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The COVID‑19 pandemic masks
the way people perceive faces
Erez Freud1*, Andreja Stajduhar1, R. Shayna Rosenbaum1,2, Galia Avidan3,4 & Tzvi Ganel3
The unprecedented efforts to minimize the effects of the COVID-19 pandemic introduce a new
arena for human face recognition in which faces are partially occluded with masks. Here, we tested
the extent to which face masks change the way faces are perceived. To this end, we evaluated face
processing abilities for masked and unmasked faces in a large online sample of adult observers
(n = 496) using an adapted version of the Cambridge Face Memory Test, a validated measure of face
perception abilities in humans. As expected, a substantial decrease in performance was found for
masked faces. Importantly, the inclusion of masks also led to a qualitative change in the way masked
faces are perceived. In particular, holistic processing, the hallmark of face perception, was disrupted
for faces with masks, as suggested by a reduced inversion effect. Similar changes were found whether
masks were included during the study or the test phases of the experiment. Together, we provide
novel evidence for quantitative and qualitative alterations in the processing of masked faces that
could have significant effects on daily activities and social interactions.
Faces are among the most informative and significant visual stimuli in human perception. Brief presentation
of a person’s face readily exposes their identity, gender, emotion, age, and race1. The unprecedented efforts to
minimize the effects of the novel coronavirus include a recommendation (and in most countries, a requirement)
to wear face masks in public to reduce virus t ransmission2,3. Around the globe, mask-wearing is being introduced
as a new requirement as governments ease restrictions to reopen the economy. This new constraint introduces a
whole new arena for face recognition in which typical and commonly encountered faces are partially occluded.
Given the importance of intact face processing to everyday life and to social interactions, it is imperative to
characterize how wearing masks might hamper these abilities.
A reduction in recognition of masked faces is predicted by previous research. In one such study, a small
sample of human participants were found to be impaired in recognition of masked f aces4. In a separate study,
recognition accuracy was similarly reduced when different features (eyes, mouth, nose) of the face were systemically removed5. Other studies showed that the recognition of facial expressions is modulated if the lower part
of the face is occluded by a scarf or ethnic related h
 eaddresses6. More recently, it was found that surgical masks
impair face perception of familiar and unfamiliar f aces7. These findings are also consistent with experiments in
which Gaussian masks (i.e., bubbles) were parametrically added to face images, revealing that the mouth and
eye regions are among the most important sources of information that support face identification8. Together,
these previous studies suggest that the occlusion of specific face features can impair face recognition abilities.
However, the extent of this impairment and the perceptual-cognitive mechanism that mediates it remain unclear.
The current study aims to address these outstanding questions.
Normal face perception is characterized by a unique processing style that emphasizes holistic aspects of the
face rather than its specific features9,10. Maurer and colleagues10 distinguish between three types of configural
processes that contribute to face perception: 1. detecting the first-order relations that define faces (i.e., two eyes
above a nose and mouth), 2. integrating the features into a coherent gestalt, and 3. processing second-order relations between features. Face masks conceal the lower part of the face, including the mouth and nose area. This
information is critical for processing the face as a whole, and, therefore, it is expected that at least some aspects
of holistic processing would be disrupted by a mask covering part of a face.
Previous research demonstrated a relationship between holistic processing and face perception performance.
For example, face recognition accuracy was found to be correlated with the extent to which observers process
the faces holistically11. Neuropsychological investigations have shown that alterations of holistic processing
are associated with deficits in face perception abilities. For example, disruption in holistic processing has been
observed in individuals with a cquired12–14 and congenital15,16 prosopagnosia, further emphasizing the significance
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of this form of processing to face perception. The importance of holistic processing has also been demonstrated
in observers with normal face perception abilities. Indeed, previous research documented a robust deficit in the
perception of inverted vs. upright faces17 that is termed the face inversion effect (FIE). The FIE is disproportionately larger for faces compared with other visual categories and is often considered as a signature of disrupted
holistic processing of faces17–19. Notably, it was demonstrated that the lower part of the face (mouth region) has
a disproportional contribution to holistic processing compared with the upper part (eye region), such that the
inversion manipulation impairs recognition of the mouth much more than the e yes20.
The COVID-19 outbreak has led to widespread adoption of face masks as a primary line of protection. Given
that previous research has already shown that occlusion of face parts hinders face perception a bilities4 and can
also reduce holistic processing21, we predict that face masks will disrupt face perception abilities and change the
way faces are processed. To directly test these predictions, we used the Cambridge Face Memory Test (CFMT)22,23,
which is a widely used and established test of face recognition abilities. Specifically, we created an identical version
of this task in which faces were masked, and examined performance differences across these two versions. To
test whether any reduction in face perception is accompanied by a qualitative change in holistic face perception,
we also constructed upright and inverted versions of the test phase. The study was conducted online in a large
sample (nearly 500 participants across two experiments) and provides a comprehensive, novel account of face
recognition abilities with and without masks.

