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Abstract

Recent theories on the neural correlates of face identification stressed the importance of the available identity-specific seman-
tic and affective information. However, whether such information is essential for the emergence of neural signal of familiarity
has not yet been studied in detail. Here, we explored the shared representation of face familiarity between perceptually and
personally familiarized identities. We applied a cross-experiment multivariate pattern classification analysis (MVPA), to test
if EEG patterns for passive viewing of personally familiar and unfamiliar faces are useful in decoding familiarity in a match-
ing task where familiarity was attained thorough a short perceptual task. Importantly, no additional semantic, contextual, or
affective information was provided for the familiarized identities during perceptual familiarization. Although the two datasets
originate from different sets of participants who were engaged in two different tasks, familiarity was still decodable in the
sorted, same-identity matching trials. This finding indicates that the visual processing of the faces of personally familiar
and purely perceptually familiarized identities involve similar mechanisms, leading to cross-classifiable neural patterns.

Keywords Cross-experiment - Multivariate pattern analysis - EEG - Face processing - Familiarity - MVPA - Person
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Introduction

In comparison to faces of unfamiliar people, personally rel-
evant and highly familiar faces have been shown to be pro-
cessed on a neural level in quantitatively and qualitatively
dissimilar ways (Ramon and Gobbini 2018; Karimi-Rouz-
bahani et al. 2021). What exact factors shape these neuronal
processes, and how they evolve as we get to know a person
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both in terms of sensory and social experience, is not fully
understood (White and Burton 2022).

Several recent studies on the neural correlates of face
familiarity stressed the importance of the available iden-
tity-specific semantic and affective information. It has been
consistently found that additional semantic information
enhances performance in face recognition for short-term
experimentally familiarized faces. For example, associating
a novel face with additional information, such as the name or
occupation of the person, enhances subsequent recognition
performance (Schwartz and Yovel 2016). Furthermore, par-
ticipants are better at remembering faces which they made
conceptual decisions about, in contrast to faces with purely
perceptual evaluations (Schwartz and Yovel 2018). Also,
in a perceptual/semantic face-learning study by Kaufmann
and colleagues (Kaufmann et al. 2009) participants remem-
bered faces from short video clips better when simultane-
ously listening to short autobiographies. The ERP correlates
of the semantic information were 700 ms following stimulus
onset, suggesting the modulation of later, post-perceptual
processing stages. With regard to the anatomical locali-
zation of semantic knowledge about people, the anterior
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temporal network and the hippocampus have been shown to
be involved (Morton et al. 2021).

In a recent ERP study, Wiese et al. (2019) described
a late, sustained familiarity effect (SFE) starting around
200 ms, and peaking between 400 and 600 ms following
stimulus onset over occipito-temporal sites. In a subsequent
study (Wiese et al. 2021), the authors investigated if this
signal is modulated by the type and degree of familiarity.
Their stimulus set contained images of the participant’s own
face, personally familiar identities, liked, disliked and neu-
tral celebrities, and unknown persons. They found that the
SFE was present and similar in its characteristics for both
personally familiar faces and for faces that were familiar-
ized through media. As the SFE was modulated through the
degree of familiarity, but not the mode of familiarization,
the authors concluded that identity-specific semantic infor-
mation plays an important role for the presence of a strong
familiarity signal. Furthermore, the SFE has been shown to
increase with the length of being personally familiar with a
person for up to two years, suggesting that the magnitude
of the SFE is influenced by the build-up of identity-specific
knowledge (Popova and Wiese 2022). Similarly, in a cross-
experiment classification study, Li and colleagues (Li et al.
2022) demonstrated that this 400-600 ms window is sensi-
tive to the degree of familiarity with faces known from the
media.

In our recent face-familiarization study (Ambrus et al.
2021), we set out to investigate the evolution of identity-
related effects as previously unfamiliar faces become famil-
iar. In this study three experiments were conducted: (1) a
short perceptual exposure to the novel faces, (2) familiariza-
tion through media via watching a television series featuring
the to-be-learned identities, and (3) a personal familiariza-
tion experiment, requiring live, in-person interaction with
the individuals on three occasions throughout one week.
While we observed robust familiarity effects in the personal
and media conditions, we found no clear differential pre- vs.
post-familiarization identity-related changes.

This result is at odds with the results of Campbell and
Tanaka (2021), who emphasized the importance of socially
relevant, conceptual information in face learning. Their
fast visual periodic stimulation study showed that personal
familiarization spanning eight weeks with a previously
unknown lab rotation partner, led to significant effects on
the separation of familiar vs unfamiliar faces, predominantly
in the occipito-temporal regions of the right hemisphere. The
authors interpreted this finding as an identity-specific effect.
They have argued that, in contrast to the short-term (one
week long) personal familiarization period of Ambrus et al.
(2021), a longer, socially more relevant familiarization phase
is necessary to obtain enhanced identity representations of
familiarized persons.
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However, it is possible that although Campbell and Tan-
aka aimed to show identity-specific representations, their
differential signal might in fact also be explained by famili-
arity effects, or the combination of signals arising from both
the processing of face familiarity and identity. Whether a
signal is related to a process characterized by identification
“this is Bob’s face” (identity) or by recognition “this is a
familiar face” (familiarity) is a challenging task without
showing separable individuation-related signals in response
to multiple newly learned identities. More importantly for
our present purposes, one needs a control condition that
involves no semantic, contextual, or affective, e.g., percep-
tual familiarization as the importance of these factors is
otherwise hard to ascertain. To better understand the neural
signals related to identity and familiarity processing, it is,
thus, necessary to establish, what kind and amount of expo-
sure to novel faces triggers the familiarity signals. Such an
investigation, to our knowledge, has not yet been conducted.

