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ABSTRACT

Due to the COVID-19 pandemic, millions of people around the world have been wearing masks. This has
negatively affected the reading of facial emotions. In the current study, the ability of participants' emotional
recognition of faces and the eye region alone (similar to viewing masked faces) was analyzed in conjunction with
psychological factors such as their capacity to empathize, systemize and the degree of autistic traits. Data from
403 healthy adults between 18 and 40 years revealed a significant difference between faces and eyes-only
conditions for accuracy of emotion recognition as well as emotion intensity ratings, indicating a reduction in
the capacity to recognize emotions and experience the emotion intensities of individuals wearing masks. As
expected, people who were more empathetic were better at recognizing both ‘facial’ and ‘eyes-only’ emotions.
This indicates that empathizers might have an upper hand in recognizing emotions of masked faces. There was a
negative correlation between the degree of autistic traits and emotion recognition in both faces and eyes-only
conditions. This suggests that individuals with higher levels of autistic traits would have greater difficulty
recognizing emotions of both faces with and without masks. None of the psychological factors had a significant
relationship with emotion intensity ratings. Finally, systemizing tendencies had no correlation with either

emotion recognition or emotion intensity ratings.

1. Introduction

The naturalist Charles Darwin was one of the first scientists to sug-
gest that humans share a set of basic emotions (Darwin, 2005). In the
1970s, Paul Eckman concluded, based on extensive experiments in
different cultures across the world, that there are six universal basic
emotions expressed through the face. These include anger, surprise,
disgust, joy, fear, and sadness (Ekman & Friesen, 1971).

Emotion recognition is an important part of human communication.
The emotions expressed by a person can affect the behavior and feelings
of the observer; these are in turn dependent on the emotions expressed
by the other communication partner. According to the emotion as social
information (EASI) model, the basic emotions expressed by a person can
affect the observer by activating inferential processes and affective re-
actions. With respect to inferential processes, when a person expresses
an emotion such as ‘anger,’ the observer can infer that they might have
done something wrong and may change their behavior or apologize. In
terms of affective reactions, emotions expressed by the person can
spread from the expresser to the observer; this may also influence the

likeability of the expresser. For example, expressing happiness may in-
crease likeability of the expresser and the observer may start feeling
happy themselves (Van Kleef, 2009).

Another automatic process which is an important aspect of
emotional communication is overt and covert mimicry of facial ex-
pressions of emotions (usually measured using facial electromyography)
(Bavelas, Black, Lemery, & Mullett, 1986; Dimberg, Andréasson, &
Thunberg, 2011; Hsee, Hatfield, Carlson, & Chemtob, 1990). There is
also evidence of cross-modal mimicry where facial emotions can alter
the vocal pitch of the receivers (see Karthikeyan & Ramachandra, 2017).
Finally, recognition of emotions also plays an important role in per-
ceptions of trustworthiness (Oosterhof & Todorov, 2009).

Many studies have shown that the ‘eye’ and the ‘mouth’ regions of
the face provide important cues for the recognition of emotions (see
Boucher & Ekman, 1975; Eisenbarth & Alpers, 2011; Guarnera, Hilchy,
Cascio, Carubba, & Buccheri, 2017; Wegrzyn, Vogt, Kireclioglu,
Schneider, & Kissler, 2017). Due to the COVID-19 pandemic, millions of
people around the world have been wearing masks. Consequently, an
automatic and important nonverbal communication task (reading facial
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emotions) has been negatively affected (Carbon, 2020; Grundmann,
Epstude, & Scheibe, 2021; Marini, Ansani, Paglieri, Caruana, & Viola,
2021; Noyes, Davis, Petrov, Gray, & Ritchie, 2021).

Although the perceivers can gain a great deal of information by
observing the eye regions of their communication partners, not having
information from their mouth regions, which are completely covered by
masks, can negatively impact their emotion recognition. It can impede
inferential processing and affective reactions. That is, not being able to
accurately recognize facial emotions may lead to inappropriate behav-
ioral responses by the observer and may also affect the likeability of the
person expressing the emotions. Mimicry of facial expressions of emo-
tions, vocal responses to facial emotions, and perceptions of trustwor-
thiness can also be hampered. All these can affect forming friendships
and other relationships in social as well as work environments.
Furthermore, they can compound the communication difficulties faced
by people with neurocognitive disorders (Schroeter, Kynast, Villringer,
& Baron-Cohen, 2021).

