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a b s t r a c t

During the COVID-19 pandemic, we have been confronted with faces covered by surgical-

like masks. This raises a question about how our brains process this kind of visual infor-

mation. Thus, the aims of the current study were twofold: (1) to investigate the role of

attention in the processing of different types of faces with masks, and (2) to test whether

such partial information about faces is treated similarly to fully visible faces. Participants

were tasked with the simple detection of self-, close-other's, and unknown faces with and

without a mask; this task relies on attentional processes. Event-related potential (ERP)

findings revealed a similar impact of surgical-like masks for all faces: the amplitudes of

early (P100) and late (P300, LPP) attention-related components were higher for faces with

masks than for fully visible faces. Amplitudes of N170 were similar for covered and fully

visible faces, and sources of brain activity were located in the fusiform gyri in both cases.

Linear Discriminant Analysis (LDA) revealed that irrespective of whether the algorithmwas

trained to discriminate three types of faces either with or without masks, it was able to

effectively discriminate faces that were not presented in the training phase.

© 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Recently the world has encountered a unique challenge. The

COVID-19 pandemic has brought many changes to our daily

lives. SinceMarch 2019, we have been instructed to take special
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measures of precaution in order to avoid virus transmission.

One of the newly introduced safety require-mentswas covering

ourmouths andnoseswith surgical-like protectivemasks. For a
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wholeyearnow, inmost of ourpublic social encounterswehave

been observing other people's faces through a thin veil of their

masks. This begs the question of whether such a dramatic

change to our public face perception has any effect on the

cognitive aspects of face processing.

So far there have been few studies related to that topic.

Carragher and Hancock (2020) found that surgical face masks

have a significant negative effect on face matching perfor-

mance in a task where participants had to decide if two faces

presented simultaneously belong to the same person. Inter-

estingly, this detrimental effect did not differ, whether one or

both faces in each pairweremasked andwas similar in size for

both familiar and unfamiliar faces. Furthermore, Calbi et al.

(2021) presented participants with different facial expres-

sions (angry, happy, neutral) coveredbya surgical-likemaskor

by a scarf. The participants were then asked to recognize

expressed emotions and estimate the degree to which they

would maintain social distancing measures for each face. The

results revealed thateventhough thegiven faceswerecovered,

participants were still able to correctly decode the facial ex-

pressions of emotions. When assessing social distancing

measures it was found that females choices were driven

mostly by the emotional valence of the stimuli. Men's choices,
on the other hand, were influenced by the type of face cover.

Noyes et al. (2021) have likewise explored the effects of

masks and sunglasses (i.e., an occlusion that individuals tend

to havemore experience with) on familiar and unfamiliar face

matching, as well as emotion categorization. In comparison to

fully visible faces, reduced accuracy in all three tasks was

observed for partially visible faces. There was little difference

in performance for masked faces and faces in sunglasses.

Additionally, matching accuracy was lower for the mask con-

dition than for unconcealed faces, regardless of face familiar-

ity. This finding was later confirmed by Estudillo et al. (2021),

whoreported that compared toa full-viewcondition,matching

performance decreased when a face mask was superimposed

on (1) one face and (2) both faces in a pair. Additionally, par-

ticipants with better performance in the full-view condition,

generally showed a stronger negative impact of mask pres-

ence. Freud et al. (2020), in turn, used amodified version of the

Cambridge Face Memory Test (CFMT), where faces were pre-

sented inbothmaskedandunmaskedconditions.Their results

showed that face masks lead to a robust decrease in face pro-

cessing abilities. Similar changes were found whether masks

were included during the study or the test phases of the

experiment. Moreover, the study demonstrated that masked

faces subjected to inversion showed a reduction of inversion

effect compared to unmasked faces. This result suggests that

processing of masked faces relies less heavily on holistic pro-

cessing and focuses more on the available features (e.g., eyes,

eyebrows). The effect of a substantial decrease in performance

for masked faces in a modified version of CMFT was recently

replicated by Stajduhar et al. (2021).

The mentioned studies show that wearing surgical-like

masks is indeed a factor that influences our ability to pro-

cess faces. Face masks disrupt configural/holistic face pro-

cessing and promote instead a local, feature-based

processing. Importantly, similar effects were found for both

familiar and unfamiliar masked faces (Carragher & Hancock,

2020; Noyes et al., 2021). However, the impact of a mask on
one's own face processing has not been yet investigated. Thus,

a question arises regarding whether covering such a highly

familiar face with a surgical-like mask can alter its processing

similarly to other faces, familiar or not. One's own face differs

from other faces not only in respect of its extreme familiarity

but also in respect of its saliency (Apps et al., 2015; Br�edart

et al., 2006; Gray et al., 2004; Lavie et al., 2003; Pannese &

Hirsch, 2011; W�ojcik et al., 2018, 2019; _Zochowska et al.,

2021). The self-face, in comparison to other faces, benefits

from a stronger and more robust mental representation

(Bortolon & Raffard, 2018; Tong & Nakayama, 1999). Moreover,

in contrast to other faces, self-face processing draws upon

both configural and featural information (Keyes& Brady, 2010;

Keyes et al., 2012). It is a unique piece of self-referential in-

formation, that is strongly linked to the physical self-identity

(Estudillo, 2017; McNeill, 1998) and consistently shows a pro-

cessing advantage over both unfamiliar and familiar faces

(e.g., Sui et al., 2006; Tacikowski & Nowicka, 2010; _Zochowska

et al., 2021). One account for this self-face preference refers to

attentional mechanisms as one's own face captures, holds,

and biases attention in various conditions and on different

levels of processing (for review see: Humphreys & Sui, 2016;

Sui & Rotshtein, 2019).

Therefore, in the current study, we were interested in

whether such attention-related effects can also appear for the

self-face when covered by a surgical-like mask. Attention is a

multifaceted construct composed of distinct stages (Petersen

& Posner, 2012). First, people reflexively orient to relevant

signals/stimuli because they initially capture attention

(Posner, 1980). Second, salient stimuli trigger a state of general

alertness that helps to sustain attention (Sturm et al., 1999).

Lastly, executive control involves shifting attention to target

stimuli and executing a behavioral response (Duncan, 1980).

Thus, the first aim of our study was to investigate the early

and late stages of attentional mechanisms involved in the

processing of one's own face and other faces (familiar, unfa-

miliar) when covered by surgical-like masks.

