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Abstract 

 Up to one out of five individuals in the general population has alexithymia, a deficit in 

processing one’s own and others’ emotions. The mechanism of the deficit in socio-emotional 

processing of alexithymia is poorly understood. Existing literature has shown that the high 

alexithymia individuals tend to pay less attention to the eye region of the face and have 

impaired self-awareness. Since these two processing are important for the evaluation of 

whether others’ emotions, as externalized by emotional faces, are relevant to oneself or not 

during social interaction, we hypothesize the high alexithymia individuals to have weaker 

evaluation of self-relevance during socio-emotional processing. More specifically, while the 

low alexithymia individuals process emotional faces with different gaze directions 

differently, the high alexithymia individuals might not differentiate emotional faces of 

different gaze directions in the same way. Therefore, in this thesis, one survey study and three 

experiments were conducted to examine whether and how alexithymia affects socio-

emotional processing.  

 Our investigation started with a survey study which aimed to explore the 

epidemiology of alexithymia in Singapore, and this was piloted in the university context. We 

found that about 1 out of 4 Singapore university students (24%) can be categorized as 

“alexithymic” (TAS-20 ≥ 61). This alexithymia rate is higher than the reported rate in the 

literature (10% to 19%; Franz et al., 2008; Mason, Tyson, Jones, & Potts, 2005; Parker, 

Taylor, & Bagby, 1989; Salminen, Saarijärvi, Äärelä, Toikka, & Kauhanen, 1999). The high 

alexithymia rate in our sample may due to its cultural orientation or its specific demographic, 

e.g., being student population rather than general population. On top of that, we further 

illustrated that alexithymia is closely related to other traits related to socio-emotional 

processing, such as autistic traits, anxiety and depression. These socio-emotional deficits may 
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explain the previously reported interpersonal difficulties in alexithymia (Nicolò et al., 2011; 

Vanheule, Desmet, Meganck, & Bogaerts, 2007). 

 Next, we further investigate how alexithymia affects socio-emotional processing. In 

Experiment 1, when being asked to rate how threatened one feel when perceiving the 

emotional faces, we found that the eye-contact effect of the angry faces was negatively 

correlated with alexithymia trait, such that the higher the alexithymia trait, the smaller the 

difference between the threat ratings given to an angry face with direct gaze and with averted 

gaze (i.e. weaker eye-contact effect in higher levels of alexithymia). This suggests that 

alexithymia affects the evaluation of self-relevance during social threat processing.  

 After that, we explored one of the possible causes of the alexithymic impairment in 

the evaluation of self-relevance – reduced attention to the eye region. In Experiment 2, we 

showed that the high alexithymia individuals tended to fixate for shorter durations on the eye 

region of faces, and this eye avoidance was most prominent in the upright angry faces. The 

greater alexithymic eye avoidance tendency for angry faces indicates that the reduced 

attention to the eye region in alexithymia is mainly driven by aversion to potential threat that 

is indicated by eye contact. Furthermore, the result is coherent with our findings in 

Experiment 1 that alexithymia only affects the evaluation of self-relevance of angry faces. 

We thus raise the possibility that the alexithymic impairment in the evaluation of self-

relevance is related to the reduced attention to eye information. 

 Lastly, we explored the neural correlates of the alexithymic influences on the 

evaluation of self-relevance during socio-emotional processing. In Experiment 3, we recorded 

the EEG signals of subjects while they were perceiving emotional faces with different gaze 

directions. There were two major findings related to alexithymia. 1) The frontal N1 activation 

difference for gaze direction was reduced in high alexithymia individuals compared to low 



xxi 

 

alexithymia individuals; and 2) the alexithymic influences on the evaluation of self-relevance 

during social threat processing was reflected at the frontal N2 component. That is, the frontal 

N2 activation of the low alexithymia individuals differentiated angry faces with different 

gaze directions, but the same neural differentiation was absent in the high alexithymia 

individuals.  

 Summarizing our findings, we conclude that alexithymia is related to the impairment 

in the evaluation of self-relevance during social threat processing. This impairment is likely 

to be related to the reduced attention to eye information in high alexithymia individuals. At 

the neural level, our findings support that alexithymia is associated with deficit at the 

subcortico-frontal pathway. The findings are discussed with reference to existing models of 

socio-emotional processing, and a new model (adapted from existing models) is proposed to 

incorporate our novel findings on alexithymic influences in socio-emotional processing.  
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Chapter 1  

Introduction and Literature Review 

“I (a patient with alexithymia) walk from my room to the day room. A 

patient is arguing with a nurse about something, and the conflict makes me 

tense up even more.” (Monroe, 2015, p. 24) 

One of the major governing directions of Singapore is to build a caring and cohesive 

society (Ministry of Finance, 2019; Tan, 2019). A caring and cohesive society relies on a 

high level of communication and active understanding of others’ feeling at a population level. 

