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1 INTRODUCTION 

Interpersonal communication is a complex, multifaceted process that spreads far beyond 

the mere exchange of spoken words. At its core, it represents various ways of information 

flow where verbal and nonverbal streams convey meaning, emotion, and intention. 

Nonverbal communication operates through a complex assembly of bodily signals, facial 

expressions, gestures, and other contextual cues (de Gelder, 2006; Tamietto et al., 2007; 

van den Stock et al., 2007; de Gelder et al., 2010; Atkinson et al., 2012; Pavlova, 2012; 

Bidet-Ildei et al., 2020; Kret et al., 2020; Sokolov et al., 2020; Pavlova and Sokolov, 

2022ab; Pavlova et al., 2022, 2023a). While verbal communication is usually kept under 

control, nonverbal communication flows more spontaneously and, therefore, is a more 

reliable indicator of someone’s true feelings (Jones Jr, 2023). Nonverbal communication 

cannot be as completely intentionally controlled as verbal one and often reveals authentic 

emotional and cognitive states of social agents involved. It is therefore an important part 

of genuine interpersonal exchange, fostering empathy and social sharing. In daily social 

interactions, nonverbal cues are often seamlessly integrated into communication 

processes, enabling us to decode complex emotional messages quickly. However, when 

such cues are limited – as seen with face-mask use – the challenge of accurate emotion 

recognition intensifies, steering our focus toward the eyes. 

 

1.1 Facial emotion recognition 

Recognizing emotions from facial expression allows to interpret affective states of others, 

anticipate their reactions, and (re)act appropriately, which is crucial for building and 

maintaining balanced social interaction. The ability to infer emotions from facial 

expressions is supported by numerous dynamic cues from both the upper and lower 

regions of a face, which, in daily life, are usually not only abundant but taken for granted. 

It is well-known that distinct areas of a face are critical for expression and subsequent 

recognition of different emotions (Root and Stephens, 2003; Lian et al., 2020; Kim et al., 

2022b). Emotional expressions involve the activation of specific facial muscular 

movements classified by the Facial Action Coding System (FACS; Ekman and Friesen, 

1978). Emotions such as happiness and disgust are considered to be primarily recognized 

through cues from the lower part of a face, while cues from the upper part are more 
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important for identifying anger and fear (Bassili, 1979; Wegrzyn et al., 2017). Critical 

cues are not the same for distinct emotional expressions fluctuating in their perceptual 

power: for instance, when combining diverse expressions (such as happiness and sadness) 

exhibited by the lower and upper face parts, steadfast happiness recognition requires a 

much stronger expression of happiness in the lower face part to compensate for a sad 

expression displayed by the upper part (Chen and Chen, 2010). Restricting lower-face 

cues (e.g., via face masks) forces greater reliance on the eyes for emotion recognition, 

which may vary across individuals depending on their ability to extract social signals. 

In daily life, we deal with plenty of social information that helps to achieve prompt 

and accurate interpretation. With emerging challenges, such as mandatory face-mask 

wearing during the Singapore and Hong Kong flu pandemics in the 1950s and 1960s, the 

severe acute respiratory syndrome (SARS) outbreak of the early 2000s in China, Hong 

Kong, and Taiwan (Jones, 2020), and most recently during the COVID-19 pandemic, as 

well as obligatory mask wearing in some domains of medicine such as dental practice, 

adaptive social cognition is no longer taken for granted. Instead, agents of social 

interaction are forced to infer and pool together social signals from different nonverbal 

sources such as bodies and the eyes (with most of the face hidden behind a mask). Clearly, 

this represents a substantial psychological burden for nonverbal social communication 

(for comprehensive reviews, see Pavlova and Sokolov, 2022ab; Pavlova et al., 2023a). 

 The general research question is whether limited visual information from the eyes can 

be sufficient for inferring emotions and mental states of others. To investigate the 

challenges of emotion recognition in masked faces, the Emotions in Masked Faces (EMF) 

paradigm was developed in our research group (Pavlova et al., 2023b), based on previous 

work (Carbon, 2020; Carbon et al., 2022). The paradigm employs a set of photographs 

from the MPI FACES database (Ebner et al., 2010) showing individuals of different ages 

and genders, displaying six basic emotions (anger, disgust, fear, happiness, sadness, and 

neutrality), with face masks digitally superimposed on all faces. In a two-alternative 

forced-choice (2AFC) paradigm based on emotion confusion patterns (e.g., angry-

disgusted, fearful-sad, neutral-happy; Carbon, 2020; Carbon et al., 2022), participants 

have to indicate which emotion is expressed behind a mask. 

Several other established experimental tools complement this line of research. The 

Reading the Mind in the Eyes Test (RMET), developed by Baron-Cohen and colleagues 
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(Baron-Cohen et al., 1997, 2001) primarily for studying social cognitive deficits in autism 

spectrum disorder (ASD), is a widely used test for assessing an individual’s ability to 

infer mental states from the eye region. It consists of 36 grayscale images displaying the 

eye region only, each accompanied by four descriptive options. Participants are tasked 

with selecting the word that best represents the emotion or mental state depicted (Oakley 

et al., 2016; Peñuelas-Calvo et al., 2021; Pavlova and Sokolov, 2022ab; Stafford et al., 

2023). The RMET has proven to be effective in both clinical and non-clinical populations. 

It is commonly used to detect deficits in emotional processing in individuals with ASD, 

schizophrenia (SZ), neurodegenerative conditions, and social anxiety disorders (Lott et 

al., 2022; Pavlova et al., 2022; Stafford et al., 2023; Resch et al., 2024).  

Beyond the RMET, recent advancements in mobile eye-tracking technology have 

provided new opportunities for studying processing of social signals in real-world settings 

(Schäfer et al., 2021; Schmälzle et al., 2024). The EmBody/EmFace tool (Lott et al., 2022) 

is another method for assessing emotion recognition. By utilizing body and facial stimuli, 

this tool provides a complementary perspective to the RMET and demonstrates high 

validity and reliability. Its applications extend to both clinical and non-clinical 

populations, aiding in the detection and remediation of socioemotional deficits. 

 

1.1.1 The role of face masks in inferring of social signals 

It is unlikely that face masks negatively affect recognition of all emotions to the same 

degree, i.e., uniformly, as properly worn masks obscure all visual cues from the lower 

part of the face. Indeed, studies using photographs of faces with digitally superimposed 

face masks found a considerable decline in the ability to confidently recognize some 

emotions, while leaving others intact (Carbon, 2020; Bani et al., 2021; Noyes et al., 2021). 

However, the outcome in regard to specific emotions may be inconsistent. For example, 

some studies have reported a notable decline in recognition of anger due to mask wearing 

(Levitan, 2022; Proverbio and Cerri, 2022; Gil and Bigot, 2023; Proverbio et al., 2023), 

whereas other studies have found that anger recognition remains relatively unaffected by 

masks (Carbon 2020; Bani et al. 2021; Noyes et al., 2021; Pazhoohi et al., 2021; Grahlow 

et al., 2022; Kim et al., 2022a; Shepherd and Rippon, 2023). The divergence in findings 

could be attributed to differences in study design, participant demographics, or specific 

methods used to assess emotional recognition (Pavlova et al., 2023a). Generally, happy 
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(Maiorana et al., 2022), fearful (Carbon, 2020; Bani et al., 2021; Leder et al., 2022; 

Verroca et al., 2022; Thomas and Caharel, 2024), and neutral facial expressions (Carbon, 

2020; Noyes et al., 2021; Cooper et al., 2022; Leder et al., 2022; Rinck et al., 2022; Gil 

and Le Bigot, 2023) have been reported to be less affected by mask wearing.  

