures	
  ANOVAs.	
  These	
  ANOVAs	
  revealed	
  an	
  effect	
  of	
  condition	
   for	
  

both	
   task	
   (non-­‐social	
   task:	
   F(2.09,43.8)	
   =	
   13.11;	
   p	
   <	
   0.001;	
   η2	
   =	
   0.38;	
   social	
   task:	
  

F(3.51,73.8)	
   =	
   16.95;	
   p	
   <	
   0.001;	
   η2	
   =	
   0.45).	
   For	
   both	
   tasks,	
   the	
   fastest	
   responses	
   were	
  

observed	
  for	
  Ext-­‐Dir	
  (non-­‐social	
  task:	
  p	
  <	
  0.05	
  compared	
  to	
  all	
  other	
  conditions	
  but	
  Dir-­‐Ext;	
  

social	
  task:	
  p<0.02	
  compared	
  to	
  all	
  other	
  conditions).	
  Similarly,	
  the	
  slowest	
  responses	
  were	
  

recorded	
   for	
   Int-­‐Ext	
   for	
   both	
   tasks	
   (non-­‐social	
   task:	
   	
   p<	
   0.02	
   compared	
   to	
   all	
   other	
  

conditions	
  but	
  Int-­‐Dir;	
  social	
  task:	
  p	
  <	
  0.02	
  compared	
  to	
  all	
  other	
  conditions	
  except	
  Dir-­‐Int).	
  

Overall,	
   the	
   two-­‐way	
   interaction	
   came	
   from	
   the	
   Dir-­‐Ext,	
   Int-­‐Dir	
   and	
   Dir-­‐Int	
   conditions:	
  

while	
  Int-­‐Dir	
  led	
  to	
  the	
  slowest	
  RTs	
  among	
  those	
  three	
  conditions	
  in	
  the	
  non-­‐social	
  task,	
  it	
  

produced	
   the	
   fastest	
   RTs	
   in	
   the	
   social	
   task,	
   highlighting	
   the	
   higher	
   salience	
   of	
   motion	
  

toward	
  the	
  participants	
  when	
  subjects	
  were	
  explicitly	
  involved	
  in	
  a	
  social	
  judgment.	
  	
  

	
  

2.	
  Event-­‐related	
  Potentials	
  

For	
  information	
  we	
  first	
  report	
  the	
  results	
  of	
  the	
  2	
  (task)	
  X	
  6	
  (condition)	
  X	
  2	
  (hemisphere)	
  

X	
  2	
  (gender)	
  mixed-­‐factor	
  ANOVA	
  on	
  N170	
  latency	
  and	
  amplitude	
  for	
  ERPs	
  expressed	
  with	
  

an	
   average	
   reference.	
  We	
   also	
   report	
   the	
   statistical	
   analysis	
   of	
   the	
   N170	
   amplitude	
   and	
  

latency	
  when	
  ERPs	
  were	
  expressed	
  with	
  a	
  nose	
  reference.	
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a.	
  Average	
  reference	
  montage	
  

N170	
  Latency	
  

The	
  omnibus	
  repeated-­‐measure	
  ANOVA	
  only	
  revealed	
  an	
  effect	
  of	
  hemisphere	
  on	
  the	
  N170	
  

latency	
  (F(1,20)	
  =	
  4.96;	
  p	
  =	
  0.038;	
  η2	
  =	
  0.20):	
  N170	
  was	
  delayed	
  in	
  the	
  left	
  hemisphere	
  (222	
  

±	
  5ms)	
  compared	
  to	
  the	
  right	
  hemisphere	
  (213	
  ±	
  4ms).	
  There	
  was	
  no	
  other	
  significant	
  effect	
  

or	
  interaction.	
  

