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ABSTRACT KEYWORDS
Attachment theory suggests that interindividual differences in N170; interhemispheric
attachment security versus insecurity (anxiety and avoidance) con- asymmetry; eye gaze
tribute to the ways in which people perceive social emotional direction; head orientation;

signals, particularly from the human face. Among different facial ~ 2ttachment anxiety

features, eye gaze conveys crucial information for social interaction,
with a straight gaze triggering different cognitive and emotional
processes as compared to an averted gaze. It remains unknown,
however, how interindividual differences in attachment associate
with early face encoding in the context of a straight versus averted
gaze. Using electroencephalography (EEG) and recording event-
related potentials (ERPs), specifically the N170 component, the
present study (N =50 healthy adults) measured how the character-
istics of attachment anxiety and avoidance relate to the encoding of
faces with respect to gaze direction and head orientation. Our
findings reveal a significant relationship between gaze direction
(irrespective of head orientation) and attachment anxiety on the
interhemispheric (i.e. right) asymmetry of the N170 and thus pro-
vide evidence for an association between attachment anxiety and
eye gaze processing during early visual face encoding.

Introduction

Attachment constitutes a basic human need for survival in early life. It furthermore
importantly influences socioemotional and cognitive child development and maturation
of corresponding brain circuits (Callaghan & Tottenham, 2016). Through influencing the
initiation and maintenance of social bonds throughout the life span, attachment is also
linked to mental and physical health (Debbane et al., 2016; Fonagy & Luyten, 2009).
Interest in better understanding the biological and particularly neural basis of individual
differences in attachment has therefore steadily grown (Long et al., 2020).

Three main attachment orientations are usually distinguished: secure, insecure-
ambivalent/-resistant (hereafter called anxious — AX), and insecure-dismissive (hereafter
called avoidant — AV). Secure attachment is thought to arise through early interactions
with available and sensitive caregivers that promptly and appropriately respond to
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children’s needs and is associated with positive mental representations of the self and
others. Conversely, AX is linked with early experiences of inconsistent/unpredictable
caregivers, leading to a strong need for closeness, worry about relationships and fear of
being abandoned/rejected. Finally, learned through early interactions with insensitive/
unresponsive caregivers, AV is associated with mental representations of others as una-
vailable, yielding social interactions to be generally encoded as less rewarding or even
a source of additional distress (Mikulincer & Shaver, 2007b; Vrticka et al., 2012). There is
increasing evidence that individual differences in secure, anxious, and avoidant attach-
ment can be related to dissociable patterns of brain anatomy and activity, the latter
manifesting particularly during social information processing, including the encoding of
facial expressions (Long et al., 2020).

Among all facial features, eye perception is critical during social interactions. When
initiating social interactions, humans rely on information from other people’s faces and
particularly the eyes and gaze direction. A straight gaze, for instance, allows for synchro-
nisation between individuals in terms of mutual attention (Patterson, 1982). Conversely,
an averted gaze is linked to the induction of an automatic shift of the observer’s spatial
attention in the observed gaze direction - that is, towards the surrounding environment
(George & Conty, 2008). The ability to quickly encode gaze direction, even if the observer’s
head is at an angle, is therefore a vital mechanism for human social interactions.

Gaze is a central modality through which parents signal their availability, establish
mutual engagement (straight gaze) and initiate regulation of infant arousal (Beebe &
Steele, 2013; Slee, 1984). Infants are highly sensitive to their mothers’ gaze, especially
straight gaze, and begin to join in mutual gaze as early as 3 months (Stern, 1974). It is
generally understood that eye-to-eye contact is an important determinant of the quality
of infant-caregiver attachment through its relationship to infant-caregiver synchrony,
which is likely mediated by oxytocin (Blehar et al., 1977; Guastella et al., 2008).
Therefore, early experiences of mutual gaze are critical to yield a functional adult gaze
perception (Lewis et al., 1992; Ostrovsky et al., 2006; Senju et al., 2015). While the above
clearly implies links between gaze and socioemotional development, particularly in the
early postnatal months — and thus likely also mechanisms associated with attachment-,
surprisingly few studies are available on the association between attachment and gaze
processing.