 

 

Figure 1. Examples of Duchenne and non-Duchenne smiles. A female and male poser, 

each displaying a Duchenne smile (left on each panel) and a non-Duchenne smile (right on each 
panel) and the same images with superimposed visual obstruction, similar to a face mask (right 
panel, modified from the left one). The Duchenne smile remains noticeable, even when the lower 
face is not visible. AU, action unit. Left panel from Bogodistov and Dost (2017). Proximity begins 
with a smile, but which one? Associating non-Duchenne smiles with higher psychological distance. 
Front. Psychol. 8:1374. doi: 10.3389/fpsyg.2017.01374; the Creative Commons Attribution [CC 
BY] license.  

 

In addition, face masks may also affect the perception of specific facial expressions.  

For instance, a smile is not always just a smile – it can be distinguished as either a 

“Duchenne smile”, which involves the activation of muscles around the eyes, making it 

appear more genuine and sincere, or a “non-Duchenne smile”, which is limited to the 

lower part of the face and is often perceived as less authentic (Duchenne de Boulogne, 

1862; Frank and Ekman, 1993; Hess and Bourgeois, 2010; Manera et al., 2011; 

Bogodistov and Dost, 2017). Thus, it comes as no surprise that “non-Duchenne smiles” 

are much harder to recognize under the condition of mask wearing, as the key muscle 



 
 

5 

movements in the lower part of a face are obscured. On the other hand, a “Duchenne 

smile”, which includes telltale signs of joy around the eyes, is still perceived as a genuine 

happy expression, even when the mouth is covered (Sheldon et al., 2021). As seen from 

Figure 1, “non-Duchenne smiles” serve purposes beyond simply being a weaker version 

of a “Duchenne smile”. Social smiles often convey a range of social nuances, including 

politeness, ambiguity, or even emotional distance (Bogodistov and Dost, 2017). Therefore, 

the hindrance of non-Duchenne smiles by face masks exemplifies how alterations in facial 

visibility can impede the transmission of social communication cues, potentially 

compromising the intricate emotional exchanges that rely on partial facial expressions.  

 

Figure 2. The outcome of PubMed® search for publications on emotion 
recognition in masked faces. While the COVID-19 pandemic spiked interest in the effects of 

mask wearing on social cognition, the effects on a diverse population with mental disorders, who 
are often already at a disadvantage and potentially the most vulnerable to the negative effects of 
mask wearing, remain gravely understudied. 

 

The reduction in facial affect recognition caused by masks may not only impact social 

communication in everyday contexts but also profoundly affect various professional 

settings. For instance, professions requiring emotional attunement, such as psychiatric 

clinical practice, pediatric healthcare, and education, may suffer due to the diminished 

ability to detect subtle emotional cues (Carbon, 2020; Cartaud et al., 2020; Olivera-La 

Rosa et al., 2020; Ruba and Pollak, 2020; Biermann et al., 2021; Calbi et al., 2021; Gori 

et al., 2021; Grundmann et al., 2021; Marini et al., 2021; Noyes et al., 2021; Pavlova and 
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Sokolov, 2022a). The need for research on the impact of masks becomes especially clear 

in contexts such as psychotherapy, where both patients and healthcare professionals have 

reported negative effects on therapeutic treatment, especially in group settings (Erschens 

et al., 2022; Pavlova et al., 2023a). Reading covered faces can also be particularly 

challenging for individuals with mental conditions (Pavlova et al., 2023a), underscoring 

the importance of investigating the challenges posed by masked communication in 

vulnerable populations. However, as seen in Figure 2, although interest in the impact of 

mask wearing on emotion recognition drastically increased in recent years due to the 

COVID-19 pandemic, little attention had been given to the impact of face masks on social 

cognition in individuals with mental disorders. 

Beyond reducing recognition accuracy, masks may narrow the perceived emotional 

spectrum by leading to a tendency to misinterpret both positive and negative emotions as 

neutral (Carbon, 2020; Cartaud et al., 2020; Marini et al., 2021; Pavlova and Sokolov, 

2022a). This narrowing effect highlights the potential for masks to distort social 

interactions, possibly leading to misunderstandings of emotional signals. The deceptive 

evaluation of others is another critical consequence. For example, masks may dampen 

negative emotional expressions, leading to higher perceived trustworthiness or likability 

and inadvertently affecting interpersonal or professional dynamics (Olivera-La Rosa et 

al., 2020; Grundmann et al., 2021; Pavlova and Sokolov, 2022a; Pavlova et al., 2023a). 

Similarly, they may obscure genuine positive signals, exacerbating challenges in 

distinguishing between authentic and inauthentic expressions (Sheldon et al., 2021; 

Wiesmann et al., 2021). Perception of attractiveness, trustworthiness, and personality 

traits can also be influenced by masks, impacting interpersonal dynamics and even 

economic transactions (Cannito et al., 2022; Leder et al., 2022; Pavlova et al., 2023a). 

Consequently, these effects demonstrate that mask-induced changes in facial visibility do 

not simply hinder emotion recognition but fundamentally reshape the emotional and 

social landscape of human interaction (Pavlova and Sokolov, 2022a).  
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Figure 3. Better no smile than a fake smile. A woman wearing a face mask with a painted 

smile illustrates the challenge of conveying genuine emotions when facial expressions are 
obscured. Her eyes betray the absence of a true smile, highlighting the importance of visual input 
from the eyes for accurate emotion recognition. From Pavlova et al. (2023a). Editorial: Impact of 
face covering on social cognition and interaction. Front. Neurosci. 17:1150604. doi: 
10.3389/fnins.2023.1150604; the Creative Commons Attribution [CC BY] license. Image courtesy 
of Jyo John Mulloor, a digital artist. 

 

1.1.2 Experience in reading in the eyes during COVID-19 

While research has demonstrated children's and adolescents' remarkable adaptability in 

emotion recognition during the mask-wearing periods (Ger et al., 2024; Kulke et al., 

2022), several critical questions remain open. The strong contrast between young people's 

adaptive capabilities and adults' persistent difficulties in recognizing emotions in masked 

faces (Carbon et al., 2022) raises important questions about the mechanisms underlying 

this age-dependent plasticity. What enables the development of compensatory strategies 

and why do these adaptations appear to be limited in adults? Furthermore, while studies 

have documented the challenges faced by vulnerable populations such as individuals with 

ASD, Parkinson's disease, or hearing impairments (Ciccarelli et al., 2022; Escelsior et al., 

2022; Schnitzler et al., 2024; Homans and Vroegop, 2021, 2022; Poon and Jenstad, 2022), 

there is limited understanding of how to effectively support these groups in masked 

communication settings. The development of targeted interventions and assistive 

strategies for these populations remains an important area for future research. The 

findings also point to broader questions about the long-term implications of 

communication when faces are masked. How do these adaptations (or lack thereof) 

influence social development and relationship formation across different age groups? 

What are the lasting effects on professional interactions, particularly in healthcare settings 
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where clear communication is crucial (Aliabadi et al., 2022)? Additionally, the 

intersection between masked communication difficulties and pandemic-related isolation 

deserves further investigation, particularly regarding their combined impact on mental 

health outcomes (Steen et al., 2022). 

 

1.1.3 The eyes as a gateway to emotion recognition  

In art, the eyes are often referred to as ‘the windows to the soul’ or ‘the mirror of the soul’, 

as they seem to deliver nonverbal, reliable information about emotional states and 

personal traits of an interlocutor. In other words, one is supposed to be able to understand 

a person’s emotions, intentions, drives, and desires by simply looking into his or her eyes. 

In the FACS (Ekman and Friesen, 1978), only seven out of the 28 action units focus on 

the muscles around the eyes. This underscores both how delicate communication via 

facial expressions can be and how much more information might be lost when wearing a 

mask. 