	
  

The	
  Full	
  Transition	
  ANOVA	
  (Task	
  x	
  Dir-­‐Ext/Ext-­‐Dir	
  x	
  Hemisphere)	
  showed	
  no	
  modulation	
  

of	
  N170	
  latency	
  by	
  either	
  factor	
  (all	
  Fs	
  <	
  2).	
  The	
  Intermediate-­‐to-­‐Endpoint	
  ANOVA	
  (Task	
  x	
  

Int-­‐Ext/Int-­‐Dir	
   x	
   Hemisphere)	
   revealed	
   a	
  main	
   effect	
   of	
   hemisphere	
   (F(1,21)	
   =	
   6.94;	
   p	
   =	
  

0.016;	
  η2	
  =	
  0.25);	
  N170	
  was	
  delayed	
  in	
  the	
  left	
  hemisphere	
  (Fig.	
  6	
  –	
  top	
  panels).	
  Finally,	
  an	
  

effect	
  of	
  hemisphere	
  was	
  also	
  observed	
   in	
   the	
  Endpoint-­‐to-­‐Intermediate	
  ANOVAs	
   (Task	
  x	
  

Dir-­‐Int/Ext-­‐Int	
  x	
  Hemisphere;	
  F(1,21)	
  =	
  4.85;	
  p	
  =	
  0.039;	
  η2	
  =	
  0.19),	
  due	
  to	
  delayed	
  N170	
  in	
  

the	
  left	
  hemisphere	
  (Fig.	
  S1	
  –	
  top	
  panels).	
  

	
  

b.	
  Nose	
  reference	
  montage	
  

In	
  order	
  to	
  provide	
  data	
  comparable	
  to	
  the	
  previous	
  studies	
  that	
  used	
  a	
  nose	
  reference,	
  we	
  

re-­‐analyzed	
   the	
   ERPs	
   with	
   a	
   nose	
   reference.	
   As	
   for	
   the	
   main	
   analysis	
   described	
   in	
   the	
  

manuscript	
  we	
   ran	
   three	
   3-­‐way	
   repeated-­‐measures	
  ANOVA	
   (with	
  Hemisphere,	
   Task,	
   and	
  

Condition	
  as	
  within-­‐subjects	
  factors)	
  on	
  the	
  N170	
  latency	
  and	
  amplitude	
  expressed	
  with	
  a	
  

nose	
  reference.	
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N170	
  Latency	
  

The	
   Full	
   Transition	
  ANOVA	
   (Hemisphere	
   x	
   Task	
   x	
  Dir-­‐Ext/Ext-­‐Dir)	
   revealed	
   a	
   significant	
  

interaction	
  between	
  Task	
  and	
  Condition	
  (F(1,21)	
  =	
  4.97;	
  p	
  =	
  0.037,	
  η2	
  =0.19).	
   In	
   the	
  non-­‐

social	
   task,	
   N170	
   was	
   later	
   for	
   gaze	
   directed	
   toward	
   the	
   participants;	
   the	
   opposite	
   was	
  

observed	
  in	
  the	
  social	
  task,	
  i.e.,	
  an	
  earlier	
  N170	
  for	
  gaze	
  transition	
  toward	
  the	
  participants.	
  

The	
   Intermediate-­‐to-­‐Endpoint	
   ANOVA	
   (Hemisphere	
   x	
   Task	
   x	
   Dir-­‐Int/Int-­‐Ext)	
   showed	
   a	
  

significant	
  main	
  effect	
  of	
  condition	
  (F(1,21)	
  =	
  9.6;	
  p	
  =	
  0.005,	
  η2	
  =0.31),	
  a	
  Task	
  x	
  Condition	
  

interaction	
  (F(1,21)	
  =	
  5.09;	
  p	
  =	
  0.035,	
  η2	
  =0.2)	
  as	
  well	
  as	
  a	
  3-­‐way	
  interaction	
  among	
  task,	
  

condition,	
  and	
  hemisphere	
  (F(1,21)	
  =	
  6.12;	
  p	
  =	
  0.022,	
  η2	
  =	
  0.23).	
  N170	
  was	
   later	
   for	
  gaze	
  

transition	
  away	
  from	
  the	
  participants,	
  in	
  particular	
  in	
  the	
  left	
  hemisphere	
  for	
  the	
  social	
  task.	
  