Therefore, the current study aims at exploring whether
even short-term, purely perceptual face-identity learning can
give rise to neural patterns that resemble those elicited by
more extensive personal familiarization. Originally, percep-
tual learning did not lead to a robust familiarity signal, when
running a within-subject classification procedure (Ambrus
et al. 2021). Nevertheless, non-significant, chance-level
decoding does not automatically rule out differential neural
processing, as the quality of the results may strongly depend
on, among other factors, the signal-to-noise ratio, classifier
type and its hyperparameters, and the capacity of the sensors
to pick up the relevant signals (Grootswagers et al. 2017).

In a subsequent report, we, therefore, reanalyzed the data
of this study using a cross-experiment and cross-participant
classification analysis on the three different familiarity con-
ditions, with the aim of finding general neural signatures of
face familiarity, irrespective of familiarization type, stimuli,
and participants (Dalski et al. 2022a). Such cross-experiment
classification can potentially be more sensitive than within-
subject classification methods, as it benefits from larger
training datasets and is less confounded by idiosyncratic
participant-level effects and stimulus properties. Iteratively
training and testing classifiers on pairs of these datasets, we
indeed found mutually cross-classifiable familiarity infor-
mation starting around 200 ms post-stimulus onset, when
training and testing across the media and personal famil-
iarization experiments. However, in analyses involving per-
ceptual familiarization, the results were more ambiguous:
when the classifiers were trained on media or personal, and
tested on the perceptual data, no shared familiarity signal
was observed. Here it is important to note, that both the
media and personal experiments involved a considerably
longer, more context-rich familiarization phase, compared
to the perceptual learning arm of the study.
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This result, thus, may suggest that the general face-famil-
iarity signature is modulated by the amount of biographi-
cal and semantic information that was only available in the
media and personal, but not the perceptual experiment. How-
ever, as training on the perceptual and testing on the personal
data also yielded a less pronounced, but significant results,
the question of the necessity of social relevance, semantic,
autobiographical, and affective information remains open.
It is, therefore, important to establish whether these factors
are indeed required for such shared, general face-familiarity
effects to emerge.

To answer this question, neural patterns in response to
faces learned through context-rich personal, and through
context-poor, short-term perceptual familiarization, can
be jointly examined. Here, we therefore made use of the
personal familiarization dataset described in our previous
reports (Ambrus et al. 2021; Dalski et al. 2022a) and previ-
ously unreported data from the face-matching phase which
concluded the perceptual face-learning experiment (Ambrus
et al. 2021). Here, we performed a cross-classification analy-
sis by training on the personal familiarization and testing on
the perceptual matching phase data, to test whether neural
signals in this phase can be successfully categorized. In con-
trast to our previous analyses where data was recorded dur-
ing passive exposure, this final face-matching task required
additional engagement with the faces presented, potentially
leading to a stronger signal. Successful cross-classification
in this case would confirm that a shared, general familiarity
signal can arise even in the absence of semantic, social, and
affective information about the familiarized identities.

Methods

We conducted a cross-experiment classification analysis
on two experiments reported in Ambrus et al. (2021). The
experiments were conducted in accordance with the guide-
lines of the Declaration of Helsinki and were approved by
the ethics committee of the Friedrich-Schiller-Universitét
Jena. Written, informed consent was obtained from all par-
ticipants included in the studies. We trained classifiers on
EEG ERP data recorded in the post-familiarization phase
of the Personal Familiarization experiment and tested the
classifiers’ performance on the previously unreported EEG
data acquired during a two-alterative forced choice (2AFC)
face-matching task at the end of the Perceptual Familiariza-
tion experiment.

Datasets
For details on stimulus presentation, data acquisition and

preprocessing, see Ambrus et al. (2021) and Dalski et al.
(2022a). Figure 1 shows the experimental design for the

parts of the two experiments from which data was used in
the present analysis. In short, all stimuli were color, ambi-
ent face images, depicting initially unfamiliar identities.
The images were eye-aligned, cropped to center on the
inner features of the face, and were presented centrally on
a uniform gray background in a pseudorandom order. Dur-
ing the decoding phases of the experiments, the volunteers
were given a simple target detection task (button press at the
detection of slightly rotated images) to ensure maintained
attention throughout the recording. No participant took part
in both experiments.