Interestingly, the eye region receives earlier and longer fixations by observers in angry 

and sad faces, and, compared to other emotions, fearful and surprised expressions enhance 

gaze-orienting effects (Bayless et al., 2011; Calvo et al., 2018). Selective attention to the 

eyes is not only driven by perceptual salience of certain emotions but also by top-down 

cognitive processes. Processes such as emotional expectations, contextual interpretation, 

and individual experience modulate how attention is allocated to facial features (Bayless 

et al., 2011).  

Recent functional magnetic resonance imaging (fMRI) research has demonstrated that 

mask-occluded facial expressions require more extensive neural resources for recognition, 

with increased activation in occipito-temporal regions and altered functional connectivity 

(Abutalebi et al., 2024). This finding accentuates the brain's adaptive capabilities in 

extracting emotional information under challenging perceptual conditions. When 

actuating selective attention to the eye region, a complex neural infrastructure that 

supports emotional communication can be observed. The eye region emerges not just as 

a metaphorical window to the soul, but as a neurobiological channel of emotional 

information processing. 
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1.1.4 Gender impact on social cognition 

Experimental evidence reveals (subtle, albeit robust) gender (a social construct reflecting 

social roles, expectations, and norms, whereas sex refers to neurobiological factors) 

differences in nonverbal social cognition, the processes by which people perceive, 

interpret, and respond to social information. Women typically demonstrate greater 

emotional expressivity and higher sensitivity to subtle emotional cues (Brody and Hall, 

2008), a phenomenon rooted in both biological predispositions and socialization 

processes. Cultural narratives and societal norms such as traditional expectations, e.g., 

"boys shouldn't cry", systematically shape emotional expression patterns, illustrating the 

dynamic interaction between innate capabilities and social conditioning (Fischer and 

LaFrance, 2015). 

Females generally outperform males in tasks related to emotion recognition and 

processing, with studies showing superior facial emotion perception among females 

(Hoffmann et al., 2010; Menezes et al., 2017; Wingenbach et al., 2018; Bek et al., 2022; 

Kapitanovic et al., 2022). Female advantage appears particularly pronounced in 

recognizing basic emotions, which suggests a heightened ability to interpret emotional 

cues (Kret and Gelder, 2012). However, findings regarding other aspects of social 

cognition such as theory of mind (ToM), the capacity to attribute mental states – such as 

beliefs, desires, and intentions – to others in order to predict and understand behavior, are 

mixed. Some studies suggest that females may excel in affective ToM tasks, which 

involve understanding emotions and feelings, while males might perform better on 

cognitive ToM tasks requiring logical reasoning about beliefs and intentions (Navarra-

Ventura et al., 2018; Kubota et al., 2022). Other research, however, has found no gender 

differences in the ToM abilities, including individuals with mental disorders such as SZ 

(Vaskinn et al., 2024).  

The concept of gender as an embedded cultural construct posits that gender roles shape 

interpersonal interactions and self-perception, leading individuals to internalize societal 

expectations about gendered behavior. This internalization influences cognitive processes 

during social interactions and reinforces perceptual biases (Diekman and Schmader, 

2024). For example, males and females may adopt different cognitive strategies when 

processing social information, shaped by both socialization experiences and biological 

factors (Ferrer-Quintero et al., 2022; Diekman and Schmader, 2024). 
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Narrowing in on emotion recognition in masked faces, existing research presents a 

heterogeneous picture: some studies found no significant gender differences (Bek et al., 

2022; Carbon et al., 2022; Kim et al., 2022a), while others reported female superiority in 

facial emotion recognition (Grundmann et al., 2021; Huc et al., 2023). The COVID-19 

pandemic provided a unique natural experiment for examining gender differences in 

reading masked faces. Female adults showed improved performance in reading the 

language of eyes during pandemic conditions (Kulke et al., 2022), a finding suggesting 

potential gender-specific neuroplasticity.  

The exploration of gender differences reveals complex intersections between gender 

and social cognitive processing across various mental disorders. Notably, individuals with 

psychiatric conditions demonstrate substantial variations in social cognition commonly 

observed in typically developing (TD) populations. In SZ, male advantages in reasoning, 

problem-solving, and working memory found in TD are absent (Zhang et al., 2017), while 

gender-specific differences in hostility bias and ToM are similarly attenuated (Kubota et 

al., 2022). In ASD, the female advantages in social cognition observed in TD are 

markedly diminished (Baron-Cohen et al., 2015; Pavlova and Sokolov, 2022b). In bipolar 

disorder (BD), females demonstrate equivalent, rather than superior, performance in 

visual and auditory emotion recognition tasks (Vaskinn et al., 2007) or on the RMET 

(Navarra-Ventura et al., 2021), in contrast to the neurotypical female advantage. These 

findings indicate that the factor disease presumably has a much stronger influence on 

social cognition than the factor gender (Pavlova and Sokolov, 2022b) or, in other words, 

psychiatric conditions can alter or camouflage patterns of social cognition. At the same 

time, remitted female patients with SZ, schizoaffective, and BD score better on the RMET 

and have higher empathy levels than males (Dehelean et al., 2021).  

 

1.2 Major depressive disorder (MDD) 

Building on the understanding of gender differences in social communication and 

cognition, it is clear that these mechanisms do not operate in a vacuum. They are critically 

intertwined with the pathophysiology of psychiatric disorders, including major depressive 

disorder (MDD). MDD is one of the most prevalent psychiatric disorders worldwide and 

a leading cause of disability, as noted by the World Health Organization (WHO, 2020), 
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with disruptions in mood and cognitive processing undermining social interactions. It is 

characterized by prolonged periods of emotional disturbance, including persistent 

feelings of guilt, hopelessness, and anhedonia (the inability to derive pleasure or 

motivation from activities that once brought joy or satisfaction). This emotional and 

psychological cost extends far beyond individual suffering, contributing to a significant 

global economic burden. In 2019 alone, the economic burden of MDD is estimated at 

333.7 billion US Dollars, in the USA alone. These expenses are largely attributed to 

MDD-related healthcare costs, diminished productivity, and absenteeism within the 

workforce (Greenberg et al., 2023). The disorder has a widespread impact on cognitive 

functioning, as noted by the American Psychiatric Association in their 2015 DSM-5® 

Selections on Depressive Disorders (APA, 2016), with impairments in memory, 

processing speed, attention, and concentration. 

Despite extensive research, the etiology of MDD is not yet fully understood. Numerous 

hypotheses have been proposed, but none of them seem to explain in full the complex and 

multifaceted manifestations of the disorder (Cui et al., 2024). This uncertainty presents a 

challenge for treatment approaches, as even patients in remission often experience 

persisting cognitive symptoms (Bora et al., 2013). Furthermore, research indicates that 

while antidepressants may improve mood symptoms, they tend to show only a small 

positive effect on cognitive domains such as memory recall and psychomotor speed 

(Rosenblat et al., 2015).  

 

1.2.1 Gender/sex in MDD 

Gender differences in MDD further complicate its understanding and treatment. Research 

consistently shows that women are more likely to experience MDD than men, with 

lifetime prevalence rates of approximately 7.2% for women and 4.3% for men (Picco et 

al., 2017). This disparity, which emerges during adolescence and persists throughout life, 

reflects a combination of biological, psychological, and sociocultural factors (Picco et al., 

2017; Salk et al., 2017; Tian et al., 2024). The age of MDD onset differs between genders 

as it coincides with the hormonal fluctuations of puberty (Parker and Brotchie, 2010). 

