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A B S T R A C T

Over the past years, much interest has been devoted to understanding how individuals differ in their ability to
process facial identity. Fast periodic visual stimulation (FPVS) is a promising technique to obtain objective and
highly sensitive neural correlates of face processing across various populations, from infants to neuropsycho-
logical patients. Here, we use FPVS to investigate how neural face identity discrimination varies in amplitude and
topography across observers. To ascertain more detailed inter-individual differences, we parametrically manip-
ulated the visual input fixated by observers across ten viewing positions (VPs). Specifically, we determined the
inter-session reliability of VP-dependent neural face discrimination responses, both across and within observers (6-
month inter-session interval). All observers exhibited idiosyncratic VP-dependent neural response patterns, with
reliable individual differences in terms of response amplitude for the majority of VPs. Importantly, the topo-
graphical reliability varied across VPs and observers, the majority of which exhibited reliable responses only for
specific VPs. Crucially, this topographical reliability was positively correlated with the response magnitude over
occipito-temporal regions: observers with stronger responses also displayed more reliable response topographies.
Our data extend previous findings of idiosyncrasies in visuo-perceptual processing. They highlight the need to
consider intra-individual neural response reliability in order to better understand the functional role(s) and un-
derlying basis of such inter-individual differences.
1. Introduction

Faces convey an abundance of information and our ability to process
them efficiently is crucial for social interactions. This continues to
motivate a large and growing area of research dedicated to unraveling
the principles governing human face cognition. The majority of studies
have sought to identify commonalities across neurotypical observers.
Consequently, individual differences have long been considered as noise,
the influence of which should be minimized by averaging. Studies
employing such group statistics across a range of methodologies have
identified the eye region as a highly diagnostic source of information for
facial identity processing: it receives the most fixations (Yarbus, 1967;
Henderson et al., 2005) inWestern observers (e.g., Blais et al., 2008; for a
review see Caldara, 2017), is behaviorally relevant (Schyns et al., 2002),
and elicits stronger neural face-sensitive responses (Nemrodov et al.,
2014; de Lissa et al., 2014).

However, an increasing number of studies indicate that group-
average results are not necessarily representative of the population
(Arizpe et al., 2017). Adding to inter-individual variability on the
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behavioral level (e.g., Wilhelm et al., 2010; Herzmann et al., 2010;
Kaltwasser et al., 2014), recent findings emphasize the importance of
idiosyncratic visual sampling strategies. Specifically, fixation patterns
exhibited by individual observers suggest reliable preferences in sam-
pling different facial information (Mehoudar et al., 2014; Kanan et al.,
2015; Peterson and Eckstein, 2013; see also Walker-Smith et al., 1977).

Efforts have also been made to characterize the neural correlates of
individual differences in perceptual abilities. For instance, these studies
have shown that subjects' electrophysiological face-sensitive event-
related potentials (ERPs) differ in terms of both amplitude and latency
(Gaspar et al., 2011; Herzmann et al., 2010; Kaltwasser et al., 2014; Das
et al., 2010; see also Turano et al., 2016 for sub-group analyses).
Inter-individual variation has also been reported for neural face
discrimination responses obtained using a different approach: fast peri-
odic visual stimulation (FPVS). FPVS relies on the brain's tendency to
synchronize to the frequency of external stimulation. This is exploited to
derive a neural measure of a process of interest. The process of face
discrimination has been successfully measured with FPVS in an oddball
paradigm, where a sequence of same-identity base stimuli are presented
ny 2, 1700, Fribourg, Switzerland.
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at a constant high frequency rate, with periodically intervening oddball
stimuli conveying different identities (e.g., A-A-A-A-A-A--
B-A-A-A-A-A-A-C-…). Neural synchronization to the oddball frequency
(the frequency of identity change) provides an implicit, objective and
highly sensitive measure of neural face discrimination that has been used
in healthy and neuropsychological cohorts (Liu-Shuang et al., 2016;
Liu-Shuang et al., 2014; Norcia et al., 2015).

Using this paradigm, Xu et al. (Xu et al., 2017) were the first to report
pronounced individual differences in terms of both the amplitude and
topography of this neural face discrimination response. Beyond this, the
authors reported small but significant correlations with behavioral per-
formance, suggesting that the magnitude of this neural response is at
least partially driven by face identity processing abilities. Although their
findings further emphasize the functional importance of neural idiosyn-
crasies, two important questions remain unanswered.

