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Abstract (149 words)

Face masks became prevalent across the globe to minimize the effects of the COVID-19 pandemic.
Previous research highlighted their negative qualitative and quantitative impact on face
recognition. An outstanding question is whether these effects would attenuate following extended
natural exposure to masked faces. This question also pertains to potential effects of training on
face recognition in natural settings. We utilized the Cambridge Face Memory Test (CFMT) in a
cross-sectional study (total N=1,437), at five different time points over a 16-month period. The
results showed persistent deficits in recognizing masked faces across time points. This was
followed by a qualitative change implicated in a reduced inversion effect for masked faces.
Additional experiments verified that the amount of individual experience with masked faces was
not correlated with the mask effect. These findings provide compelling evidence that the mature
face processing system in humans can be rigid even with prolonged, real-life exposure.

Statement of Relevance

Face recognition is one of the most skilled abilities in human perception. But what happens in the
face of a sudden change, when faces appear dramatically different? This occurred during the
COVID-19 pandemic: faces were frequently occluded by masks, which led to deficits in our ability
to recognize people. However, the ongoing nature of the pandemic provided an unprecedented
opportunity to examine the plasticity of the mature face processing system; in other words, did
recognition of masked faces improve? Here, we measured the effect of masks on face recognition
at five different time points over a 16-month period in a cross-sectional study (total-N=1,437). We
found robust evidence for no improvement in recognizing masked faces with masks, even when
taking into account individual’s relative experience with masked faces. These findings provide
compelling support for the idea that the mature face processing system is rigid in nature, even with
prolonged, real-life exposure to altered faces.



Introduction

Faces are among the most informative visual stimuli in human perception, as they provide vital
information for social interactions. Humans can extract significant information from brief
exposure to a person’s face, including their identity, gender, emotion, age, and race. While it is
clear that face perception abilities rapidly develop from early childhood to adolescence (Pascalis
et al., 2011), it is uncertain whether these abilities can improve later in life, particularly under
situations in which visual input is sub-optimal (Pascalis et al., 2020; White, Kemp, Jenkins,
Matheson, et al., 2014; Yovel et al., 2012). Here, we investigated this issue in a large-scale
naturalistic study that tracked the effects of non-medical masks on face perception over a period
of 16 months during the COVID-19 pandemic.

The COVID-19 pandemic introduced an unprecedented reality in which mask wearing
became prevalent, and often mandatory, around the globe (Figure 1). Previous research
demonstrated that the occlusion of the lower part of the face hinders different aspects of face
processing, including recognition of familiar faces (Carragher & Hancock, 2020), unfamiliar faces
(Dhamecha et al., 2014; Freud et al., 2020; Gosselin & Schyns, 2001; Kret & De Gelder, 2012;
Stajduhar et al., 2021), and emotional expressions (Grundmann et al., 2021). Notably, previous
studies were conducted before, or soon after, face masks became widely prevalent (i.e., first and
second quarter of 2020), when participants did not have substantial experience with masked faces.
Hence, an outstanding question is whether such extensive and prolonged experience with masked
faces would change the way masked faces are perceived. Alongside its relevance and timeliness,
this research also pertains to an outstanding theoretical question regarding the plasticity of the

matured human face-processing system.



Figure 1: Examples of faces with and without masks similar to the ones used in the experiment.
Faces are reproduced with permission from the Chicago Face Database (Ma et al., 2015)
Sensitivity to faces emerges already in newborns who exhibit a preference to face-like
stimuli (Johnson & Morton, 1991) and to familiar faces over unfamiliar faces (Pascalis et al.,
1995). Following this early sensitivity, the face processing system is subject to a prolonged
developmental trajectory that ends after puberty (Chung & Thomson, 1995; Pascalis et al., 2011).
During development, experience with faces plays an important and necessary role in refining face
processing abilities. For example, the Other Race Effect (ORE; better recognition of own-race
faces compared to faces of a different race) is observed in three-month-old infants after they gain
some experience with faces of their own race (Kelly et al., 2005, 2009). Real-life experience can
mitigate the ORE such that children who were adopted and raised by families from a different
culture exhibit a reduced or even reversed ORE (De Heering et al., 2010; Sangrigoli et al., 2005).
Finally, there is evidence that monkeys raised without exposure to faces do not develop face-
selective patches in their brains nor preferential looking behaviors for faces, demonstrating the
necessity of experience with faces to the formation of a functioning face processing system (Arcaro

et al., 2017). This conclusion is corroborated by studies that showed altered face processing



behaviors in adults who suffered from congenital cataracts that prevented visual input in the initial
weeks after birth (Maurer, 2017).