Finally	
  the	
  Endpoint-­‐to-­‐Intermediate	
  ANOVA	
  (Hemisphere	
  x	
  Task	
  x	
  Dir-­‐Int/Ext-­‐Int)	
  showed	
  

main	
  effects	
  of	
  hemisphere	
  (F(1,21)	
  =	
  7.19;	
  p	
  =	
  0.014,	
  η2	
  =	
  0.26)	
  and	
  condition	
  (F(1,21)	
  =	
  

4.79;	
  p	
  =	
  0.04,	
  η2	
  =0.19).	
  N170	
  was	
  delayed	
  in	
  the	
  left	
  hemisphere	
  and	
  for	
  gaze	
  transition	
  

toward	
  the	
  participants	
  (Ext-­‐Int	
  changes).	
  

N170	
  amplitude	
  

The	
  Full	
  Transition	
  ANOVA	
  (Hemisphere	
  x	
  Task	
  x	
  Dir-­‐Ext/Ext-­‐Dir)	
  revealed	
  main	
  effects	
  of	
  

hemisphere	
   (F(1,21)	
   =	
   17.24;	
   p	
   <	
   0.001;	
   η2	
   =	
   0.45)	
   and	
   condition	
   (F(1,21)	
   	
   =	
   11.46;	
   p	
   =	
  

0.003;	
  η2	
  =	
  0.35).	
  N170	
  was	
   larger	
   in	
   the	
   right	
  hemisphere,	
   and	
   for	
   gaze	
   transition	
  away	
  

from	
  the	
  subjects.	
  The	
  Intermediate-­‐to-­‐Endpoint	
  ANOVA	
  (Hemisphere	
  x	
  Task	
  x	
  Dir-­‐Int/Int-­‐

Ext)	
   showed	
   main	
   effects	
   of	
   hemisphere	
   (F(1,21)	
   =	
   18.40;	
   p	
   <	
   0.001;	
   η2	
   =	
   0.47)	
   and	
  

condition	
   (F(1,21)	
  =	
  5.73;	
  p	
  =	
  0.026;	
  η2	
  =	
  0.21),	
   and	
  a	
   three-­‐way	
   interaction	
  among	
   task,	
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condition,	
  and	
  hemisphere	
  (F(1,21)	
  	
  =	
  3.78;	
  p	
  =	
  0.003;	
  η2	
  =	
  0.35).	
  Overall,	
  N170	
  was	
  larger	
  

in	
   the	
   right	
   hemisphere	
   and	
   for	
   gaze	
   aversion.	
   The	
   3-­‐way	
   interaction	
   revealed	
   that,	
  

significantly	
   larger	
   N170	
   for	
   gaze	
   aversion	
   were	
   observed	
   in	
   the	
   LH	
   for	
   the	
   social	
   task	
  

(t(21)	
  =-­‐2.65;	
  p	
  =	
  0.015),	
  and	
  in	
  the	
  RH	
  for	
  the	
  non-­‐social	
  task	
  (t(21)	
  =-­‐2.93;	
  p	
  =	
  0.008).	
  The	
  

Endpoint-­‐to-­‐Intermediate	
   ANOVA	
   (Hemisphere	
   x	
   Task	
   x	
   Dir-­‐Int/Ext-­‐Int)	
   showed	
   a	
   main	
  

effect	
   of	
   hemisphere	
   (F(1,21)	
   =	
   17.81;	
   p	
   <	
   0.001;	
   η2	
   =	
   0.46)	
   and	
   a	
   task	
   by	
   condition	
  

interaction	
   (F(1,21)	
   =	
   8.03;	
   p	
   <	
   0.01;	
   η	
   =	
   0.28).	
   Overall,	
   N170	
   was	
   larger	
   in	
   the	
   right	
  

hemisphere.	
  The	
  interaction	
  revealed	
  that,	
  while	
  N170	
  was	
  larger	
  for	
  gaze	
  aversion	
  in	
  the	
  

non-­‐social	
  task	
  (LH:	
  t(21)	
  =-­‐3.23;	
  p	
  =	
  0.004;	
  RH:	
  t(21)	
  =-­‐2.75;	
  p	
  =	
  0.012),	
  the	
  difference	
  was	
  

not	
  significant	
  in	
  the	
  social	
  task	
  (LH:	
  t(21)	
  =-­‐0.88;	
  p	
  =	
  0.388;	
  RH:	
  t(21)	
  =	
  0.35;	
  p	
  =	
  0.734).	
  