Early neural encoding of gaze direction may be assessed at a millisecond (ms) scale
using electroencephalography (EEG), specifically, event-related potentials (ERPs).
Researchers studying face processing with EEG have focused their investigations mostly
on the well-known N170 component. This face-sensitive component, which arises across
occipitotemporal electrodes about 170 ms after stimulus onset, is generally assumed to
reflect the initial stage of structural face encoding (Bentin et al., 1996; Rossion et al., 2003).
This structural encoding is usually biased, with the right hemisphere N170 taking pre-
cedence over the left hemisphere N170. The right hemisphere is critical in face perception
(Hillger & Koenig, 1991) because it is involved in the extraction of global information from
faces, the latter assumed to be more important than the representation of local feature
information (Sergent, 1982), a phenomenon being crucial for the individuation of faces.
Conversely, a left hemisphere asymmetry of the N170 is usually detected during word
recognition, where local feature information is more important than global information
(e.g. Emmorey et al., 2017; Maurer, 2008; Mercure et al, 2008, 2011). The N170
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hemispheric asymmetry measure has been extensively investigated in face perception
(Rossion et al., 2000; Scott, 2006). Prior studies proposed different interpretations of this
asymmetry, specifically regarding the underlying difference in terms of face processing
(Rossion et al., 2000), and a right-hemispheric advantage for configural/global processing
of the whole face and the left hemisphere dominance for feature/local processing appears
to emerge. Thus, a reduced or opposite interhemispheric (e.g. left hemispheric) asymme-
try may be observed especially when local features are more important than global
features, like, in word recognition (Emmorey et al., 2017; Maurer, 2008; Mercure et al.,
2008, 2011). In sum, a face-selective representation is already generated at 170 ms after
stimulus onset, primarily in the right hemisphere and when faces are integrated as
a global percept (Yovel et al., 2003) rather than from local features (Tanaka & Farah, 1993).

Whether gaze direction impacts the N170 remains controversial. While the N170 is
sensitive to eyes as such (ltier & Batty, 2009), studies focusing on the N170 and gaze
direction reported contradictory results. Whereas some researchers failed to find any
N170 differences between straight and averted gaze (Burra et al., 2018; Latinus et al.,
2015; Taylor et al,, 2001), others report a larger N170 (or M170 as its magnetoencephalo-
graphic (MEG) counterpart) for an averted versus straight gaze using heads either
oriented frontally (Sato et al., 2008; Watanabe et al., 2002) or deviated to the side (Burra
et al,, 2017). Thus, EEG and MEG studies in human adults have so far failed to consistently
confirm the role of gaze direction during face encoding as reflected by the N170 (for
a comment about this inconsistency, see Burra et al., 2019).

One way of addressing these inconsistent N170 results may be to take interindividual
differences into account. In so doing, one promising interindividual difference variable
may be attachment. The possible role of individual differences in attachment in relation to
gaze direction processing has recently drawn increasing interest. Two behavioural studies
investigated the relation between AX and the detection of gaze direction (Burra et al.,
2019) or the physiological response to open or closed eyes (Prinsen et al., 2019). Prior EEG
studies, furthermore, revealed that interindividual differences in attachment were asso-
ciated with the neural processing of emotional stimuli, with several studies reporting
effects at the N170 face encoding component (Dan & Raz, 2012; Fraedrich et al., 2010;
Zhang et al., 2008; Zilber et al., 2007). Findings usually point to an increased N170
amplitude towards faces (especially with a negative emotional expression) for insecurely
(versus securely) attached participants, which is interpreted as possibly reflecting altered
saliency of face stimuli. More generally, early experience of gaze was reported to be
critical to yield a gaze perception dissociation at the N170 by a study comparing neural
activity in infants to sighted versus blind mothers (Vernetti et al., 2018). Although the
above literature suggests that individual differences in attachment may be associated
with neural responses to faces — and particularly the N170 component -, we are unaware
of any literature pertaining to the question of gaze direction perception, in combination
with head orientation, measured by the N170 (measure of N170 during woman-child gaze
interaction, see Cecchini et al., 2015).