We used the event-related potentials (ERPs) method to

achieve this goal. Analyses were focused on early and late ERPs

components: (i) P100 (a positive ERP component with occipito-

parietal distribution, occurring approximately 100 msec after

a visual stimulus onset) linked to early, stimulus-driven

attentional processes (Luck et al., 2000; Magnun, 1995;

Mangun & Hillyard, 1991); (ii) P300 (a positive ERP component

with a centro-parietal distribution and latency of about

300 msec) viewed as a neural marker of subsequent attention

allocation (Asanowicz et al., 2020; Polich, 2007); (iii) Late Positive

Potential (LPP) (a positive, sustained ERP component starting

around 500 msec after stimulus onset with a wide frontal-

central topography) reflecting a non-specific (i.e., global) tem-

porary increase in attention that serves to facilitate the pro-

cessing of salient stimuli (Brown et al., 2012). We hypothesized

that the amplitudes of attention-related ERP components (P100,

P300, LPP) would be enhanced for the self-facewhen covered by

a surgical-like mask, thus indicating preferential capture and

allocation of attention.

Besides the issue of attentional processes associated with

the processing of mask-covered faces (self versus. others), we

attempted to address a question that ismore general in nature

and refers to the issue of whether partial information about

https://doi.org/10.1016/j.cortex.2022.01.015
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faces is treated similarly to fully visible faces by the human

brain. Therefore, the second aim of the current study was to

examine similarities/dissimilarities between fully visible

faces and mask-covered faces using the following methods:

ERPs (with focus on the N170 component), source analysis

(LORETA), and linear discriminant analysis (LDA).

The N170 (a negative ERP component with parietal-occipital

topography and a latency of 170 msec) reflects the operation of

a neural mechanism tuned not only to detect human faces but

also to discriminate faces from other object categories (Bentin

et al., 1996; Eimer et al., 2000; Rossion et al., 2000;

Schweinberger & Neumann, 2015). It is typically regarded as a

marker of the structural encoding of faces (for a review see:

Eimer,2011).Basedonthefunctional roleof thisERPcomponent,

a similar N170 response to faces with and without surgical-like

masks would indicate that the upper part of a face and a fully

visible face are not differentiated at a categorical level.

Moreover, we investigated whether in the case of visual

stimulation with images of faces covered by surgical-like

masks, sources of recorded brain activity were located in the

fusiform gyrus. Common sources identified within the fusi-

form gyrus both for (uncovered) faces and upper parts of faces

would indicate that such a partial information about faces

was sufficient to activate highly specialized brain region,

strongly involved in face-processing in general (Haxby et al.,

2000, 2001; Rossion, 2014).

LDA, in turn, served as a tool to assess: (i) the capability of

the algorithm that was taught to discriminate different types

of unmasked faces (based on neural activity associated with

processing of such faces) to discriminate faces with surgical-

like masks; (ii) the capability of the algorithm that was

taught to discriminate different types of faces with surgical-

like mask to discriminate faces without masks. Both ap-

proaches seem to be ecologically valid: the first one in the case

of the self-face and the close-other's face, the second one in

the case of unfamiliar faces. This notion may be justified in

the following way. Before the beginning of the COVID-19

pandemic, people had a long-time experience with viewing

their own and their close-other's faces without any mask.

Therefore, representations of both faces are rich and highly

elaborated which enables configural processing of robust

represented faces (Keyes, 2012). However, it is not the case for

unfamiliar faces. In addition, during the COVID-19 pandemic

due to the requirements to cover faces with masks, only

partial information about facial features is available. We were

curious to find out whether an algorithm trained to discrimi-

nate full images of highly familiar faces from unfamiliar faces

will be able to discriminate different types of faces on the

basis of partial information available for processing. Faces of

unknown people, in turn, are nowadays viewed with surgical-

likemasks and sometimes it is necessary to recognize/identify

people with masked faces. For this reason, we were also

interested whether an algorithm trained on masked faces

would discriminate unmasked faces.

Previous studies explored the impact of masks on the

processing of celebrity and unknown faces (Carragher &

Hancock, 2020; Noyes et al., 2021). In the current study, we

decided to use a close-other's face (freely chosen by each

participant) instead of famous faces. The face of a close-other

is frequently encountered on an everyday basis and its level of
familiarity is as high as in the case of the self-face. Thus, the

self-face, a close-other's face, and unfamiliar faces were pre-

sented to participants in two conditions: with and without

surgical-like masks.

Participants were tasked with the simple detection of pre-

sented faces. This task is considered to be a purely attentional

task as it depends mostly on attentional resources involved in

the processing of incoming visual information (Bortolon &

Raffard, 2018). It is worth noting that an advantage of such

tasks is that the observed patterns of findings are not likely to

be driven by decision making processes (there was no specific

decision to bemade, just a simple detection of a stimulus) or by

stimulus-response (S-R) links (regardless of the observed face

participants always pressed the same button).
1. Materials and methods

1.1. Participants

Thirty-two participants (16 females, 16 males) between the

ages of 21 and 34 (M ¼ 27.6; SD ¼ 3.1) took part in the study.

Twenty-nine participants were right-handed and 3 left-

handed as verified with the Edinburgh Handedness In-

ventory (Oldfield, 1971). Only participants with normal or

corrected-to-normal vision with the use of contacts and with

no distinctive facialmarkswere recruited. This restrictionwas

introduced to ensure the uniformity of visual stimuli stan-

dards, as the photograph of each participant was matched

with photographs from the Chicago Face Database e CFD (Ma

et al., 2015). Images included in this database present faces

without glasses and without any visible marks. All partici-

pants reported no history of mental or neurological diseases.

The required sample size was estimated using the More-

Power software (Campbell & Thompson, 2002). Estimation

was conducted for the main factor of ‘stimuli’ (faces with

surgical-like mask, faces without surgical-like mask) in two-

way repeated measures ANOVA with factors of ‘stimuli’ and

‘type of face’ (self, close-other's, unknown): estimated effect

size h2 ¼ .25, a ¼ .05, b ¼ .90. The result indicates a required

sample size of 30 participants.

As the study was conducted during the COVID-19

pandemic, it should be noted that all our participants (PhD

students and employees at the Nencki Institute) as well as the

researchers involved in this study were tested for the SARS-

CoV-2 virus on a weekly basis. This was done within the

SONAR-II project (www.nencki.edu.pl), which aimed at eval-

uating the effectiveness of the pooled testing strategy, devel-

oped at the Nencki Institute (in cooperation with the

University of Warsaw). The SONAR-II covers the asymptom-

atic population of people who do not meet the criteria for

SARS-CoV-2 testing, according to epidemiological regulations,

but who may come into contact with infected people. All our

participants and researchers had negative results at the time

of the study.