Below is a short overview of the experiments that pro-
vided the training and testing datasets:

Personal familiarization

The dataset includes data from 23 participants. Stimuli were
four previously unknown female identities, with 10 ambi-
ent images each. During the pre- and post-familiarization
EEG recording phases, one image was shown 22 times (see
Fig. 1, left). The familiarization phase consisted of ca. one-
hour personal meetings with two of the four identities on 3
consecutive days between pre- and post-familiarization EEG
recordings. The to-be-familiarized identities were the same
for all participants.

Perceptual familiarization

The dataset includes data from 42 volunteers. This experi-
ment consisted of three phases, each of which involved a
new set of photographs of the persons presented. The sorting
phase consisted of 120 trials, two repetitions of the 30-30
images of two to-be-familiarized identities. The images were
presented sequentially. The task of the participant was to
sort these images into two identities using the left and right
arrow keys. Other than the number of identities the par-
ticipants needed to sort, we provided no further informa-
tion (such as name, occupation, etc.) about the stimuli. It
should be noted that informing participants that they will
be sorting photographs of two identities has been suggested
to lead to increased matching performance (Andrews et al.
2015). The familiarization phase lasted 5.29 min on average
(SD=1.29).

During the decoding phase in a total of 1600 trials,
10-10 novel photographs of these familiarized identities
were presented, along with 10-10 images of two unfamiliar
identities, randomly intermixed. The stimulus presentation
time was 600 ms. This phase lasted 94.51 min on average
(SD=17.68).

Finally, in each of the 120 trials of the matching phase
(Fig. 1, right), participants were asked to perform a two-
alternative forced choice matching task of two face images,
where a new set of photographs of the familiarized and
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Fig. 1 Experimental design. Left: incidental exposure trials in the
Personal Familiarization experiment. In these trials, one image of a
personally familiarized (F) or an unfamiliar (U) person was shown on
the screen for 600 ms. EEG data aggregated over all participants from
this experiment served as the training set. Right: the matching task
at the end of the Perceptual Familiarization experiment that provided
the test dataset for cross-classification. Here, two images of either the

unfamiliar images were presented side-by-side horizon-
tally, depicting the same identity, or another, trial-unique,
unrelated person (foil). Furthermore, the participants
were tested on two additional, heretofore unseen identities
the same way. In summary, each identity (2 familiarized,
2 unfamiliar, 2 unseen) was presented in 10 same-identity
and 10 different-identity trials. The images remained on
screen until a response was given. The left—right position
of the two images was randomly chosen in each trial. At the
beginning of the experiment, the participants practiced the
face-matching task on 10 trials, in which the stimuli con-
sisted of images of famous male identities. Feedback was
given during practice, but not during the actual experiment.
This matching phase lasted 8.13 min on average (SD=3.60).
Data from this phase of the study have not been reported
previously.

The core stimulus set consisted of face images of four
previously unknown female identities. For each participant,
the two to-be-familiarized identities were randomly chosen
from the 6 possible permutations of these four identities.
The two additional unseen identities in the matching task
were the identical for all participants. For use as foils in
the different-identity trials, 60 photographs of 60 additional,
different persons were used. All identities were female and
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same identity, or two different identities were shown simultaneously.
These could be either familiarized (S, S,), unfamiliar (but seen dur-
ing the previous decoding phase, UF,, UF,) or entirely new, previ-
ously unseen identities (US;, US,). In the ‘different’ trials an image
of a trial-unique Foil identity (Dg) was used. The stimuli were present
on screen until a same/different response was given using the arrow
keys. See Fig. 2 for the stimuli in the matching task

chosen to be of similar general appearance (e.g., similar age
and hair color, see Fig. 2).

Analysis
Face sorting and matching performance

Improvement in face sorting was evaluated by comparing
the consistency of responses to the images of the two Sort-
ing identities in the first and the last 20 trials in the sorting
phase of the Perceptual familiarization experiment. A two-
tailed paired-sample ¢ test was used. Matching performance
and reaction times were submitted to repeated-measures
ANOVAs with Stimulus Familiarity (Familiarized/Sorted;
Unfamiliar; Unseen) and Match Condition (Same; Different)
as within-subject factors.

Cross-classification analysis

EEG was recorded using a 64-channel Biosemi Active
II system (512 Hz sampling rate) in a dimly lit, electri-
cally shielded, and sound—attenuated chamber. Data were
bandpass filtered between 0.1 and 40 Hz, segmented
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Fig.2 Stimuli in the Perceptual familiarization experiment. Top
panel: Morphs of the face images of the identities in the matching
task stimulus set (Sorted and Unfamiliar: CA: Adél Csobot, NA:
Aniké Nadai, SK: Kata Sarka, SE: Erika Szabd; Unseen: KI: Kata-
rina Ivanovska, MF: Fruzsina Maranec). The Foil image is a morph
composite of all images used as different identities in the matching
task. Middle panel: Pixel-wise averages of the images. Lower panel:
Variance across the images, with warmer colors indicating higher

between —200 and 1300 ms and baseline corrected to the
200 ms preceding the stimulus presentation. The data were
downsampled to 100 Hz, with no artifact rejection per-
formed (Grootswagers et al. 2017). Processing was carried
out using MNE-Python (Gramfort et al. 2013).