Methods

Participants. Two hundred and ninety-three participants (151 females) with a mean age of 25.5 years
(SD = 7.4, range 18–57) were recruited online (https://www.prolific.co/) during the period of May–June 2020
(2–3 months after mask wearing became common). Participants were compensated for their time (~ $6 CAD for
30 min). This sample size was chosen to ensure robust statistical power and is consistent with previous large-scale
studies24. All experiments were performed according to relevant guidelines and regulations of the ethics review
board at York University. All participants provided informed consent. Data and analysis code for all experiments
are available on the Open Source Framework (osf.io/yj38h) under CC-By Attribution 4.0 International license.
Materials. The extended version of the CFMT22,23 was used to assess face perception abilities. The stand-

ard CFMT includes three phases (total of 72 trials) with an increasing level 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 additional 30 trials with an even higher level of difficulty in which novel images varying in pose, emotional expression, and the amount of information available
are presented. This latter part is typically used to identify super-recognizers (individuals with an extraordinarily
high face recognition memory)23, while the first two phases are more sensitive to detecting basic performance
and potential deficits within face perception abilities25,26. For the current study, we limited most analyses to the
standard form of the CFMT (level 1–3), but also include an analysis of the entire CFMT test divided into different levels of difficulty.

Procedure. 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 (Fig. 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 faces22.
Block order (upright or inverted) was counterbalanced between participants. Accuracy scores (0–72) for upright
and inverted faces were computed and served as the dependent variable. Statistical analyses were conducted
using in-house code written in Python and JASP27.
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Figure 1.  Examples of faces with and without masks similar to the ones used in the experiment. Faces are
reproduced with premission from the Chicago Face D
 atabase44.