However, up to one-fifth of the population is shown to have the tendency for alexithymia 

(Franz et al., 2008; Fukunishi, Berger, Wogan, & Kuboki, 1999; Mason et al., 2005; 

Salminen et al., 1999), a condition which is associated with deficits in processing emotion of 

oneself and of others (Grynberg et al., 2012; Lane, Ahern, Schwartz, & Kaszniak, 1997; 

Larsen, Brand, Bermond, & Hijman, 2003). The prevalence rate could be even higher in 

countries with Asian culture (Dere, Falk, & Ryder, 2012; Dion, 1996; Lo, 2014). This is a 

significant amount of population that has received little attention in the field but may 

potentially hinder the social development of Singapore if ignored. 

Typical socio-emotional-related symptoms of alexithymia include the tendency to feel 

sensitive, anxious and stressful when confronting a social event (Nicolò et al., 2011; Pollatos 

et al., 2011). These atypical feelings toward social events in turn lead to the atypical social 

behavior exhibited by the high alexithymia individuals, such as cold and avoidant social 

strategies (Vanheule et al., 2007), and less collaborative tendency and lack of sociability 

(Nicolò et al., 2011). Other than the social events that they are directly involved in, they 

might also have difficulty in processing social events that are not relevant to them. For 
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example, in the opening of this chapter is a quote taken from the diary of the an alexithymic 

patient (Monroe, 2015); she recorded her intensified feeling of stress when she came across a 

conflict between another patient and a nurse. The possibility that their feelings are influenced 

by the self-irrelevant social events indicates that they might be challenged in judging the 

degree of self-relevance of a social event, and this may be a core deficit in alexithymia.  

This thesis thus centers on self-relevance processing in alexithymia to further our 

understanding on the underlying mechanisms that lead to the atypical socio-emotional 

processing in alexithymia. Through one survey study and three experiments, we will explore 

1) what is the prevalence rate of alexithymia in Singapore and what social and emotional 

constructs are closely related to alexithymia (Survey Study); 2) how alexithymia may (or may 

not) modulate attention to and the perception of eye gaze direction, a key indicator of locus of 

attention and intention, and how that affects self-relevance processing (Experiment 1 & 2); 

and 3) the neural correlates (event-related potential (ERP) components) related to the atypical 

self-relevance processing in alexithymia to probe the possible underlying neural substrates 

that are implicated in alexithymia (Experiment 3). 

The significance of this thesis is three-fold. Firstly, this thesis raises the importance of 

investigating the condition of alexithymia in the Singaporean population, especially 

Singapore university students. Since alexithymia is commonly associated with more 

difficulties in interpersonal relationships (Nicolò et al., 2011; Vanheule et al., 2007), the 

potentially higher prevalence rate of alexithymia in among Singapore university students may 

be a significant barrier in Singapore’s quest to build a caring and cohesive society (Dere et 

al., 2012; Dion, 1996; Lo, 2014; Ministry of Finance, 2019; Tan, 2019). Next, it allows us to 

understand the importance of gaze information and the evaluation of self-relevance during 

social processing. Although there is an increasing interest in studying gaze perception during 
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social processing in the literature, the current understanding of the topic still falls short of 

explaining how gaze information is used and integrated during socio-emotional processing 

(for some recent models and theories, see Conty, George, & Hietanen, 2016; Hietanen, 2018; 

Hoehl et al., 2009). Our understanding of gaze information processing and the evaluation of 

self-relevance can be applied to the human-computer interaction, such as for artificial 

intelligence to use gaze information to facilitate more realistic and effective communication 

with human. Lastly, this thesis can extend our knowledge about socio-emotional processing 

in alexithymia. Alexithymia is not only a significant subgroup in the general population, it 

may also be the underlying cause of the emotional symptoms of multiple clinical conditions, 

such as autism and schizophrenia (e.g. Aaron, Benson, & Park, 2015; Bird & Cook, 2013). 

Therefore, efforts to further understand the alexithymic deficits in socio-emotional processing 

may provide important insights for the formation of intervention strategies that address the 

emotional symptoms of those clinical conditions.  

We will now start with a comprehensive literature review of the studies pertaining to 

broad socio-emotional processing, alexithymia, and the links between the two. The primary 

aim of the literature review is to critically review both the well-understood (i.e. findings from 

past studies) and possible (i.e. implications from past findings) alexithymic deficits in social 

processing, so as to allow for the identification of gaps in the literature and demonstrate how 

this thesis serves to address those gaps. The literature review is structured as follows: 

1) The nature and symptoms of alexithymia;  

2) The schematic frameworks of socio-emotional processing (and we will 

particularly highlight the processing of emotional faces because it has a significant 

role in social interaction); and 
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3) The alexithymic deficits in socio-emotional processing under the reviewed 

schematic framework.  