The analysis pipeline was based on Dalski et al. (2022a,
b). For training, we used to post-familiarization phase of
the Personal Familiarization experiment reported in Ambrus
et al. (2021). The test dataset was taken from the final face-
matching test of the Perceptual Familiarization experiment
described in the same report.

Epoched EEG data from all participants in the post-
familiarization phase of the Personal Familiarity experi-
ment, from all trials and all channels, were concatenated.
Trials with the presentation of the two familiarized and the
two unfamiliar identities were re-coded to ‘familiar’ and
‘unfamiliar’ as labels used for classification. At each of
the 150 time-points (—200 to 1300 ms relative to stimulus

pixel-wise variance. Images of two identities, randomly chosen for
each participant, served as the to-be-familiarized (Sorting) stimuli.
Novel images of these two identities, together with the remaining two
(Unfamiliar) identities, were shown in the decoding phase of the ses-
sion. Finally, novel (i.e., not before presented) images of the Sorted
and Unknown identities, together with two additional, previously
Unseen identities, formed the stimulus set in the matching phase

presentation onset, sampled at 100 Hz), linear discriminant
analysis classifiers (LDA) were trained to categorize famil-
iarized and unfamiliar identities. These classifiers were
then used to calculate prediction performance (classified as
‘familiar’) in the matching phase of the Perceptual Familiar-
ity experiment, for each participant separately.

Trials in the Perceptual Matching phase were divided
into six categories along the Familiarity (Sorted, Unfamil-
iar, Unseen) and Match Condition (Same, Different) factors.
For each of these categories, a separate cross-classification
profile was calculated based on the ratio of ‘familiar’ clas-
sification. Several measures were taken to reduce noise in
this dataset. Only correct responses were entered into the
cross-classification analyses. To further reduce the noise due
to volunteers with a small number of correct trials, in each
category, only data from participants with 10 or more correct
trials were analyzed (Sorted Same: n=38; Sorted Differ-
ent: n=42; Unfamiliar Same: n=38; Unfamiliar Different:
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n=41; Unseen Same: n=38; Unseen Different: n=42). A
30 ms moving average (3 consecutive time-points) was used
on all cross-experiment classifier performance data at the
participant level to increase signal-to-noise ratio (Kaiser
et al. 2016; Ambrus et al. 2019). Results of the time-resolved
analyses were tested for statistical significance using two-
tailed cluster permutation tests.

Spatio-temporal searchlight

First, we conducted a searchlight analysis, in which all chan-
nels were systematically tested separately by training and
testing on data originating from the given sensor and adja-
cent electrodes. For each channel and its neighbors, a time-
resolved analysis was conducted. Two-tailed spatio-temporal
cluster permutation tests against chance level (50%), with
10,000 iterations, were used for the purposes of statistical
inference.

Regions of interest analysis

Data form all sensors, and pre-defined regions of interest,
were subjected to time-resolved cross-classification. To con-
struct the ROIs, similarly to Ambrus et al. (2019, 2021), and
Dalski et al. (2022a), we defined six scalp locations along
the medial (left and right) and coronal (anterior, center, and
posterior) planes. We used the subsets of channels in these
regions for training and testing in separate analyses. Cross-
classification performance was evaluated using two-tailed,
one-sample cluster permutation tests (10,000 iterations)
against chance (50%).

Results
Behavioral results
Sorting performance

Participants in our Perceptual familiarization experiment
were familiarized through a short, 120 trial card sorting task
at the beginning of the session. Performance in this task
improved by 20% from 65 + 11% (mean, = SD) in the first to
85+ 14% in the last 20 trials (r=9.176, p<0.001, Cohen’s
d=1.416), indicating that the participants’ performance to
tell the two identities apart improved throughout the task.

Matching performance
The effect of perceptual familiarization with the two Sorted
identities was evaluated against that of the two Unfamiliar

and two previously Unseen identities in a face-matching task
at the end of the experiment.
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The repeated-measures ANOVA performed on the
accuracy data yielded a main effect of Stimulus Familiar-
ity: F,g,=8.275, p<0.001, n’p=0.168. Performance was
highest for the Sorted identities (mean: 0.79,+ SD: 0.10)
and differed significantly from the Unfamiliar, but not from
the unseen identities. A main effect of Match Condition was
also observed, Fi4= 20.153, p<0.001, nzp =0.330, with
a higher accuracy for Different compared to Same identity
trials. The interaction between Stimulus Familiarity and
Match Condition was not shown to be statistically significant
F, 4,=2.804, p=0.066, n’p=0.064.

The same analysis on reaction times also yielded a sig-
nificant main effect of Stimulus Familiarity: F, ¢, =4.136,
p=0.019, n’p=0.093. Reaction times were significantly
shorter for the Sorted compared to the Unfamiliar identities.
Reaction times for previously Unseen identities were not
statistically different from that observed for Sorted identities
but differed from that in the Unfamiliar condition. A main
effect of Match Condition was also observed, F| 4, =5.34
7, p=0.026, nzp =0.115, with slower responses for Same
as opposed to Different identity trials. Finally, the interac-
tion between Stimulus Familiarity and Match Condition was
shown to be statistically significant F, g, =5.347, p=0.007,
n’p=0.115.