To measure the relationship between attachment and eye gaze detection, we
employed an adapted version of a previous study that assessed electrophysiological
measures and gaze direction (Burra et al., 2017). Besides eyes gaze, head orientation is
another important factor in social attention (Wollaston, 1824), and gaze and head orienta-
tion are known to interact within a behavioral effect, the stare-in-the crowd effect (Conty
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et al., 2006; Senju et al., 2005), as well as a better memorizing of straight gaze (Vuilleumier
et al., 2005). Furthermore, the N170 is enlarged for straight gaze when the head is
deviated as compared to frontal (Conty et al., 2007; Itier et al., 2007), despite EEG seeming
to be less sensitive to this interaction than MEG (Burra et al., 2017). We therefore
manipulated both eye gaze direction and hear orientation in this study.

We expected to replicate one aspect of the results that were measured by the previous
study across the entire sample of participants, namely a main effect of gaze following the
N170, and an interaction of gaze direction by head orientation around 170 ms. Predictions
were more difficult, however, regarding individual differences in attachment. We are only
aware of few extant studies that tested for the association between attachment and gaze
detection, particularly in the context of the N170, and these usually did not distinguish
between AX and AV (if so, rather attachment security versus insecurity). According to the
two-dimensional spectrum of emotion regulation capacities reflected by the employed
secondary attachment strategies for AX and AV, respectively (Mikulincer & Shaver, 2007a),
AXis generally associated with a heightened response to affective stimuli (i.e. hyperacti-
vation), while AV is linked to a decreased response to affective expressions (i.e. deactiva-
tion). However, it may be that highly relevant social signals, like a straight gaze, convey
various kinds of social intents and might trigger a more important facial encoding, which
could be assess using the N170 hemispheric asymmetry. A measure for the difference
between the left and the right N170 can thus provide an important index of face
processing through neural correlates (Lopes et al., 2011; Onitsuka et al., 2009). This
measure might be important because as mentioned above, anxiously attached individuals
preferentially use hyperactive strategies, so they tend to heighten the influence of
attachment-related stimuli due to their hypersensitivity to social clues (Mikulincer &
Shaver, 2007c). In the same vein, anxiously attached females devote more cognitive
resources to the configural processing of infant faces (Ma et al., 2017), in line with the
idea that anxiously (as compared to securely) attached individuals are more responsive to
emotional facial signals (Donges et al., 2012; Vrticka et al., 2008). However, how this
population processes faces with different gaze directions and head orientations is
unknown.

Methods
Participants

Fifty healthy right-handed psychology students (24 males, age range 18-32, mean = 21.4,
SD = 2.74) were recruited for the present investigation, which was approved by the ethics
committee of our Department of Psychology in accordance with the Declaration of
Helsinki. All participants provided written informed consent and participated in this
experiment for class credit.

Attachment questionnaire

To assess interindividual variation in attachment following the experimental procedure,
participants were asked to complete the Relationship Scales Questionnaire (RSQ) (Griffin &
Bartholomew, 1994; French version by Guédeney et al., 2010). According to the coding



ATTACHMENT & HUMAN DEVELOPMENT . 185

method of Simpson et al. (1992), one score for AX based on 5 items and one score for AV
based on 8 items were calculated per participant. Reliability (Cronbach’s alpha) of the two
scales was a=.69 for AX and a=.66 for AV. For more details, please refer to the
supplement.

Materials and apparatus

The experiment was conducted on a 17-inch (1280 x 1024 pixels; 60 Hz refresh rate) LCD
monitor. Stimulus presentation and behavioural recording were controlled by MATLAB
using the Psychophysics Toolbox v.3 extension (Brainard, 1997; Kleiner et al., 2007). Our
stimuli were identical to those used by (Burra et al., 2017; George et al., 2001), comprising
the faces of 24 individuals (12 female), with some improvements. First, to prevent the task
being completed through the use of external and not facial features, we cropped the face
outlines. Critically, all images were equated for contrast, mean luminance and spatial
frequency using the SHINE toolbox (Willenbockel et al., 2010), with. a pixel intensity of
0.19 (5D =0.0008) and the root mean square contrast of 0.43 (SD=0.0008). For each
individual face identity, there were four distinct conditions of eye direction (directly at the
camera/observer or averted by 30°) and head orientation (frontal or rotated/deviated by
30° from the camera/observer). Right and left deviation stimulus versions were obtained
by mirror imaging. We also included phase-scrambled stimuli. For more details, please
refer to the supplement.