The combination of a protracted developmental trajectory and sensitivity to experience
supports the notion that training or exposure can sculpt face perception abilities during childhood
(Pascalis et al., 2020). Accordingly, it was found that nine-month-old human infants developed
better recognition abilities of monkey faces following individuation of these faces (Pascalis et al.,
2005; Scott & Monesson, 2009). Additionally, reduced ORE was found among children who were
exposed to faces from other races as long as the extensive exposure occurred before the age of 12
(McKone et al., 2019). Finally, training programs with neurotypical children (Bate et al., 2020)
and children who suffer from prosopagnosia (Schmalzl et al., 2008) show consistent improvement
in face perception abilities, demonstrating the flexibility of the developing face processing system.
Notably, however, these latter effects are rather small and the degree of generalization to other
situations and tasks is unclear.

In contrast to the developing face processing system, the mature system is less amenable
to changes following training and experience (Pascalis et al., 2020). This view is supported by
cross-sectional studies in groups of individuals who have unique experiences with faces. For
example, White and colleagues found that despite enduring, extensive experience with unfamiliar
faces, border control police officers showed poor ability to match such faces, and their performance
was no different than that of naive controls (White, Kemp, Jenkins, Matheson, et al., 2014).
Similarly, obstetrician-gynecologist nurses performed poorly and comparably to controls on a task
that required identification of newborn faces, despite their extensive experience with these faces

(Yovel et al., 2012). Finally, training programs have been shown to be successful in reducing the



ORE in adults (Tanaka & Pierce, 2009), but this effect is specific to perceptual processing and
does not appear to extend to memory (McGugin et al., 2011).

In recent years, different groups have demonstrated some level of plasticity even in the
matured face processing system. Training programs led to slight improvements in face perception
abilities, particularly when observers were asked to individuate faces and received feedback on
their decisions (White, Kemp, Jenkins, & Burton, 2014; Yovel et al., 2012). Additionally, adults
with congenital prosopagnosia show improved face perception abilities following a 13-week
perceptual training program. The improvement was found to persist for at least three months, and
there is some evidence for generalization to new faces (Corrow et al., 2019; for a review see
DeGutis et al., 2014). Nevertheless, most of the studies described so far are limited in terms of the
number of participants, the non-ecological nature of the training regime, and, perhaps most
importantly, the length and quality of exposure.

Here, we aimed to overcome these issues by evaluating face perception abilities of
masked faces in the era of the COVID-19 pandemic. To this end, we used the well-established
Cambridge Face Memory Task (CFMT) (Duchaine & Nakayama, 2006; Russell et al., 2009).
Since it was introduced, the CFMT has been used extensively to evaluate face processing
capabilities (e.g., Bobak et al., 2016; DeGutis et al., 2013; Wilmer et al., 2010), to identify
individuals with superior face processing abilities (CFMT+: Russell et al., 2009), and to identify
individuals who suffer from prosopagnosia (Avidan et al., 2011; Duchaine & Nakayama, 2006).
Other studies have demonstrated that the CFMT has high reliability (Bowles et al., 2009) and is
well-correlated with other face perception tests (DeGutis et al., 2013; Stacchi et al., 2020), with

self-rated face recognition ability (Bowles et al., 2009), and, importantly, with naturalistic



assessments of face perception abilities (Balas & Saville, 2017). Thus, the CFMT is a well-suited
tool for estimating face processing abilities in the era of the pandemic.

We first characterized face recognition abilities for masked and non-masked faces at a
critical time-point, just when masks became highly prevalent around the globe (May 2020) (Freud
et al., 2020), and continued to track performance at four additional time-points over a period of 16
months. At each time point, we recruited a large sample of participants (N across time-points =
1,473). Importantly, each participant completed the CFMT with upright and inverted faces to
measure qualitative changes in the processing of masked faces. Finally, we also conducted a set of
control experiments and analyses to estimate whether the amount of individual experience with

masked faces can account for the persistent deficit in the recognition of masked faces.