Summaries of the accuracies and reaction times in the
different matching conditions in all participants are reported
in Table 1.

Searchlight analysis

Results of the searchlight analysis are reported in Fig. 3.
Only the Sorted, Same Identity condition yielded a signifi-
cant spatio-temporal cluster in the searchlight analysis (clus-
ter p=0.0003, peak time at 560 ms over PO9, peak r=5.906,
peak Cohen’s d=0.958). This effect included a temporal
cluster starting at 170 ms following stimulus onset and lasted
until the end of the epoch. The effect was most prominent
over occipito-temporal and anterior sensors, mainly in the
left hemisphere.

Regions of interest analysis

Results of the time-resolved ROI analyses are presented
in Fig. 4, see Table 2 for detailed statistics. Time-resolved
ROI analyses have revealed significant cross-experiment
classification performance over all electrodes, and all six
pre-defined ROIs in the Sorted, Same Identity condition.
Short, relatively early significant clusters were seen in the
left hemisphere in the anterior (200-320 ms) and posterior
(170-260 ms) regions in the case of Sorted, Different iden-
tity condition. No significant effects were observed for the
other conditions.
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Table 1 Results of the face-matching task in the perceptual familiarization experiment (all participants, n=42)
a Descriptive statistics
Accuracy (%) Reaction time (s)
Mean SD Median Minimum Maximum Mean SD Median Min Max

Sorted ID, same 75.357 16.616 75 25 95 3.424 1.939 2.887 1.448 11.71
Sorted ID, different 82.976 11.265 85 55 100 3.44 1.911 2.937 1.417 9.812
Unfamiliar ID, same 65.833 14.267 65 30 95 3.935 2.194 3.293 1.46 11.586
Unfamiliar ID, different 80.119 13.99 80 45 100 3.429 1.75 2.804 1.471 8.948
Unseen ID, same 69.762 15.616 75 40 95 3.576 1.737 3.139 1.479 8.907
Unseen ID, different 83.214 11.833 85 55 100 3.395 1.817 2.997 1.371 10.681

Accuracy (%) Reaction time (s)

Mean SD Median Minimum Maximum Mean SD Median Min Max
Same 70.3 12.2 72.5 433 91.7 3.645 1.905 3.194 1.51 10.734
Different 82.1 10.8 83.3 55 1 3421 1.777 2.837 1.441 9.714

Accuracy (%) Reaction time (s)
Mean SD Median Min Max Mean SD Median Max
Sorting 79.167 10.071 71.5 52.5 95 3.432 1.869 3.02 1.476 10.761
Unfamiliar 72.976 8.856 72.5 50 87.5 3.682 1.949 3.195 1.525 9.997
Unseen 76.488 9.863 71.5 47.5 95 3.486 1.717 3.029 1.425 9.608
b Statistical comparisons
Accuracy Reaction time
t P Cohen's d Difference t P Cohen's d Difference
Sorted ID, same—sorted ID, different —2.468 0.018* —0.381 -7.619+20.007 —0.111 0.912 -0.017 -0.016+0.927
Unfamiliar ID, same—unfamiliar ID, different —4.205 <0.001¢ —0.649 —14.286+22.019 4381 <0.001° 0.676 0.506+0.749
Unseen ID, same—unseen ID, different —4.48 <0.001° —0.691 —13.452+19.459 1.272 0.211 0.196 0.181+0.922
Sorted ID, same—unfamiliar ID, same 3.617 <0.001° 0.558 9.524+17.065 -3.701 <0.001° —-0.571 —0.511+0.895
Sorted ID, same—unseen ID, same 2.043 0.047* 0.315 5.595+17.745 —-1.169 0.249 -0.18 —0.152+0.844
Unfamiliar ID, same—unseen ID, same —1.684 0.1 -0.26 -3.929+15.123 3.027 0.004°> 0.467 0.359+0.768
Sorted ID, different—unfamiliar ID, different  1.974 0.055 0.305 2.857+9.38 0.098 0.922 0.015 0.011+0.729
Sorted ID, different—unseen ID, different -0.144 0.886 —0.022 —0.238+10.704  0.396 0.694  0.061 0.045+0.731
Unfamiliar ID, different—unseen ID, different —1.68 0.101 -0.259 —-3.095+11.943 0.293 0.771  0.045 0.034+0.744
Accuracy Reaction time
t P Cohen's d Difference t P Cohen's d Difference
Same—different —4.489 <0.001°¢ —0.693 —11.786 +17.014 2.312 0.026* 0.357 0.224+0.627
Accuracy Reaction time
t p Cohen's d Difference t p Cohen's d Difference