At the end of the literature review, there will be a summary to consolidate the vast 

amount of studies and findings discussed, followed by a description of the outstanding issues 

that will be addressed in this thesis. 

1.1. What is alexithymia? 

 The ability in processing emotion varies across individuals, and those who have 

difficulty in doing so might be considered as alexithymia. In their original paper, Sifneos 

(1973) reported many patients with psychosomatic disorder could not verbally express their 

feelings in an appropriate way. This finding has led the field to recognize and study the 

condition – alexithymia. Alexithymia literally translates to “no words for feelings” in Greek. 

Highly alexithymic individuals is characterized by the inability to describe and identify 

feelings (Sifneos, 1973; Taylor, Bagby, & Parker, 1991). It has also been metaphorically 

described as “blindsight to emotion” (Lane et al., 1997). Alexithymia is commonly measured 

by the self-report scale “Toronto Alexithymia Scale” (TAS-20; Bagby, Taylor, & Parker, 

1994) which consists of 20 items to measure ones’ 1) difficulty in identifying feelings (DIF; 

e.g., “I am often confused about what emotion I am feeling.”); 2) difficulty in describing 

feelings (DDF; e.g., “It is difficult for me to find the right words for my feelings.”); and 3) 

external-oriented thinking tendency (EOT; e.g., “Being in touch with emotions is essential.” 

(negatively coded). The reliability of TAS-20 has been replicated in multiple regions of the 

world and the questionnaire has been translated into different languages (Taylor, Bagby, & 

Parker, 2003). The recommended cut-off score for “non-alexithymic” is 51 and below, 

whereas for “alexithymic” is 61 and above (Bagby & Taylor, 1997). Despite its worldwide 

applicability, cultural differences have been found in alexithymia, such that Asians tend to 
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score higher in TAS-20, especially in its subscale EOT, than non-Asians (Dere et al., 2012; 

Dion, 1996; Lo, 2014). The cultural differences was shown to be mediated by the 

endorsement of modernized values and beliefs (Dere et al., 2012), and the adoption of eastern 

and western values (Dere et al., 2012; Lo, 2014).  

Other than TAS-20, Bermond-Vorst alexithymia questionnaire (BVAQ) is another 

commonly used measure for alexithymia (Vorst & Bermond, 2001). In comparison to TAS-

20, BVAQ measured additional two constructs, namely fantasizing and emotionalizing. In 

comparison between the two measures, it has been suggested that while TAS-20 captured the 

cognitive aspect of alexithymia, BVAQ covers both the cognitive and the emotional aspects 

(Larsen et al., 2003; Wingbermühle, Theunissen, Verhoeven, Kessels, & Egger, 2012). 

However, a number of studies has also raised the issue related the reliability of the BVAQ 

items (Berthoz & Hill, 2005; Hornsveld & Kraaimaat, 2012; Müller, Bühner, & Ellgring, 

2004).  

Over the years, there are multiple cognitive and neural models that attempted to 

explain alexithymia (Donges & Suslow, 2017; Lane et al., 1997; Larsen et al., 2003; Lesser, 

1981; Nemiah, 1977; Van der Velde et al., 2013; Wingbermühle et al., 2012). Early proposals 

suggested that the symptoms of alexithymia may be caused by the disconnection between the 

left and right hemisphere (Hoppe & Bogen, 1977; Tabibnia & Zaidel, 2005), or between the 

subcortical structures and the cortical structures (MacLean, 1949; Nemiah, 1977). These early 

proposals were built based on the assumption that the high alexithymia individuals have an 

intact experience of emotion but just impair with the ability to verbalize it.  

Nonetheless, there is an emerging body of evidence suggests that alexithymia is also 

associated with atypical autonomic responses toward pain/stress and threatening scenes 

(Kleiman et al., 2016; Luminet, Rimé, Bagby, & Taylor, 2004; Nyklíček & Vingerhoets, 



6 

 

2000; Pollatos, Schubö, Herbert, Matthias, & Schandry, 2008). These studies have urged the 

field to re-examine our understanding of alexithymia. In fact, more recent accounts proposed 

that alexithymia might be related to the deficit in conscious experience of emotional and 

bodily feelings (Brewer, Cook, & Bird, 2016; Lane et al., 1997; Shah, Hall, Catmur, & Bird, 

2016). This proposal is supported by a series of findings demonstrating an inconsistency 

between the self-report of emotional/bodily experience and the objectively measured 

physiological responses in alexithymia (Eastabrook, Lanteigne, & Hollenstein, 2013; Herbert, 