1.2. Ethics statement

All experimental procedures were approved by the Human

Ethics Committee of the Institute of Applied Psychology at

http://www.nencki.edu.pl
https://doi.org/10.1016/j.cortex.2022.01.015
https://doi.org/10.1016/j.cortex.2022.01.015
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Jagiellonian University. The work described here has been

carried out in accordancewith The Code of Ethics of theWorld

Medical Association (Declaration of Helsinki) for experiments

involving humans. Written informed consent was obtained

from each participant prior to the study and all participants

received financial compensation for their participation.

1.3. Stimuli

Similarly to our previous studies on the topic of self-face

processing, the set of stimuli in the current study was indi-

vidually tailored for each participant (Tacikowski et al., 2011;

Tacikowski & Nowicka, 2010; W�ojcik et al., 2018, 2019; Bola

et al., 2021; _Zochowska et al., 2021). It consisted of single

face images of three types: the self-face, a close-other's face,

and an unknown face. Each type of face was presented with

and without a surgical-like mask. An image of a surgical-like

mask (Freud et al., 2020) was fitted to each face using Photo-

shop® CS5 (Adobe, San Jose, CA), fully covering the nose and

themouth. Examples of faces with and without a surgical-like

mask are shown in Fig. 1.

Self-face photographs were taken prior to the experiment.

Participants were asked to maintain a neutral facial expres-

sion when photographed. The close-other was freely chosen

by each participant to avoid the situation in which a pre-

defined close-other would not really be a significant person

in the participant's opinion. This approach was applied in our

earlier studies (Cygan et al., 2014; Kotlewska et al., 2017;

Kotlewska and Nowicka, 2015, 2016). The only restriction was

that the close-other had to be of the same gender as the

participant. A photograph of the close-other's face (with a

neutral facial expression) was delivered by the participant.

Finally, photographs of unknown faces were taken from the

Chicago Face Database - CFD (Ma et al., 2015). The gender of

faces from the CFD was matched to each participant's gender

to control for the between-category variability. Different im-

ages of unknown faces were used in individual sets of stimuli

in order to avoid the plausible influence of one selected image

on the pattern of brain activity.

Pictures of faces within each stimuli set (i.e., images of the

self-face, a close-other's face, a selected CFD face) were

extracted from the background, grey-scaled, cropped to

include only the facial features (i.e., the face oval without

hair), and resized to subtend 6.7� � 9.1� of visual angle using

Photoshop® CS5 (Adobe, San Jose, CA). The mean luminance

of all visual stimuli was equalized using the SHINE toolbox
Fig. 1 e Examples of faces with and without a surgical-li
(Willenbockel et al., 2010), and faces were presented against a

black background. None of the stimuli were shown to the

participants before the experiment.

1.4. Procedure

Participants were seated comfortably in a dimly lit and

sound-attenuated room with a constant viewing distance of

57 cm from the computer screen (DELL Alienware

AW2521HFL, Round Rock, Texas, USA). After electrode cap

placement (ActiCAP, Brain Products, Munich, Germany), the

participants used an adjustable chinrest to maintain a stable

head position. Presentation software (Version 18.2, Neuro-

behavioral Systems, Albany, CA) was used for stimuli pre-

sentation. Participants completed a simple detection task:

regardless of the image presented (self-face with/without

surgical-like mask, close-other's face with/without surgical-

like mask, unknown face with/without surgical-like mask),

they were asked to push the same response button (Cedrus

response pad RB-830, San Pedro, USA) as quickly as possible.

After reading the instructions displayed on the screen, par-

ticipants initiated the experiment by pressing a response

button. Each trial started with a blank screen, shown for

1500 msec. Next, a white cross (subtending .5� � .5� of visual
angle) was centrally displayed for 100 msec and then fol-

lowed by a blank screen lasting either 100, 200, 300, 400, 500

or 600 msec at random. Subsequently, a stimulus was pre-

sented for 500 msec, followed by a blank screen for

1000 msec. The number of repetitions for each stimulus type

was 50. The order of stimuli presentation was pseudo-

randomized, i.e., no more than two stimuli of the same

category were displayed consecutively. A break was planned

in the middle of experiment to enable participants to rest. It

lasted 1 min, unless the participant decided to start the

second part of the experiment earlier. Participants needed on

average 20 min to complete the whole task.

1.5. EEG recording

The EEG was continuously recorded with 62 AgeAgCl electri-

cally shielded electrodes mounted on an elastic cap (ActiCAP,

Brain Products, Munich, Germany) and positioned according

to the extended 10e20 system. Two additional electrodeswere

placed on the left and right earlobes. The data were amplified

using a 64-channel amplifier (BrainAmp MR plus; Brain Prod-

ucts, Germany) and digitized at a 500-Hz sampling rate, using
ke mask. They present two co-authors of this study.

https://doi.org/10.1016/j.cortex.2022.01.015
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BrainVision Recorder software (Brain Products, Munich, Ger-

many). EEG electrode impedances were kept below 10 kU.

1.6. Behavioural analysis

Responses within a 100e1000 msec time-window after stim-

ulus onset were analysed using SPSS (Version 26, IBM Corpo-

ration) and reported results were cross-checked with

Statcheck (http://stat check.io/index.php). A two-way

repeated measure ANOVA was performed with type of stim-

ulus (faces with mask, faces without mask) and type of face

(self, close-other's, unknown) as within-subject factors. The

results are reported with reference to an alpha level equal to

.05.

1.7. ERP analysis

Off-line analysis of the EEG data was performed using custom

scripts written in Python (Version 3.5, Python Software

Foundation). EEG data from 62 channels were re-referenced

off-line to the algebraic average of the signal recorded at the

left and right earlobes, notch filtered at 50 Hz, and band-pass-

filtered from .01 to 30 Hz using a 2nd order Butterworth filter.