Sorted ID—unfamiliar ID 4.557 <0.001°¢ 0.703 6.19+8.804 2471 0.018* —0.381 —0.25+0.655
Sorted ID-unseen ID 1.616 0.114 0.249 2.679+10.741 —0.602 0.55 —0.093 —0.054+0.579
Unfamiliar ID-unseen ID —2.269 0.029* -0.35 -3.512+10.031 2414 0.02% 0.372 0.196+0.527

a Descriptive statistics of matching accuracies and reaction times

b Results of paired samples ¢ tests comparing same and different-identity conditions between and across the three familiarity types (Sorted IDs,

Unfamiliar IDs and previously Unseen IDs)
ip <0.05

°p > 0.01

°p < 0.001

@ Springer



456 Brain Structure and Function (2023) 228:449-462
100 - 200 ms 300 - 400 ms 500 - 600 ms 700 - 800 ms 900 - 1000 ms 1100 - 1200 ms 0.60
0-100 ms 200 - 300 ms 400 - 500 ms 600 - 700 ms 800 -900 ms 1000 - 1100 ms 1200 - 1300 ms
0.55
ZP - SRS
]
‘ 0.50
R g X
" \ 0.45
Fpl q
F1
F5
FT9
FC3 4
77 4
% TP7 4
= c3
CP3
P1
P7
PO9
PO3
11
g AFz
= | FCzA
O cpz
POz A
E1"]
AF4
F4
F8
FT8
o FC2
& P10
o
[ cé6
cp2 =il
P4 —
P10
PO8
02 ]

200  -100 0

Fig.3 Searchlight analysis in the Sorted, Same Identity condition.
Top: Scalp-maps showing mean classifier performance, averaged for
each channel in successive 100 ms time-bins. Outlines indicate chan-
nels that were part of the significant spatio-temporal cluster within

Although the familiarity cross-classification performance
in the Sorted, Same Identity condition in all electrodes was
consistently over the chance level, the cluster permutation
test flagged only a late temporal window, between 730 and
930 ms, as significant. Earlier time windows were indicated
in various regions of interest, especially in the anterior elec-
trodes, where two short clusters were observed bilaterally
(left: 300—410 ms, right: 310-410 ms). Central sites each
yielded two clusters (left: 490-580 ms and 780-910 ms,
right: 280-440 ms, and 660780 ms). Interestingly, a more
robust effect was seen in left posterior ROI, which yielded
three almost contiguous significant clusters between 170
and 1120 ms (170-440 ms; 460-880 ms; 910-1120 ms),
while the three significant clusters in the right posterior
region appeared later and were more restricted in time
(230-410 ms; 510-690 ms; 800-890 ms).

To better visualize the trends in the cross-classification
time-course, for each trial, we averaged classifier perfor-
mance in each participant in the post-stimulus-onset time
range, then aggregated these for each condition (Fig. 5). As
stimulus duration and the response window was not limited
in the matching task, we reasoned that a combined measure
of the magnitude and duration of the signal, i.e., averaging
across time, is a useful metric to observe trends in classifi-
cation performance. The results of this procedure largely
mirrored those in the time-resolved analyses. Sorted, Same
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the bin. Bottom: The extent of the significant spatio-temporal cluster
across channels and time-points. Two-tailed spatio-temporal cluster
permutation test, cluster p=0.0003

identity trials were classified as familiar significantly above
chance level in all regions of interest, except over the right
anterior sensors. In addition, the Sorted, Different identity
stimuli were classified as familiar significantly above chance
in the left posterior ROI, and Unfamiliar, Different Identity
trials as unfamiliar in the left central region of interest. No
other significant difference from chance was observed.

Discussion

Our study sought to test if a general neural signature of face
familiarity can emerge for faces that were learned without
any semantic information. For this purpose, we tested if the
strong familiarity signals observed for passive viewing of
personally familiar faces in the EEG patterns generalize to
purely perceptually familiarized faces in a face-matching
task. The major findings of this study are the following: (1)
The behavioral results in the face sorting and matching tasks
imply that participants can learn image-independent repre-
sentations through a short perceptual learning task; (2) suc-
cessful cross-dataset classification for face familiarity is pos-
sible between experiments that use different tasks; and (3) in
the face-matching task, trials with both stimuli depicting the
same, familiarized identity, led to a robust cross-classifiable
familiarity signal.
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experiment and tested on the ERPs in the face-matching task of the can be found in Table 2
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Table 2 Results of the time-resolved cross-classification performance on all electrodes and pre-defined regions of interest

Stimulus type Hemisphere Region Time window Cluster p Peak at Peak ¢ Peak Cohen's d
Sorted ID, different Left Anterior 200-320 ms 0.0254 280 ms 2.9095 0.4489
Posterior 170-260 ms 0.0338 250 ms 2.7278 0.4209
Sorted ID, same All Electrodes 730-930 ms 0.0048 840 ms 4.1150 0.6675
Left Anterior 300-410 ms 0.0144 360 ms 4.4848 0.7275
Central 490-580 ms 0.0449 560 ms 2.3470 0.3807
780-910 ms 0.0148 850 ms 3.8312 0.6215
Posterior 170440 ms 0.0026 390 ms 4.4675 0.7247
460-880 ms 0.0009 850 ms 4.6466 0.7538
910-1120 ms 0.0074 1070 ms 2.7414 0.4447
Right Anterior 310-410 ms 0.0226 350 ms 3.7025 0.6006
Central 280440 ms 0.0101 360 ms 2.6355 0.4275
660-780 ms 0.017 740 ms 3.1633 0.5131
Posterior 230-410 ms 0.0068 360 ms 3.5200 0.5710
510-690 ms 0.0077 560 ms 3.0812 0.4998
800-890 ms 0.0389 860 ms 3.1605 0.5127