c. Spatiotemporal	
  analysis	
  of	
  ERPs	
  

In	
   order	
   to	
   examine	
   the	
  persistence	
   of	
   the	
   observed	
  ERP	
  differences	
   in	
   time,	
   and	
   to	
   also	
  

quantify	
   changes	
   in	
   later	
   ERPs	
  we	
   performed	
   a	
   two-­‐way	
   ANOVA	
   at	
   each	
   time-­‐point	
   and	
  

electrode,	
  corrected	
  for	
  multiple	
  comparisons	
  using	
  spatial-­‐temporal	
  clustering	
  (Fig.	
  S2).	
  	
  

	
  

Task	
   affected	
   ERPs	
   significantly	
   between	
   138	
   and	
   498ms;	
   topographies	
   of	
   significance	
  

changed	
  around	
  252ms	
  after	
  the	
  onset	
  of	
  the	
  gaze	
  change	
  (Fig.	
  S2A,	
  B,	
  C).	
  Effects	
  began	
  to	
  

be	
   observed	
   over	
   left	
   frontal	
   electrodes	
   (Fig.	
   S2B),	
   and	
   moved	
   toward	
   frontocentral	
  

locations	
   (Fig.	
   S2C).	
   Activity	
  was	
   larger	
  when	
   subjects	
  made	
   social	
   judgments	
   relative	
   to	
  

when	
  they	
  were	
  performing	
  a	
  non-­‐social	
  task	
  (Fig.	
  S2B,	
  C).	
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Gaze	
   transition	
   direction	
   significantly	
   affected	
   ERPs	
   starting	
   as	
   early	
   as	
   106ms	
   over	
   the	
  

entire	
  scalp	
  (Fig.	
  S2A,	
  D).	
  Two	
  temporal	
  clusters	
  where	
  significant	
  conditions	
  effects	
  were	
  

present	
   can	
   be	
   identified.	
   From	
   106	
   to	
   260ms,	
   results	
   of	
   the	
   spatial-­‐temporal	
   analysis	
  

confirmed	
  the	
  results	
  of	
  our	
  conventional	
  ERP	
  peak	
  analysis:	
  at	
  central/posterior	
  sites,	
  in	
  a	
  

latency	
   range	
   surrounding	
   the	
   N170,	
   ERPs	
   were	
   larger	
   (more	
   negative)	
   for	
   conditions	
  

including	
  a	
  gaze	
   transition	
  away	
   from	
  subjects	
  (Fig.	
  S2D).	
  Later	
  ERP	
  effects,	
  between	
  300	
  

and	
  450ms,	
  were	
  due	
  to	
  opposite	
  effects	
  between	
  conditions	
  over	
  frontal	
  electrodes:	
  gaze	
  

transition	
  away	
  from	
  the	
  subjects	
  evoked	
  a	
  negative	
  deflection,	
  while	
  transition	
  toward	
  the	
  

subjects	
   led	
   to	
   positive	
   activity	
   (Fig.	
   S2E).	
   The	
   opposite	
   pattern	
   was	
   observed	
   over	
  

posterior	
  sites,	
  potentially	
  reflecting	
  a	
  dipole	
  of	
  neural	
  activity.	
  

Significant	
  interactions	
  between	
  task	
  and	
  gaze	
  transition	
  direction	
  were	
  observed	
  over	
  the	
  

whole	
   scalp	
   between	
   260–486ms,	
   i.e.,	
   in	
   the	
   latency	
   range	
   of	
   the	
   P350	
   (Fig.	
   S2A,	
   E).	
  

Interaction	
  effects	
  were	
  driven	
  by	
  a	
   larger	
  positive	
  activity	
  over	
   left	
   central	
  electrodes	
   to	
  

gaze	
  aversion	
  during	
  the	
  non-­‐social	
  task	
  (Fig.	
  S2F).	
  	