After re-referencing and filtering the signal, ocular artefacts

were corrected using Independent Component Analysis e ICA

(Bell & Sejnowski, 1995). After the decomposition of each data

set into maximally statistically independent components,

components representing eye blinks were rejected based on a

visual inspection of the component's topography (Jung et al.,

2001). Using the reduced component-mixing matrix, the

remaining ICA components were multiplied and back-

projected to the data, resulting in a set of ocular-artefact-

free EEG data. Subsequently, the EEG signal was segmented

into 1,700-msec-long epochs, from �200 msec before to

1,500 msec after stimulus onset. The next step was a semi-

automatic artefact rejection procedure that rejected trials

exceeding the following threshold: the maximum permitted

absolute difference between two values in a segment was

100 mV. Two data sets had to be excluded from the sample

during preprocessing based on too few trials remaining after

artefacts rejection (the threshold for exclusion was set at less

than 50% of trials). The mean number of segments that were

averaged afterwards for each category of stimuli was as fol-

lows: self-face e 37.5 (SD ¼ 12.0), self-face with a surgical-like

mask e 37.6 (SD ¼ 11.8), close-other's face - 37.6 (SD ¼ 13.5),

close-other's face with a surgical-like mask e 38.1 (SD ¼ 12.2),

unknown face - 37.4 (SD ¼ 12.1), and unknown face with a

surgical-like mask e 37.4 (SD ¼ 12.1). The number of epochs

used to obtain ERPs did not differ significantly between the

types of stimuli. Finally, the epochs were baseline-corrected

by subtracting the mean of the pre-stimulus period.

The selection of electrodes for ERP analyses has to be

orthogonal to potential differences between experimental

conditions (Kriegeskorte & Kievit, 2013). Therefore, this must

be done on the basis of the topographical distribution of brain

activity (in the time window corresponding to a given

component) averaged across all experimental conditions.

Based on the topographical distribution of activity as well as

grand-averaged ERPs, collapsed for all conditions (self-face,

close-other's face, unknown face, self-face with a surgical-like
mask, close-other's face with a surgical-like mask, unknown

face with a surgical-like mask), the following windows were

chosen for analysis of ERPs components of interest:

90e150 msec for P100, 140e200 msec for N170, 300e600 msec

for P300, and 400e900 msec for LPP (Fig. 2). Six clusters of

electrodes within the region of maximal changes of activity

were selected: for P100 e left: O1 and PO3, right e O2 and PO4;

for N170 e left: P7 and PO7, right: P8 and PO8; for P300 e CPz,

CP1, CP2, and Pz; for LPP e Fz, F2, F4, and FCz. The data were

pooled within each cluster. This step is justified by the limited

spatial resolution of EEG and high correlation between

neighbouring electrodes. Peak amplitudes were analyzed for

P100 and N170, while the mean values at each time point

within the aforementioned time window were used to assess

P300 and LPP mean amplitude. In the case of ERP components

that do not have a clear peak, this method of assessing am-

plitudes is less affected by possible low signal-to-noise ratio

than peak measure methods (Luck, 2005).

All statistical analyses were performed using the JASP

software and custom Python scripts (Version 3.5, Python

Software Foundation). Reported results were cross-checked

with Statcheck (http://statc heck.io/index.php). For P100 and

N170 amplitudes, a three-way ANOVAs were performed with

hemisphere (left, right), type of stimulus (faces with masks,

faces without masks), and type of face (self, close-other's,
unknown) as within-subject factors. For P300 amplitudes,

two-way repeated measure ANOVAs were performed with

type of stimulus (faces with masks, faces without masks) and

type of face (self, close-other's, unknown) as within-subject

factors. In the case of early ERP components (P100, N170),

analyses of amplitudes were complemented by analogous

ANOVAs run on latencies.

All effects with more than one degree of freedom in the

numerator were adjusted for violations of sphericity

(Greenhouse & Geisser, 1959). Bonferroni correction for mul-

tiple comparisons was applied to post-hoc analyses. All re-

sults are reported with alpha levels equal to .05.

1.8. Linear discriminant analysis (LDA)

Briefly, LDA identifies a linear combination of features that

optimally separates two or more classes of data

(Balakrishnama & Ganapathiraju, 1998; Fisher, 1936). In the

current study, the scikit-learn Python library was used

(https://scikit-learn.org/stable/). LDA was applied to assess

whether: (1) an algorithm that differentiated faces with

surgical-like masks was efficient in discriminating faces

without suchmasks; (2) an algorithm that differentiated faces

without surgical-like masks was efficient in discriminating

faces with such masks and to investigate the possible time

dynamics of these effects.

1.9. Source analysis

Brain Electrical Source Analysis (BESA v.7.1, MEGIS Software

GmbH, Munich, Germany) was used to model sources of the

ERPs signal. Source estimations were performed on the aver-

aged data of 30 participants. This analysis was focused solely

on differentiating two conditions of faces: covered and uncov-

ered by surgical-like masks. Type of face (self, close-other's,

https://scikit-learn.org/stable/
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Fig. 2 e Maps of topographical distribution of activity collapsed for all experimental conditions: self-face, close-other's face,

unknown face, self-face with a surgical-like mask, close-other's face with a surgical-like mask, unknown face with a

surgical-like mask (A) and butterfly plot presenting grand-average ERPs for collapsed all experimental conditions, al all 62

active electrodes (B).
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unknown) trials with respect to different types of stimuli (with

mask, without mask) were averaged together in order to create

the two desired conditions. Source estimation was performed

on 200 ms-long post stimulus segments that were extracted

from the averaged data. Two clear components were observed

in this time interval, one positive peaking at a latency of

110 msec (P100) and a negative component peaking at

approximately 170 msec (N170). Only the peak-to-peak interval

of those components (110e160msec for faces without surgical-

like masks, 110e168 msec for faces with surgical-like masks)

was taken into the model fit, as it resembles the actual neural

postsynaptic activity (Key et al., 2005). Two methods of source

analysis were applied: discrete sources analysis (dipole fitting)

and a distributed source imaging method CLARA (Classical

LORETA Analysis Recursively Applied).
1.9.1. Discrete source analysis
Regional sources composed of three single dipoles at one

location oriented orthogonal to each other were used tomodel

three-dimensional ERP current waveforms originating from

within a certain brain region (Paul-Jordanov et al., 2016). Two

regional sources were fit bilaterally and symmetrically in the

area of the fusiform gyrus, which is recognized as one of the

most crucial structures in face processing (Burns et al., 2019;

Haxby et al., 2000, 2001; Rossion, 2014). Symmetry constraints

with respect to location were applied to the pair of lateral

sources in order to limit the number of parameters being

estimated (Schweinberger et al., 2002). No other constraints

with respect to localization were applied. The fit interval

assigned to the source model was dominated by a single PCA

component. The final source solution required a residual

https://doi.org/10.1016/j.cortex.2022.01.015
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variance of less than 10% (Berg & Scherg, 1994; Tarkka &

Mnatsakanian, 2003), i.e., a goodness of fit over 90%.