Methods

Participants

A total of 1,473 participants were tested at five different time-points: May 2020 (accuracy data
were previously reported (Freud et al., 2020)), September 2020, January 2021, May 2021, and
September 2021. All participants were recruited online (https://www.prolific.co/) and were
compensated for their time (~$6 CAD for 30 min). All participants were included in the final
analysis for the first four time-points. Due to a technical error, participants in September 2021
were allowed to complete several sessions of the experiment. We identified all participants who
completed the experiment more than once and discarded their data from the repeated sessions. The
large sample size at each time-point was utilized to ensure sufficient statistical power to identify

any changes in face perception abilities across time-points. Table 1 includes a summary of the



participants’ information at each time point. Figure 2 shows the age distribution across time points
as well as the number of participants per country of residence. Notably, demographic variables
were largely similar across time points. Note that for the last time point (September 2021), there
was a large group of participants from South Africa (relative to other time points). To account for
this discrepancy, we have repeated the analyses reported below, excluding these participants.
Similar results were obtained.

We recruited two additional groups of participants (n=300, September 2021; n=283,
October 20210), who completed control experiments that were designed to explore the relationship

between reported experience with masks and recognition abilities of masked faces.

Table 1: Demographic details across time-points

May 2020 Sept 2020 January 2021 May 2021 Sept 2021
Masked Non- Masked Non- Masked Non- Masked Non- Masked Non-
Masked Masked Masked Masked Masked
N 146 147 147 0 248 247 152 149 127 109
(female) (76) (75) (77) (128) (124) (78) (76) (65) (71)
Age 25.7 254 26.4 NA 254 27.1 24.8 26.0 27.4 26.7
(SD) (7.7) (7.2) (8.8) (7.6) 9.7) (6.8) (8.4) (10.0) (7.4)
Sept 2021 Oct 2021
(Within- (GFMT-
subject masked
CFMT) version)
Masked Non-
Masked
N (female) 300 283 0
(150) (142)
Age (SD) 26.3 26.3 NA
(7.8) (7.8)



All experiments were performed according to relevant guidelines and regulations of the ethics
review board at (BLIND COPY). All participants provided informed consent. Data and analysis
code for all experiments are available on the Open-Source Framework (BLIND COPY) under CC-
By Attribution 4.0 International license.
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Figure 2: Demographic properties of participants. The demographic properties were similar
across the four testing time points. (A) Density histogram of participants’ age. (B) Distribution of
participants’ country of residence.

Materials
The extended version of the CFMT (Duchaine & Nakayama, 2006; Russell et al., 2009) was used

to assess face perception abilities. The standard CFMT includes three phases (total of 72 trials)



with increasing levels of difficulty. The first phase (easy) involves learning to recognize six
unfamiliar male faces from three different viewpoints and then testing recognition of these faces
in a three-alternative forced-choice task. The second phase involves a refresher in which the six
faces are presented simultaneously from one (frontal) viewpoint followed by testing from novel
viewpoints and lighting conditions. The third (difficult) phase is similar to the second phase but
includes test images with added visual noise. The long form of the CFMT includes an additional
30 trials with an even higher level of difficulty in which novel images varying in pose, emotional
expression, and amount of information available are presented. This latter part is typically used to
identify super-recognizers (individuals with extraordinarily high face recognition memory)
(Russell et al., 2009), while the first three phases are more sensitive to detecting basic performance
and potential deficits within face perception abilities (Murray & Bate, 2020). For the current study,
we limited the analyses to the standard form of the CFMT (levels 1-3).

For the last time-point (September 2021) and for the control experiments, we included a
questionnaire that measured the Experience with Masked Faces (EMF) (Table 2). The
questionnaire includes 4 scales: 1) level of experience that each participant had with masked faces
(“Experience” scale — items 1, 2,7,8), 2) extent to which regulations about mask wearing were
enforced in the participant’s country of residence (“Regulation” scale — items 3,4), 3) subjective
difficulty in recognizing masked faces (“Subjective” scale — items 5,6), And 4) continuous
evaluation of experience with masked faces (item 9).

Table 2: Experience with Masked Faces Questionnaire (List of items)

Please rate the degree to which you agree or disagree with the following eight statements: 1 (strongly
disagree) to 7 (strongly agree)

I have a lot of experience in encountering people who wear masks

I spend a lot of time in public places where mask wearing is common
Mask wearing is strongly enforced in my country of residence

Most people follow mask mandates in my country

AWN R
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5. I have difficulties recognizing familiar people (i.e., family members, colleagues, friends) when they are
wearing masks

When people wear masks, | have difficulties in deciding whether they are familiar to me or not

Most people who | encounter everyday are wearing masks

In my daily life, | need to recognize a lot of people who wear masks

What is the proportion of people you know who you encounter wearing a mask (0%-100%)?

