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Lesson learned from the
COVID-19 pandemic: toddlers
learn earlier to read emotions
with face masks

Monica Gori!, Lucia Schiatti!, Monica Faggioni? and
Maria Bianca Amadeo™

Unit for Visually Impaired People (U-VIP), Istituto Italiano di Tecnologia, Genova, Italy, ?La rotonda dei
bambini, Scuola paritaria della coop. S.a.b.a., Genova, Italy

In a prior study we demonstrated that the presence of face masks impairs the
human capability of accurately inferring emotions conveyed through facial
expressions, at all ages. The degree of impairment posed by face covering was
notably more pronounced in children aged between three and five years old.
In the current study, we conducted the same test as a follow-up after one year
from the onset of the COVID-19 pandemic, when the requirement of wearing
face masks was holding in almost all circumstances of everyday life when
social interactions occur. The results indicate a noteworthy improvement in
recognizing facial expressions with face masks among children aged three to
five, compared to the pre-pandemic settings. These findings hold a significant
importance, suggesting that toddlers effectively mitigated the social challenges
associated with masks use: they overcame initial environmental limitations,
improving their capability to interpret facial expressions even in the absence of
visual cues from the lower part of the face.
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Introduction

A deep understanding of emotions is paramount to establish effective social interactions.
In particular, interpreting facial expressions plays a foundational role during the social
development of children, as they learn to engage with others (Denham et al., 2014). While the
processing of emotions is inherently present in infants, early childhood emerges as a pivotal
period for the development of emotional understanding and processing (Denham et al., 2003).
The trajectory of emotional development extends continuously from infancy to adulthood,
marked by ongoing changes as individuals navigate the expanding capacity and complexity of
their social environments (Herba and Phillips, 2004; Tonks et al., 2007; Barrett et al, 2019).

Previous research demonstrated that the immediate perception of others’ emotions often
relies on the observation of facial movements (Grundmann et al., 2021; Marini et al., 2021;
Pavlova and Sokolov, 2022). Between 2020 and 2022, the spread of the COVID-19 emergency
introduced a natural impediment to the processing of faces. The widespread use of face masks
forced people to read others’ faces without the visual cues we normally gather from the mouth
and the lower part of the face, affecting several circumstances of everyday life where social
interaction occurs (e.g., at school). As so, the COVID-19 pandemic represented a distinctive
opportunity to investigate how the ability to infer emotions from facial expressions evolves in
children and adults when both are forced to interact with individuals wearing face masks. A
captivating inquiry we delved into centered around how the ability to recognize facial expressions
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is impaired in toddlers, children and adults when a portion of the face is
). Our hypothesis,
substantiated by experimental data, posited that the recognition of

covered by surgical face masks (

emotions from facial expressions was influenced by the presence of
masks. To test such a hypothesis, we administered a forced choice verbal-
response test based on selecting an emotion’s label to describe static
pictures of human facial expressions, related to five specific emotions
(angry, sad, happy, fearful, and neutral). The test was modified to include
a condition where original stimuli showing facial expressions were
covered by surgical face masks (see ). We collected answers from
subjects of three different age groups: adults, children aged 6-8years old,
and toddlers aged 3-5years old. Our results demonstrated that the
impact of face masks on facial expressions recognition was stronger in
toddlers, whose developmental trajectory in deciphering emotions from
facial expressions was still ongoing, making them particularly susceptible
to the presence of face masks (see , top panel). On the other
hand, the decrease of performance in reading masked versus unmasked
emotions was similar in children and adults. In the last few years, several
studies investigated the effect of face masks on the recognition of facial
expressions and emotions’ inference on both adults and children
( ). Although not all consequences of wearing face
masks on perception, social cognition and communication are fully
understood, a consistent body of research showed that difficulties in
reading covered faces are cross-cultural, gender- and age-specific
( ), and they vary based on individual
differences and personality ( )- There is a general
agreement on the fact that face masks hamper facial affect recognition
( ), even without compromising the

capability of inferring basic emotions.