Biological factors including hormonal fluctuations related to menstrual cycles, 

pregnancy, and menopause contribute to women’s increased vulnerability to MDD, 

alongside potential genetic differences in susceptibility and treatment response (Kim et 
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al., 2018; Zhao et al., 2020). Sociocultural influences such as societal roles, experiences 

of violence or trauma, and discrimination also play a substantial role in shaping the 

expression and impact of MDD across genders. Women, in particular, may face stressors 

that exacerbate the feelings of helplessness and worthlessness associated with depression 

(Piccinelli and Wilkinson, 2000; Salk et al., 2017). They are also more likely to 

experience atypical symptoms such as hypersomnia, increased appetite, and pronounced 

somatic complaints (Piccinelli and Wilkinson, 2000; Schuch et al., 2014; Tu et al., 2022). 

Men, on the other hand, often remain underdiagnosed due to societal norms and 

stereotypes that discourage emotional expression and help-seeking behavior (Seidler et 

al., 2016). In contrast to women, they tend to exhibit impulsivity, substance use disorders, 

and an increased risk of suicide (Piccinelli and Wilkinson, 2000; Picco et al., 2017; Tu et 

al., 2022; Tian et al., 2024). The multifaceted nature of MDD, compounded by gender-

specific differences in prevalence, symptomatology, and treatment response, underscores 

the complexity of the disorder. Addressing the gender-specific dynamics is critical for 

advancing prevention and treatment strategies, thereby improving outcomes for affected 

individuals. 

 

1.2.2 Social cognition in MDD 

Social cognition encompasses the intricate processes involved in perceiving, interpreting, 

and responding to social signals from others. Thus, it is conceivable that deficits in these 

abilities would contribute to impaired social functioning and interpersonal relationships. 

In line with this, current research suggests general deficits of facial emotion recognition 

in MDD (Krause et al., 2021). Similar to other psychiatric disorders, MDD is associated 

with deficits in ToM, the ability of inferring mental states of others, with the degree of 

impairment aligning with the severity of depressive symptoms (Bora and Berk, 2016; van 

Neerven et al., 2021). The deficits occur in both cognitive and affective empathy, which 

are crucial for maintaining healthy social relationships. A well-documented phenomenon 

in individuals with MDD, which might in part account for these deficits, is an enhanced 

sensitivity towards, or alternatively, a proneness to detect negative emotional expressions 

such as sadness, anger, or fear (Gollan et al., 2008; Bourke et al., 2010; Milders et al., 

2010; Dalili et al., 2015). By contrast, the ability to accurately identify positive emotions 

like happiness is often diminished (Gollan et al., 2008; Bourke et al., 2010; Milders et al., 



 
 

13 

2010; Dalili et al., 2015; Krause et al., 2021), with a tight link between performance and 

symptom severity (Krause et al., 2021; Porter-Vignola et al., 2021; Yuan et al., 2023). 

Negative bias has also been observed in respect to neutral or ambiguous faces, which are 

more often perceived as sad (Lee et al., 2016). This could reflect the broader cognitive 

impairments associated with depression, where negative information is given greater 

weight, both in social interactions and internal thought processes. 

The question arises as to how these deficits impact more complex, socially-relevant 

functions. It is well established that the cognitive deficits of MDD result in diminished 

social functioning (Evans et al., 2014; McIntyre et al., 2016; Knight and Baune, 2018), 

as it has also been found to be the case in late-life depression (Szanto et al., 2012). For 

example, both the cognitive and affective processing of humor (Uekermann et al., 2008) 

as well as the interpretation of sarcasm (Ladegaard et al., 2014; Thoma et al., 2015) are 

hindered in MDD, suggesting a potential breeding ground for miscommunication in daily-

life scenarios. At initial stages of MDD however, previous research has highlighted 

elevated levels of empathy (Choi et al., 2024) and that higher sensitivity to social signals, 

combined with low psychological resistance might cause vulnerability towards 

developing MDD (Kubon et al., 2021).  

The implications of diminished social functioning and difficulties in interpersonal 

relationships, due to the difficulties in accurately deciphering emotional cues from others, 

may lead to social withdrawal, misinterpretation of social signals, and impaired social 

problem-solving skills. Furthermore, the stigma surrounding depression may exacerbate 

social isolation and undermine social support networks, further perpetuating the cycle of 

depressive symptoms.  

Inferring of emotions in masked faces may be particularly challenging for individuals 

with MDD who have been characterized by aberrant social cognition already in the pre-

pandemic period (Pavlova and Sokolov, 2022b). As we pointed out (Moosavi et al., 

2024b), only a handful of studies have addressed this issue (see also Figure 2 above). For 

example, in a relatively small and inhomogeneous sample of MDD patients with an 

unbalanced number of females and males (N = 19; 15 females, 4 males), masked 

happiness expressed with low intensity yields difficulties in recognition as compared with 

unmasked faces. This holds true also when comparing with TD controls (N = 28; 23 
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females, 5 males) and patients with BD (N = 13; 5 females, 8 males) (Escelsior et al., 

2022). 

 

1.3 Goals 

The rapid and crucial changes of social communication, particularly during the COVID-

19 pandemic and the widespread adoption of face masks, identified several gaps in our 

understanding of emotional recognition and nonverbal communication. These changes 

have emphasized the need to better understand how we process emotional signals under 

challenging conditions.  

The overarching aim of this work is to explore the ability to infer social signals from 

the eyes, with a focus on differences across gender, age, and mental health status. Social 

cognition is altered in a wide range of mental disorders, including MDD, where deficits 

in emotion recognition may give rise to or exacerbate social withdrawal and interpersonal 

difficulties. Despite the growing awareness of these issues in social community, the 

existing research often lacks ecological validity, fails to address key demographic 

disparities, or yields inconsistent findings.  

(i) Previous work has provided controversial results regarding potential gender 

impact on inferring emotions from the eyes, largely due to most studies 

suffering from the limitations of online experimentation, such as a lack of 

control over the experimental setting and female predominance, and the 

resulting lack of person-by-person matched comparison.  

(ii) Social cognition is dynamic and evolves with accumulated social interactions, 

exposure, and shifting cognitive strategies (Wascher et al., 2018; Stevens and 

Jovanovic, 2019; Dziura et al., 2023). However, there is a lack of research on 

possible alterations in the ability to read language of the eyes across early to 

mid-adulthood. 

(iii) It is widely unknown whether, and if so, how face masks affect inferring 

emotions in individuals with MDD as well as social cognition at large.  

The present work addresses this knowledge gap through three interrelated studies, 

exploring the effects of gender and experience in reading in the eyes both in the 

neurotypical population and in individuals with mental disorders such as MDD.  
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The first study (Pavlova et al., 2023b) focuses on gender effects in inferring basic 

emotions from the eyes in masked faces in TD young adult females and males. The 

outcomes of previous research on gender impact on emotion recognition in masked faces 

are inconsistent, relying on online experimenting in samples predominated by females. 

By contrast, the present work represents a controlled, face-to-face investigation with a 

gender-balanced, age-matched sample of young individuals with a homogeneous cultural 

background. This work intends to set a blueprint for exploring reading the eyes in faces 

hidden by masks in clinical populations. 

The second study (Moosavi et al., 2024a) narrows the focus further to examine, under 

similar experimental conditions, whether reading emotions in the eyes in masked faces 

improves with life experience. In other words, the question was how the ability to read 

emotions in the eyes is altered across healthy adulthood, namely, from young adulthood 

to middle age. In search of group homogeneity, a focus had been set on female participants, 

especially to provide a foundation for evaluation of findings in clinical populations.  