© % N O

We also asked participants to indicate whether they work from home, remotely, or are unemployed.
However, upon analyzing the data, we noted that this question was confounded with the
participant’s age (remote workers were generally older than the other groups). Thus, we did not
use this measure in any additional analyses.

Lastly, in October 2021, also collected data using a different paradigm in which external
face cues were available. In particular, we used the short version of the Glasgow Face Matching
Test (GFMT) (Burton et al., 2010). In this task, participants are shown 40 pairs of faces,
photographed in full-face view but with different cameras, and are asked to make same/

different judgments. Masks were graphically added to all faces.

Procedure

For the main experiment, participants were randomly assigned to one of two groups. The first
group completed the original CFMT (faces without masks), while the second group completed a
modified version of the CFMT in which an identical face mask was added to all faces (Figure 1).
To explore the processing style of faces with and without masks, each participant completed the
test twice, once with upright faces and once with inverted faces. Block order (upright or inverted)
was counterbalanced between participants. Due to a technical error, for the September 2020 testing
point, only one order was employed (upright faces followed by inverted faces). Accuracy scores
(0-72) for upright and inverted faces were computed and served as the main dependent variable.

We also analyzed reaction times (RTs) for correct trials. For the control experiments, participants

11



completed the masked and non-masked versions of the CFMT (only the upright version) or the
masked version of the GFMT. Statistical analyses were conducted using JASP (JASP team, 2020)

and in-house codes written in Python.

Results

We explored the extent to which persistent exposure to masked faces facilitated recognition
abilities of these faces. To this end, participants completed the CFMT (Duchaine & Nakayama,
2006) with upright and inverted faces (within-subjects) while the faces were either masked or non-
masked (between-subjects) across five different time-points (between-subjects) over a period of
16 months, during which face mask wearing became prevalent on a daily basis because of the
COVID-19 pandemic.

Figure 3A shows the group averages across conditions on the standard CFMT for each of
the five time points. The results show a persistent deficit in face recognition abilities for masked
faces. In addition, for all time points, the face inversion effect was reduced for masked faces,
pointing to a qualitative difference in the processing of these faces, which was again persistent
over time.

To statistically validate these results, we first employed ANOVA with time points,
orientation, gender, and face type (masked/non-masked). Note that for this analysis, we included
only four time points, as we do not have data for the non-masked faces condition for September
2020. The ANOVA demonstrated main effects of group [non-masked better than masked;
Fa,1310=174, p<.001, n? , = 0.12], orientation [upright > inverted; F1,1310=2307, p<.001, n? , =
0.64], and gender [females > males; F1,1310=48.2, p<.001, n?> , = 0.03]. An interaction was found

between orientation and group, with a reduced inversion effect for masked faces [F1,1310=202,
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p<.001, n? , = 0.13] that was consistent across time points [three-way interaction: F <1]. The
reduced inversion effect could not be easily accounted for by a floor effect for the inverted masked
faces, as the average CFMT score was well above chance level (33%) even for these faces.
Importantly, we did not find an effect of time point [F3,1310=2.513, p=.057, n? , = 0.006] nor an
interaction between time point and group [F3,1310=1.561, p=.197, n?> p = 0.004]. Similar results
were observed when participants’ age served as a covariate. These results provide evidence for a
persistent decrement in face perception abilities across time points, accompanied by a qualitative
change in the processing of the masked faces.

Next, to further evaluate the consistency of recognition performance of masked faces
across time points, we focused our analysis specifically on the upright masked faces condition. We
conducted a Bayesian ANOV A with time point (five levels) on the accuracy scores. In contrast to
Null Hypothesis Significance Testing, a Bayesian ANOVA can also provide evidence in favor of
the null hypothesis (Wagenmakers et al., 2018). Accordingly, the Bayesian ANOVA decisively
supported the null hypothesis (i.e., no difference between the five time points) [BF1o =0.022], such
that the null hypothesis was 166 times more likely than the H1 hypothesis. Similar results were
observed when the Bayesian ANOVA was employed on the masked inverted faces [BFi10=.008].
It worth mentioning that even numerically, the CFMT score for masked faces was lowest for the
last collected datapoints (May and September 2021).