The first question concerns the impact of facial information fixated.
Normally, in the context of neuroimaging studies, observers are required
to fixate a point on or near the center of the face (e.g., Liu-Shuang et al.,
2014; Xu et al., 2017). Standardizing the visual input is a commonplace
procedure in pursuit of comparable stimulus-related responses. The
aforementioned functional individual differences in visual sampling
strategies, however, suggest that the diagnosticity of visual information
differs across observers. If such observer-dependent preferences for
specific facial information or viewing positions (VPs) also existed on the
neural level, standardizing the input through enforced fixation on one
only VP would be problematic. Specifically, recording the response
during fixation of a central VP (e.g., the nose) might accurately represent
observers who prefer encoding face-stimuli at this VP, but may misrep-
resent those who prefer other facial information (e.g., the left eye). To
clarify this issue, in our FPVS paradigm we presented whole-face stimuli
under enforced fixation to ten different VPs.

Such potential individual differences in VP-preference are directly
related to the second open question: To which degree do idiosyncratic
FPVS face identity discrimination responses reflect genuine, intrinsic
inter-individual differences, as opposed to situational noise? One way to
assess this is to determine whether idiosyncratic face discrimination re-
sponses reoccur systematically over time. Noise is a random factor, which
therefore impacts a measure of interest differently across recordings.
Conversely, intrinsic characteristics of a given subject are more stable
(Seghier and Price, 2018). As a consequence, their influence on a given
response should systematically reoccur over time. Thus, quantifying
test-retest reliability across a range of VPs provides a detailed means to
estimate the impact of nuisance factors on the signal(s) of interest.

To this date, the reliability of face discrimination responses obtained
by FPVS has only been investigated across trials acquired within the same
testing session and a single VP (Xu et al., 2017). The authors reported the
inter-trial stability of the group amplitude obtained by averaging multi-
ple bilateral electrodes. However, their report provided no information
regarding the topographical reliability. Additionally, the investigated
within-session reliability of trials spaced in the scale of minutes does not
address the issue of reliability across longer temporal intervals.

In the present study, we sought to determine the reliability of the face
discrimination responses (as measured with the FPVS paradigm) across
two acquisition sessions separated by a 6-month interval. Aiming for a
comprehensive understanding of individual differences in the face
discrimination response, we computed reliability on three different as-
pects of the response. First, we addressed the reliability of the neural
information-dependent response patterns observed across VPs. Second,
we determined the reliability of the response amplitude independently
for each VP, to assess the consistency of the response strength of indi-
vidual observers. Third and finally, we computed each observer's VP-
specific topographical reliability.

Collectively, our analyses aim to provide a comprehensive charac-
terization of individual differences in neural face discrimination
measured with the FPVS paradigm. We believe that this is a crucial
prerequisite for studies aiming to deploy this paradigm for empirical and
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clinical purposes, and to establish its functional significance in both
healthy and impaired populations (Liu-Shuang et al., 2016; Xu et al.,
2017).

2. Methods

2.1. Participants

We tested fourteen adults (seven females, one left-handed; mean age:
24.5� 3.8 years) with normal or corrected-to-normal vision and no
history of psychiatric or neurological disorders. Participants were either
undergraduate students from the University of Fribourg, or acquain-
tances of the experimenters. All subjects provided written informed
consent and received financial compensation for participation. The
experiment was approved by the local ethics committee.

2.2. Stimuli and procedure

Stimulus material and procedures were identical to those previously
reported (Liu-Shuang et al., 2014). Stimuli comprised full-front, colored
images of 50 face identities (25 females) displaying neutral expressions.
Images were cropped to exclude external facial features and were
embedded in a grey background. Stimuli were presented on a VIEW-
Pixx/3Dmonitor (1920� 1080 pixel resolution, 120Hz refresh rate) and
subtended an average of 11.02� (height) x 8.81� (width) of visual angle at
a viewing distance of 70 cm. In each 62s trial, face images were shown
through sinusoidal contrast modulation at a frequency of 6 Hz, with
image size varying randomly between 80 and 120% at each cycle to
minimize pixel overlap (visual angle ranged between 8.82 and 13.22�

(height) and 7.05–10.57� (width)). A randomly selected face identity
(base stimulus) was repeated throughout the sequence, with different
face identities (oddball stimuli) interleaved every 7th face (i.e. 6
Hz/7¼ 0.85 Hz; Fig. 1A). Each trial began and ended with 2s during
which maximal image contrast progressively ramped up (fade in) and
down (fade out), respectively. Observers were instructed to fixate a cross
in the center of the screen while responding via button press to a brief
(200ms) change in the color of the fixation cross, which occurred
randomly eight times within each trial. This served to ensure mainte-
nance of fixation, and a constant level of attention. Subjects were accu-
rate at this task (0.93�0.1). Performance of one subject (S14) could not
be computed during the first session due to technical issues.

We manipulated the viewing position (VP) by spatially arranging the
stimuli in order to have one of ten facial regions behind the central fix-
ation cross (Fig. 1B). Thus, these ten conditions differed in terms of the
information being fixated by the observers throughout a trial. Note that
VP0 was located slightly below the nasion, at what has been reported to
be the “optimal” fixation position for old/new decisions under highly
controlled viewing conditions at the group level (Hsaio& Cottrell, 2008).
Each observer completed 20 trials (two repetitions per VP condition)
during an initial acquisition session, and 20 trials during a second
acquisition session 6-months later. Generally, each session comprised
two runs of ten trials each. However, subjects could request breaks as
required.

Both acquisition sessions involved identical stimuli and procedures;
behavior was monitored through a webcam located inside the booth. In
total, we obtained 40 trials (4 repetitions x 10 conditions) for each
observer.

2.3. EEG acquisition

Electrophysiological data were acquired through the Biosemi Acti-
View software with a Biosemi Active-Two amplifier system recording
from 128 Ag/AgCl active electrodes at a sampling rate of 1024Hz. Four
electrodes located at the outer canthi and below the eyes were placed for
blink monitoring. In this active electrode system, the quality of electrode
contact with the skin was evaluated by the offset relative to the magni-



Fig. 1. Schematic illustration of the FPVS paradigm
and the experimental conditions (A). Faces were pre-
sented through sinusoidal contrast modulation. Base
stimuli displayed the same facial identity and appeared at
a frequency of 6 Hz. Different identity (oddball) faces were
interleaved every 7th stimulus. Displayed here are stimuli
presented at VP2. (B) In each condition faces were aligned
in order to have one of the ten viewing positions (VPs) in
the center of the screen and fixated by the subject (see
right for an example).
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tude of the feedback loop formed by the CMS-DRL electrodes, which was
held below �25mV throughout the recording. During data acquisition a
0.16–100Hz filter was applied to remove any slow drift over time. Digital
triggers were sent at the start and end of each stimulation sequence by
the VIEWPixx screen to the acquisition computer.

2.4. Analysis

Preprocessing. EEG data were processed with Letswave 5 (Mouraux
and Iannetti, 2008). Continuous data were first digitally bandpass
filtered to exclude frequencies below 0.1 Hz and above 100Hz (4th order
Butterworth filter). The signal was then downsampled to 256Hz and
segmented relative to each condition. For each observer, we extracted
20� 66s epochs, which included 2 extra seconds pre- and
post-stimulation. An independent component analysis using a square
mixing matrix algorithm was computed to filter out noise related to
blinks expressed by each subject (one single component was selected
based on its topography and the correspondence between its temporal
waveform and that of the ocular channels). Data were then visually
inspected for interpolation of noisy electrodes (max. 5% of all scalp
electrodes per observer were replaced through linear interpolation of the
3 surrounding electrodes). Data were then re-referenced to a common
average reference and cropped to an integer number of oddball's cycles
starting 2 s after stimulation onset and ending 2 s before stimulation
offset (¼ 14932 bins).