Results

We explored the extent to which face masks led to reduction in face recognition abilities. To this end, participants
completed the CFMT with upright and inverted faces (a manipulated within-subjects design) while the faces were
either masked or non-masked (manipulated between-subjects). We also included gender as a between-subject
variable, as previous research documented an advantage in face recognition abilities in female p
 articipants24.
Figure 2A shows the group averages across conditions on the standard CFMT. The results show a robust
alteration in face recognition abilities when masks are added to faces. In particular, there was a major decrease
in performance (about 15%) for masked compared to non-masked faces.
A repeated-measures ANOVA with mask type (mask, no-mask) and orientation (upright, inverted) was conducted. We found a main effect of mask [ F(1,289) = 46.68, p < 0.001, ηp2 = 0.13]. The mask effect was accompanied
by a strong inversion effect [ F(1,289) = 629.5, p < 0.001, ηp2 = 0.685] reflecting the well-documented advantage for
upright faces. Importantly, these main effects were qualified by a two-way interaction between face orientation
and group [F(1,289) = 59.22, p < 0.001, ηp2 = 0.17] (see Supplementary Materials for a full statistical report).
Planned comparisons showed that the inversion effect was evident for both non-masked [mean FIE: 14.2
points; F(1,289) = 499, p < 0.001] and masked faces [mean FIE: 7.57 points; F(1,289) = 163, p < 0.001], but it was significantly smaller for the latter, pointing to a qualitative difference in the processing style of masked faces. The
inclusion of a mask led to a significant decrease in holistic processing and, in turn, to a more local, feature-based
processing style. Importantly, this effect could not be attributed to a floor-performance effect, as performance
for the inverted masked faces (36 ± 6) was well above chance level (24).
Consistent with previous research24,28, a main effect of gender was found in face recognition abilities, with
females performing better than males [F(1,289) = 32.51, p < 0.001, ηp2 = 0.1]. This advantage was found across all
mask conditions [F < 1, Fig. 2C].
Finally, as the CFMT is composed of phases encompassing different difficulty levels, we analyzed whether the
effect of masks was mediated by difficulty level (Fig. 2D). Notably, for this analysis we also included the fourth,
most difficult level that is typically used to identify individuals with superior face recognition abilities23. Because
each level has a different number of items, we used percent accuracy (rather than absolute CFMT score) as the
dependent variable for this analysis. The repeated-measures ANOVA showed a robust effect of group (mask vs.
no-mask) [F(1,291) = 32.51, p < 0.001, ηp2 = 0.1] that was mitigated by a three-way interaction between group, orientation and difficulty level [F(1,291) = 12.3, p < 0.001, ηp2 = 0.04] (for the full statistical analysis, see Supplementary
Materials). Notably, planned comparisons showed a performance advantage for non-masked faces across all
levels of difficulty [Fs > 13, p < 0.001] excluding the last level [F(1,291) = 2.05, p = 0.15]. The decrease in the effect
at the most difficult level (level 4) might reflect a floor effect, as the average score (for masked and non-masked
faces) approached chance level (33%). These results emphasize the finding that face masks impair face perception
abilities across all levels of difficulty, even in the easiest condition in which only one facial identity is presented
throughout the learning phase.
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Figure 2.  Results of Experiment 1: (A) Results of the CFMT experiment for non-masked and masked and
faces. The dashed black horizontal line represents chance level (also in panel D). Performance was significantly
impaired for masked faces. An inversion effect was found for masked and for non-masked faces, but it was
significantly reduced for masked faces. For all figures, error bars represent the 95% confidence interval for the
main effect of group (mask/no mask). (B) Distribution of CFMT results across the different conditions. (C)
Distribution of the CFMT results across the different conditions separately for female and male participants.
Females performed better than males across all conditions. (D) Analysis of the separate phases of the CFMT. An
advantage for non-masked faces was found across all levels, including level 4, in which overall performance was
close to chance level. The green dashed horizontal line represents the maximal score.

Experiment 2

The results of Experiment 1 show a robust decrease in face recognition abilities for masked faces compared to
non-masked faces. Additionally, we found evidence for a qualitative change in the way masked faces are processed, with reduced holistic processing of masked faces.
The CFMT task is composed of a learning phase and a test (recognition) phase. Notably, previous research,
using various other paradigms, found that these two phases differ in their processing characteristics, for example,
as evident in different eye movement patterns29,30. Hence, an outstanding question is whether the reduction in
face recognition performance for masked faces could be attributed to the study phase, the test phase, or to both.
To this end, in Experiment 2, participants completed the CFMT test but were now exposed to masked faces only
at study or at test.

Methods

Participants. A new group of 203 participants (mask at study: 102 participants, mask at test: 101 participants; 103 females) with a mean age of 27 years (SD = 9.49, range 18–70) were recruited online (https://www.
prolific.co/). Participants were compensated for their time (~ 6$ for 30 min).
Materials and procedure. The materials and procedure were similar to those used in Experiment 1, except
for the following changes. During the CFMT task, masked faces were included only during the study phase
(mask-at-study) or alternatively during the test phase (mask-at-test). The “study phase” includes only the familiarization images (for each of the CFMT phases). Following completion of the CFMT experiment with upright
and inverted faces (counterbalanced order), all participants completed the PI20, a 20-item questionnaire for
assessing congenital prosopagnosia symptoms based on self-report31. Difficulties with face processing are scored
on a Likert scale ranging between 1 and 5, with lower scores reflecting better perceived face recognition ability. We also added 3 new questions pertaining to the perception of masked faces (extended PI20). These items
were: (1) “My face recognition ability is worse when people wear masks,” (2) “When people wear masks, I often
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Figure 3.  Results of Experiment 2: (A) Results of the CFMT experiment when faces were masked only during
the test phase or the study phase. The results are similar to those obtained from the group in which faces were
masked during both study and test phases. (B) Correlation between self-reported face perception abilities
(extended PI20) and the CFMT results for upright and inverted faces.
mistake people I have met before for strangers,” and (3) “When people wear masks, without hearing their voices,
I struggle to recognize them”.