  

	
  

Supplementary	
  Discussion	
  

What	
  about	
  neural	
  effects	
  that	
  occurred	
  beyond	
  the	
  studied	
  electrode	
  clusters,	
  and	
  beyond	
  

one	
  ERP	
  measure?	
  Our	
  spatial-­‐temporal	
  ERP	
  analysis	
  clearly	
  showed	
  that	
  the	
  N170	
  effect	
  

was	
  only	
  a	
  small	
  part	
  of	
  the	
  neurophysiological	
  cascade	
  that	
  follows	
  a	
  viewed	
  gaze	
  change	
  

in	
   another	
   individual.	
   At	
   around	
   the	
   same	
   latency	
   as	
   N170,	
   prominent	
   effects	
   were	
  

observed	
   not	
   only	
   at	
   the	
   posterior	
   scalp,	
   but	
   these	
   also	
   extended	
   to	
   the	
   frontal	
   scalp.	
  

Prolonged	
  and	
  widespread	
  effects	
  across	
  the	
  entire	
  scalp	
  were	
  observed	
  to	
  the	
  gaze	
  change,	
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and	
  these	
  were	
  most	
  prominent	
  between	
  300	
  –	
  450ms,	
  consistent	
  with	
  previous	
  reports	
  of	
  

a	
  positive	
  ERP	
  (P350)	
  that	
  is	
  also	
  elicited	
  and	
  modulated	
  by	
  viewing	
  gaze	
  changes	
  (Puce	
  et	
  

al.,	
  2000;	
  Conty	
  et	
  al.,	
  2007;	
  Itier	
  et	
  al.,	
  2007a).	
  	
  However,	
  there	
  was	
  a	
  polarity	
  reversal	
  for	
  

the	
  away	
  versus	
  direct	
  gaze	
  change	
  –	
  which	
  changed	
   from	
  negative	
   to	
  positive	
  across	
   the	
  

frontal	
   to	
  parietal	
   scalp.	
   This	
   result	
   is	
   partly	
   consistent	
  with	
  Conty	
   et	
   al.’s	
   (2007)	
   results	
  

showing	
  larger	
  positive	
  activity	
  to	
  toward	
  gaze	
  transitions	
  over	
  frontal	
  scalp,	
  but	
  not	
  with	
  

results	
  from	
  the	
  same	
  study	
  showing	
  the	
  same	
  effect	
  over	
  parietal	
  electrodes.	
  However,	
  our	
  

study	
  demonstrated	
  that	
  within	
  the	
  latency	
  range	
  of	
  around	
  the	
  P350,	
  activity	
  is	
  modulated	
  

by	
  both	
  task	
  and	
  gaze	
  direction	
  which	
  may	
  explain	
  discrepancies	
  between	
  previous	
  studies	
  

and	
  ours.	
   In	
   this	
   time	
  window,	
   larger	
  positive	
  activity	
  over	
   the	
   frontal	
   scalp	
  occurred	
   for	
  

averted	
  gaze	
  in	
  the	
  non-­‐social	
  task	
  confirming	
  the	
  view	
  that	
  a	
  shift	
  of	
  attention	
  toward	
  the	
  

surrounding	
  space	
  is	
  a	
  highly	
  salient	
  behavior.	
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Figure	
  S1	
  caption:	
  N170	
  latencies	
  and	
  amplitudes	
  as	
  a	
  function	
  of	
  condition	
  and	
  task.	
  

Red	
  bars:	
  non-­‐social	
  task;	
  blue	
  bars:	
  social	
  task.	
  Light	
  colored	
  bars	
  illustrate	
  gaze	
  transition	
  

made	
   away	
   from	
   the	
   subjects.	
   Dark	
   colored	
   bars	
   highlighted	
   transition	
  made	
   toward	
   the	
  

subjects.	
  Top	
  panels:	
  N170	
  latency	
   in	
  the	
   left	
  and	
  right	
  hemispheres,	
  respectively.	
  *:	
  

p<	
  0.05.	
  Error	
  bars	
  represent	
  standard	
  error	
  of	
  mean.	
  Bottom	
  panels:	
  N170	
  amplitude	
  in	
  

the	
  left	
  and	
  right	
  hemispheres.	
  Error	
  bars	
  represent	
  standard	
  error	
  of	
  mean.	
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Figure	
   S2:	
  Spatial-­‐temporal	
   ERP	
   analysis.	
  A.	
  Results	
   of	
   the	
   2x2	
   repeated-­‐measures	
  