Procedure

Participants were seated 85 cm from the monitor in a dimly lit room. They were informed
that the purpose of the experiment was to measure their speed and accuracy in a gender
discrimination task. The experiment was split into two blocks of 240 trials each, with each
block divided into five sub-blocks of 48 trials, for a total of 96 trials per condition. All
combinations were randomised within each block.

Each trial began by presenting a fixation cross for a random duration of 500-1000 ms
followed by the face presentation for 200 ms. A blank screen then appeared until the
participants responded. They were required to answer as quickly and accurately as
possible. In the case of a wrong answer, feedback was displayed in the centre of the
screen, reading (in French) mauvaise réponse (incorrect response). A black screen was
subsequently displayed for 1000 ms before the next trial (see Figure 1).

EEG recording and analysis

A Biosemi (Amsterdam, the Netherlands) ActiveTwo amplifier system AD-Box with 64
active AG/AgCL electrodes sampled at 1024 Hz was used. The international 10-20 elec-
trode montage system was implemented to determine scalp sites, with common mode
sense (CMS) and driven right leg (DRL) used as reference channels. In addition, we used
the voltage difference between two horizontal electrooculograms’ (HEOG) electrodes,
fixed at the outer canthi sides of both eyes, to detect horizontal eye movements and two
vertical electrooculograms’ (VEOG) electrodes to detect vertical eye movements or blink.
Using BrainVision Analyzer 2.1 (BrainProduct), we filtered our data to 0.1-30 Hz using
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Figure 1. (a) Experimental conditions. Eye gaze direction could be straight (direct) or averted, and
head orientation could be frontal or deviated. (b) Trial sequence. After a jittered fixation cross, a face
was presented, followed by a blank screen until the response. Afterward, another blank screen was
displayed.

a Butterworth zero phase filter. To remove eye-blink artefacts, we used independent
component analysis (ICA). ICA components reflecting eye-blinks or saccade artefacts
were manually identified as reflecting ocular noise on the basis of their temporal profiles
and scalp topography (M = 1.2, SD =0.57 min = 1, max = 3). To remove noise components,
they were multiplied by zero and the data were then remixed into channel data. Off-line,
the data were systematically re-referenced to the common average reference. Trials
corresponding to incorrect behavioural performance were eliminated from the analysis,
and signals were divided into epochs of 550 ms (200-800 ms). After artefact exclusion,
a baseline correction (=200 ms to stimulus onset) was performed. Automatic trial exclu-
sion occurred in the case of a minimum and maximum allowed amplitude of +£80 uV.
Moreover, we removed trials with saccades larger than 40 pV (HEOG) that were associated
with eye movements during stimulus presentation or with blinking from —200 to 200 ms
after stimulus onset at 60 pV (VEOG). When an electrode’s signal was noisy during the
entire recording, we used a spline interpolation technique (Order 4, Degree 10) to replace
the electrode signal. No interpolation correction was used for the occipital-temporal
electrodes, and no more than 2% of electrodes were corrected. On average, 15% of trials
were removed from the data. The trials did not differ among experimental conditions (see
supplement).
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Statistical analyses

Behaviour

We first calculated AX and AV mean scores and their interrelations (see Table 1). For
statistical analyses, we inspected response times (RT in millisecond) and accuracy
(ACC; as a score between 0 and 1) as well as all AX and AV scores for their
distribution and the presence of outliers. RT, AX and AV were left skewed for some
scores, so a square root transformation was performed. ACC was also particularly
skewed, so an arcsin transformation was performed. This procedure markedly
improved data distributions. For the sake of clarity, all statistical analyses were
subsequently computed with the transformed values, but we will refer to the
untransformed data throughout the manuscript. RT and ACC were first analysed
with a 2x2 (head orientation; eye gaze) repeated measures analysis of variance
(rANOVA).