1.1. Emotion recognition: the potential role of empathizing, systemizing,
and autistic traits

Empathy can be divided into cognitive and affective empathy.
Cognitive empathy (ToM) refers to understanding and predicting the
emotions of others; affective empathy is experiencing the emotions
expressed by others (Baron-Cohen & Wheelwright, 2004). Research has
shown a positive correlation between emotion recognition ability and
empathy (Besel & Yuille, 2010). Studies have also shown that in-
dividuals with disorders such as autism, psychopathy, antisocial be-
haviors etc., which affect emotional recognition, have an underlying
deficit in empathy (Blair, 2005; Hunnikin, Wells, Ash, & Van Goozen,
2019).

There has also been evidence from a large-scale study in the general
population with 3345 participants that autistic traits are positively
correlated with one's ability to systemize, which refers to analyzing
different rule-governed systems and understanding how they work, and
negatively related to empathizing capacity (Svedholm-Hakkinen,
Halme, & Lindeman, 2018). Given that emotion recognition is related to
empathy, and that autistic traits are related to the capacity to empathize
(negative correlation) and systemize (positive correlation), it is
reasonable to hypothesize that recognizing basic emotions of people
wearing masks, by looking only at the eye region of faces, is positively
correlated with empathizing but negatively correlated with systemizing
and autistic traits. Therefore, the primary aim of the current study was to
examine the relationship between the ability to recognize emotions of
people wearing masks (relying mainly on cues from the eye region
alone) and empathizing, systemizing, and autistic traits. A study by Guo
(2012) has shown the positive influence of emotion intensity on the
accuracy of emotion recognition. Given this association, we wanted to
examine the relationship between emotion intensity ratings and empa-
thizing, systemizing, and autistic traits.

2. Methods

The study was conducted using a web-based survey platform, Qual-
trics. Participants were recruited through the authors' university and
Qualtrics survey panels. The panel participants received compensation
from Qualtrics. Four hundred and three participants (Males = 218, Fe-
males =185) ranging in age from 18 to 40 years who were generally
healthy with no reported history of neurological/psychological issues,
learning disability, hearing, and visual problems (normal or corrected-
to-normal vision) participated in this study. They had to identify the
emotion of a woman expressing a basic emotion by selecting the correct
one from a choice of two (target and a foil with the same valence). For
example, the target and foils were HAPPY vs. Surprise, AFRAID vs.
Angry, DISGUST vs. Sad, DISTRESS vs. Sad (the capitalized words were
the targets). This method has been successfully used in the past by
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Baron-Cohen, Wheelwright, and Jolliffe (1997). Furthermore, our par-
ticipants were shown pictures of only the ‘upper part’ of the face of the
same woman expressing the same emotions (similar to viewing the
emotions of a person wearing a mask). Although the upper part of the
face was shown, the participants had to rely largely on the eye region to
decode the emotions. A recent study by Wegrzyn et al. (2017), using
fine-grained masking of different regions of faces expressing basic
emotions, has revealed ‘eyes’ and ‘mouth’ regions to be the most diag-
nostic in upper and lower parts of the face respectively for emotion
recognition. Therefore, upper part of the face stimuli from here onwards
will be referred to as eye stimuli/trials.