Finally, given the naturalistic nature of our sampling methods, some demographic
differences were observed across the different samples. To validate that our results could not be
accounted by these differences, we conducted an additional, matched analysis of the data. In
particular, we matched participants across the different time points based on their country of

residence, gender, and age (+5 years). The new matched sample consists of 41 participants per
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time point (only for the masked condition). We were able to replicate the findings reported above
— that is, consistent performance for masked faces with no improvement over time [Upright:
BF10=0.062; Inverted: BF10=0.064].

It is notable that the large sample size allowed us to compare not only the means but also
the distribution of results across individuals at each of the time points. We focused this analysis
on the upright orientation separately for masked and non-masked faces. As presented in Figure
3B, we did not observe any significant changes in the distribution of the results across time points
for both the masked and the non-masked conditions. Two-sample Kolmogorov—Smirnov tests
were employed across possible combinations for the masked and non-masked conditions, and
confirmed that the distributions were not different from each other at the different time points [Ds<
0.2, p>.2]. Together, the analyses of the accuracy scores provide robust evidence against changes

in the processing style or processing efficiency of masked faces following extended exposure.
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Figure 3: Accuracy results across time points. (A) Results of the standard CFMT experiment for
non-masked and masked faces. For all time points, performance was significantly impaired for
masked compared to non-masked faces. An inversion effect was found for both face types, but it
was significantly smaller for masked faces. The results are similar across the different time points.
Note that in September 2020, data was collected only for the masked faces. Error bars represent
the standard error of the mean. The red horizontal line shows the chance level score. (B)
Distribution of the CFMT results across the different time points, separately for upright masked
and non-masked faces. Similar distributions were observed across the different time points. The
results show that extended exposure to masked faces did not alter their recognition.
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Reaction times (RT) are not commonly analyzed for the CFMT. However, we chose to
analyze the RTs to provide an additional measure for face perception abilities and to account for
possible speed-accuracy trade-off effects. As shown in Figure 4, the RT results mainly mirrored
the effects observed for the accuracy scores. In particular, the ANOVA demonstrated main effects
of orientation [upright faster than inverted; F(1,1310=77.8, p<.001, n? , = 0.056] and gender [females
faster than males; F(1,1310=7.552, p<.05, n? p = 0.006]. The interaction between orientation and
group was also significant, with a reduced inversion effect for masked faces [F(,1310=30.27,
p<.001, n? , = 0.02] despite the lack of a main effect for group [F(i,1310) < 1]. There was a weak
main effect for time-point, with longer reaction times for the last time point (September 2021)
[Fi,1310=5.01, p<.01, n? p = 0.01]. Importantly, there was no interaction between time point and
group (mask status) [F(1,13100 < 1] on reaction times, suggesting that the mask effect remained
constant across time points. Finally, a Bayesian ANOVA on the RT for upright faces did not
provide evidence for neither the null hypothesis nor the H1 hypothesis [BFio = .89]. Notably,
however, the RTs for the last sample were in fact longer than any other time point, refuting the
notion that participants became more efficient in the processing of masked faces. Thus, the RT
results support the conclusion that time and experience with masked faces did not change or

improve the face mask effect.
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Figure 4: RT results across time points. (A) Results of the standard CFMT experiment for non-
masked and masked faces. Across all time points, performance was significantly impaired for
masked compared to non-masked faces. An inversion effect was found for both face types, but it
was significantly smaller for masked faces. The results are similar across the different time-points.
Note that in September 2020, data were collected only for the masked faces. Error bars represent
the standard error of the mean.

Individual differences with masked faces

So far, we demonstrated that the mask effect was consistent across time-points. However, it is
difficult to draw strong conclusions about the absence of perceptual learning without knowing
the characteristics of the perceptual experiences of the target populations. Specifically, as the
pandemic continued, some people (e.g., health workers) had progressively gained greater
experience with masked faces, while others (e.g., students who learned from home) did not gain

the same amount of experience. Thus, it is plausible that we were unable to identify significant

changes in the mask effect because only a sub-group of our participants showed this type of
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improvement. Although this conclusion is not supported by the averaged data, which should still
show a directional shift toward better performance with masked faces over time, we decided to
further address this concern using an additional set of experiments and analyses aimed at testing

the possible role of individual differences in exposure to masked faces.

The “Experience with Masked Faces” (EMF) Questionnaire

First, we reached out to participants who completed the experiment in September 2021 and asked
them to fill out the EMF questionnaire to evaluate their experience with masked faces (see
Methods). 200 (out of 236) participants completed the questionnaire. The following analysis was
conducted only on the participants who completed the “mask” condition (N=110), but similar
results were obtained when both groups were included.