ANOVA.	
   A.	
   Images	
   of	
   the	
   F	
   values	
   for	
   each	
   factor	
   (Task,	
   Gaze	
   Direction)	
   and	
   their	
  

interaction	
  at	
  each	
   time-­‐point	
   (x-­‐axis)	
  and	
  electrode	
   (y-­‐axis).	
  Significant	
  values	
  appear	
  as	
  

colored	
   areas	
   in	
   the	
   image,	
   with	
   color	
   indicating	
   F-­‐value	
   as	
   shown	
   by	
   the	
   vertical	
  

calibration	
  bar	
  at	
   the	
  extreme	
  right	
  of	
  all	
   images.	
  Non-­‐significant	
  F	
  values	
  are	
  depicted	
   in	
  

gray	
  shading.	
  The	
  electrode	
  plot	
  on	
  the	
  left	
  indicates	
  the	
  spatial	
  arrangement	
  of	
  color	
  coded	
  

groups	
  of	
  electrodes	
  in	
  the	
  images.	
  Electrode	
  groups	
  are	
  depicted	
  from	
  left	
  to	
  right	
  frontal,	
  

left	
  to	
  right	
  central	
  left	
  and	
  right	
  posterior	
  from	
  top	
  to	
  bottom	
  on	
  the	
  vertical	
  color	
  bar	
  next	
  

to	
  the	
  image.	
  Hence,	
  each	
  line	
  in	
  the	
  image	
  represents	
  data	
  from	
  an	
  individual	
  electrode	
  in	
  

the	
  256	
  electrodes	
  array.	
  B,	
  C.	
  Main	
  effect	
  of	
  Task.	
  Topographies	
  of	
  significant	
  F	
  value,	
  and	
  

beta	
  estimates	
  are	
  plotted,	
  respectively,	
  at	
  the	
  latency	
  and	
  electrode	
  showing	
  the	
  maximum	
  

F	
  value	
  within	
   two	
   time	
   ranges	
   (156-­‐260	
  ms	
   (B)	
  and	
  294-­‐508	
  ms	
   (C)).	
  B.	
  Topography	
  at	
  

152ms	
  after	
  the	
  onset	
  of	
  the	
  apparent	
  motion.	
  C.	
  Topography	
  at	
  290ms	
  post-­‐stimulus	
  onset.	
  

D,	
  E.	
  Main	
  effect	
  of	
  Gaze	
  Transition	
  Direction.	
  Topographies	
  of	
  significant	
  F	
  value,	
  and	
  

beta	
   estimates	
   are	
   plotted,	
   respectively,	
   at	
   the	
   latency	
   and	
   electrode	
   (illustrated	
   with	
   a	
  

black	
  dot)	
  showing	
  the	
  maximum	
  F	
  value	
  within	
  two	
  time	
  ranges	
  (106-­‐260	
  ms	
  (D)	
  and	
  300-­‐

532	
  ms	
  (E)).	
  D.	
  Topography	
  of	
  significant	
  F	
  value	
  at	
  220ms:	
  latency	
  showing	
  the	
  strongest	
  

effect.	
  E.	
  Topography	
  of	
  significant	
  F	
  value	
  at	
  360ms:	
  latency	
  showing	
  the	
  strongest	
  effect.	
  

F,	
   G.	
   Interaction	
   effects.	
  F.	
   Topography	
   of	
   significant	
   F	
   values	
   at	
   356	
  ms.	
  G.	
  Mean	
   beta	
  

estimates	
   across	
   subject	
   at	
   the	
   electrode	
   displaying	
   the	
   highest	
   significance	
   (illustrated	
  

with	
  a	
  black	
  dot).	
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