Finally, the third study (Moosavi et al., 2024b) examines reading in the eyes in females 

with MDD, asking (i) whether the recognition of facial affect in masked faces is impaired 

in female MDD and (ii) whether and if so, how the ability to infer emotions in masked 

faces is intimately tied with reading language of the eyes as assessed by the RMET. 
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3 GENERAL DISCUSSION 

By investigating the impact of gender, age, and mental disorder, the experimental studies 

presented in this dissertation collectively advance our understanding of the ability to infer 

emotions and mental states from the eyes. To this end, we examined (1) gender impact on 

inferring emotions from the eyes in masked faces in the young neurotypical population 

(Pavlova et al., 2023b); (2) age-related changes in inferring emotions from the eyes in TD 

females (Moosavi et al., 2024a); and (3) reading language of the eyes in female patients 

with MDD (Moosavi et al., 2024b). By revealing strengths and weaknesses in inferring 

emotions from the eyes, the synthesis of the findings across this work provides a blueprint 

to investigate profiles of social cognition abilities in distinct mental disorders. 

Two paradigms, the EMF task and the RMET, which provide comparable visual input 

from the eyes, were used: the EMF task throughout all three studies, and the RMET for 

additional examination of patients with MDD. As described earlier (Introduction, Section 

1.1 Facial emotion recognition), the EMF task comprises images of masked faces 

expressing basic emotions (e.g., happiness, sadness, disgust, and anger), while the RMET 

comprises photographs of the eye portions of faces expressing a certain mental or 

affective state. 

With the fairly recently sparked interest in the impact of face masks (Fig. 1, 

Introduction), caused by the COVID-19 pandemic, most research was conducted online, 

which enabled safe and effective collection of data. However, this approach has a number 

of methodological limitations regarding verification of those participating, their task 

comprehension, and participant diligence. Additionally, online samples are usually 

predominated by females, creating a substantial barrier for proper gender comparison. 

Unbalanced design when participants are not matched with respect to gender and differ 

in sample size (e.g., a sample of females or TD individuals is twice or even larger than a 

sample of males or patients) may lead to paradoxical statistical outcomes and preclude 

appropriate generalization of findings (Isernia et al., 2020). While most previous studies 

suffered from these limitations, the present work was conducted face-to-face with 

balanced and carefully matched samples of participants in each group. 

The outcome of all three studies (Pavlova et al., 2023b; Moosavi et al., 2024a; Moosavi 

et al., 2024b) indicates that both TD males and females, as well as MDD females, 

demonstrate an uneven profile of reading emotions in the eyes, with some emotions 
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affected by masks more severely than others. Indeed, while eyes are often called ‘the 

window to the soul’ or even ‘the mirror of the soul’, experimental work (including the 

outcome of the present studies) demonstrates that not all emotions can be recognized 

equally well from the eyes only. This aligns with previous research showing that emotion 

recognition varies across different facial regions, with some expressions being more 

affected by occlusion than others (Carbon, 2020; Bani et al., 2021; Carbon et al., 2022; 

Grahlow et al., 2022; Grenville and Dwyer, 2022; Langbehn et al., 2022; Proverbio and 

Cerri, 2022; Kim et al., 2022a; Maiorana et al., 2022; Rinck et al., 2022; Proverbio et al., 

2023; Ventura et al., 2023a; Abutalebi et al., 2024; Ikeda, 2024; Mastorogianni et al., 

2024; Waizman et al., 2025; Wickline et al., 2025). 

 

3.1 Emotion-specific gender impact 

It is well-recognized that males and females may differ in inferring emotions through the 

eyes and facial emotion expression (Hall et al., 2010; Sullivan et al., 2017; Abbruzzese et 

al., 2019; Fan et al., 2021). The present work contributes to clarification of gender impact 

on reading language of the eyes.  Our study (Pavlova et al., 2023b) is one of the earliest 

face-to-face examinations of emotion recognition in masked faces with a sample balanced 

in gender and age. Conducting research in a face-to-face setting, as done in the present 

study, enhances the validity of findings by ensuring controlled testing conditions, 

standardized task administration, and real-time monitoring of participant engagement.  

Previous (mostly online) research resulted in contradictory outcome in regard to 

gender differences in inferring emotions from masked faces, either revealing a female 

advantage (Grundmann et al., 2021; Huc et al., 2023) or not (Carbon et al., 2022; Kim et 

al., 2022a; Fuchs et al., 2024). Our findings indicate that, in contrast to widespread beliefs 

favoring women, young TD males outperform their female peers in recognition of several 

negative emotions. Females are more strongly affected by face masks in disgust 

recognition, even more so in faces of congruent gender, compared to their male peers. 

One possible explanation might be a greater sensitivity to threat-related emotions in males, 

since anger and disgust are both associated with potential threats or contaminants. 

Gender-specific findings are particularly relevant as they provide an important foundation 

for research on mental disorders, such as MDD, which often exhibit gender disparities in 
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prevalence, manifestation (Schuch et al., 2014; Qin et al., 2020; Sabic et al., 2021), and 

social cognition (Landman-Peeters et al., 2005; Li et al., 2015). 

Disgust, in particular, has been largely underexplored and is considered ‘the forgotten 

emotion of psychiatry’ (Phillips et al., 1998), despite its relevance in conditions such as 

obsessive-compulsive disorder, social anxiety, and mood disorders (McKay and Olatunji, 

2009; Davey, 2011; Knowles et al., 2019; Lenk et al., 2019; Amoroso et al., 2020; 

Tolchinsky et al., 2024). Given the observed gender differences in disgust recognition, 

future research should examine whether they reflect underlying cognitive or affective 

biases that may contribute to gender-specific vulnerabilities in psychiatric conditions. 

The present evidence on the uneven/selective impact of gender on emotion recognition 

in the eyes dovetails with reading dynamic body language: young TD females show 

superior recognition of some emotions in body language, while males demonstrate 

enhanced recognition of others (Sokolov et al., 2011; Krüger et al., 2013). In other words, 

the gender impact may be profoundly modulated by emotion. 

In addition, the gender effects in inferring of emotions in faces covered by masks 

suggest an interaction of different cognitive processing strategies with the visual input. 

Holistic processing, which may be more common in females (Rennels and Cummings, 

2013; Østergaard Knudsen et al., 2021), becomes less effective when only eyes are visible. 

On the contrary, featural/local face processing, which may be more common in males 

(Rennels and Cummings, 2013), appears to be more tolerant to the absence of the whole 

Gestalt. Presumably, this strategy leads to more advantageous processing of information 

obtained from the eyes only, and therefore allows more efficient reading of emotions in 

masked faces.  

For a deeper understanding of the gender differences in reading in the eyes, one needs 

to examine the biological and socio-cultural origins of face processing. The ability of 

females to recognize facial affect may have evolved as a requirement for understanding 

and responding to the needs of offspring, as well as navigating complex social dynamics 

within groups (Archer, 2019). More often the socio-cultural factors, which shape gender 

differences in face processing, are stressed (Weber et al., 2014; Asperholm et al., 2019), 

which traditionally encourage women to develop skills necessary for caregiving (Chaplin, 

2015). The malleability of these skills becomes evident when examining cross-cultural 

studies. In countries with higher gender equality, the gender differences in face memory 
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and recognition observed in lower equality countries seem to disappear (Mishra et al., 

2019). This demonstrates how external developmental factors profoundly shape social 

cognition. In general, females show superior performance on social cognition tasks across 

cultures (Baron-Cohen et al., 2001; Hansen, 2011; Kirkland et al., 2013; Pavlova and 

Sokolov, 2022ab; McDonald and Kanske, 2023; Vaskinn et al., 2024). 

Strictly speaking, gender differences in social cognition are often characterized by 

modest effect sizes and context-specific manifestations. Our findings contribute to the 

understanding of how gender influences social cognitive processes, particularly in clinical 

contexts. Rather than a simple binary predictor of social cognitive abilities, gender 

functions as a modulating factor that interacts with both developmental and pathological 

processes. Mental conditions can fundamentally transform social information processing 

patterns, and most of them exhibit highly gender-specific prevalence rates and 

manifestations (Seedat et al., 2009; Eaton et al., 2012; Riecher-Rössler, 2017; Green et 

al., 2018; Maestre-Miquel et al., 2021; Otten et al., 2021), suggesting that gender may 

play a crucial role in vulnerability to and expression of psychopathology. 