10.3389/fpsyg.2024.1386937

The COVID-19 pandemic also provided a chance to deepen into
the mechanisms of human learning and adaptation in case of limited
social interactions and prolonged changes in the availability of the
information we can gather from facial expressions. Attempts to assess
whether a learning and/or habituation process occurred in the
capability of inferring emotions from facial expressions wearing face
masks were already made. In particular, one study (

) compared emotional expressions’ recognition (angry, disgusted,
fearful, happy, sad, and neutral) from data collected on different
samples of adults in Germany, on May 2020 and July 2021 respectively,
and demonstrated no improvement in performance, both with and
without face masks. Anyhow, no data from children younger than
18 years old were collected, and among existing literature there is still
a lack of works on the effects of COVID-19 restrictions on
developmental processes. In accordance with our previous study (

), existing findings show that school-aged children are still
able to make inferences about emotions from masked faces, similarly
to adults ( ). On the other
hand, face masks significantly affect emotion recognition skills in
pre-school children, with masked angry faces more easily recognized
than other emotions ( ).
presented a state-of-the-art framework of behavioral studies
investigating face processing in early infancy (first 3years of life),
pointing out the importance of evaluating how face covering affects
face reading during early development and sensitive periods.

Recognizing the inherently adaptable nature of the brain,
especially in developmental stages ( ), here we explored
the effects of long-term exposure to masked faces on toddlers’
capability of recognizing emotion-related facial expressions from
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Examples of facial expressions with and without face masks for happiness, anger, sadness, and fear. Original face images were obtained with
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FIGURE 2
Impact of face masks on emotion recognition at the onset of the COVID-19 pandemic (top panel) and one year later (bottom panel). Top panel: results
readapted from previous paper (Gori et al,, 2021) investigating emotion recognition with face masks at the onset of the COVID-19 pandemic.
(A) Percentage of correct responses in emotion recognition from facial configurations without and with face masks in toddlers and adults.
(B) Percentage of impairment due to masks in toddlers and adults. Bottom panel: results about emotion recognition with face masks one year after the
onset of the COVID-19 pandemic. (C) Percentage of correct responses in emotion recognition from facial configurations without and with the masks
in toddlers and adults. (D) Percentage of impairment due to masks in toddlers and adults. Standard Error of the Mean (SEM) is reported. The stars
indicate a significant difference between the groups (p <0.001).

masked faces. Indeed, pre-school children presented the higher
impairment according to both existing literature and our previous
results. We conducted a follow-up study starting on March 2021, i.e.,
around one year later than our initial investigation, which took place
at the onset of the crisis (i.e., March 2020). During the initial study
(Gori et al., 2021), both children and adults were experiencing the
presence of face masks for the first time, requiring an effort to infer
emotions from facial expressions where the lower part of the face was
covered. This was particularly true for toddlers aged between three
and five years old. In this follow-up study, children and adults had
experienced face masks for about one year, making it a familiar
condition during interaction with other people. The comparison
between these two conditions allowed us to investigate the impact of
experience and exposure to face masks on toddlers’ capability to infer
emotions from partially occluded facial features. Our overarching
hypothesis posited that if the massive exposure to masked faces
prompted adaptation and learning over time, toddlers entering the

Frontiers in Psychology

3-5years old age range one year after the onset of the COVID-19
pandemic should exhibit an improved performance in facial
expressions’ recognition of masked faces, potentially approaching the
proficiency of adults, compared to toddlers who grew up in
pre-pandemic conditions.

Methods

To test our hypothesis, we replicated the experimental protocol
outlined in our previous study (Gori et al., 2021) one year after the
onset of the COVID-19 pandemic in Italy. Building upon prior
findings indicating a specific challenge in recognizing emotions from
facial expressions with face masks among toddlers aged 3 to 5years
old, we specifically targeted this age group. To ensure a sample of
participants precisely matching the age criteria, we recruited a new set
of 70 participants distinct from those involved in our previous study.
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The final sample included 40 toddlers (i.e., pre-school age) from 3 to
5years old (mean age: 4.3+0.7 years old), and 30 adults from 18 to
30years old (mean age: 41.7 + 11.4years old). All participants were
native Italian speakers. The study was approved by the local ethics
authority (Comitato Etico, ASL3 Genovese, Italy) and an informed
consent was obtained from the subjects or their parents before
participating to the test.