Herbert, & Pollatos, 2011; Pollatos et al., 2011; Shah et al., 2016). Another recent proposal 

concerns the deviated automatic emotion processing in alexithymia (Donges & Suslow, 

2017). The evidence for this model comes from the emotion perception literature. By 

summarizing the evidences, Donges and Suslow (2017) illustrated that the high alexithymia 

individuals have more difficulty in rapid and automatic processing of negative emotional 

stimulus. Neurally, these recent proposals of alexithymia highlighted the alexithymic deficits 

in the frontal regions, such as insula and anterior cingulate cortex (ACC) (Bird et al., 2010; 

Lane et al., 1997; Van der Velde et al., 2013; Wingbermühle et al., 2012), the subcortical 

regions, such as the amygdala (Donges & Suslow, 2017; Reker et al., 2010), and the 

connectivity between and within these two regions (Mériau et al., 2006; Van der Velde et al., 

2013). 

 Alexithymia is a common comorbidity of autism (Bird & Cook, 2013; Poquérusse, 

Pastore, Dellantonio, & Esposito, 2018). In the general population, the prevalence rate of 

alexithymia is 7% to 18% (Franz et al., 2008; Fukunishi et al., 1999; Mason et al., 2005; 

Salminen et al., 1999), but 48.1% of individuals who are clinically diagnosed with autism fall 

into the category of severe alexithymia (i.e., TAS-20 ≥ 61; Hill, Berthoz, & Frith, 2004). 

Furthermore, alexithymia trait is also highly correlated (r ~ .50) with autistic traits in the sub-

clinical population (Aaron et al., 2015; Foulkes, Bird, Gökçen, McCrory, & Viding, 2015). 
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Noticing the close relationship between autism and alexithymia, there is a recent proposal 

which argues that the socio-emotional deficits in autism or related to autistic traits are caused 

by their high alexithymia trait (Bird & Cook, 2013). In their eye-tracking study, Bird, Press 

and Richardson (2011) suggested that attention, indexed by longer fixation duration, to the 

eye region during face perception was predicted by alexithymia trait but not autism symptom 

severity. Cook, Brewer, Shah and Bird (2013) also reported that alexithymia explains the 

insensitivity  in emotional face categorization in autism. Other socio-emotional deficits that 

were traditionally associated with autism or autistic traits, such perception of social reward 

(Foulkes et al., 2015), production of facial expression (Costa, Steffgen, & Samson, 2017; 

Trevisan, Bowering, & Birmingham, 2016), perception of emotion vocalization (Heaton et 

al., 2012) and moral judgement (Brewer et al., 2015b; Patil, Melsbach, Hennig-Fast, & Silani, 

2016), were also found to be better explained by alexithymia. Not all autistic deficits, 

however, can be explained by alexithymia. It has recently been argued that alexithymia does 

not contribute to the autistic disruption in theory of mind (Bernhardt et al., 2014; 

Milosavljevic et al., 2016). It seems that the more the emotion processing is involved in a 

process, the more likely alexithymia will influence the process. In terms of neural correlates, 

it was shown that alexithymia trait, but not autism symptom severity, predicted insula 

activation when perceiving others’ suffering (Bird et al., 2010). The connectivity between the 

left insula and left anterior temporo-parietal junction was better explained by alexithymia 

than autism (Bernhardt et al., 2014).  

 Yet, how alexithymia affects socio-emotional processing has not been systematically 

reviewed. To set a framework for the topic, we first reviewed the relevant models that 

schematically described the components of socio-emotional processing.  
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1.2. A critical review of relevant models of socio-emotional processing  

 In the early literature, Bradbury and Fincham (1987) proposed a comprehensive and 

integrative model which describes the cognitive processes involved in social interaction and 

the factors that influence these processes. There are four main consecutive components in the 

model: partner input, primary processing, secondary processing, and behavioral output. 

Partner input includes the external behaviors one can observe from the social interaction. 

These behaviors are then processed and evaluated in the primary processing. According to 

Bradbury and Fincham (1987), behaviors that carry negative value are more alarming and 

thus reach the subsequent cognitive processing more easily.  

There are multiple subcomponents in the primary processing, including valence, level 

of expectedness, and self-significance. The results of these primary evaluations give rise to 

the emotional state of the perceiver. The emotional state ranges from very positive to very 

negative. When the elicited emotional state approaches neutral, no further processing will be 

engaged, and behaviors will be formed. However, when the primary processing evaluated the 

observed behaviors as negative, unexpected and self-significant, secondary processing will be 

initiated. The core idea of secondary processing is to identify the cause of the observed 

behaviors. The attributed cause of others’ behaviors will determine one’s internal responses 

and external behaviors. Behavioral output refers to one’s responses to others’ behaviors and 

can be divided into external output (i.e., behavioral expressions) and internal output (i.e., 

physiological responses). The external output will then trigger the same cognitive processing 

in others.  