Understanding these complex interactions requires careful consideration of both 

neurotypical and clinical populations. Research in neurotypical individuals provides an 

essential baseline against which to interpret clinical findings – without this foundation, 

researchers risk conflating disorder-related effects with typical gender differences. 

Furthermore, investigating how gender modulates social cognition in clinical populations 

may provide valuable insights into the etiological factors contributing to these conditions. 

Such understanding is crucial for developing more targeted and effective interventions 

that account for both gender-specific and disorder-specific aspects of social cognitive 

deficits. 

 

3.2 Effect of experience on inferring of emotions 

Understanding gender impact on emotion recognition provides a foundation for exploring 

how these abilities evolve with experience gained across different life periods. In general, 

as with many other cognitive skills such as working memory, one can expect that the 

ability for facial emotion recognition ability may decline with age. Social cognition, 

however, seems to remain largely intact with age (Natelson Love et al., 2016; Reiter et 

al., 2017; Stietz et al., 2021; Grainger et al., 2022). In line with this, reading language of 
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the eyes as assessed by the RMET in healthy aging has been found to be little affected by 

age or even to improve (Dodell-Feder et al., 2020; Yıldırım et al., 2020). Older adults 

(51-83 years) had been reported to show reduced accuracy in identifying emotions such 

as anger, sadness, and fear compared to younger adults (18-33 years) (Faustmann et al., 

2022). Similarly, recognition of emotions in masked faces (particularly for expressions of 

anger and fear) had been found to be more challenging for older adults (Faustmann et al., 

2022; Slessor et al., 2022).  

It is largely unknown whether inferring emotions from the eyes is altered across more 

comparable intervals of the lifespan, namely, from young to mid-adulthood. Our second 

study fills this gap by investigating whether, and if so how, inferring emotions from the 

eyes improves across mid-adulthood (Moosavi et al., 2024a). The outcome reveals that 

healthy women demonstrate a substantial improvement in inferring subtle emotions such 

as sadness from the eyes. In addition, recognition of other negative emotions (namely, 

anger and disgust) also tends to sharpen with age. 

An age-related negativity bias might, at least in part, account for these results. The 

negativity bias (Baumeister et al., 2001) refers to the tendency to give greater weight to 

negative information compared to positive information in one's environment. The 

developmental trajectory of such a bias is subject to contradictory reports (Norris, 2019), 

and recent literature reports the opposite effect, sometimes termed “positivity effect” 

(Carstensen and DeLiema, 2018; Sparks and Ledgerwood, 2018; Fields et al., 2022).  

The other, more reasonable, explanation for the observed improvement in inferring 

sadness from the eyes is the accumulation of emotional experience and a heightened 

sensitivity to this particular emotion. With age, people are exposed to a wider range of 

emotional experiences, particularly those involving loss, adversity, and empathy-driven 

social interactions. This may lead to increased familiarity with sadness and, accordingly, 

to a more refined recognition ability. Sadness is considered to be a subtle emotion, often 

conveyed through delicate shifts in gaze, brow positioning, and micro-expressions 

(Gollan et al., 2013; Girard et al., 2015). Unlike high-arousal emotions such as anger or 

fear, which produce more overt facial markers, sadness requires a more refined sensitivity 

to be detectable. This makes the observed improvement in its recognition even more 

striking, as it suggests an experience-based enhancement in the ability to process complex, 

subtle emotions. 
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3.3 Reading language of the eyes in MDD 

The findings on age and gender differences in typical development provide valuable 

context for understanding the outcome regarding inferring emotions from the eyes in 

clinical populations, particularly in female MDD.  

3.3.1 Selective deficits in reading in the eyes in MDD 

The findings of our third study (Moosavi et al., 2024b) show that female patients with 

MDD exhibit an uneven profile in inferring emotions in masked faces as well as in reading 

mental states of others as assessed by the RMET. MDD patients demonstrate selective 

deficits with difficulties in recognition of such negative emotions as sadness and anger in 

masked faces, while they maintain the same, rather high recognition level of happiness, 

neutral expressions, and fear similarly to their TD peers. Likewise, MDD differentially 

affects inferring mental states of others as assessed by the RMET: patients exhibit 

difficulties in reading of mental states with positive valence, but did not differ in 

recognition accuracy from person-by-person matched TD controls in inferring mental 

states with negative valence.  

It is vital to emphasize, however, that despite the selective impairments, female MDD 

patients demonstrated remarkably preserved emotion recognition abilities overall, with 

performance consistently above chance level across all basic emotions. This largely intact 

capability represents a notable strength in the MDD cognitive profile and stands in 

contrast to other mental conditions, such as SZ, where patients show a global deficit in 

inferring social signals from the eyes (Resch et al., 2024). These findings lead to a more 

nuanced understanding of emotional processing in MDD. More specifically, MDD 

patients seem to perceive social signals accurately, but they differ in processing and 

interpretation of these signals (Steger and Kashdan, 2010; Kaletsch et al., 2015; Kubon 

et al., 2021; 2023).  

The distinctive pattern of performance on the RMET and EMF task indicates that 

emotional processing deficits in female MDD manifest across different social cognitive 

tasks, as the RMET requires more complex cognitive processing, while the EMF task taps 

recognition of basic emotions. In MDD, alterations in brain activity related to emotional 

processing have been observed, which may contribute to the task-specific nature of 

observed deficits (Teng et al., 2024). 
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The selectivity of deficits in reading of social signals in females with MDD raises the 

question of whether, and if so, how this ability is affected in other mental disorders. In 

SZ, gender differences in hostility bias and ToM, which are present in neurotypical 

individuals, are generally concealed (Kubota et al., 2022), as well as advantages of TD 

males over females in reasoning, problem solving, and working memory (Zhang et al., 

2017). Women with bipolar disorder are, unlike TD women, not outperforming their male 

peers on visual and auditory emotion recognition tasks (Vaskinn et al., 2007) and on the 

RMET in general (Navarra-Ventura et al., 2021). The latter is also the case in autism 

spectrum disorder (ASD) (Baron-Cohen et al., 2015; Pavlova and Sokolov, 2022b). These 

findings suggest that gender is not a fixed predictor of social cognitive abilities, but 

instead a flexible factor that changes with mental health conditions.  

 

3.3.2 Link between recognition of emotions and mental states 

While in MDD patients (as well as in TD controls) no link was found between recognition 

accuracy on the EMF task and RMET, response time (processing speed) on both tasks 

was related to each other. This suggests that MDD and TD individuals rely on rather 

similar visual cues when inferring basic emotions and when reading mental states of 

others. In other words, individuals who are proficient in extracting visual information 

from the eyes for basic emotion recognition are also rather fast in processing visual input 

for more complex inferring of mental states of others. A lack of association between these 

two tasks in terms of recognition accuracy suggests distinct latent neurocognitive 

mechanisms underwriting these tasks, such as accumulation of sensory evidence for 

decision making, decision thresholds, and criteria (Moosavi et al., 2024b; Resch et al., 

2024). In other words, for each MDD and TD individual, reading sophisticated mental 

states may be, to a different degree, more demanding than inferring basic emotions. This 

individual variability is reflected in the absence of the link in recognition accuracy 

between these tasks.  