Data collection lasted approximately six months, starting in
March 2021, precisely one year after the first lockdown in Italy. During
the year following the onset of the COVID-19 pandemic, in Italy face
masks were mandatory for individuals aged above six in enclosed
spaces, as well as in open settings where physical distancing was
impractical. Kindergartens were closed in March 2020, and reopening
starting from September of the same year. Since then, they have
remained predominantly operational, with intermittent closures based
on the trajectory of the pandemic and localized outbreaks. The
kindergarten staff were required to wear face masks, while masks were
optional for children. The experimental design and procedure were
identical to our previous study (Gori et al., 2021; Amadeo et al., 2022;
Escelsior et al., 2022). To assess emotions” recognition from facial
expressions we used a standardized verbal-response test based on
selecting an emotion’s label (out of a forced-choice selection) to
describe static images of posed human facial expressions. Stimuli were
derived from the ER-40 color emotional stimuli database (Gur et al.,
2002; Pinkham et al., 2008) developed for the validated ER-40 test for
facial emotion recognition (Kohler et al., 2004; Carter et al., 2009).
We generated the masked condition by adding a realistic face mask on
original images (see Figure 1). The test was administered through an
internet-based questionnaire presented via smartphones. Participants
were required to label the emotion by choosing one out of five possible
options (happy, sad, fearful, angry, neutral) from images of adult facial
expressions with and without face masks. The task was structured in
sequential blocks, first showing a set of pictures of people wearing face
masks, followed by a block of mask-free images. For each block, four
instances of each emotion (happy, sad, fearful, angry and neutral) were
shown, resulting in 20 pictures of adult faces. The four non-neutral
emotions included two levels of intensity (mild and extreme).
Emotions were presented in a randomized order. Toddlers completed
the questionnaire either at home or at kindergarten, receiving
guidance from a caregiver or an experimenter. The reference person
read the question to the child, as well as the multiple-choice options,
while showing the current image, and then selected the child’s choice.
Despite we could not ensure complete control during test
administration at home, specific written instructions were provided
to caregivers as in our previous experiment. No time limits were
imposed to provide an answer.

All analyses were conducted using R (R Core Team, 2013).
During the data analysis, the performance was calculated as a
percentage of correct answers, both on stimuli with and without face
masks. Furthermore, the overall impairment due to the mask’s
presence was calculated as the percentage difference between
correct answers with and without face masks. First, normality
assumption of data was tested for performance and impairment
with Shapiro-Wilk normality tests. Wilcoxon tests were then
conducted to statistically compare the performance in each
condition (Mask, NoMask) and age group (i.e., Toddlers, Adults) to
chance level (i.e., 20%). Subsequently, performance was analyzed
with a permutation-based analysis of variance (ANOVA)
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considering the condition (i.e., Mask, NoMask) as within-subject
factor and the age groups (i.e., Toddlers, Adults) as between-subject
factor [function aovp of pakage ImPerm (Wheeler and Torchiano,
2010)]. Initially, we considered also the type of emotion (i.e., happy,
sad, fearful, angry, and neutral) as a within-subject factor in the
ANOVA, but since we found no significant effect, we removed it
from the main analyses. Based on our previous findings showing
that the level of emotion’s intensity (i.e., mild, extreme) had no effect
on the ability to recognize emotions in children and adults (Gori
etal, 2021), we disregarded this factor in the current analyses too.
Post-hoc analyses were conducted with permutation-based ¢-tests
[function perm.t.test of pakage Deducer (Fellows, 2012)]. The
statistical significance of the impairment was analyzed by comparing
groups (i.e., Toddlers, Adults) with a permutation-based ¢-test. All
results were corrected for multiple

comparisons using

Bonferroni correction.

Results

Results demonstrate that the use of face masks affects the
capability of inferring emotions from facial expressions at all ages, and
that the overall impairment for toddlers decreased from 23.4% [based
on data from the original study (Gori et al., 2021), Figure 2B] to 10.9%
after one year of exposure to face masks (Figure 2D). Indeed, the
impairment of toddlers in recognizing emotions from facial
expressions with face masks became comparable to that of adults
(around 11% both in the original study and in the current
follow-up study).

We did not find a normal distribution of performance (for
adults, with mask: W=0.8, p<0.001; for adults, without mask:
W=0.7, p<0.001; for toddlers, with mask: W=0.9, p<0.001; for
toddlers without masks: W=0.9, p<0.001), as well as of
impairment (for adults: W=10.8, p<0.001; for toddlers: W=0.8,
p<0.001).

In line with data from the original study (Gori et al., 2021),
we confirmed that the ability of inferring emotions from facial
configurations is significantly above-chance level (20%) for toddlers
and adults both without face masks (for toddlers: V=820, p <0.001;
for adults: V=465, p<0.001) and with face masks (for toddlers:
V=780, p<0.001; for adults: V=465, p<0.001).