ERP: N170
Analyses were performed on the mean amplitude of N170, which was extracted
during its maximal occurrence, i.e. at 130-200 ms (i.e. £35ms around the peak of
the overall component), the time window typically used to investigate these ERPs in
studies involving eye gaze (Burra et al., 2017; Carrick et al., 2007; Conty et al., 2007;
Myllyneva & Hietanen, 2015; Naples et al.,, 2017; Senju & Hasegawa, 2005). An
additional analysis was then also conducted at a slightly later time window between
190 and 230 ms (Burra et al., 2017). The anatomical sites were based on the electro-
des of maximal activity during these intervals. We merged the signal of PO7, P7, and
P9 (left hemisphere) and the signal of P8, PO8, and P10 (right hemisphere) to obtain
two parieto-occipital clusters (Figure 2) consistent with previous studies. Therefore,
the N170 was first analysed with a 2 x2x 2 (hemisphere; head orientation; eye gaze)
rANOVA. Despite two conditions not being normally distributed, due mainly to two
outliers, we decided to keep the outliers in the overall analysis because their exclu-
sion did not modify the main results of the analyses (see supplement).

We included the results of different other analyses performed on other later ERPs
(EPN, P300, and LPP) in the supplement. None of them revealed any significant
effects.

Attachment analysis

Finally, interindividual variation in attachment (AX and AV scores from the RSQ) were
added as covariates and allowed to simply interact with the experimental factors for the
behavioural and ERP data. AX and AV scores were centered (z-scored) for statistical
analyses. To illustrate interactions between experimental factors and questionnaire
scores, means were estimated at +1 standard deviation from the mean of the question-
naire score of interest.

Control analysis
We repeated all above calculations by adding participant gender and age. The observed
patterns remained largely unchanged (see supplement).
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Figure 2. N170 for straight and averted gaze (N = 50). A) The time course of the overall mean of the
ERP across all participants is shown on the typical left (P7, P9, PO7) and right (P8, P10, PO8)
occipitotemporal clusters for the straight (in black) and averted (in grey) gaze conditions in the
frontal head direction (solid) and deviated head direction (dotted). B) From 130-200ms, there was
a small but reliable interaction effect of head orientation and gaze direction. Error bars represent 1
SEM.

Results
Questionnaire

Table 1 summarises the mean scores of AX and AV (from the RSQ). There was no
significant correlation between the two scores.

Table 1. Mean scores (with standard deviation (SD) and min/max) and
correlation between attachment questionnaire scores.

Questionnaire Dimension Mean (SD), Range (Min-Max) 2
1. Attachment Anxiety (AX) 2.46 (1.8), 1-5 164
2. Attachment Avoidance (AV) 2.79 (0.4), 1.63-3.75 -

N = 50, Pearson.
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Behavioural data

Response times and accuracy
Two 2x2 factorial (head direction: frontal, deviated; gaze direction: straight,
averted) rANOVAs were performed, one on the square root transformed individual
median RT and one on ACC.

The rANOVA on RT revealed a main effect of head orientation, F(1,49)=27.11, p
<0.001, n2p=0.36, and an interaction of head orientation and gaze direction, F
(1,49) =6.66, p=0.012, nzp =0.12. Participants were significantly faster in categoris-
ing the gender of frontally oriented faces with a straight (M =567, SD=77 ms) versus
an averted gaze (M=575, SD=82 ms), t(49) =2.586, p < 0.006, Cohen’s d=0.36. This
difference failed to reach significance in the deviated head orientation condition (p
>0.7).

The same rANOVA was performed on transformed ACC. Here, we observed a significant
main effect of gaze direction on gender identification ACC, F(1,49) =4.32, p <.042, r]zp =
0.08. Participants were more accurate at categorising the gender of faces with a straight
(M = .94, SD=0.03) versus an averted gaze (M=.93, SD=0.04) irrespective of head
orientation.