We found a robust correlation between the Experience scale (items 1,2,7,8) and the
continuous evaluation of experience with masked faces (item 9) [r=.64, p <.001], between the
Experience and Regulation scales [r=.54, p <.001], and between the Regulation scale and
continuous evaluation of experience with masked faces [r=.62, p <.001]. As expected, we also
found strong correlations between performance with upright and inverted faces for both accuracy
and RT. Importantly, we did not find any correlations between face perception abilities and
experience with masked faces. This was true for accuracy scores and RT for both upright and
inverted faces [all ps >.1] (Figure 5A).

These results indicate that the amount of reported experience with masked faces is not
correlated with performance. Thus, the lack of improvement in recognition of masked faces is

unlikely to reflect a reduced amount of experience with these faces.
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A.

Upright Inverted RT upright RT inverted Experience Regulati Subjecti % of Masked Faces
Upright
Inverted 0.47*
RT upright -0.07 0.01
RT inverted -0.16 -0.11 0.36*
Experience 0.02 0.07 0.07 0.09
Regulations 0.04 0.06 0.09 0.14 0.57*
Subjective 0.02 -0.03 -0.05 0.04 0.00 0.06
% of Masked Faces  0.10  -0.01 0.06 0.13 066 0660  -0.01
B.
Mask Effect Mask Effect RT Experience Regulations Subjective % of Masked Faces
Mask Effect
Mask Effect RT -0.00
Experience -0.03 0.02
Regulations 0.10 0.03 0.41*
Subjective -0.07 -0.09 0.02 0.09
% of Masked Faces -0.08 -0.04 0.64* 0.46* 0.03
C' d' RT Experience Regulations Subjective % of Masked Faces
d'
*
RT 0.22
Experience -0.06 0.06
* *
Regulations -0.01 0.20 0.51
Subjective -0.06 -0.01 -0.01 0.04
% of Masked Faces -0.04 0.16 0.65 054 -0.02

Figure 5: Correlations between face perception measurements and the EMF scales. (A)
September 2021 time-point — upright and inverted masked faces. (B) CFMT — masked and non-
masked were included as a within-subject variable, and a mask effect was calculated for
accuracy and RTs. (C) GFMT (short version) for masked faces. d’ (sensitivity) and RT were
calculated. Across the different experiments, high correlations were found between the
Experience scale, the Regulation scale and the % of masked faces question, reflecting the
reliability of these items. No correlations were found with face perception measurements,
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suggesting that the amount of experience with masked faces is not correlated with individual
differences in masked face recognition. Significant correlations (p < .05) are denoted by
asterisks.

CFMT — within-subject design

The results of the previous analysis showed that there were no correlations between the CFMT
scores and the amount of reported experience with masked faces. This was true for participants
who completed the masked version of the CFMT and for those who completed the non-masked
version of the CFMT. Nevertheless, because we used a between-subject design, we could not
directly examine whether the mask effect was modulated by the amount of experience with
masked faces. Thus, we recruited a new group of participants who completed the CFMT (upright
version) twice — with masked and non-masked faces - as well as the EMF questionnaire.

A repeated-measures ANOVA with mask status as a within-subject variable revealed a
robust main effect [F(1,299=499, p<.001, n* , = 0.626 ], with greater accuracy for non-masked
faces [CFMT non-masked: 54.4; CFMT masked: 44.81; Mask effect = ~18%]. RT analysis
corroborated this finding with longer RTs for masked faces [F(1,209=19.2, p<.001, n? , = 0.06;
CFMT non-masked: 3631ms ; CFMT masked: 4539ms].

Next, we examined the relationship between the mask effect (in terms of accuracy and
RT) and the scores obtained from the EMF questionnaire (Figure 5B). As expected, we found a
robust correlation between the Experience scale (items 1,2,7,8) and the continuous evaluation of
experience with masked faces (item 9) [r=.64, p <.001]. We also found strong correlations
between the Experience and Regulation (items 3,4) scales [r=.41, p <.001] and between the
Regulation scale and continuous evaluation of experience with masked faces [r=.46, p <.001].
Importantly, we did not find any correlations between the mask effect (either in terms of

accuracy or RT) and experience with masked faces [all ps >.1].
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Finally, we collected information about the occupational profile of our participants. We
then focused our analysis on occupations that are more likely to have an increased amount
(health and retail workers, n=46) or reduced amount of masked face experiences (students and
unemployed, n=124). First, as excepted, we found that health and retail workers had more
experience with masked faces [Experience scale: F(3,166=8.33, p<.001,1?>,=0.13 ; % of
Masked Faces scale: F3,166=8.54, p<.001, n?> , = 0.13]. Critically, an additional ANOVA with
workplace and mask status showed a robust main effect for mask status [F1,166)=22.3, p<.001, n?
p = 0.119], but no main effect for workplace [F < 1] nor an interaction between these factors [F <
1], suggesting that the mask effect was not modulated by the participants’ occupational profile.