Results

To explore whether the effect of face masks on face recognition depends on the phase in which they are presented,
participants completed the CFMT when faces were masked only during the study or the test phase. The results
(Fig. 3A) were similar to those obtained in Experiment 1.
An ANOVA with group (mask, no-mask, mask at study, mask at test), gender, and face orientation revealed
a robust inversion effect [ F(1,488) = 692, p < 0.001, ηp2 = 0.58] as well as a main effect of group [ F(1,488) = 22.29,
p < 0.001, ηp2 = 0.12]. Critically, planned comparisons showed that mask covering during either the test phase
[F(1,488) = 33.57, p < 0.001] or study phase [ F(1,488) = 37.65, p < 0.001] led to reduced CFMT scores compared with
the non-mask group. However, no differences were found between the other conditions. The inclusion of a face
mask led to similar impaired performance regardless of whether the mask was included in the test or study
phase [Fs < 1].
The two main effects were qualified by a two-way interaction [F(1,488) = 25 , p < 0.001 , ηp2 = 0.13], as the inversion effect was greater for the no-mask group compared with the other three groups [ F(1,488) = 75.41, p < 0.001].
The inversion effect was similar in magnitude for the three mask conditions [Fs < 1] (see Supplementary Materials
for description of full statistical levels of inversion). These findings suggest that the inclusion of a mask hampers
performance to a similar extent and leads to a similar decrease in holistic processing regardless of whether the
mask is included at study, at test, or in both experimental phases. We note that in accordance with the results of
Experiment 1, a main effect of gender was found [F(1,488) = 31.6 , p < 0.001 , ηp2 = 0.13], again pointing to superior
face perception abilities among females.
Finally, we correlated the CFMT scores with self-reported face processing abilities as indicated by the extended
20-item Prosopagnosia index (PI20 + 3 additional mask-related questions; see “Methods”). Because we did not
identify any differences between the two groups, we collapsed the correlational analysis across all participants
(Fig. 3B). The results showed a weak correlation between the upright CFMT score and the extended PI20 score
[r =  − 0.2, p < 0.005, CI − 0.33, − 0.07], (A similar result was obtained for the original PI-20 [upright: r =  − 0.21,
p < .005, CI − 0.34, − 0.08; inverted: r =  − 0.04, p = .52, CI − 0.18, 0.09) such that better CFMT scores were associated with a lower score on the extended PI20 (i.e., better self-reported face perception abilities). A similar
correlation was not found for inverted faces [r =  − 0.04, p = 0.52, CI  − 0.18, 0.09]. We note that previous studies
reported higher correlations between face perception abilities and the P
 I2031,32 (e.g., r =  − 0.68 n = 110 data from
32
; difference from the current reported correlation -Fisher r-to-z transformation—Z = 5.28, p < 0.001). However,
the inclusion of the masked faces in the present study might have led to such reduced correlation.