They also had to rate the intensity of each emotion on a 100-point
scale for both the face and the eye stimuli. A total of 7 basic emotions
(happy, sad, angry, afraid, surprise, disgust, and distress), taken from
Baron-Cohen et al. (1997), were used for both the ‘face’ and ‘eyes’ trials
(surprise, happy and angry were repeated twice but with different
poses). In total, there were 10 pictures for the ‘face’ and 10 pictures for
the ‘eyes’ trials (see Fig. 1 for example). The order of presentation of the
‘face’ and ‘eyes’ trials was randomized. Half of the participants were
presented with the ‘face’ trial first and the other half were shown the
‘eyes’ trial first. The presentation of stimuli within each trial was also
randomized. Finally, following emotion recognition, the same partici-
pants completed three questionnaires on ‘empathizing,” using Empathy
Quotient or EQ (Baron-Cohen & Wheelwright, 2004); ‘systemizing,’
using Systemizing Quotient or SQ (Baron-Cohen, Richler, Bisarya,
Gurunathan, & Wheelwright, 2003); and assessment of ‘autistic traits,’
using Autism Quotient or AQ (Baron-Cohen, Wheelwright, Skinner,
Martin, & Clubley, 2001). EQ had a total of 40 questions with a possible
maximum score of 80; SQ had 75 questions with a possible maximum
score of 150; AQ had 50 questions with a possible maximum score of 50.
Example statements for EQ are, “I can easily tell if someone else wants to
enter a conversation” and “I can pick up quickly if someone says one
thing but means another.” The choices are strongly agree, slightly agree,
slightly disagree, strongly disagree. Example statements for AQ are “I
prefer to do things with others rather than on my own” and “I frequently
find that I don't know how to keep a conversation going.” The choices
are definitely agree, slightly agree, slightly disagree, definitely disagree.
Example statements for SQ are “I find it very easy to use train timetables,
even if this involves several connections” and “When I look at a building,
I am curious about the precise way it was constructed.” The choices are
strongly agree, slightly agree, slightly disagree, strongly disagree. Although
low empathy and high systematizing tendencies are part of autistic
traits, the AQ mainly focuses on the “broader phenotype” and contains
questions related to social skills, attention, communication, and imagi-
nation (Baron-Cohen et al., 2001).

3. Results
3.1. Recognition of face vs eyes-only emotions

Overall, a paired sample t-test revealed a significant difference be-
tween facial and eyes-only conditions on accuracy of emotion recogni-
tion [t (2820) = 8.67, p < 0.001)] (see Fig. 2 for mean percentage of
correct recognition responses). A paired sample t-test conducted sepa-
rately for happy [t (402) = 3.51, p < 0.001)], afraid [t (402) = 2.53,p =
0.012)], surprise [t (402) = —2.96, p = 0.003)], disgust [t (402) =13.63,
p < 0.001)], sad [t (402) = —1.86, p = 0.064)], anger [t (402) =6.11,p
< 0.001)], and distress [t (402) = 1.59, p = 0.113)] revealed a signifi-
cant difference between facial vs. eyes-only emotion recognition for all
emotions except sadness and distress (see Fig. 3 for mean percentage of
correct recognition responses for individual emotions). As seen in Fig. 3,
the mean recognition accuracy was the best for happy in the face con-
dition and best for surprise in the eyes condition. It was the worst for
distress in both facial and eyes-only conditions. Surprise and sadness
were the only emotions that were better in the eyes-only condition
(faces = 92%; eyes = 96% for surprise; faces = 74%, eyes = 79% for
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Fig. 1. Example of face and eyes-only stimuli used for the study. The pictures
above represent the emotion ‘happy’ (stimuli from Baron-Cohen et al., 1997).

sad).

Overall, there was also a significant difference between facial vs.
eyes-only emotional intensity ratings [t (2820) = 6.44, p < 0.001)]. The
means and standard deviations for the emotion intensities are provided
in Table 1. A paired sample t-test conducted separately for emotion in-
tensities for happy [t (402) = 8.492, p < 0.001)], afraid [t (402) =
—8.540, p < 0.001)]1, surprise [t (402) = —1.576, p = 0.116)], disgust [t
(402) =16.773, p < 0.001)]1, sad [t (402) = —1.483, p = 0.139)], anger
[t (402) = 0.895, p = 0.371)], and distress [t (402) = 1.680, p = 0.094)]
revealed a significant difference between facial vs. eyes-only emotion
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Fig. 2. Mean percentage of correct recognition of emotions for faces (black)
and eyes-only conditions (white).
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Fig. 3. Mean percentage of correct recognition of 7 basic emotions for faces
(black) and eyes-only conditions (white).