1.9.2. Distributed source analysis
Compared to the abovementionedmethod, distributed source

analysis estimates the underlying generators without any

prior assumptions on the number and locations of the sour-

ces. The distributed sources volume-based method CLARA

(Beniczky et al., 2016) is an iterative application of the Low

Resolution Electromagnetic Tomography (LORETA) algorithm

(Pascual-Marqui et al., 1994), with an implicit reduction of the

source space in each iteration (Paul-Jordanov et al., 2016).

CLARA was used to automatically identify sources and verify

the hypothesis regarding the fusiform gyrus activation and

differences between processing of faces with and without

surgical-like masks.
2. Results

2.1. Behavioral results

The RTs of one participant were found to be beyond 3 SD

above the mean for each condition, and were thus excluded

from further analysis. The mean RTs to all types of stimuli

were as follows (mean ± standard deviation): self-face

(289.9 ± 57.5), self-face with surgical-like mask (297.3 ± 64.0),

close-other's face (294.3 ± 65.6), close-other's face with

surgical-like mask (291.7 ± 62.8), unknown face (293.1 ± 70.8),

and unknown face with surgical-like mask (292.9 ± 62.2).

A repeated-measures ANOVA conducted on mean RTs

revealed a significant 2-way interaction: face x surgical-like

mask (F(2, 60) ¼ 3.450; P ¼ .038; h2 ¼ .103). Both the main ef-

fect of face and main effect of surgical-like mask were found

to be non-significant. Post-hoc tests of the face x surgical-like

mask interaction showed that RTs to self-face without

surgical-like mask were significantly shorter than to self-face

with surgical-like mask (P ¼ .014). The other comparisons

were non-significant.

2.2. ERPs results

2.2.1. P100
Statistical analysis of P100 amplitudes showed the significant

main effects of ‘hemisphere’ (F(1, 29) ¼ 6.438, P ¼ .017,

h2 ¼ .068) and ‘type of stimulus’ (F(1, 29) ¼ 9.798, P ¼ .004,

h2 ¼ .039). These statistical findings indicated that (1) P100

amplitudes recorded at the occipito-parietal region in the left

hemisphere were higher than P100 amplitudes recorded at the

occipito-parietal region in the right hemisphere (6.79 ± 3.71 mV

vs. 5.74 ± 3.48 mV), and (2) P100 amplitudes were substantially

enhanced for all types of faces covered by surgical-like masks

in comparison to faces without masks (6.66 ± 3.73 mV vs.

5.89 ± 3.46 mV).

Analysis of P100 latencies showed the significant main ef-

fect of ‘type of stimulus’ (F(1, 29) ¼ 15.589, P < .001, h2 ¼ .108).

P100 latency for faces with surgical-like masks were longer

than for faces without masks (129.2 ± 17.7 ms vs.

122.7 ± 17.6 ms). All other effects and interactions were non-

significant. Fig. 3 (panel A) illustrates the P100 results.
2.2.2. N170
Grand-average ERPs in the N170 ms time window are pre-

sented in Fig. 3 (panel B). Analysis of N170 amplitudes showed

that none of the factors nor their interaction reached the level

of statistical significance. Analysis of N170 latencies, in turn,

showed the significant main effect of ‘type of stimulus’ (F(1,

29) ¼ 43.115, P < .001, h2 ¼ .217). Analogously to P100 results,

N170 latency for faces with surgical-like masks was longer

than for faces without masks (171.3 ± 9.6 ms vs.

163.9 ± 11.3 ms).

2.2.3. P300
Analysis of P300 amplitudes revealed the significant main ef-

fects of ‘type of stimulus’ (F(1, 29) ¼ 12.704, P ¼ .001, h2 ¼ .073)

and ‘type of face’ (F(2, 58) ¼ 25.085, P < .001, h2 ¼ .284). The

interaction of these two factors was non-significant. The sig-

nificance of the ‘type of stimulus’ factor indicated that P300

amplitudes associated with the processing of faces with

surgical-like masks were substantially increased in compari-

son to faces without such masks (8.63 ± 4.54 mV vs.

7.45 ± 4.34 mV).

In addition, post hoc tests on the ‘type of face’ factor

showed that: (1) P300 amplitude to the self-face was higher

than to the close-other's face (9.55 ± 4.76 mV vs. 7.84 ± 4.39 mV,

P < .001); (2) P300 amplitude to the self-face was higher than to

the unknown face (9.55 ± 4.76 mV vs. 6.73 4.27 mV, P < .001); (3)

P300 amplitude to the close-other's face was higher than to

unknown face (7.84 ± 4.39 mV vs. 6.73 ± 4.27 mV, P ¼ .023). Fig. 4

(panel A) presents grand-average ERPs at pooled CPz, CP1, CP2,

and Pz electrodes.

2.2.4. LPP
Analysis of LPP amplitudes showed the significant main ef-

fects of ‘type of stimulus’ (F(1, 29) ¼ 4.550, P ¼ .041, h2 ¼ .026)

and ‘type of face’ (F(2, 29) ¼ 16.285, P < .001, h2 ¼ .228). The

interaction of these two factors was non-significant. The sig-

nificance of the ‘type of stimulus’ factor indicated that LPP

amplitudes associated with processing of faces with surgical-

like masks were higher than to faces without such masks

(6.02 ± 3.44 mV vs. 5.33 ± 3.12 mV).

Post hoc tests on the ‘type of face’ factor showed enhanced

LPP amplitude to the self-face in comparison to the close-

other's face (7.04 ± 3.76 mV vs. 5.45 ± 3.11 mV, P ¼ .002) and

unknown face (7.04 ± 3.76 mV vs. 4.54 ± 2.97 mV, P < .001). Fig. 4

(panel B) presents grand-average ERPs at pooled Fz, F2, F4, and

FCz electrodes.

2.3. LDA results

The algorithm trained to discriminate self-face, close-other's
face and unknown faces that were without surgical-like

masks was efficient in discriminating those types of faces

when covered by surgical-like masks. LDA revealed a signifi-

cant cluster in the 95e770 msec time-window (P < .001). In

addition, the algorithm trained to discriminate all types of

faces with surgical-like masks (self-face versus. close-other's
face versus. unknown face) was also able to properly

discriminate those types of faces without surgical-like masks.