Although Bradbury and Fincham (1987) did not provide further description on how 

the primary processing and secondary processing work individually and interactively, it has 

been further elaborated in the appraisal theory of emotion (Lazarus, 1991; Moors, Ellsworth, 
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Scherer, & Frijda, 2013; Scherer, 2001), which extended the model to include emotion-

inducing stimulus other than social interaction. In the appraisal theory, the primary 

processing and the secondary processing are termed as “primary appraisal” and “secondary 

appraisal” (Lazarus, 1991). While the set of appraisals in the appraisal theory of emotion is 

not exactly the same as the evaluations of Bradbury and Fincham’s (1987) model, there are 

overlapping components in the two models. For example, the motivational relevance 

appraisal, which is defined as “the extent to which there are issues in the encounter about 

which the person cares or in which he or she has a stake” (Lazarus, 1991), in the appraisal 

theory overlaps with the self-significance evaluation in Bradbury and Fincham’s (1987) 

model. Scherer (2001) metaphorized the appraisal processing as a sequence of checklist: 

checking each of the appraisals will give rise to the corresponding physiological and 

behavioral responses. The appraisals are also interacting with each other. The motivational 

relevance appraisal, for instance, is the first evaluation of the perceived stimuli, and the result 

of the appraisal will affect the subsequent evaluations such as the implication appraisal and 

the coping potential appraisal (Moors & Scherer, 2013; Scherer, 2001). One challenge to the 

appraisal theory however is that the model often lacks neural support, though recently the 

proponents attempted to provide neural evidence for the model (Cristinzio, N’Diaye, Seeck, 

Vuilleumier, & Sander, 2010; N’Diaye, Sander, & Vuilleumier, 2009; van Peer, Grandjean, 

& Scherer, 2014). For example, N’Diaye and colleagues (2009) found that the amygdala 

activates stronger for angry faces with direct gaze (i.e., self-significant/motivationally 

relevant social threat) than those with averted gaze (i.e., self-insignificant/motivationally 

irrelevant social threat), whereas the same neural region activates stronger for fearful faces 

with averted gaze than those with direct gaze. The authors interpreted the results as the 

support for the amygdala being part of the neural network for self-relevance appraisal 

(Sander, Grafman, & Zalla, 2003) 
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More recent socio-emotional models have been built upon data from neural imaging 

experiment and clinical studies (Baron-Cohen, 1997; Johnson et al., 2015; Langton, Watt, & 

Bruce, 2000). One of the most commonly cited models that describes how social interaction 

is understood and interpreted is Baron-Cohen’s (1997) “mindreading” system model. In his 

model, understanding other’s mental state depends on one’s evaluation of other’s intention 

and focus of attention. The two evaluations are supervised by two independent cognitive 

modules, intention detector and eye direction detector, respectively. The results of the two 

evaluations will then be the inputs to theory of mind mechanism (ToM), the module that is 

responsible for understanding other’s mental state. The “mindreading” system model predicts 

that the malfunction of any of these modules will lead to socio-emotional deficits observed in 

clinical conditions. For example, in Baron-Cohen’s (1997) point of view, the autistic deficit 

in understanding social interaction roots from their impairment in shared attention 

mechanism, a signal relay station between eye direction detector and theory of mind 

mechanism. Subsequent related models further modified or expanded Baron-Cohen’s (1997) 

work. For instance, Perrett et al. (1994) and Langton et al. (2000) argued that eyes are not the 

only source of information for the focus of attention evaluation. Other body parts, such as 

head and body, are also important cues for one’s attention focus. ToM has been revised and 

divided into two sub-modules, cognitive theory of mind (cToM) and affective theory of mind 

(aToM) (Kalbe et al., 2010; Shamay-Tsoory & Aharon-Peretz, 2007). 

An updated socio-emotional model provides concrete neural candidates for each stage 

of social processing. In their directed attention model of social processing, Hoehl and 

colleagues (2009) proposed that there are four stages of social processing: 1) detection of face 

and gaze direction; 2) encoding of facial information; 3) the evaluation of self-relevance of 

social cues; and 4) attention allocation and intention encoding. Specific neural structures 

were assigned to each of the stages. For instance, the amygdala and the superior temporal 
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sulcus (STS) involves in Stage 1 and are responsible for detecting biologically significant 

information and processing gaze information respectively; the fusiform gyrus involves in the 

Stage 2 on facial information encoding; the medial prefrontal cortex (mPFC) involves in the 

Stage 3 on the evaluation of self-relevance; and the intraparietal sulcus (IPS) and the STS are 

responsible for attention allocation and intention encoding respectively in Stage 4. One 

advantage of Hoehl and colleagues’ (2009) model over other models that describe the 

integration of facial emotion and gaze information during socio-emotional processing 

(Johnson et al., 2015; Senju & Johnson, 2009) is that it provides a clear temporal information 

about the sequence of the processing. Other models, in contrast, tend to focus on the 

topography of the social cue interaction (i.e., where in the brain does the interaction take 

place? Johnson et al., 2015; Senju & Johnson, 2009). Since our thesis focuses on the effect of 

alexithymia on each stage of the socio-emotional processing, we will base our discussion on 

Hoehl and colleagues’ (2009) model.  In the subsequent section, we are going to briefly 

review the behavioral measures and the neural correlates of each stage in the direct attention 

model.   