Response times, percentage error rates, and personality
We failed to observe any covariance of attachment (AX and/or AV) and gender categor-
isation behavioural measures (RT and ACC).

N170: 130-200 ms

Our previous study revealed an interaction effect of head orientation and gaze
direction (but using MEG instead of EEG). As depicted in Figure 2, using the mean
amplitude of the two parieto-occipital clusters around the peak of the N170, we
found a main effect of head orientation on the N170, F(1,49) = 24.99, p < 0.001, n’p =
0.33, with a more negative N170 for frontal (M =0.49 pv, SD=0.56) versus deviated
head orientation (M=1.12, SD=0.57 pv). Critically, we observed an interaction
between head orientation and gaze direction, F(1,49)=7.99, p<0.007, n2p=0.14.
Also, the N170 amplitude was more negative in the averted (M=0.39, SD=3.45)
versus the straight gaze condition (M =0.6, SD =3.45) for a frontal head orientation, t
(49)=2.11, p=0.04 , d=0.299, and significantly more negative in the straight (M=
1.01, SD=3.66) versus the averted gaze condition (M =1.23, SD =3.69) for a deviated
head orientation, t(49)=2.08, p=0.043, d=0.295. For these two multiple-paired
t-tests, a false discovery rate (FDR) correction was implemented using the method
of Benjamin and Hochberg (1995). No other main or interaction effects reached
significance.

N170 and attachment
We subsequently recomputed the 2 x 2 x 2 rANOVAs for the N170 by adding the two
measures of attachment (AX and AV) as covariates.

A significant relationship emerged for the interaction between hemisphere, gaze direction
and AX, F(1,47) =7.26, p < 0.010, n’p = 0.134. No such effect was present for AV, F(1,47)=1.45,
p = 0.23, n’p = 0.030. No other interactions with the covariates and the other factors reached



190 N. BURRA AND P. VRTICKA

significance. Because the significant interaction contained the two factors gaze direction and
hemisphere, it was followed up to further investigate the underlying pattern. To do so,
estimates from the rANOVA were extracted at the AX scores =1 standard deviation from
the mean and plotted as right hemisphere asymmetry (interhemispheric difference; left minus
right N170 amplitude) for each gaze direction (Figure 3). This procedure revealed that
participants scoring low on AX exhibited a more significant hemispheric asymmetry for
averted versus straight gaze direction, whereas participants scoring high on AX showed
a tendency for an opposite pattern. Finally, this difference in gaze direction sensitivity
reflected by the hemispheric asymmetry for a straight versus an averted gaze direction
(irrespective of head orientation) was computed for each participant and correlated to their
AX score. This measure revealed a strong positive correlation between the interhemispheric
asymmetry of a straight versus an averted gaze direction and AX: r,(50) = .41, p < 0.003, R =
0.152 (Figure 3).

a) Hemi * Gaze for AX - 1SD (low) b) Hemi * Gaze for AX + 1SD (high)
W] Yy

1.2 1.2

0.8 — Straight 0.8 — Straight
\ —Averted Averted
0.4 \ 04

Left Right Left Right

C) Interhemispheric asymmetry d) *
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Figure 3. lllustration of the N170 amplitudes for different eye gaze directions in the left and right
hemispheres for participants with low AX (in panel a) and high AX (in panel b). The black lines
represent straight gaze N170 amplitudes in the left and right hemispheres, and the grey lines
represent averted gaze N170 amplitudes. Depicted are the estimated means of the respective 2x2
rANOVAs. Interhemispheric asymmetry for straight and averted N170 conditions is shown in panel c. A
larger inter-hemispheric asymmetry (an increased involvement of the right hemisphere) means
a larger involvement of holistic processing, while a lack of inter-hemispheric asymmetry means
lower involvement of holistic processing, that is a larger involvement of analytic processing. Finally,
in panel d, the correlation between the difference in inter-hemispheric asymmetry between straight
versus averted N170 amplitudes and AX is depicted. While participants scoring low on AX showed
a tendency to more holistically perceive an averted over a straight gaze direction, participants scoring
high on AX displayed the opposite tendency. Error bars represent 1 SEM.
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Discussion