Frequency domain analysis. The amplitude of EEG responses in the
frequency–domain was extracted using Matlab's built-in Fast Fourier
Transform (FFT) function. Baseline-correction was applied to all of the
resulting amplitude spectra by subtracting from each frequency bin the
average of its surrounding 20 bins (excluding the 2 immediately neigh-
boring bins). For visualization purposes, we also converted the raw
amplitude values into signal-to-noise ratio (SNR) by dividing each fre-
quency bin by the average of its surrounding 20 bins (excluding the 2
immediately neighboring bins). We averaged the resulting signal over 24
occipito-temporal electrodes (A9-A16, A22-A29, B6-B11, D31-D32; cf.,
Fig. 2A) to include channels sensitive to both the general and the face
discrimination response. Since the periodic response to our stimulation is
spread over multiple harmonics (Fig. 2) (i.e. integer multiples of the
stimulation frequency), we first determined the relevant range of fre-
quency harmonics to take into account, independently for base and
oddball frequencies. To this end, we z-scored the signal after averaging
across conditions, subjects, and electrodes (Z-scores were computed
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following the same logic as the baseline-correction). Harmonics were
considered as significant until the z-scores of two consecutive harmonics
failed to exceed 1.64 (p .05, one-tailed). Significant responses at the
oddball frequency (0.85Hz) and its harmonics reflect face identity
discrimination, while responses at the base frequency (6 Hz) represent a
combination of face-related processing and general visual responses to
the stimulus presentation. Based on this threshold the oddball response,
which indexes implicit neural face discrimination, was quantified by
summing the first 9 oddball harmonics (i.e., 0.85–7.71 Hz), excluding the
7th harmonic since it is confounded with the base stimulation frequency
rate. The base response was significant until the 9th harmonic (i.e.,
6–54 Hz). However, since we were mainly interested in facial identity
processing, and not the general visual response, we only considered the
fundamental base frequency (i.e., 6 Hz) as a sanity-check for our exper-
imental manipulation of fixated visual input.

2.5. Statistical analysis

Reliability of individual differences in VP-dependent patterns of response
amplitude at the oddball frequencies. To assess whether the patterns of
response amplitude across VPs were stable across the two sessions, we
carried out a regression between the two measures. We averaged trials
from the same session and then regressed the face discrimination re-
sponses of session one (AmplitudeSession1) onto those of session two
(AmplitudeSession2), using Subject as a random effect to account for in-
dividual differences (1). To avoid any a priori assumption regarding the
topography of the effect, we performed the analysis for each scalp elec-
trode independently, applying Holm-Bonferroni-correction to account
for multiple-comparisons.

AmplitudeSession1~AmplitudeSession2 þ (1jSubject) (1)

Reliability of inter-individual differences in face discrimination response
amplitudes. To investigate whether inter-individual variations in response
amplitude were stable over time, we computed their reliability using
Cronbach's alpha coefficient. This measure, which has been used previ-
ously in a similar context (Xu et al., 2017), evaluates the similarity of
responses across measurements. We computed Cronbach's alpha across
four trials, for each VP and electrode independently. High reliability
indicates that observers, who for example exhibit strong responses at one
time point, are consistent across different trials and sessions. Conforming
with standard practice, we chose a coefficient threshold of .8, which
indicates that noise biases the responses by 20%, while the remaining



Fig. 3. Grand average of the general visual response for the 10 VPs.

Fig. 2. Frequency spectra. (A) SNR spectrum averaged across 24 posterior electrodes (right) and all subjects, with all VP conditions overlapping (each dot represents
the response magnitude for a VP condition). Orange peaks indicate the general visual response while blue peaks index the face identity discrimination response. (B)
SNR spectrum averaged across the same 24 electrodes in three exemplary subjects for two VPs. Note that an SNR of 1 represents noise level.
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80% represents the measure of interest (Nunnally, 1978). In addition to
single-electrode analyses, to account for the variability across observers
in the oddball response topography, we pooled 12 bilateral
occipito-temporal electrodes and recomputed the reliability at each VP.

Reliability of individual face discrimination response topographies. To
determine the stability of the scalp distribution of the response over time,
topographical reliability was computed by means of Cronbach's alpha for
each observer, at each VP independently. Signals that were subject to
analysis were taken from posterior electrodes (cf., Fig. 6A), which
included typically responsive channels in the context of neural face
discrimination. Compared to amplitude computation, here we opted to
consider a larger region of interest (ROI) in order to determine whether
initially responsive clusters would be stable or change (expand, shift, or
shrink) over time. High reliability of this posterior ROI would indicate
that the electrodes showing stronger responses and forming responsive
clusters are comparable across time. Conversely, low reliability would
suggest that the response predominantly emerges at different electrodes
at different time-points.