1.2.1. Stage 1: Detection of face and gaze direction   

According to Hoehl and colleagues (2009), the first stage of social processing is to 

detect the social information that is important for social interaction. The social information 

includes, but not limited to, face, emotion, and gaze direction. Although the early detection of 

face is an interesting topic (see Awh et al., 2004; Langton, Law, Burton, & Schweinberger, 

2008), we would like to focus on the detection of facial emotion and gaze direction in this 

thesis. 

Typical behavioral measures for early emotional face detection are affective priming 

(Hermans, Spruyt, De Houwer, & Eelen, 2003; Rotteveel, de Groot, Geutskens, & Phaf, 
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2001; Sweeny, Grabowecky, Suzuki, & Paller, 2009) and emotional attentional blink 

paradigm (Maratos, Mogg, & Bradley, 2008; Miyazawa & Iwasaki, 2010; Stein, Zwickel, 

Ritter, Kitzmantel, & Schneider, 2009). Both paradigms involve rapid presentation of 

emotional faces or neutral faces, and tests the subjects’ affective evaluation of a neutral target 

after being influenced by the face prime (affective priming) or the ability of the subjects in 

detecting the target face right after being distracted by a face or non-face distractor 

(emotional attentional blink). Typical findings are that the evaluation of the neutral target is 

biased toward the valence of the emotional prime (e.g., Rotteveel et al., 2001; Sweeny et al., 

2009) and that the emotional faces are more likely to be detected after the distractor (e.g., 

Maratos et al., 2008; Miyazawa & Iwasaki, 2010). It is noteworthy that in some affective 

priming studies, the priming effect is apparent even when the prime is not consciously 

perceived by the subjects because the presentation duration of the prime is extremely short 

(<100ms) and it is covered by a backward masking (Murphy & Zajonc, 1993; Sweeny et al., 

2009). These findings are commonly used as the evidence for rapid and automatic processing 

of emotional faces (Diano, Celeghin, Bagnis, & Tamietto, 2017; Tamietto & De Gelder, 

2010).  

Beside facial emotion, gaze direction is also an important social cue that needs to be 

extracted at the early stage of social processing. One of the important functions of gaze 

direction in social interaction is to indicate one’s focus of attention (Emery, 2000; Langton et 

al., 2000). By analyzing others’ focus of attention, we are able to infer whether oneself is 

involved in the social events, and predict the upcoming social reward (Hietanen, 2018; Wirth, 

Sacco, Hugenberg, & Williams, 2010) or social threat (Emery, 2000; Skuse, 2004). Due to 

the importance of the eyes in social interaction, the brain is “hard-wired” to detect the 

appearance of eyes and identify the direction of the gaze (Grossmann, 2017; Johnson et al., 

2015; Senju & Johnson, 2009). People pay more attention to faces with direct gaze than 
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averted gaze (Böckler, van der Wel, & Welsh, 2014; Doi, Ueda, & Shinohara, 2009; Shirama, 

2012; von Grünau & Anston, 1995). The attention bias toward direct gaze can occur even 

when the perception of the eyes is out of awareness (Chen & Yeh, 2012; Rothkirch, 

Madipakkam, Rehn, & Sterzer, 2015; Yokoyama, Noguchi, & Kita, 2013), suggesting that 

the processing of direct gaze is automatic. One study even showed that faces with direct gaze 

are easier to overcome binocular suppression than those with averted gaze (Stein, Senju, 

Peelen, & Sterzer, 2011). The attentional bias towards direct gaze has been termed as the 

“eye contact effect” (Senju & Johnson, 2009).  