The present study investigated how eye gaze direction associates with early face encod-
ing at the N170 in relation to an aspect of individual personality, specifically attachment.
To do so, we used pictures of faces with their head orientations and gaze directions
manipulated and an attachment self-report (RSQ). Our results replicate previous beha-
vioural and electrophysiological research by revealing a head orientation by gaze direc-
tion interaction on the N170 across all participants (irrespective of attachment
orientation). Furthermore, we observed an interaction between hemisphere and gaze
direction and attachment anxiety (AX) regardless of head orientation on the N170. Such
interhemispheric asymmetry (i.e. the difference between the left and the right N170
amplitude) is a marker of early perceptual processing (Rossion et al., 2000) and might
be objectivated as the ratio of left minus right N170 activity (Onitsuka et al., 2009; Lopes,
2011). Critically, the interhemispheric asymmetry for a straight versus an averted gaze
varied as a function of AX. For participants scoring lower on AX it was more pronounced
and showed the directionality averted > straight, whereas for participants scoring higher
on AX it was less pronounced and showed the directionality straight > averted. These
findings suggest a role of AX in the early neural encoding of faces and particularly eye
gaze direction (but not head orientation). However, opposite to our prediction, we
measured a low configural/global processing in participants high in AX as compared to
participants low in AX.

The EEG results focusing on the N170 also replicated and extended previously
reported results. In addition to a significant sensitivity of the N170 to head orienta-
tion, we were able to establish that the N170 was sensitive to both head orientation
and gaze direction as reported in a previous study, as well as to gaze direction only
at the offset of the N170 (Burra et al., 2017). Despite the gaze direction effect at the
offset of the N170 being highly significant, we should acknowledge that the inter-
action of head orientation and gaze direction during the N170 failed to highlight
a reliable difference between straight and averted gaze in frontal or deviated head
direction conditions. However, the question of whether the N170 is modulated by
gaze direction still remains controversial, mainly due to inconsistent results in past
studies (Burra et al., 2017, 2018; Latinus et al., 2015; Sato et al., 2008; Taylor et al.,
2001; Watanabe et al,, 2002). Among other parameters, like task-demand or low-level
visual features, one possible reason for the observed inconsistency regarding the
influence of gaze direction on the N170 may be interindividual differences (as
suggested by Burra et al., 2019).

In this study, we therefore also assessed the N170 regarding both gaze direction
and head orientation during a gender categorisation task as a function of individual
differences in attachment. Eye gaze is thought to be crucial for initiating social
interactions and allows for synchronisation between individuals in terms of mutual
attention (Patterson, 1982). Being able to quickly encode gaze direction is therefore
a critical mechanism for human social interactions. Importantly, this preferential gaze
direction encoding might facilitate gender categorisation (Macrae et al., 2002) by
influencing face processing. In this study, we found that the influence of gaze
direction on the N170 may differ in the case of AX but not AV. AX is associated
with the secondary attachment strategy of hyperactivation of the attachment system,
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which is generally linked to an increased sensitivity to particularly negative social
clues that could signal social rejection or abandonment (Mikulincer & Shaver, 2007b).
Here, gaze direction influenced the right interhemispheric asymmetry of the N170,
a marker of a precedence of global over local feature percept (Tanaka & Farah, 1993;
Yovel et al.,, 2003). In our study, the pattern differed as a function of AX. We may
thus speculate that highly anxiously attached participants’ attention was more
strongly drawn to an averted gaze direction because it possibly contained
a stronger social clue of rejection or abandonment (Burra et al., 2019). When eye
gaze is averted and attention is increasingly directed to capture such local percep-
tion of gaze direction (as was the case for highly anxiously attached participants),
a more holistic processing of the entire face required to perform the task at hand
(gender categorisation) may be impaired. Thus, because gaze direction is manipu-
lated but not relevant for the task, it is likely that gaze might impair the featural/
global face processing dedicated to the gender categorisation. In sum, AX charac-
terised by hyperactivating strategies may make individuals more prone to local rather
than global face processing on a neural level. Further research is necessary to
replicate and extend these findings to better understand how AX may associate
with local versus global early face processing and what consequences this may
have on the neural encoding of other properties of faces, e.g. emotion, trustworthi-
ness, familiarity, etc.