Clusters flagged as significant, two-tailed cluster permutation tests against chance
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Fig.5 Classifier cross-classification performance, averaged across
time. For each participant in each trial, classification performance
was averaged from stimulus onset to the end of the epoch, then aver-

Matching performance for familiarized identities
implies the formation of image-independent
representations

Performance in face matching indicates that a short sort-

ing task was sufficient to enhance matching performance
and lower reaction times for Sorted, when compared to
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| Unfamiliar Different I Unseen Same Unseen Different

aged for stimulus types and aggregated across participants. Error bars
denote standard errors. One-sample two-tailed 7 test against chance,
>l<puncorrected < 0057 **puncorrected < 001’ ***puncorrected <0.001

Unfamiliar identity trials. This effect was observable one
and a half hours after the completion of the familiarization
task, and despite the incidental, repeated exposure to the
10-10 images of the two Unfamiliar identities. This indi-
cates that our short, perceptual learning task was sufficient
to tell the Sorted identities apart, and crucially, tell images of
them together, implying the formation of image-independent
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identity representations (Burton et al. 2011; Andrews et al.
2015; Ambrus et al. 2017; Young and Burton 2017). On the
other hand, passive viewing of images of the Unfamiliar
identities did not lead to such effects.

Potential effect of task on the decodability of neural
patterns

Despite a clear learning effect in the face-matching task, in
our original study (Ambrus et al. 2021), we found little indi-
cation of a familiarity signal in a within-participant repre-
sentational similarity analysis during the decoding phase. On
the other hand, in our subsequent cross-experiment analysis
(Dalski et al. 2022a), classifiers trained on data in the Per-
ceptual Familiarization experiment successfully predicted
face familiarity in the Personal Familiarization experiment,
suggesting that familiarity information is already present in
the EEG. No such robust effect was seen in the other direc-
tion, i.e., training on Personal and testing on Perceptual data.

In our present analysis, in contrast to the decoding phase
of the Perceptual Familiarization experiment where no iden-
tity-related task had to be performed by the participants, the
matching task involved active engagement with the stimuli
that could have facilitated familiarity-related processing
of the novel images of the sorted identities. Similar task-
dependent modulation of decodability has been observed in
several studies previously. In an fMRI speaker/vowel clas-
sification test, task dependency modulated the informative
neural response patterns, reflecting the top-down enhance-
ment of relevant sound representations (Bonte et al. 2014).
Yip et al. (2022) found that representations of the same
objects led to quantitatively and qualitatively different EEG
decoding time-courses across different task contexts, while
another study (Hubbard et al. 2019) found that using a cued
task-switching paradigm, information regarding relevant
representations can be decoded from EEG. In an identity/
facial expression categorization task, explicit processing
of identity led to enhanced decodability of that dimension
(Smith and Smith 2019). We argue that in our matching task,
the relevance of image-independent identity matching might
have amplified familiarity-related signals that could be suc-
cessfully decoded using classifiers trained on the Personal
Familiarization experiment data.

Cross-experiment classification is feasible
between different tasks

Multivariate cross-classification is increasingly used to
investigate similarity among neural patterns recorded in
different cognitive contexts. By training classifiers on neu-
ral patterns in response to one context and measuring their
success in decoding patterns elicited in another, uncovering
correspondence and abstraction across cognitive domains

becomes possible (Kaplan et al. 2015). Cross-classifica-
tion has been applied in various domains in the past, for
example to investigate commonalities in visual perception
and imagery (Shatek et al. 2019; Xie et al. 2020), between
semantically similar words and images (Shinkareva et al.
2011), and language-invariant representations of objects
(Quadflieg et al. 2011). Cross-classification across the con-
ditions is usually conducted within-participant and decod-
ing performance metrics are aggregated across the sample.
Cross-subject decoding is a more stringent way of testing if
neural patterns generalize and are shared across participants.
In a previous study, we have demonstrated that neural pat-
terns in response to passive viewing of familiar and unfamil-
iar faces generalize across different groups of participants
and familiarization conditions, providing evidence for a
shared familiarity signal (Dalski et al. 2022a).

For this present analysis, the two datasets were derived
from two non-overlapping sets of participants, who were
exposed to different sets of stimuli, different familiarization
conditions, and performed two different tasks. Despite all
these differences, we observed the emergence of a shared
familiarity signal in the trials where both photographs
depicted the perceptually familiarized identities (Sorted,
Same). This finding suggests that cross-classification even
between substantially different experimental tasks can be
useful to gain insight into shared neural processes.