Table 1
Means and standard deviations (SD) for face and eyes-only emotion intensities
(100-point scale) for various emotions.

Emotions Faces Eyes

Happy 77.3 (15.5) 70.9 (17.3)
Afraid 51.9 (22.9) 68.0 (21.0)
Surprise 72.1 (16.2) 73.3 (16.3)
Disgust 75. 4 (18.2) 54.5 (24.2)
Sad 55.7 (27.0) 57.4 (23.7)
Anger 65.7 (19.6) 64.9 (18.5)
Distress 78.3 (17.4) 76.8 (17.3)

intensities for only happy, afraid, and disgust.

3.2. Correlation between face and eyes-only emotions with EQ, SQ, and
AQ

The means and standard deviations for EQ, SQ, and AQ are provided
in Table 2. A Pearson product-moment correlation revealed significant

Table 2
Means and standard deviations (SD) for Empathy Quotient (EQ), Systemizing
Quotient (SQ) and Autism Quotient (AQ).

Variable Mean SD

EQ (Max = 80) 42.5 12.35
SQ (Max =150) 63.6 25.19
AQ (Max =50) 20.6 5.56
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positive correlation between EQ and recognition of facial emotions (r =
0.217, n = 403, p < 0.001) and emotions displayed in eyes-only (r =
0.176, n = 403, p < 0.001). Significant negative correlations were seen
between AQ and recognition of both facial (r = —0.221, n = 403, p <
0.001) and eyes-only emotion recognition (r = — 0.179, n = 403, p <
0.001). SQ had no significant correlation with both facial (r = —0.023, n
= 403, p = 0.650) and eyes-only conditions (r = —0.056, n = 403, p =
0.259). There was no significant correlation between EQ, SQ, AQ and the
emotion intensities (p > 0.05). Finally, there was a significant negative
correlation between AQ and EQ (r = —0.525 n = 403, p < 0.001) and a
significant positive correlation between SQ and EQ (r = 0.399 n = 403,
p < 0.001). No significant correlation was seen between SQ and AQ (r =
—0.065, p = 0.191).

3.3. Gender differences on key measures

Finally, the mean percentage of accuracy for recognition of face
emotions for males was 83.07% and for females was 89.51%. The mean
percentage of accuracy for recognition of eyes-only emotions for males
was 76.47% and for females was 84.27%. An independent sample t-test
revealed that the recognition of facial emotions by females (M = 8.95,
SD = 1.09) was significantly higher than that of males (M = 8.30, SD =
1.31), t (401) = —5.37, p = 0.005. The same results emerged for
recognition of eyes- only emotions as well; the mean accuracy for
recognition of eyes- only emotions by females (M = 8.43, SD = 1.09) was
significantly higher than that of males [(M = 7.65, SD = 1.37), t (399) =
6.38, p < 0.001]. The mean EQ scores for females (M = 47.32, SD =
11.50) was significantly higher than that of males [(M = 38.32, SD =
11.50), t (403) = —7.819, p < 0.001]. The mean SQ scores for males (M
= 69.55, SD = 26.22) was significantly higher than that of females [(M
=56.55, SD = 22.01), t (403) = 5.290, p < 0.001]. Finally, the mean AQ
scores for males (M = 21.94, SD = 4.870) was significantly higher than
that of females [(M = 19.01, SD = 5.915), t (403) = 5.454, p < 0.001].

3.4. Validity and internal consistency

The convergent validity of the eyes test was compared with the face
test using the Pearson correlation and the correlation was significant (r
=0.723, p < 0.001). The convergent validity between the psychological
measures (AQ, EQ, and SQ) was also significant. There was a significant
negative correlation between AQ and EQ (r = —0.525 n = 403, p <
0.001), a significant positive correlation between SQ and EQ (r = 0.399
n =403, p < 0.001), and a significant negative correlation between AQ
and SQ (r = —0.065, p < 0.001). The internal consistency as measured
by the item-rest correlation for the face and eyes-only emotions was
0.723. The item-rest scores for EQ, SQ, and AQ were 0.496, 0.331, and
0.253 respectively.