LDA revealed a significant cluster in the 95e1000 msec time-

window (P < .001). All LDA results are presented in Fig. 5.
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Fig. 3 e Grand average ERPs in the P100 time-window and in N170 time-window to self-face, close-other's face, unknown

face with and without a surgical-like mask. Upper panel A: P100 component for pooled electrodes O2 and PO4 within the

right occipital-parietal region and pooled electrodes O1 and PO3within the left occipital-parietal region. Lower panel B: N170

component for pooled electrodes P8 and PO8 within the right parietal region. Peak amplitude of this component was

analyzed in the 140e200 msec time-window.
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2.4. Source analysis results

The discrete source analysis revealed ERP dipole sources fitted

at symmetrical bilateral locations (x, y, z Talairach co-

ordinates): (x ¼ �35.4, y ¼ �54.0, z ¼ �5.3), (x ¼ 35.4, y ¼ �54.0,

z ¼ �5.3) for faces without surgical-like masks and (x ¼ �34.2,

y¼�56.6, z¼�7.3) (x¼ 34.2, y¼�56.6, z¼�7.3) for faces with

surgical-like masks. The applied solutions explained 97.41%

and 97.83% of the models, respectively. Moreover, the ob-

tained coordinates did indeed correspond to the localization

of the fusiform gyrus within ± 2 mm cube range identified by

the Tailarach Client 2.4.2 (Lancaster et al., 2000).

The distributed sources analysis with use of CLARA esti-

mated the strongest activity at bilateral locations in response

to (1) faces without surgical-like masks: (x ¼ �24.5, y ¼ �65.9,

z ¼ �11.3), (x ¼ 31.5, y ¼ �51.9, z ¼ �4.3) and (2) faces with

surgical-like masks: (x ¼ �17.5, y ¼ �72.9, z ¼ �11.3) (x ¼ 31.5,

y ¼ �51.9, z ¼ �4.3), identified by the Tailarach Client as the

fusiform gyrus within ± 5mmcube range around the peak of a

given activation. Fig. 6 presents all of the aforementioned

results.
3. Discussion

Faces are one of themost critical classes of visual stimuli from

which peoplemay acquire social information. Faces inform us

about the age, sex, mood, direction of gaze, person's identity

etc. The ability to extract this kind of information within a

fraction of a second plays a crucial role in our social lives.

Humans have developed specialized cognitive and neural

mechanisms dedicated specifically to the processing of faces

(Kanwisher & Yovel, 2006). Due to safety requirements during

the COVID-19 pandemic, we have been confronted on an

everyday basis with faces covered by surgical-likemasks. This

raises several questions about how our brains process this

kind of visual, socially-relevant information.

Previous behavioral studies showed that surgical-like

masks exert a strong influence on our ability to efficiently

match (Carragher & Hancock, 2020; Estudillo et al., 2021;

Noyes et al., 2021) and remember faces (Freud et al., 2020;

Stajduhar et al., 2021). In the current study, we investigated

the impact of surgical-likemasks on the neural underpinnings

https://doi.org/10.1016/j.cortex.2022.01.015
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Fig. 4 e Late ERP components P300 (Panel A) and LPP (Panel

B). Left panel A: P300 component for pooled electrodes Pz,

CPz, CP2, and P2 that were within the region of maximal

activity in the topographical distribution of brain activity,

averaged across all experimental conditions. Right panel B:

LPP for pooled electrodes FCz, Fz, FC2, and C2 that were

within the region of maximal activity in the topographical

distribution of brain activity, averaged across all

experimental conditions. The analyzed time windows are

marked by light-blue rectangles.

Fig. 5 e Results of Linear Discriminant Analysis. Panel A:

LDA algorithm trained to discriminate uncovered self-face,

close-other's face, and unknown faces properly

discriminates those faces covered by surgical-like masks.

Panel B: LDA algorithm trained to discriminate three types

of faces covered by surgical-like masks discriminates

uncovered self-, close-other's, and unknown faces.

Horizontal blue bars indicate statistically significant

effects. Shaded areas indicate 95% CI.
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of personally familiar (self, close-other's) and unfamiliar face

processing. We found that the effects related to surgical-like

masks were similar for all faces. This is in line with previous

studies investigating the effects of masks on familiar and

unfamiliar face processing (Carragher&Hancock, 2020; Noyes

et al., 2021). Our results showed that early and late attention-
related ERP components were substantially increased not only

for the self-face with a surgical-like mask but also for other

masked faces (close-other's, unfamiliar) in comparison to

faces without masks. In addition, the prioritized processing of

one's own face was observed, irrespective of presence or

absence of a surgical-like mask, as revealed by enhanced P300

and LPP. The detailed results were as follows.

Within the initialonehundredmillisecondsafter theonsetof

visual stimuli, amplitudes and latencies of an early ERP

component (P100)were higher for all covered versus. uncovered

faces. In the consecutive one hundred milliseconds time-

window, longer latencies of N170 were observed for all faces

with surgical-like masks. Thereafter, P300 amplitudes differen-

tiated both faceswith andwithoutmasks and different types of

faces (self-, close-other's, unfamiliar). P300was enhanced for all

faces covered with surgical-like masks and P300 was higher to

the self-face than to the close-other's and unfamiliar faces (the

latter two also differed). However, the lack of significant ‘type of

https://doi.org/10.1016/j.cortex.2022.01.015
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Fig. 6 e Source analysis of ERP responses. Distributed source imaging with CLARA (Classical LORETA Analysis Recursively

Applied) points to the fusiform gyrus as the most active generator of the signal elicited by presentation of masked faces

(Panel A) and unmasked faces (Panel B). Two dipoles fitted within the fusiform gyrus explains almost 98% of the data.

c o r t e x 1 4 9 ( 2 0 2 2 ) 1 7 3e1 8 7182
stimulus’ x ‘type of face’ interaction indicated that P300 effects

reflecting the influence of surgical-like masks were similar for

personally relevant and personally irrelevant faces. Finally, the

late ERP component (LPP) showed an analogous to P300 pattern

of findings (i.e., increased LPP amplitudes for covered versus.

uncovered faces; increased LPP amplitudes to the self-face

versus. other faces). LDA results, in turn, indicated that even

partial information about the three types of faces that was

available for processing was sufficient to develop an algorithm

that subsequently discriminated efficiently uncovered self-,

close-other's and unknown faces.Moreover, LDA trained on full

imagesof faceswasalso able to correctlydiscriminate imagesof

those faces with surgical-like masks.