Together, the results of the within-subject experiment reinforce the notion that the lack of
improvement across time-points does not reflect individual differences in the amount of exposure

to masked faces, but rather the relatively rigid nature of matured face processing mechanisms.

Glasgow Face Match Test (GFMT) - masked faces

Last, we collected data from an additional established test — the GFMT (Burton et al., 2010). In
the short GFMT, participants are shown 40 pairs of faces, photographed in full-face view but
with different cameras, and are asked to make same/ different judgments. One advantage of the
GFMT over the CFMT is that external face cues (e.g., hair) that might assist in identification of
masked faces are not removed. Previous research has already demonstrated the existence of the
mask effect for this task (Carragher & Hancock, 2020), but it is still unclear whether experience
with masked faces is correlated with performance.

To test the possible role of experience, we examined the relationship between face

perception performance (d’ and RT) and the scores obtained from the EMF questionnaire (Figure
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5C). Similar to the results observed for the CFMT (see above), we found a robust correlation
between the Experience scale (items 1,2,7,8) and the continuous evaluation of experience with
masked faces (item 9) [r=.65, p <.001], between the Experience and Regulation scales [r=.51, p
<.001] and between the Regulation scale and continuous evaluation of experience with masked
faces [r=.54, p <.001]. Importantly, once again, we did not find any correlations between face
perception abilities and experience with masked faces [all ps >.1]. There were weak, yet
significant correlations between RT and the Regulation scale [r =.2] as well as for RT and
continuous evaluation of experience with masked faces [r=.16], such that particpants who
reported greater experince with masked faces had slower reaction times. Note that a reversed

pattern is predicted if greater exposure to masked faces improves processing efficency.

Discussion

Face masks were an important tool in the effort to minimize COVID-19 virus transmission (Cheng
et al., 2020). Accordingly, the years of 2020-2021 provided an unprecedented opportunity to
examine the effects of prolonged and frequent exposure to occluded faces on recognition abilities.
Here, we have documented persistent quantitative and qualitative alterations in face processing
abilities for masked vs. non-masked faces, with no evidence of changes in the processing of
masked faces over time. We found that the CFMT scores for upright faces decreased by ~15%
when masks were added to the faces. This reduction remained statistically constant across a 16-
month period, as verified by a Bayesian analysis. This finding suggests that the matured face
processing system did not benefit from the prolonged exposure to masked faces. Additional
experiments and analyses showed that the consistent decrement in face processing of masked faces

was evident even when individual difference in exposure to these faces were considered.
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Another key finding is the consistent and robust reduction of the face inversion effect for
masked faces across all time points. In particular, the inversion effect was roughly 43% smaller
for masked faces. This modulation of the inversion effect was evident not only in terms of
accuracy, but also in terms of reaction time. The inversion effect is suggested to reflect a failure to
extract the configural relationships between face parts (Farah et al., 1995; Freire et al., 2000).
Hence, the smaller inversion effect for masked faces may be taken as evidence that holistic
processing is largely reduced (though not entirely abolished). This qualitative change in the
processing of masked faces was consistent across time points, providing additional evidence for

the relative rigidity of the matured face processing system.

Rigidity of the matured face perception system
Face perception rapidly develops in infancy but is then subject to a prolonged developmental
trajectory (Pascalis et al., 2011, 2020). In early childhood, face processing is shaped by experience
with other faces (Bate et al., 2020). One of the best examples of this malleability comes from the
ORE, which is evident early in life (Kelly et al., 2009) but could be reversed or disappear if a child
is regularly exposed to other-race faces (De Heering et al., 2010; Sangrigoli et al., 2005). This
plasticity might reflect a more general property of the developing visual system and has been found
even in clinical populations with extensive brain injuries (Liu et al., 2019; Mundinano et al., 2019).
In contrast, in adulthood, face processing mechanisms are already in place and are less
likely to be affected by experience (Pascalis et al., 2020; White, Kemp, Jenkins, Matheson, et al.,
2014; Yovel et al., 2012). Here, we show that even extensive, daily, naturalistic encounters with

masked faces do not facilitate the recognition of these faces. This finding provides support for the
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idea that the face processing system becomes relatively rigid in adulthood and is therefore unlikely
to be tuned by specific experiences.