The automatic processing of emotional face and gaze direction has been associated 

with the processing at the subcortical pathway (Diano et al., 2017; Johnson et al., 2015; Senju 

& Johnson, 2009; Tamietto & De Gelder, 2010). The amygdala, one of the most important 

subcortical structures for automatic emotion processing, activates towards emotional faces 

even when these faces are masked and not consciously perceived by the subjects (Morris, 

Öhman, & Dolan, 1998; Nomura et al., 2004; Whalen et al., 1998; Williams, Morris, 

McGlone, Abbott, & Mattingley, 2004). Furthermore, the connectivity between the amygdala 

and frontal areas is stronger in masked emotional faces than in masked neutral faces (Monk et 

al., 2006; Nomura et al., 2004). In comparison, the involvement of the amygdala in gaze 

processing is still debatable. Kato and colleagues (1999) showed that the amygdala is 

activated stronger towards faces with direct gaze than those with averted gaze. The 

connectivity between the amygdala and the fusiform gyrus is stronger for direct gaze than 

averted gaze (George, Driver, & Dolan, 2001). Furthermore, the amygdala activation for 

direct gaze remains apparent for the subjects who have cortical blindness and thus no 

conscious awareness of the direct gaze presented (Burra et al., 2013). However, other studies 

also reported negative or contradictory findings on the subcortical activation for direct gaze 



14 

 

(Calder et al., 2002; Pageler et al., 2003; Straube, Langohr, Schmidt, Mentzel, & Miltner, 

2010; Wicker, Michel, Henaff, & Decety, 1998).  

One possible explanation for the inconsistency in the gaze direction literature may be 

that face emotion and gaze direction are interacting with each other even at the very first 

stage of the social processing. Multiple studies have demonstrated that the amygdala is more 

responsive to threatening faces with direct gaze than those with averted gaze and neutral 

faces regardless of gaze directions (N’Diaye et al., 2009; Sato, Kochiyama, Uono, & 

Yoshikawa, 2010; Sato, Yoshikawa, Kochiyama, & Matsumura, 2004b; Ziaei et al., 2016; but 

see Adams, Gordon, Baird, Ambady, & Kleck, 2003; Sauer, Mothes-Lasch, Miltner, & 

Straube, 2014). Furthermore, while keeping their perceptual ability in differentiating gaze 

direction, the patients with their amygdala removed were also found not to make emotional 

rating differentiation between threatening faces with different gaze direction as the control 

patients (Cristinzio et al., 2010). This agrees with the role of the amygdala in promoting 

attention and vigilance to the biologically significant stimulus, and at the same time modulate 

physiological responses accordingly in preparation for the subsequent adaptive behavior 

(Davis & Whalen, 2001; Janak & Tye, 2015; Pessoa & Adolphs, 2010; Schmitz & Johnson, 

2007; Tamietto & De Gelder, 2010). Nonetheless, the face stimuli were presented optimally 

in all the studies reported. Since amygdala may receive feedback signals from other neural 

regions at the later stage of the processing (Pessoa & Adolphs, 2010; Stein et al., 2007) and 

fMRI has a low temporal resolution, whether the reported interaction between facial 

expression and gaze direction at the amygdala is automatic remain an open question. It is also 

noteworthy that the amygdala is only responsible for the filter of information, and its 

preliminary decision on the evaluation of self-relevance based on one’s prior experience can 

possibly be mediated by the decision at the higher-level processing (i.e., Stage 3).  



15 

 

In sum, the processing of facial expression and gaze direction independently is 

automatic and rapid. There is also evidence showing that the two pieces of information are 

processed and may interact in the subcortical structures. However, it is unclear whether the 

facial expression-gaze direction interaction at the subcortical pathway is automatic and rapid 

or not. Studies that aim to address this question might need to implement subliminal 

perception task (e.g., via binocular rivalry) on emotional faces with different gaze directions 

and measure the neural signals from the subcortical regions. 

1.2.2. Stage 2: Encoding of facial information 

Multiple information is available in faces, such as social attributes and emotion 

(Todorov, 2012).  Social attributes include race (Ito & Urland, 2003; Michel, Corneille, 

Rossion, Stefanucci, & Proffitt, 2009), gender (Barrett & O’Toole, 2009; Cloutier, Mason, & 

Macrae, 2005; Ito & Urland, 2003), identity (Grill-Spector & Kanwisher, 2005; Leopold, 

Rhodes, Muller, & Jeffery, 2005; Rhodes, Jeffery, Clifford, & Leopold, 2007), attractiveness 

(Olson & Marshuetz, 2005; Rhodes, Jeffery, Watson, Clifford, & Nakayama, 2003), and 

trustworthiness (Oosterhof & Todorov, 2009; Todorov & Duchaine, 2008; Todorov, 

Pakrashi, & Oosterhof, 2009). In this review, however, we focus on the encoding of facial 

emotion.  