Face discrimination response amplitude and topographical reliability. We
investigated the relationship between the topographical reliability
(across 44 individual channels) and magnitude (average of a 12-channel
ROI) of the face discrimination response using Holm-Bonferroni cor-
rected Spearman correlations, independently for each VP.

3. Results

3.1. Base frequency: general visual response

A response at the base frequency (6 Hz) indicates successful syn-
chronization of the visual system to the contrast between background
and face-stimuli (Dzhelyova et al, 2016; see Fig. 2). At the group level
this general visual response was expressed predominantly at
471
occipito-temporal electrodes (Fig. 3). Conditions involving fixations on
the left or right side of the face led to the majority of facial information
being represented on the opposite visual field, and a shift of the response
to the contralateral hemisphere. For example, fixation on the left eye
(Fig. 3; VP1) led to most facial information being presented in the right
visual field, which elicited strongest responses in the left hemisphere.
Overall, averaging across 15 occipito-temporal electrodes (A10-A15,
A23-A28, B7-B9) led to strongest general visual responses for VP2 (i.e.,
nasion VP; 1.05 μV), followed by VP0 (1.04 μV). Given this study's focus
on the FPVS face identity discrimination response, the general visual re-
sponses expressed at the base frequency are not considered for further
analyses.
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3.2. Oddball frequency: face discrimination response

Significant responses at the oddball frequency (i.e. 0.85 Hz¼ rate of
face identity change) and its harmonics at occipito-temporal electrodes
were found in all participants, and indicate successful neural face
discrimination (Fig. 2B for three exemplary subjects) (Liu-Shuang et al.,
2014). Here, we manipulated facial information fixated to determine the
effect on subjects’ neural face discrimination response, both in terms of
amplitude and topography, and compare the inter-, and intra-individual
differences across a time-interval of 6 months to estimate their reliability.

VP-modulation of the face discrimination response. We averaged the
baseline-corrected signal from 4 trials to assess the effect of VP on the
amplitude of the face discrimination response. In line with previous work
(Liu-Shuang et al., 2016; Xu et al., 2017), this response was generally
expressed at occipito-temporal electrodes (Fig. 4; Supplementary
Fig. S1). Therefore, we quantified the neural face discrimination re-
sponses within a single bilateral occipito-temporal ROI comprising 12
electrodes (D31, D32, A9-A12, B6-B11) across which responses were
averaged. This was done both at the group level (on the grand-average
signal) and at the individual level.

At the group level, the face discrimination response amplitude was
strongest for fixation at VP5 (i.e., nose; 1.33 μV), followed by VP1 (i.e.,
left eye; 1.32 μV) and VP0 (i.e., nasion; 1.25 μV) (Fig. 4; for group and
individual subject values see Supplementary Table S1). However, at the
individual level, we observed strong inter-individual differences in the
observer-specific response patterns, which deviated from the group level
observation (Fig. 4; Supplementary Fig. S1). Contrary to the group, VP1
elicited the overall strongest response across observers (i.e., left eye, 4
subjects), followed by VP5 (i.e., nose, 3 subjects) (cf. Supplementary
Table S1 for all values).

Mirroring these observations, individual observers’ response topog-
raphies differed from the group topography. On average the response was
right-lateralized for the majority of VPs. At the individual level, however,
patterns were more heterogeneous and oddball responses could be
located at right-, left-, or bilateral occipito-temporal electrodes (Fig. 4).

Reliability of individual differences in VP-dependent patterns of response
amplitude at the oddball frequencies. To determine whether patterns of
response amplitude across VPs observed at the first session would be
predictive of those recorded 6 months later, we computed a linear
regression between the two measures independently at each electrode.
This analysis revealed a positive relationship at bilateral occipito-
Fig. 4. Neural face discrimination responses. Face discrimination responses (quan
shown at the group-level and for five example subjects across the ten VP conditions
variation in response amplitude and topography are visible between and within sub
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temporal clusters (Fig. 5A). The effect ranged from .39 (A10; p .001) to
.52 (A28; p .001).

Reliability of inter-individual differences in face discrimination response
amplitudes. Cronbach's alpha was computed across four trials for each VP
and electrode independently to assess the reliability of inter-individual
differences in amplitude. The results show that the most reliable re-
sponses were located at occipito-temporal electrodes. All VPs, with the
exception of VP6 (right cheek), elicited reliable responses at least one
channel (Fig. 5B). Overall, VP0 was the condition with the largest cluster
of reliable electrodes. When averaging 12 bilateral occipito-temporal
electrodes, reliability ranged from .89 (VP0) to .56 (VP6) (Fig. 5C).
Contrary to analyses on single electrodes, here only five of 10 VPs elicited
reliable responses in the selected ROI. Interestingly, these five VPs all
involved fixation of the midline, or the left side of the face.