The permutation-based ANOVA with percentage of correct
responses as dependent variable revealed a significant main effect of
both the group (F,=32.6, p<0.001, ges=0.3), and the condition
(F6s=76.3, p<0.001, ges=0.5). This indicates that adults preformed
overall better than toddlers, and both groups performed better
without face masks. However, contrarily to our previous finding
(Figure 2A), the interaction between group and condition was not
significant (F, 43=0.03, p=0.9, ges=0.03). The lack of this interaction
supports the hypothesis that the presence of masks impacts the
performance of toddlers and adults in a similar vein. The permutation-
based ANOVA investigating the interaction between group, condition
and type of emotion was not significant (F,54,=0.7, p=0.6, ges <0.01),
suggesting no effect of emotional content on the results. In other
words, adults present an overall better performance, and the presence
of masks is associated to a decrease of performance independently of
age and emotion type (Figure 2C). The similar influence of face masks
on emotion recognition for both toddlers and adults emerges also by
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analyses on the impairment associated with mask’s presence. Indeed,
we found no significant difference between the impairment of toddlers
and adults (¢t=0.16, p=0.9) (Figure 2D).

Discussion

In this study, we explored how the ability to recognize emotions
from facial expressions with face masks changed in children aged
between 3 and 5years old as well as in adults after one year of exposure
to masked faces due to the COVID-19 pandemic.

General better performance of adults

Adults performed overall better than young children. Building on
previous findings (Ruba and Pollak, 2020), adults exhibited notably
higher performance even in the presence of face masks compared to
toddlers, with correct response rates exceeding 70%. This suggests that
adults found it relatively easy to infer others’ emotions despite the
presence of face masks. Neurophysiological perspectives, as outlined
by Thomas et al. (2001), describe age-related changes in emotion
inference between children and adults, attributing them to the
development of advanced cognitive skills and increased efficiency in
pre-frontal neural structures. In agreement with existing literature
(Chronaki et al., 2015), our study confirmed that toddlers exhibit
lower reliability than adults in labeling emotions from facial
expressions without masks, although their performance largely
surpassed chance levels (Gori et al., 2021).

Lack of stronger interference of face masks
on emotion inference during the
development stage

Participants of all ages encountered increased challenges in
recognizing emotions when face masks were present. However, a key
finding of this research is that, in contrast to our previous data (Gori
et al,, 2021), after at least one year of exposure to face masks in
everyday life, developmental differences in impairment due to face
masks between toddlers and adults were no longer holding, i.e., both
groups showed a similar drop in performance when inferring emotions
from facial expressions with face masks. In the original study, face
masks affected emotion understanding across all age groups, but with
a pronounced impact on toddlers. Based on our new data, children
growing in an environment where face masks were pervasively present,
showed a diminished effect, and their performance was no longer
disproportionately influenced by the presence of a mask compared to
adults. This result is in line with Giordano et al. (2022), showing that
an enhanced ability of children aged 3-5years old to successfully
identify emotions in masked faces is correlated with higher exposure
to adults wearing masks and group care. Although it is known that a
perceptual narrowing in face processing occurs during the first year of
life, leading to a specialization in the processing of adult faces
compared to child faces (Macchi Cassia et al., 2014; Kobayashi et al.,
2018), it is unlikely that this aspect affects the present results. Indeed,
our study focuses on children older than 3years old, while the
perceptual narrowing toward adult faces happens between 3 and
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9 months of life. Furthermore, both the previous and the current study
used images of adult faces as stimuli, thus playing in favor of children
ability to infer emotions. Moreover, legislation in Italy required the
mandatory use of masks only for individuals older than six years old,
driving to the assumption that toddlers mostly experienced masked
faces when interacting with adults rather than with other children. The
lack of improvement in adults is in line with other research showing
that reading emotions from faces with and without masks is relatively
independent of extended exposure to masked faces for healthy
individuals aged between 18 and 64 years old (Carbon et al., 2022).

Learning to infer emotions from facial
expressions with masks during the
development stage

Inferring emotions from facial features plays a pivotal role in the
development of children’s emotional processing and social
competence. Ongoing developmental shifts persist from infancy to
adulthood, and the ability to infer emotions from eye movements and
speech does not stabilize until middle childhood and adolescence
(Herba et al, 2006). Research examining the neural substrates
associated with the observation of diverse facial movements aligns
with behavioral findings, indicating that the processes of emotional
reasoning do not reach adult-like levels until early adolescence (Batty
and Taylor, 2006). In addition, our classifications of emotions are not
fixed; they heavily rely on the types and frequencies of facial
movements to which we are exposed (Plate et al., 2019) and children
progressively improve their understanding of facial emotional cues
through positive interpersonal relationships over time (Denham,
1998). Consequently, during a crucial period for emotional learning,
young children are likely to be influenced by a massive exposure to
individuals wearing face masks.