4. Discussion

The results of this online study showed that people were better at
recognizing emotions expressed by whole faces when compared to
emotions expressed by the eye-regions alone. The whole face is impor-
tant for recognizing basic emotions and the results indicate the down-
side of mask wearing in social situations. This is in line with recent
studies that have shown the negative effects of mask wearing on people's
accuracy of emotion recognition (Carbon, 2020; Grundmann et al.,
2021; Marini et al., 2021; Noyes et al., 2021). However, sad (accuracy of
recognition for ‘sad faces’ = 74%,; accuracy of recognition for ‘sad eyes’
=79%) and distress (accuracy of recognition for ‘distress faces’ = 56%;
accuracy of recognition for ‘distress eyes’ = 51%) were two emotions
that were not affected by not having information from the mouth region
(having information from the eye region alone). In fact, the recognition
accuracy increased for sad when only the eye region was shown but it
was not statistically significant. This is in agreement with previous
studies which have shown the importance of eyes in detecting sadness
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(Boucher & Ekman, 1975; Eisenbarth & Alpers, 2011; Guarnera et al.,
2017; Guo, 2012). However, this contrasts with a recent study by Marini
et al. (2021), which showed a drop from 93% to 70% accuracy in
detecting sadness in the no mask when compared to the mask condition.
They have attributed this to a ceiling effect in the no mask condition. To
our knowledge, this is the first study to show the saliency of eye cues in
detecting distress in a large sample; the accuracy was however, lower for
eyes but not significantly different from whole faces showing distress.
This finding is similar to Baron-Cohen et al. (1997) which showed that
46% of participants passed the distress trial by looking at the whole face
when compared to 44% who passed looking at the eye region alone; this
study, however, only had 50 subjects.

Finally, a paired t-test revealed that the emotion ‘surprise’ was
significantly better in the eyes-only condition. This finding is also in
contrast with other studies that have shown the importance of eyes for
fear, sadness and anger but not surprise (Eisenbarth & Alpers, 2011;
Guarnera et al., 2017). This is, however, consistent with the study by
Baron-Cohen et al. (1997) which showed a jump from 82.4% (faces) to
88.2% (eyes) pass rate for surprise in a small sample of just 17 subjects.
The current findings are also supported by another study which showed
that people gazed more frequently at the eye region for angry, fearful,
and surprise when compared to other emotions (Guo, 2012). In sum-
mary, recognition of sadness, distress, and surprise may not be affected
by mask wearing. In fact, people might be better at recognizing surprise
and sadness to some extent in people wearing masks.

Overall, the results also showed that the participants marked facial
emotions as more ‘intense’” when compared to eyes-only emotions.
However, an analysis of individual emotions showed that this was true
only for happy and disgust. They in fact, marked eyes-only emotions to
be more intense for 'afraid'. This suggests that, for at least some basic
emotions, people may not have difficulty gauging the intensity of
emotions of people wearing masks.

Overall, both EQ and AQ but not SQ had an influence on emotion
recognition of both faces and eyes-only emotions. As expected, people
who were more empathetic were better at recognizing both ‘facial’ and
‘eyes only’ emotions when compared to people who had less empathy
(Besel & Yuille, 2010). This indicates that the capacity to empathize
might be a benefit in emotion recognition of masked faces. The signifi-
cant negative correlations between AQ and facial and eyes-only emo-
tions indicate that people with higher levels of autistic traits had greater
difficulty in recognizing emotions expressed via both facial and eyes-
only emotions. This indicates that people with higher levels of autistic
traits may have difficulty with recognizing emotions of both people
wearing and not wearing masks. In fact, the correlation was much higher
for recognition of facial emotions relative to eyes-only emotions. People
with higher levels of autistic traits already have difficulty in reading
facial emotions (Uljarevic & Hamilton, 2013) and mask-wearing may
not add further difficulty. Finally, it is important to note that empa-
thizing and autistic traits had significant correlation with emotion
recognition alone and not with emotion intensity ratings. This finding
needs to be explored further by using emotions of different intensity
levels. Systemizing was the only variable which had no significant
relationship with either emotion recognition or emotion intensity rat-
ings (both faces and eyes).