Reliability of individual face discrimination response topographies. We
have shown that the response patterns across VPs, and the response
amplitude within each VP were both reliable over a 6-month interval at
the group level. To better understand potential individual differences in
response reliability (i.e., Are all observers equally reliable in their
response topography? Is each subject equally reliable across VPs?), we
computed topographical reliability within each observer and indepen-
dently for each VP.

Response consistency varied across VPs and observers. Across VPs,
the average reliability pooled across all observers ranged from .62 (VP2;
i.e., nasion) to .34 (VP9; i.e., right corner of the mouth). Across observers,
the averaged alpha values from all VPs ranged from .88 (S10) to .09 (S07)
(Fig. 6A). Across VPs and the entire cohort, the majority of observers (10/
14) showed a reliable response topography for at least one VP. Two
observers showed high topographical reliability for nearly all VPs (9/10
VPs), while eight exhibited reliable response topographies for only
certain VPs (cf., S10 and S09, see Fig. 6). The remaining observers did not
show any reliable responses between sessions (e.g., S07, see Fig. 6A).

Relationship between FPVS response amplitude and topographical reli-
ability. Visual exploration of our data suggested that subjects with more
reliable topographies also exhibited stronger and more typical neural
face discrimination response distributions over bilateral occipito-
temporal clusters of electrodes. As illustrated in Fig. 7, correlation ana-
lyses showed significant positive relationships between the response
amplitude pooled within this region, and the topographical reliability at
each VP. The highest and lowest correlations were found for VP1 (left
eye; r¼ .92, p .001) and VP6 (right cheek; r¼ .57, p ¼ .03), respectively.
tified as the summed baseline-corrected amplitudes at oddball frequencies) are
. Though globally responses occur consistently over occipito-temporal channels,
jects.



Fig. 5. Reliability of the VP-patterns and FPVS
response amplitude. (A) Data-driven regression results.
F-values of non-significant electrodes were set to 0. VP-
patterns were most stable at occipito-temporal elec-
trodes. (B) Reliability of response amplitude across sub-
jects is shown for each condition and each electrode
respectively. Alpha values below the .8 threshold were set
to 0 for visualization purposes. (C) Reliability of response
amplitude computed across 12 occipito-temporal elec-
trodes (top) for each VP.

Fig. 6. Topographical reliability of the FPVS response. (A) Individual topographical reliability computed across 44 occipito-temporal electrodes for each subject
and VP. The color scale ranged between alpha¼ 0 (white) and 1 (black). Asterisks indicate alpha �.8. (B) VP-dependent FPVS responses for the most (left) and least
(right) reliable subject across all four trials.
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4. Discussion

The present study aimed to provide novel insights into individual
differences in FPVS face identity discrimination recorded by EEG. We
explored inter-individual variability by considering the influence of
facial information being fixated (viewing position; VP), and the consis-
tency of face discrimination responses over time. Our data underline the
effect of VP on responses not only at the group level, but especially at the
level of individual observers, who exhibited idiosyncratic patterns of
responses across VPs. Specifically, for any given VP, we observed indi-
vidual differences – both in terms of response amplitude, as well as its
topography. Our reliability analysis showed that the VP patterns recor-
ded at the first session were largely predictive of those observed at the
second session, i.e. 6 months later. Additionally, individual differences in
the stability of response amplitude systematically occurred across trials
and sessions for the majority of the VPs at occipito-temporal electrodes.
Concerning topographical reliability, we report a considerable degree of
variation of the scalp distribution of the neural face discrimination re-
sponses across observers. Finally, we observed a positive relationship
between the topographical reliability of individual observers’ responses,
and the response amplitude over occipito-temporal electrodes.
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Recently, Xu et al. (2017) reported individual differences in the
amplitude EEG face discrimination responses indexed by fast periodic
visual stimulation (FPVS). Similar to numerous neuroimaging (and
behavioral) studies, the authors standardized the visual input by
instructing subjects to fixate on one predefined VP (VP0, i.e. the center of
the face). In the present study we observed that subjects exhibited idio-
syncratic patterns of responses across VPs: while some subjects show
stronger responses when fixating central VPs, others exhibit higher re-
sponses to facial information in other regions (e.g., VP1, left eye). Our
findings indicate that observations made based on a single location (i.e.
standardized input) may lead to a misrepresentation of a large proportion
of subjects. The importance of these idiosyncrasies is further highlighted
by the fact that the patterns observed at one session could predict those
exhibited 6 months later. This suggests that the robust “neural prefer-
ence” for some VPs over others is unlikely to be noise-related. Instead, the
observed reliable VP-dependent responses at occipito-temporal sites are
likely to reflect intrinsic characteristics of each individual's face-sensitive
neural networks.