 

3.3.3 Clinical implications 

The deficits in the ability to read emotions or complex mental states in the eyes could 

have several clinically relevant implications. Firstly, the impairments can lead to 

difficulties in social interactions and interpersonal relationships, potentially exacerbating 
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social isolation and reinforcing depressive thought patterns. This is especially relevant for 

healthcare settings, where service providers might wear face masks most of the time, or 

in times of public health crisis, as in the recent COVID-19 pandemic. Secondly, as the 

degree of the negativity bias in emotional processing in MDD appears to be state-

dependent, changes in the negativity bias could reflect fluctuations in depressive 

symptom severity. Consequently, it holds potential relevance for diagnostic or treatment 

strategies, as reductions in the bias might indicate treatment response or remission 

(Münkler et al., 2025). This is especially the case for the specific pattern in emotion 

recognition impairment, which could be explored as a marker of MDD severity or 

treatment success (Liu et al., 2021). 

 

3.4 Brain mechanisms of inferring emotion in the eyes  

The neural mechanisms underlying emotion recognition from the eyes involve distributed 

networks extending beyond traditional social brain circuits. Research demonstrates the 

crucial role of key regions including the superior temporal sulcus, amygdala, and 

prefrontal areas (Baron-Cohen et al., 1999). The structural and functional connectivity 

between these regions, particularly through the right uncinate fasciculus, predicts 

performance on the RMET (Coad et al., 2020). However, even in TD individuals, only a 

handful of studies deal with brain activity during emotion recognition in masked faces 

(Pavlova and Sokolov, 2022ab), and such studies are absent in MDD. 

Recent functional magnetic resonance imaging (fMRI) work in neurotypical 

individuals reveals increased activation in the posterior cingulate cortex, fusiform gyrus, 

and insular cortex when processing emotional expressions partially obscured by masks. 

Notably, for sad expressions, increased activation in the insula and inferior frontal gyrus 

was found for masked compared to unmasked sad faces (Waizman et al., 2024, Fig. 4). 

This suggests that the brain employs additional neural resources to compensate for 

reduced visual information, particularly when processing sadness.  

Further brain imaging evidence indicates recruitment of additional neural mechanisms 

and resources, with stronger fMRI activation observed in the occipito-temporal areas 

(right fusiform face area and bilateral occipital face area) when viewing masked faces as 

compared with unmasked faces (Abutalebi et al., 2024, Fig. 4). Furthermore, a stronger 

correlation of fMRI activation was found between the right occipital face area and areas 
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involved in sensory integration, such as the parietal regions, when processing masked 

faces, suggesting increased cognitive effort for recognizing emotions when facial cues 

are limited (Abutalebi et al., 2024).  

 

 

Figure 4. FMRI brain activation during processing of masked and unmasked faces. 
Upper: Two 3D brain renderings, with significant activations for the masked > unmasked 
contrasts. The left image shows activation in the right fusiform face area (labeled “FFA”) and the 
right image shows activation in the occipital face area (labeled “OFA”). Activations are shown with 
t-values (3.5-4.0) as indicated by the color bar. From Abutalebi et al. (2024). On the brain struggles 
to recognize basic facial emotions with face masks: an fMRI study. Front. Psychol. 15:1339592. 
doi: 10.3389/fpsyg.2024.1339592; the Creative Commons Attribution [CC BY] license. Lower: 
Two rows of fMRI slices, with each row presenting axial, coronal, and sagittal views. Activations 
appear in yellow-orange regions primarily in the insula and inferior frontal gyrus orbital part. These 
activations represent the sad masked > sad unmasked contrast based on a sample of 23 fathers 
and 18 children. Activations are shown with t-values (2.4-4.8) as indicated by the color bar. From 
Waizman et al. (2024). Behavioral and neural evidence for difficulty recognizing masked 
emotional faces. Emotion. Advance online publication. doi: 10.1037/emo0001444; Copyright © 
2024 by American Psychological Association, with permission. 
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In MDD, increased fMRI activation patterns in the frontal regions and temporal areas 

is typically observed during emotion recognition tasks (Ternovoy et al., 2023). 

Particularly relevant to our findings, individuals with MDD show distinct activation 

patterns when processing positive emotional stimuli, marked by hyperactivity in the 

medial frontal and temporal regions (Gou et al., 2023). TD individuals with higher levels 

of depressive symptoms show greater activation in the insula and inferior frontal gyrus 

when recognizing masked sad facial expressions (Waizman et al., 2024), hinting at a 

potential neural mechanism behind depression-specific alterations. 

Gender-specific differences add another layer of complexity, as women with 

depression show distinct activation patterns during the processing of both positive and 

negative emotional expressions (Kustubayeva et al., 2023). While these neural patterns 

offer insights into potential mechanisms, understanding the relationship between altered 

brain activation and deficits in reading in the eyes needs more targeted investigations, 

which account for mental status, gender, and experience. 

It is important to note that the fMRI methodology employed in these studies has 

inherent limitations. While fMRI provides high spatial resolution for identifying brain 

regions underpinning emotion recognition, it does not provide any temporal information 

needed to capture information processing rapidly unfolding in time. Future research 

employing magnetoencephalography that offers high temporal resolution is needed to 

track neural dynamics of emotion recognition processes. This approach would help to 

elucidate whether alterations in inferring of social signals in MDD rely on early or rather 

late processing mechanisms. 

3.5 Future Directions 

The findings on deficits in reading emotions in the eyes suggest potential impact on daily 

social functioning. Future work needs to be done to clarify whether improving emotion 

recognition skills could enhance treatment outcomes for MDD patients, as the causal 

relationship between social cognition deficits and MDD symptoms remains unclear 

(Langenbach et al. 2023). Effective compensatory strategies may demonstrate such a 

causal connection by improving quality of life parameters, and further studies should 

investigate whether specific cognitive training approaches, such as digital or real-world 

social interaction exercises, can mitigate deficits in inferring social signals in the eyes. A 
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focus should also be set on how mask wearing affects different age groups, as the 

recognition strategy of older adults may be impacted by masks differently (Noh and 

Isaacowitz, 2014; Caroppo et al., 2017). Given the observed differences in sadness 

recognition between younger and middle-aged females, it would be valuable to explore 

whether such changes extend to individuals with MDD. 

For a deeper understanding of MDD, it would be insightful to compare patterns of 

nonverbal social cognitive abilities across other mental health conditions such as ASD 

and SZ. ASD individuals display difficulties in reading social signals, particularly when 

it comes to interpreting others' mental states (Baron-Cohen et al., 2015). However, unlike 

MDD, social-cognitive deficits in ASD appear to be more pervasive rather than selective 

(Pavlova and Sokolov, 2022b). In male SZ, as noted earlier, patients exhibit global deficits 

in recognizing facial emotions in masked faces compared to selective impairments in 

MDD (Resch et al., 2024). However, no differences in RMET performance are reported 

between ASD and SZ individuals (Fernandes et al., 2018; Oliver et al., 2021; Altschuler 

et al., 2021; for review, see Pavlova and Sokolov, 2022b). Uncovering profiles of social 

cognitive abilities in distinct mental disorders helps to clarify whether social cognitive 

deficits are of specific character for a particular disorder.  

Neurotypical females tend to outperform males in reading the eyes across cultures 

(Baron-Cohen et al., 2001; Kirkland et al., 2013; Pavlova and Sokolov, 2022ab), but there 

are also opposite reports (Mar et al., 2006; Nettle and Linde, 2008; Olderbak et al., 2015; 

Isernia et al., 2020; Lee et al., 2020; Megías-Robles et al., 2020; Kynast et al., 2021; 

Pavlova and Sokolov, 2022b). In closer examination, the differences in reading in the eyes 

may be driven by social and cultural factors rather than by biological sex (Vonk et al., 

2016; Pavlova and Sokolov, 2022ab). For example, gender identity rather than biological 

sex was found to be predictive of the ability to read in the eyes (Kung, 2020; Pavlova and 

Sokolov, 2022ab), while testosterone administration in young females does not impact 

their RMET performance (Carré et al., 2015; Pavlova and Sokolov, 2022ab). These 

findings highlight the need for future research to disentangle the effects of gender identity, 

hormonal influences, and sociocultural expectations in shaping the ability to read in the 

eyes, particularly in psychiatric conditions like MDD.  