Our earlier findings suggested that the occluded access to facial
configurations due to the use of face masks during the COVID-19
pandemic could negatively impact the development of emotional
inference and the acquisition of social interaction skills in toddlers
(Gori et al,, 2021). This issue gained attention both at a social and
institutional level. During the pandemic, the World Health
Organization (WHO) and UNICEF provided guidelines for decision-
makers and authorities about the use of face masks when interacting
with children (World Health Organization, 2020). They generally
discouraged the exposure to face masks for children up to five years
old due to the attainment of significant developmental milestones at
that age (Coppola, 2014). Our present findings offer a positive
perspective about these concerns, showing that some of the potential
risks might be mitigated by learning and adaptation processes.

Crucially, our first experiment was conducted at the onset of the
COVID-19 emergency (within two weeks after the first lockdown phase
in Italy), during which all participants experienced facial expressions
with masks in their everyday life for the first time, and they mostly spent
time at home. We can assume that the performance at this stage was
unaffected by prior exposure or experience with face masks. By
conducting the same study after one year of COVID-19 pandemic and
its consequent safety regulations, we assumed that exposure to masked
faces has increased significantly, as people began to interact more
frequently with individuals wearing masks. From the decreased
impairment in reading masked faces that we found in pre-school
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children, it is reasonable to conclude that the continuous and prolonged
exposure to face masks led to an enhanced ability of toddlers to
recognize emotions from facial expressions with face masks. One
possibility to explain our results is that the one year-long exposure to
face masks in various everyday social and educational settings likely
allowed young children to develop other strategies, relying on alternative
(e.g., contextual) cues to infer emotions. Another explanation of our
results could be provided by an acceleration of the brain processes
leading to a more robust capability of inferring emotions even from the
eyes’ region only, as we observe in adults (Chung and Thomson, 1995;
De Sonneville et al., 2022). We speculate that this improvement in face
processing might be linked to the plasticity of the developing brain of
children. Indeed, brain plasticity could have effectively supported the
learning process allowing to utilize alternative cues associated with
emotional reasoning, as well as an acceleration in the development of the
strategies that enhance emotional recognition skills later in life.

Limitations

Due to the constraints imposed by the COVID-19 pandemic,
conducting data collection in a laboratory setting was not feasible and
we administered an internet-based questionnaire via smartphones.
We acknowledge that this methodological approach introduces a
limitation to our study, as we did not control the exact size of facial
stimuli across participants. While we recognize that this variable may
have had an impact on the results, we believe that any potential influence
would likely be consistent across our previous (Gori et al., 2021) and
present studies. Furthermore, that another limitation of our study is the
potential disparity in the duration and intensity of mask exposure
between toddlers and adults. Indeed, legislation in Italy exempted
children under the age of six from wearing masks, and toddlers typically
spend more time at home compared to adults. Consequently, children
may not have had as much interaction with individuals wearing facial
masks as adults did. Nonetheless, the observed improvement in toddlers’
ability to recognize facial expressions with masks suggests that even
limited and intermittent exposure can facilitate processes of learning and
development. Finally, we acknowledge that the choice of static images of
posed facial expressions might not fully reflect the capability of inferring
emotions in real-life settings. Anyhow, again our results are significant
when compared to data we originally collected using the same type of
stimuli. Besides that, the choice of static images came from the need of
implementing a test easy to be administered via internet, thus
overcoming the social distancing rules that applied during the
COVID-19 pandemic.

Conclusion

In conclusion, our findings demonstrate that toddlers exhibit an
enhanced ability to interpret emotions from masked facial expressions
after one year of exposure to face masks. This observation provides a
positive response to our initial inquiry regarding whether the altered
availability of facial visual features during the COVID-19 pandemic
might hinder or delay the development of emotion recognition skills
in early childhood. Our results indicate that this is not the case;
conversely, such development appears to undergo an acceleration. The
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resilient and adaptable nature of the brain, even under challenging
conditions, likely fosters adaptation to enhance the face processing
skills in young children, enabling them to successfully engage in
social interactions.
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