Notably, however, several attempts to improve face perception in adulthood have been
moderately successful, even among clinical population (DeGutis et al., 2014). The common aspect
of these attempts was the inclusion of an individuation task (McGugin et al., 2011; Yovel et al.,
2012) and ongoing feedback (White, Kemp, Jenkins, & Burton, 2014). Those two elements are not
consistently provided in our everyday experience with masked faces, as it is often the case that
masked faces (in the grocery store, on public transportation, etc.) are not identified, and observers
do not receive feedback. Given the importance of these elements to improvement in face
perception abilities in adulthood, future studies should examine whether a training program that
includes consistent feedback and an individuation process could reduce the observed mask effect.
It would also be interesting to examine whether such improvements will be accompanied by an

increased inversion effect.

Limitations

The current investigation is timely and unique and benefits from the large sample size. However,
there are still important limitations that should be acknowledged and addressed in future studies.
First, while the CFMT is a reliable test that has been used extensively over the last two decades
(Bobak et al., 2016; Russell et al., 2009), the faces included in this test are all Caucasian males.
Given the gender effect observed in our data, as well as by other groups (Bobak et al., 2016), it is
important to examine the reported effects using other, more diverse tests (Scherf et al., 2017).
Another concern regards the ecological validity of the CFMT. Specifically, external face cues,

which are important for real-life face recognition, are not available in this test. This concern might
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even be more detrimental in the case of masked faces. However, it is important to note that
previous studies reported on correlations between CFMT scores and subjective reports of face
recognition abilities (Shah et al., 2015), between the CFMT and other measurements of face
processing abilities (DeGutis et al., 2013; Russell et al., 2009), and, most importantly, between
CFMT scores and naturalistic assessments of face perception abilities (Balas & Saville, 2017). It
is also worth noting that previous studies demonstrated the existence of the mask effect for other
test and image sets such that GFMT (Carragher & Hancock, 2020 and also see the control
experiment described above) and the KDEF (Marini et al., 2021) in which external face cues are
preserved. The concern regarding the ecological validity could also be extended to the fact that
across the experiments, faces did not include other cues that might facilitate person recognition
such as motion, voice and body-shape. Importantly, however, it is established that faces have a
superior role in person recognition even when other cues are available (Hahn et al., 2016). This
conclusion is also demonstrated in cases prosopagnosia, which is experienced in daily life even
when all cues are available.

Another limitation of the current image set (as well as other image sets utilized by previous
studies) is that the masks were added in an artificial manner to existing pictures. This might lead
to an omission of face shape cues that are normally available and plausibly critical in recognizing
masked faces in naturalistic settings. While we cannot rule out the detrimental effect of the
artificial mask on face perception, a recent study by Marini and colleagues (2021) demonstrated
the existence of a mask effect even for transparent masks that reveal important cues from the lower
part of the face. Hence, it is unlikely to assume that the mask effect observed here, and, in
particular, the lack of improvement in face perception for masked faces, could be attributed solely

to the nature of the stimuli.
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Finally, we adopted a cross-sectional approach that, in contrast to a longitudinal approach,
does not allow us to examine within-subject changes. Nevertheless, the cross-sectional approach
has several important advantages. First, we were able to recruit a large group of participants with
no attrition. Second, and, most important, each participant completed the experiment only once,
and therefore there was no risk of priming effects that reflect experience with the CFMT and/or

the stimulus set.

Conclusion

The current study provides evidence for a persistent deficit in recognizing masked faces, despite
extensive, naturalistic exposure to these faces. Deficient performance in recognizing masked faces,
along with the qualitative difference in processing those faces, may have long-term implications
for daily activities, especially social interactions. In addition, continuous exposure to masked faces
could also lead to long-lasting effects in other domains, such as processing of facial emotion and
to a prolonged feeling of anxiety and alienation in a world heavily occupied by masked people
(Calbi et al., 2021). The current study also provides important insights into the limited malleability
of the matured face processing system and can, therefore, inform future efforts to enhance or

recover visual abilities in adulthood.
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