Discussion

Face masks are an important tool in the effort to minimize COVID-19 virus transmission and, as a result, are
increasingly prominent in everyday social interactions. Here, we evaluated the extent to which face masks lead
to a decrease in face perception abilities. We have documented quantitative and qualitative alterations in face
processing abilities for masked faces. In Experiment 1, we found that the face masks led to a robust decrease in
face processing abilities measured by the well-established CFMT. This quantitative reduction was accompanied
by a weaker inversion effect, suggesting that the processing of masked faces is less holistic.
Experiment 2 extended these findings in showing that including a face mask in only one of the CFMT phases
(i.e., either study or test) led to a similar deficit in face recognition abilities and to reduced holistic processing.
This finding corroborates the results from Experiment 1 and further suggests that the face masks can alter different aspects of the face recognition system. Together, these findings imply that face processing abilities are
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highly susceptible to the inclusion of masks. Below we discuss plausible mechanisms that could account for the
observed changes in masked face processing.

Reduced inversion effect for masked faces. A key finding in the current experiment is the reduction

of the face inversion effect for masked faces. In particular, for faces with no masks, we found a decrease of 14
points (26%) in the CFMT score for inverted faces, while a smaller inversion effect (7 points, 16%) was found for
masked faces. The inversion of a face makes it difficult to extract configural relationships between face parts17–19,
and, therefore, the twofold smaller inversion effect for masked faces can be taken as evidence that holistic processing is largely reduced (though not entirely abolished). Thus, the processing of masked faces relies more heavily on their available features rather than on configural or holistic information. Future research should utilize
other measurements of holistic processing such as the Garner interreference task33,34 to further characterize the
changes along the processing style of faces.
According to R
 ossion35, the inversion effect reflects a reduction in holistic processing and a sequential,
spatially restricted processing of face features. This view can account for the current results. In particular, the
upright masked faces are processed in a less holistic manner, resulting in reduced face perception abilities.
For the inverted masked faces, feature processing is spatially limited, and, therefore, the effect of the mask is
less evident, leading to a reduced face inversion effect. A similar alteration of face perception in general, and
of holistic processing in particular, has been found within a different context—namely, the other race effect36.
Michel et al.37 found a smaller face composite effect38 for other race faces compared with same race faces. This
effect was interpreted as evidence for reduced holistic processing of other race faces. Together, these findings
support the co-occurrence of a reduction in face perception abilities and a disruption of holistic face processing.

Individual differences in face perception. Previous research already alluded to the remarkable individ-

ual differences in face perception abilities even within the normal population. At the extremes (or outside) of the
normal range, there are individuals who are exceptionally good at face perception (i.e., super-recognizers)23,24
but also individuals with severe deficits in face perception (i.e., prosopagnosia)39,40.
Here we documented high variability in face perception abilities (see Figs. 2B, 3B) alongside a consistent
advantage for females across all conditions and in both experiments, consistent with previous r esults24,41 (faces
with and without masks; see Fig. 2C). We also replicated the relationship between self-reported face perception
abilities and face perception performance. Notably, this effect was weaker than previously reported31,32, but this
might be due to the use of masked faces to assess face perception abilities.
Recently it was reported that eye-movement patterns of faces also exhibit between-subject variability. In
particular, four idiosyncratic but consistent, natural eye-pattern clusters were discovered. Those eye-movement
patterns can be clustered based on the main focus of fixations on (1) the left eye, (2) the right eye, (3) the nasal
bridge, and (4) the nose and upper lip. However, these patterns of fixation did not predict face perception
abilities42. Given that masks occlude parts of the nose and the mouth, it is reasonable to assume that observers who exhibit preferential fixation to parts of the faces outside the region of the eyes in (3) and (4) would be
more adversely affected by masks. Given that the current data were collected online, we could not evaluate this
hypothesis. However, future research should examine this issue.

Conclusion

The current study provides novel evidence for quantitative and qualitative changes in the processing of masked
faces. These changes in performance, together with the alteration along the processing style of partially occluded
faces, could have significant effects on activities of daily living, including social interactions, as well as other
situations involving personal interactions such as education. Previous research already indicated that reduced
face perception abilities following age-related macular degeneration is accompanied by negative consequences
of social disengagement, a decrease in the level of social confidence, and a general decrease in quality of life43.
Given that wearing masks has rapidly become an important norm in countries around the globe, future research
should explore the social and psychological implications of this behavior.
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