Enhanced P100, P300, and LPP amplitudes for covered

versus. uncovered faces may reflect amplified attentional

processing of faces with surgical-likemasks. Specifically, P100

is traditionally related to the early processes of stimulus

detection and to sensory gain control (Mangun, 1995). This

sensory gain control mechanism is manifested either as

attentional suppression or as attentional facilitation, occur-

ring at an early stage of information processing (Hillyard et al.,

1998). Based on the notion that the P100 amplitude is pro-

portional to the amount of attentional resources required for

initial processing of visual information (Hillyard & Anllo-

Vento, 1998; Mangun & Hillyard, 1991), increased P100 ampli-

tudes and delayed P100 latencies to faces with surgical-like

masks may indicate stronger but slightly delayed involve-

ment of early selective attention.
Increased P100 to faces with masks may also be directly

related to the view that visual ambiguity is associated with

enhanced P100 (Schupp et al., 2008). In line with this notion,

P100 amplitude was larger for morphed faces than for unal-

tered faces (Dering et al., 2011) and for inverted faces when

compared to upright faces (Hileman et al., 2011). However,

some studies reported not only larger P100 amplitude but also

a longer P100 latency for inverted faces when compared to

upright faces (Itier & Taylor, 2002). An analogous pattern of

P100 results was observed in the present study. Both the

inversion of a face and its covering with a surgical-like mask

lead to a disruption of its configural processing, making it

more difficult to identify a face as a face and thus requiring

increased attention (Itier & Taylor, 2002). In addition, it has

also been proposed that the P100 component may serve as a

sign of processing effort (Hileman et al., 2011). Thus, the

higher P100 amplitude and the longer latency to faces with

masks than to faces without masks may reflect the need for

engagement of additional brain resources.

The P300 component, in turn, reflects the cognitive evalu-

ation of stimulus significance, a process that can be elicited by

both active and passive attention (Picton & Hillyard, 1988). As

the functional role of P300 is associatedmainlywith allocation

of attentional resources (Polich, 2007), substantially enhanced

P300 amplitudes for covered faces reflected increased atten-

tion allocation. Subsequently, LPP is linked to a global, tem-

porary increase in attention that serves to facilitate the in-

depth processing of salient stimuli (Brown et al., 2012;
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Hajcak et al., 2010). In the light of this, increased LPP to faces

with surgical-like masks reflects enhanced processing and

global sustained attention. In addition, as far as the saliency

feature of stimuli is concerned, larger LPP amplitudes to all

faces with surgical-like masks than to faces without masks

may be a consequence of an increased arousal associatedwith

processing of covered faces (Cuthbert et al., 2000). All in all, the

detection of faces with surgical-like masks was associated

with the more elaborated attentional processing, and mask-

covered faces were focused on by participants to a signifi-

cantly greater extent than fully visible faces.

While the early ERP components (P100, N170) were not

modulated by the type of presented face, it was the case for late

ERPcomponents (P300, LPP) that showedsucheffect.Our results

corroborate the findings of previous studies reporting enhanced

P300 (Cygan et al., 2014; Kotlewska & Nowicka, 2015; Ninomiya

et al., 1998; Sui et al., 2006; Tacikowski & Nowicka, 2010) and

enhanced LPP ( _Zochowska et al., 2021) to the self-face in com-

parisontoother (either familiarorunfamiliar) faces.However, in

the current studywe showed, for the first time that both the full

viewof theself-faceaswell asonlytheupperpartof theself-face

available for processing resulted in increased P300 and LPP

amplitudes in comparison to other (personally relevant and

personally irrelevant) faces. This self-preference effect may be

alsoattributed tohighlyelaboratedattentional processingof the

self-face (Tacikowski & Nowicka, 2010; _Zochowska et al., 2021).

Thus the mechanisms boosting the prioritized processing of

self-relevant information seem to be driven by automatic cap-

ture of attention and prioritized allocation of attention to the

self-related stimuli (review: Humphreys & Sui, 2016; Sui &

Rotshtein, 2019). Indeed, several studies found that self-face

automatically captures attention (e.g., Alexopoulos et al., 2012;

Alzueta et al., 2020; Br�edart et al., 2006; Tong&Nakayama, 1999)

and numerous ERP studies revealed greater amplitude of the

P300 component in response to one's own face (e.g., Knyazev,

2013; Ninomiya et al., 1998; Sui et al., 2006; Tacikowski &

Nowicka, 2010; _Zochowska et al., 2021).

Enhanced LPP to the self-face reported in the present study

may be attributed either to the global, temporary increase in

attention (Brown et al., 2012; Hajcak et al., 2010) or to the

process of self-reflection. The later interpretation is based on

commonly reported larger LPP when participants make judg-

ments about themselves compared to making judgments

about others (Kotlewska&Nowicka, 2016; Nowicka et al., 2018;

Yu et al., 2010; Zhang et al., 2013). It is worth noting that in the

current study a single experimental trial was long enough to

allow for suchmental activity, i.e., some considerations about

one's own person. Although no kind of self-reflection was

required to successfully accomplish the behavioral task (a

simple detection of faces), one may assume that multiple

presentations of one's own facemay automatically evoke such

a process. This notion is supported by the findings of fMRI

studies (Heatherton et al., 2006; Keenan et al., 2000; Kircher et

al., 2001), reporting an increased activation of the medial

prefrontal cortex and anterior cingulate cortex to images of

self-faces compared with images of others' faces. These find-

ings may indicate that exposure to the self-face effectively

induces introspection and emotional reaction.

We would also like to point out the non-significant in-

teractions of face type (self, close-other's, unfamiliar) and
stimulus type (face with mask, face without mask) in our

analyses of P300 and LPP amplitudes, indicating that patterns

of P300 and LPP results regarding type of faces were analogous

for faces with and without masks. Whether or not the faces

were covered by masks, amplitudes of P300 and LPP to one's
own face were the largest, followed by amplitude to the close-

other's face and lastly unfamiliar faces. This pattern of find-

ings for fully visible faces was reported in previous studies on

self-face processing (e.g., Cygan et al., 2014; Kotlewska &

Nowicka, 2015; _Zochowska et al., 2021). However, the

observed impact of familiarity on P300 and LPP findings to

faces with masks seems to suggest some differentiation of

faces even if they were processed in a feature-based way.