Our new data highlight the early sensitivity of the visual system to eye gaze.
A prominent face processing model suggests that the structural encoding of faces related
to the N170 provides information for the analysis of gaze direction and not the other way
around (Bentin et al., 1996). Our present data, especially in association with interindividual
differences in attachment, imply that the opposite may also be true. We found that gaze
direction may impact early face encoding as early as 170 ms after stimulus onset, and that
this effect may vary as a function of AX. Accordingly, an early neural encoding of gaze
direction during or already before structural encoding appears likely, which questions
extant face models implying that eye gaze perception follows structural encoding of faces
(Bruce & Young, 1986; Haxby et al., 2000). Our data rather point to a precedence of eye
gaze processing, specifically a straight gaze, at an early stage of visual processing (Senju &
Johnson, 2009), and a modulation of such mechanism by interindividual differences in
attachment. The findings presented here thus replicate and importantly extend our
understanding of the relationship between gaze direction perception and personality
on a neural level. Our data furthermore imply that interindividual differences might
modulate gaze processing at very early stages of face perception, likely via top-down
influences shaped by social experience (Burra et al., 2019). The underlying mechanisms
leading to this modulation, however, remain to be more deeply investigated. For instance,
an investigation of interindividual differences in behavioural and electrophysiological
correlates of gaze perception depending of the context would be of major interest (see,
for instance, McCrackin & Itier, 2018). Although we may interpret the observed patterns as
preliminary evidence that gaze perception may impact face encoding in relation to
secondary attachment strategies aimed at capturing clues for social rejection or abandon-
ment that characterise AX, more work is still needed.
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This work has some limitations. First, we interpret the interhemispheric difference as
a marker of holistic versus featural processing based on previous literature. However, it
could be argued that greater amplitude in the right versus left hemisphere does not
necessarily imply that the two hemispheres are functionally different in terms of pro-
cesses. An alternative explanation would be that the neural generators in the right
hemisphere are tuned in such a way that this part of the scalp EEG would produce greater
amplitudes. We therefore acknowledge that differences between hemispheres may also
reflect differences in terms of structural factors like the orientation of neural generators of
the N170, which might vary among participants. However, because we demonstrate an
interaction between hemisphere, attachment and gaze in this study, we argue that the
modulation of the interhemispheric asymmetry more likely is functional (modulated by
the gaze direction) rather than structural. While the neural source of the interhemispheric
difference is unknown, further studies should systematically seek for the interhemispheric
neural generators as well as its sensitivity to holistic or featural processing using dedicated
measures such as source analysis by high-density EEG or MEG.

Furthermore, the reliability of our AX and AV dimensions obtained from the RSQ was
somewhat low, although the method to derive the latter has been validated and success-
fully applied in the past. Ideally, the same associations reported here should be replicated
by using the RSQ and/or other self-report measures of attachment, such as the
Experiences in Close Relationships (ECR) questionnaire. It would also be interesting to
see whether such findings can be replicated by employing a narrative attachment
measure (e.g. the Adult Attachment Interview).

In addition, although our study focused primarily on the N170 during time windows
and electrodes based on previous findings, a more exploratory analysis of the EEG signal
could be performed through larger time windows and including all electrodes. In the
absence of a priori assumptions and in order address the multiple comparison issues,
analyses such as univariate mass approaches (Groppe et al., 2011), have been suggested
to have equivalent or greater power (under equivalent spatial and temporal assumptions)
with greater flexibility than the widely used average amplitude approach. However, with
respect to our interhemispheric measurements, we note that, at this time, differences
between hemispheres are not suggested using this technique or alternative data model-
ling. Further progress in analysis should be made to fill this gap in the literature.

Overall, our results highlight the critical role of interindividual differences on N170
sensitivity to gaze direction and may unify previously inconsistent results. Further
experiments on the visual processing of social information in association with gaze
direction and head orientation are necessary, especially regarding interindividual
differences.
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