With a large part of MDD literature focusing on females (Swetlitz, 2021), future 

research needs to put a stronger focus on the impact of MDD on social cognition in males. 
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Although males are less likely to develop MDD, they arguably exhibit a more severe 

symptom profile (Sabic et al., 2021; Swetlitz, 2021) and are potentially underdiagnosed 

(Sabic et al., 2021). Expanding research would help identify whether possible social 

cognitive impairments in male MDD follow patterns and profiles that differ from those 

observed in females. This will help to clarify whether gender-specific intervention 

strategies are warranted. 

All three studies taken together reveal how recognition of facial affect through the eyes 

emerges from a dynamic interplay of gender, experience, and mental conditions. The 

findings underscore how constrained visual input serves as a methodological lens for 

examining the differential effects of psychopathology, developmental trajectories, and 

gender-specific processing strategies on emotion recognition. Collectively, these studies 

demonstrate that human processing and interpretation of emotional expressions cannot be 

reduced to simplistic universal patterns or isolated explanatory factors. Rather, emotion 

recognition depends on the interaction of multiple variables, beginning with fundamental 

visual processing constraints. 

The single term to characterize the general outcome of this work would be ‘selectivity’. 

Indeed, wearing masks selectively affects emotion recognition, leading to difficulties in 

inferring some emotion, but leaving recognition of other facial expressions intact. Gender 

of beholder selectively impacts inferring emotions from the eyes. Enrichment of visual 

experience from young to mid-adulthood leads to selective improvements in reading 

(subtle and negative) emotion. Finally, female patients with MDD exhibit selective 

impairments in inferring social signals from the eyes. 

Limited facial cues do not uniformly impair emotion recognition but rather serve as a 

catalyst, amplifying underlying processing differences and thus making them more visible. 

This uncovers reading language of the eyes as a complex, adaptive cognitive process 

influenced by the interplay of bottom-up perceptual processes and top-down cognitive 

strategies, with facial input constraints offering a unique lens for understanding both 

typical and atypical emotion processing. These findings are particularly valuable for 

understanding nonverbal social cognition, suggesting that the ability to read the language 

of the eyes may serve as a potential marker for mental health conditions.  
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4 SUMMARY 

The present work investigates factors shaping how we read the language of the eyes, 

focusing on the impact of gender, experience, and the specificity of mental conditions 

such as MDD. Two paradigms were implemented in this study: The Emotion recognition 

in Masked Faces (EMF) task and RMET, which provide a comparable amount of 

information from the eyes. While most previous studies suffered such limitations of 

online experimenting as a lack of control over settings and female predominance, this 

work was conducted face-to-face. The outcome of the first study that included a sample 

of TD individuals balanced in gender, indicates that both males and females demonstrate 

an uneven profile of emotion recognition, with some emotions affected by masks more 

severely than others. Contrary to our expectations, however, males were more sensitive 

to subtle emotional signals transmitted through the eyes. On disgust recognition, the 

forgotten emotion of psychiatry, a notable effect of masks was found on females 

exhibiting lower accuracy. These findings are particularly relevant for research on mental 

disorders such as MDD, which shows gender disparities in prevalence, manifestation, and 

social cognition. The second study reveals that recognition of subtle emotions, in 

particular sadness, improves with experience through early to mid-adulthood in TD 

females. Finally, the third study in female MDD indicates that reading language of the 

eyes is affected selectively rather than globally: Recognition of subtle negative emotions 

(such as sadness and disgust) covered by masks as well as interpretation of the eyes’ 

expressions with positive valence are more heavily compromised. Selective impairments 

in emotion recognition differ markedly from global deficits in other clinical populations 

such as SZ. In both MDD and TD individuals, emotion recognition behind a mask and 

performance on the RMET are linked to each other in processing speed, but not 

recognition accuracy, suggesting a commonality in the encoding of visual input. Overall, 

by identifying gender- and experience-related patterns, this work suggests the ability for 

reading language of the eyes may serve as a marker of mental conditions such as MDD. 

Moreover, distinct patterns of deficits in reading language of the eyes across mental 

disorders enhances understanding of nonverbal social cognition, informing the 

development of diagnostic tools, remediation programs, and tailored interventions within 

and beyond the context of the COVID-19 pandemic. 
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5 ZUSAMMENFASSUNG 

Die vorliegende Arbeit beleuchtet Faktoren, die das Lesen der „Sprache der 

Augen“ beeinflussen, mit Fokus auf Geschlecht, Erfahrung und psychiatrischem Befund, 

wie schwere Depression (MDD). Zwei Paradigmen wurden genutzt: Emotionserkennung 

in Gesichtern mit Mund-Nasen-Schutz (EMF) und der RMET, die vergleichbare 

Informationen aus Augenpartien liefern. Während frühere Studien oft unter 

Einschränkungen von Online-Experimenten wie mangelnder Kontrolle und weiblicher 

Überrepräsentation litten, wurde diese Untersuchung in Präsenz durchgeführt. Die 1. 

Studie, welche eine geschlechter-ausgewogene TD-Stichprobe nutzt, zeigt, dass sowohl 

Männer als auch Frauen ungleichmäßige Profile in der Emotionserkennung haben, wobei 

der Mund-Nasen-Schutz die Emotionen unterschiedlich stark beeinträchtigt. 

Unerwarteterweise reagierten Männer sensibler auf subtile emotionale Signale in den 

Augen. Bei der Erkennung von Ekel, der vergessenen Emotion der Psychiatrie, zeigten 

Frauen eine geringere Genauigkeit. Diese Ergebnisse sind besonders relevant für die 

Erforschung psychischer Erkrankungen wie MDD, die geschlechtsspezifische 

Unterschiede in Prävalenz, klinischer Manifestation und sozialer Kognition aufweisen. 

Die 2. Studie zeigt, dass die Erkennung subtiler Emotionen, insbesondere Traurigkeit, bei 

TD-Frauen mit zunehmender Erfahrung im frühen bis mittleren Erwachsenenalter 

verbessert wird. Bei Frauen mit MDD (3. Studie) ist das Erkennen von Emotionen aus 

den Augen nicht global, sondern selektiv beeinträchtigt: Besonders betroffen sind 

negative Emotionen (wie Traurigkeit und Ekel) hinter Masken sowie positive 

Augenausdrücke beim RMET. Solche selektiven Defizite unterscheiden sich deutlich von 

globalen Beeinträchtigungen bei anderen Krankheitsbildern wie SZ. Sowohl bei MDD- 

als auch bei TD-Personen sind das Emotionserkennen hinter Masken und die RMET-

Leistung in der Verarbeitungsgeschwindigkeit, nicht jedoch in der 

Erkennungsgenauigkeit, miteinander verknüpft, was auf eine ähnliche visuelle 

Enkodierung hindeutet. Insgesamt legt die Arbeit nahe, dass die Fähigkeit, Emotionen aus 

den Augen zu lesen, ein Marker für psychische Erkrankungen wie MDD sein könnte. 

Zudem hilft das Verständnis spezifischer Defizitmuster bei verschiedenen psychischen 

Störungen, die nonverbale soziale Kognition besser zu erfassen, und unterstützt die 

Entwicklung diagnostischer Werkzeuge, Interventionsprogramme und therapeutischer 

Ansätze im und außerhalb des Kontexts der COVID-19-Pandemie.
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