Neural responses to perceptually and personally
familiarized faces share common patterns,
with a left hemispheric weight

Both time-resolved cross-classification and searchlight anal-
yses yielded above-chance familiarity effects when trained
on data from the Personal Familiarization experiment and
tested on the matching task of the Perceptual Familiariza-
tion experiment. This suggests that seeing a familiarized
face automatically and reliably elicits a familiarity response
(Wiese et al. 2022). The earliest indication of above-chance
classification was at 170 ms and was most pronounced over
central-posterior sites. Interestingly, the present results show
a left-hemisphere bias, in contrast to the notion of a general
right-hemisphere dominance in face perception, and our own
previous findings regarding the right hemispheric lateraliza-
tion of identity and familiarity signals (Ambrus et al. 2019,
2021). Both familiarity and identity representations have
been shown to encompass a wide spatial and temporal range.
Where the spatial extent of these effects was investigated
(e.g., Nemrodov et al. 2016; Dalski et al. 2021) it has been
shown that identity or familiarity information can be read
out from a large number of channels, with a right-lateralized
occipito-temporal weight.

However, it has been suggested that both cerebral hemi-
spheres are involved in the processing of face information,
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albeit in different ways. Studies indicate that the right hemi-
sphere tends to take part in the more global, holistic pro-
cessing of faces, while the left hemisphere performs more
part- or feature-based processing (Rossion et al. 2000; Meng
et al. 2012). For example, Gazzaniga and Smylie (1983)
describe a complete callosal resection patient (V.P.) whose
left hemisphere was not able to discriminate between faces
but was able to make same-different decisions about face
stimuli when the simple matches had to be made at the same
point in the visual field. In accordance with these findings,
we suggest that the enhanced effect in the left hemisphere
might be due to the fact that the matching task required an
active same—different decision, and for that, a deeper featural
processing in the left hemisphere might have been necessary.
We suggest that this might be one of the reasons the famili-
arity signal became prominent enough to allow a successful
classification.

No effect for unfamiliar and previously unseen
identities

Interestingly, the only case where a consistent, significant
familiarity signal was found was the familiarized, same-
identity condition, i.e., when both simultaneously presented
images were photographs of one of the two identities learned
during the sorting task.

One explanation for this might be a related to the num-
ber of familiar identities presented simultaneously. While
elevated responses were also seen in for one Sorted, one
Foil identity (i.e., Sorted ID, Different) trials, these effects
were far from robust. This could indicate that as participants
alternated between attending to the two faces, looking at
the Foil image attenuated the effects of familiarity. As no
gaze-tracking was used in this study, future studies may help
uncover the neural dynamics of such scenario.

Another important consideration is how “same” and “dif-
ferent” decisions are made. Mechanisms involved in decid-
ing if two images depict “different” identities might more
readily rely on image-based processing, instead of maintain-
ing an image-independent representation.

Also, no consistent (un)familiarity effect was observed
in the case of Unfamiliar (not sorted but seen in the decod-
ing phase) identities and the previously Unseen identities.
One might expect to see these trials to be cross-classified
as ‘unfamiliar’ at a significant rate, instead, classification
performance was observed to be at chance level for all
conditions involving Unfamiliar and Unseen identities. It
needs to be kept in mind that in the matching task, the par-
ticipants were not informed about the experimental condi-
tions, i.e., were not told that we would be showing images
of identities they have seen in the sorting and decoding
phases and were also not informed about the inclusion of
the two not before seen identities. Furthermore, we also

@ Springer

did not inform them about the fact that all Foil identities
in the Different trials would be faces of novel, trial-unique
identities. In this experiment, no between-stimulus cat-
egory match decisions had to be made (see Fig. 1); thus, it
is unknown whether some of the non-Sorted faces, includ-
ing the Foils, were perceived as familiar based on super-
ficial similarity, as care was taken to match the general
appearance of the identities when we selected the stimuli
(see Fig. 2). Because of this, while Sorted faces reliably
elicited familiarity signals, neural responses to stimuli all
other categories might have been much more varied, lead-
ing to near-chance classifier performance.

Summary

In summary, we found evidence that face learning through
a brief perceptual card sorting task is sufficient to induce
an image-independent abstraction of identity. This is illus-
trated by improved performance during the sorting task
itself, and the lower reaction times and higher accuracies
during a face-matching task, for the familiarized compared
to the unknown identities. The neural familiarity signal
elicited by these identities during the matching task can
be successfully cross-classified, when a classifier is trained
on aggregated data from a separate set of participants
passively viewing personally familiar faces. This implies
that the visual processing of personally familiar faces and
faces that were learned through perceptual exposure only,
involve similar mechanisms, resulting in cross-decodable
neural patterns. While the amount of semantic and socially
relevant knowledge has been shown to increase the mag-
nitude of familiarity effects in EEG, here we provided
evidence that they are not essential for the emergence of
this shared familiarity signal. Further studies are needed
to uncover what processes contribute to this effect, and
to evaluate what role additional knowledge plays in the
generation of these neural patterns.
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