The next issue that we would like to comment on refers to

similarities between neural correlates of faces with and

without surgical-like masks. First of all, amplitudes of N170

were not different for faces with and without surgical-like

masks. Numerous studies showed that the N170 component

is enhanced for faces compared to other non-face objects (e.g.,

Rossion & Jacques, 2011). Thus it is claimed to be face-specific

(e. g., Bentin et al., 1996; Sagiv& Bentin, 2001; Carmel& Bentin,

2002) and to reflect the structural encoding of faces (e.g.,

Eimer, 2000; for a review, see; Eimer, 2011). The N170 is usually

linked to the activation of perceptual face representations

(Eimer, 2000; Sagiv & Bentin, 2001). Moreover, the N170 in-

volves the detection of a face at a categorical level, i.e., its

discrimination from another object category (Schweinberger

& Neumann, 2015). Thus, similar amplitudes for covered and

uncovered faces may indicate similar levels of structural

encoding and a similar categorization of faces with surgical-

like masks as faces. The findings of some earlier studies

(Eimer, 2000) indicated attenuated N170 amplitudes for faces

lacking some of their natural features (e.g., eyes, nose etc.). In

contrast, disruption in the use of configural information for

inverted faceswas associatedwith larger N170 as compared to

N170 to upright faces (e.g., Rossion et al., 2000; Civile, et al.,

2018). Thus, although both removing some essential parts in

face images and presenting face images in the atypical posi-

tion disturbed the holistic processing of faces, those two

manipulations were associated with opposite N170 effects:

either a decrease or increase in N170 amplitudes. In the pre-

sent study, in turn, similar N170 amplitudes were found to

fully visible faces and to faces with masks, processed in a

more featural manner. It may be hypothesized that nowadays

covering the lower part of a facewith a surgical-likemask is so

common that such a face image may be treated as an

ecologically valid stimulus and may be viewed as a face. It

should be pointed out that although all of aforementioned

face manipulations promote feature-based processing, there

is one crucial difference between them. In the case of inverted

faces, all pieces of information about a face (eyes, nose,

mouth, forehead, face shape, cheeks etc.) are still available for

processing. In the case of faces with masks or faces and faces

lacking some internal features, only partial information about

the face is processed. Therefore, outcomes of studies with

different face manipulations may differ.

In addition, there is strong evidence indicating that only

the self-face (but no other familiar face) is processed using

featural information (Keyes, 2012; Keyes & Brady, 2010).

However, we did not observe any differences in the amplitude
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of N170 between the mask-covered self-face and other faces.

Moreover, we found no differences between fully visible im-

ages of the self-, close-other's, and unfamiliar faces either.

The latter is in line with findings of studies revealing that the

N170 is rather not affected by face familiarity: similar N170

potentials were elicited by famous and unfamiliar faces

(Gosling & Eimer, 2011; Tacikowski et al., 2011), both when

they were relevant and irrelevant to the task (Bentin &

Deouell, 2000). Although some studies have presented evi-

dence that this component is larger (i.e., more negative) to the

self-face when compared to other faces, familiar or not

(Caharel et al., 2002; Keyes et al., 2010), this pattern of findings

was not confirmed by other studies (Gunji et al., 2009;

Parketny et al., 2015; Pierce et al., 2011; Sui et al., 2006; Tanaka

et al., 2006).

The results of two LDA models also revealed some simi-

larities in processing faces with and without surgical-like

masks. Specifically, irrespective of whether the algorithm

was trained to discriminate self-face, close-other's face, and

unknown faces either with or without surgical-like masks, it

was able to effectively discriminate faces that were not pre-

sented in the training phase. Based on LDA results, one may

conclude that neural activity associated with processing of

information about upper parts of face was sufficient to decode

full images of faces. It should be stressed, however, that the

LDA algorithm may not directly reflect how the human brain

works. Thus, the fact the LDA can effectively discriminate

faces that were not presented in the training phase is not

necessarily relevant to a human being able to do so. Our LDA

findings are generally in line with a recent study that inves-

tigated facial expression of different emotions in the case of

faces covered by masks or scarfs (Calbi et al., 2021). Despite

the covering of the lower part of the face, participants

correctly recognized the facial expressions of emotions.

Although we tested different face-identities and Calbi et al.

(2021) tested different facial emotions, both studies found

that the upper part of the face provided enough information to

be sufficiently and adequately processed.

Similarities in the processing of faces with and without

surgical-like masks were also revealed by sources analyses of

recorded activity. In both cases, sources were located in fusi-

form gyri, typically involved in processing of faces (Kanwisher

et al., 1997; Kanwisher & Yovel, 2006; Rossion et al., 2003). The

latter is in line with findings of some fMRI studies showing

equally strong activations in this region both for entire human

faces and for faces with eyes occluded (Tong et al., 2000). Our

results showing sources located in the fusiform gyri for

covered facesmay be viewed as providing evidence that upper

part of a face is treated just as a face and for that reason ac-

tivates fusiform gyri. An alternative explanation may refer to

the expertise hypothesis (Burns et al., 2019; Gauthier et al.,

2000), proposing that the fusiform face area responds not

only to faces but to view of stimuli for which participants have

gained substantial perceptual expertise. In light of the

expertise hypothesis, our findings may be explained by a

newly developed expertise to process/recognize a partial view

of faces.

On the behavioral level, we found that RTs were not

modulated by the face type in general. Specifically, RTs to

the self-face did not significantly differ from RTs to other
faces. This result is in line with a recent meta-analysis

across a large number of studies (Bortolon & Raffard,

2018). Bortolon and Raffard (2018) stressed that the

employed task and, more precisely, the cognitive function

on which that task rests may have an impact on patterns of

RTs findings. When performing a detection task or visual

search task that relies on attentional processes, participants

responded equally quickly to their own face and to other

people's faces. On the other hand, when requested to

perform an identification task, participants were faster

when responding to their own face than to other people's
faces (Bortolon & Raffard, 2018).

However, we observed, a clear differentiation of the self-

face with and without a surgical-like mask, with shorter RTs

in the unmasked condition. We hypothesize that this slowing

of reaction to one's own face when covered by a mask may

correspond to emotional Stroop-like RTs effect (Dresler et al.,

2009). The slowing of responses to the color of emotional

stimuli in comparison to neutral ones indicates a biasing of

attentional resources towards emotionally salient informa-

tion (Gonz�alez-Villar et al., 2014). Thus, longer RTs to the self-

face when covered by a mask may be a consequence of a

specific attentional bias to the unusual image of one's own

face. At this point it should be stressed that our behavioral

task did not require overt recognition of the presented faces,

and we could not directly infer that the face recognition

occurred. Nevertheless, one may assume that this is a rather

automatic process that happens involuntary. In a similar vein,

Bortolon and Raffard (2018) noted also that the extraction of

semantic information (e.g., face identity or face familiarity)

also takes place during detection (attentional) tasks because

we automatically attach meaning to what we see, although

the task itself does not require the extraction of this infor-

mation to be successful.

In conclusion, early (P100) and late (P300, LPP) ERP com-

ponents revealed the stronger involvement of attentional

mechanisms in processing of faces covered by surgical-like

masks. However, N170 amplitudes as well as the results of

LDA and source analyses pointed to some similarities between

the neural underpinnings of faces when observed with and

without surgical-like masks.
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