Interestingly, EQ and SQ had a significant positive correlation. This
was unexpected and inconsistent with previous studies (see Greenberg,
Warrier, Allison, & Baron-Cohen, 2018). However, it is consistent with a
recent study by Sindermann, Cooper, and Montag (2019) where they
attribute this relation to the cognitive components shared by the two
measures. Although the relationship between these psychological mea-
sures was not the focus of this study, this was an interesting finding
which needs to be explored further in future investigations.

Overall, there was a gender difference on all the key measures. Fe-
males were significantly better than males on both face and eyes-only
emotional recognition. These findings are consistent with other studies
which have shown the superiority of females in decoding emotions
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(Olderbak, Wilhelm, Hildebrandt, & Quoidbach, 2018; Sullivan,
Campbell, Hutton, & Ruffman, 2017; Thompson & Voyer, 2014). Fe-
males were also significantly better on EQ. Males on the other hand were
significantly better on SQ and AQ. These findings are in agreement with
a recent large-scale study with 671,606 participants (Greenberg et al.,
2018).

Given the downside of wearing masks on emotion recognition,
people should start paying more attention to non-verbal communica-
tion, body language, gestures, and vocal emotions. Replacing surgical
and other standard masks with transparent ones or even face shields
could also be helpful (Carbon, 2020; Marini et al., 2021; Mheidly, Fares,
Zalzale, & Fares, 2020). Schroeter et al. (2021) have recommended the
use of “teleconsultation”, which can include non-medical procedures
such as counseling, speech therapy, psychotherapy etc. for people with
various neurocognitive disorders. This would provide clients and care-
givers an effective way of communicating with professionals in a mask-
free setting.

4.1. Limitations and future research

To the best of our knowledge this is the first study to indirectly
explore the effects of wearing masks on emotion recognition in relation
to psychological factors such as empathizing, systemizing, and autistic
traits. Although providing participants with pictures of the upper face
region was similar to showing pictures of people wearing masks there
could have been some qualitative differences which could have affected
the results. However, the face stimuli used in the current study were
developed by Baron-Cohen et al. (1997) in which an actress had to pose
various facial expressions and the emotions were selected by two inde-
pendent judges. We believe that using these stimuli for whole faces and
to represent masked faces (by cutting lower half of the faces) could
perhaps have more validity than merely presenting photographs of
masked faces expressing various emotions.

Moreover, emotion recognition in social situations is dynamic and
usually does not involve reading the emotions of static faces. The still
pictures used in the current study could have affected the findings. Since
the study was conducted online and it had several questionnaires (165
questions in total), we wanted to keep the emotion recognition as simple
as possible. Therefore, we just used pictures from Baron-Cohen et al.
(1997) which had only one female actor. Using pictures from different
actors and both genders would add more information to such studies.
However, the study by Baron-Cohen et al. (1997) has shown that these
effects are robust and not affected by the gender of stimuli. As this study
was conducted online, some of the participants could have completed
the study on smart phones where the stimuli appear much smaller than
when seen on desktop computers.

As individuals all around the world are affected by COVID-19 and are
wearing masks, their unconscious communicative skill of emotion
recognition is being negatively affected. As this study was limited to
American participants, it would greatly increase the validity and
applicability of the study to administer it to individuals from cultures
and countries all around the world.

4.2. Conclusion

The results from this study shed light on the relationship between
basic emotion recognition and psychological factors such as empa-
thizing, systemizing, and autistic traits. Overall, whole faces are
important for emotion recognition. Empathizing and autistic traits were
significantly correlated with emotion recognition albeit in opposite di-
rections. None of the psychological factors had any significant correla-
tion with emotion intensity ratings. Systemizing was the only factor that
had no significant correlation with either emotion recognition or in-
tensity ratings. Despite the disadvantages of mask wearing on emotion
recognition, it is reassuring to know that at least some basic emotions
such as sadness, distress, and surprise may not be affected by masks.
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Alternative ways of communication and the use of teleconsultation can
mitigate some of the negative effects of mask wearing.
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