Together, these observations may reconcile previous seemingly
inconsistent findings regarding the facial features eliciting the strongest
face-sensitive neural response. The majority of studies addressing this



Fig. 7. Scatter plots demonstrating the relationship between individual observers' response amplitude and response reliability. For each VP, the average
amplitude across trials over occipito-temporal channels is plotted against the reliability score across individual trials for all subjects. Stronger face discrimination
responses were more reliable. The dotted line marks the threshold for a response to be considered reliable (alpha¼ 0.8).
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question reported that fixation on the eyes leads to stronger responses
compared to other features (e.g., Nemrodov et al., 2014; de Lissa et al.,
2014). However, other studies suggest that fixation on other facial re-
gions evokes comparable or stronger responses (e.g., Zerouali et al.,
2013; McPartland et al., 2010). Importantly, these different findings
were made in the context of group studies, which stressed commonalities
(at the expense of individual differences) in neural responses. Here,
adopting an individual observer approach, we observed that while many
subjects exhibited stronger responses for the eye-region, others exhibited
“neural preferences” for VPs closer to the center of the face (i.e.,
VP2/nasion, VP0/center, VP5/nose). This variation in the population
questions the existence of a per se optimal position for face processing
(see Caldara, 2017), and could account for discrepant findings reported
in the context of earlier group-studies.

Our data also show that individual differences modulate a given
measure – here the FPVS face discrimination response – on different
levels. In the present context, individual differences could be expressed in
terms of the neural response amplitude, scalp distribution, or response
reliability. This last parameter is crucial to determine whether an
observation carries potentially meaningful information, as opposed to
reflecting random noise. Altogether, our results lead to two main
considerations.

First, although individual differences can provide a unique source of
information, not all should be considered equally meaningful. Dis-
regarding whether an individual exhibits reliable responses over time can
mask effects in a similar vein as does averaging across observers. In order
to identify genuine variations of interest, reliable responses have to be
separated from unreliable ones, which inherently carry more noise. This
is important in studies investigating the relationship between multiple
responses. Those obtained from unreliable observers are less likely to
correlate across measures and will therefore introduce noise, potentially
masking otherwise stronger relationships. Similarly, quantifying in-
dividuals’ reliability would also facilitate determining commonalities
across subjects.
474
Second, individual differences in reliability also indicate that this
parameter should ideally be assessed for any tested cohort. More
concretely, an estimate of good internal consistency reported for a
measure within one group of observers cannot be expected to exist in the
context of other independent observers. Individual subjects’ reliability is
an additional parameter that could be reported along with a given finding
to help its interpretation and assess the extent to which it can be
generalized. We suggest that – at least in the context of face discrimi-
nation measured with FPVS – response amplitude over occipito-temporal
regions can provide an initial estimate of its stability over time.

The relationship we report here suggests that precise and stable to-
pographies may relate to more efficient neural responses. This hypothesis
is in line with recent findings reporting that the magnitude of face sen-
sitive neural responses were associated with behavioral face recognition
(Xu et al., 2017; Elbich and Scherf, 2017). Therefore, functionally
meaningful topographical reliability may represent an additional prom-
ising parameter to track e.g. development changes in face processing, or
effects of interventions in clinical populations. A covariance between
neural response reliability and amplitude at the individual level could
also be exploited as an objective index to track potential improvements or
impairments in face processing. Further research is required to under-
stand the cause(s) of differential neural response reliability – functional
or anatomical – as well as the directionality of the observed relationship
between reliability and response magnitude.
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