 Emotional face perception is one of the most heavily investigated topics in the field. It 

follows a hierarchy of processes (Duchaine & Yovel, 2015; Haxby, Hoffman, & Gobbini, 

2000), and the higher-level emotional processing is influenced by the local featural 

processing (e.g., mouth curvature; Xu, Dayan, Lipkin, & Qian, 2008). In their study, for 

example, Xu, Dayan, Lipkin, and Qian (2008; also see Xu, Liu, Dayan, & Qian, 2012) 

showed that adapting to a concave curve can adapt the subsequently presented emotional face 

so that it is judged as happier compared to without any adaptation. In another study, by 
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comparing brief adaptation and prolonged adaptation of emotional face, we showed that high-

order emotional evaluation such as emotional valence is only related to late processing 

(100ms – 1000ms) of emotional faces but not related to early processing (17ms - 50ms) (Sou 

& Xu, 2019). Early processing of emotional faces may be restricted to the perception of low-

level features, such as curvature.  

The recognition of emotional face relies on holistic and configural processing. When 

asked to focus on either the upper or the lower part of the facial expression, incongruent 

emotional information between the two facial parts impedes the accuracy of emotional 

categorization (composite effect; Calder & Jansen, 2005; Calder, Keane, Young, & Dean, 

2000; Tanaka, Kaiser, Butler, & Le Grand, 2012). Another way to disrupt holistic processing 

is by inverting the faces (Rossion, 2008; Tanaka & Simonyi, 2016). Face inversion can 

reduce the accuracy and reaction time for facial expression recognition (Bombari et al., 2013; 

Calvo & Nummenmaa, 2008; McKelvie, 1995; Prkachin, 2003), slow down the reaction time 

required to spot the emotional faces in a visual search task (Eastwood, Smilek, & Merikle, 

2003; Williams, Moss, Bradshaw, & Mattingley, 2005), and attenuate the composite effect 

during emotional face recognition (Calder & Jansen, 2005). The holistic effect is more 

prominent in negative emotions, such as anger and sadness, than in positive emotion, such 

happiness (Calvo & Nummenmaa, 2008; McKelvie, 1995).  

However, it does not mean that featural processing is unnecessary in emotional face 

perception. It is because facial emotion recognition is shown to be possible even when the 

available facial features are limited (Calder et al., 2000; Calvo, Fernández-Martín, & 

Nummenmaa, 2014a; Calvo & Nummenmaa, 2008). Among all facial regions, the 

information from the eye regions is the most important for successful negative emotional face 

perception, while the mouth region is necessary for happy face perception (Calder et al., 
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2000; Calvo et al., 2014a; Calvo & Nummenmaa, 2008; Xu et al., 2008). These are also the 

facial regions that attract the most attention during emotional face perception: more and 

longer fixations are placed at the eye regions when the perceived emotional faces are of 

negative or neutral valence, whereas happy faces attract more and longer fixations at the 

mouth regions (Eisenbarth & Alpers, 2011; Wagner, Hirsch, Vogel-Farley, Redcay, & 

Nelson, 2013).  

Neurally, the encoding of facial expression has been associated with the STS and the 

FFA (Duchaine & Yovel, 2015; Haxby et al., 2000). The two temporal areas might serve 

different functions during emotional face perception. The FFA has been proposed to be 

responsible for holistic face processing (Yovel, 2016). This proposal is supported by the face 

inversion effect and the composite face effect in the FFA (Axelrod & Yovel, 2010; Schiltz & 

Rossion, 2006). Furthermore, the FFA was also found to be less activated when facial 

features were missing or scrambled (Liu, Harris, & Kanwisher, 2010). Supporting its role in 

the non-automatic processing of facial expression, the activation of the FFA attenuates when 

the visual awareness of the face stimulus was suppressed (Tong, Nakayama, Vaughan, & 

Kanwisher, 1998). The STS, on the other hand, is specialized in processing facial expression 

(Said, Haxby, & Todorov, 2011). It has been consistently reported that the STS activates 

toward emotional faces (Engell & Haxby, 2007; LaBar, Crupain, Voyvodic, & McCarthy, 

2003; Sato, Kochiyama, Yoshikawa, Naito, & Matsumura, 2004a). On top of that, the STS 

was also found to have distinctive neural representation for different facial expressions and 

within emotion the representation in encoded in a graded manner (at least for the left STS) 

(Said, Moore, Engell, Todorov, & Haxby, 2010; Said, Moore, Norman, Haxby, & Todorov, 

2010). Electrophysiologically, the signals from the FFA and the STS are represented as the 

N170 component in the event-related potentials (ERP) (Pegna, Landis, & Khateb, 2008; 

Rossion & Jacques, 2012). Previous ERP studies have shown that the activation of the N170 



18 

 

is modulated by the emotion of the faces, such that emotional faces elicit stronger N170 

amplitudes than neutral faces (Beltrán & Calvo, 2015; Blechert, Sheppes, Tella, Williams, & 

Gross, 2012; Calvo & Beltrán, 2014; Jiang et al., 2014; Morel, Ponz, Mercier, Vuilleumier, & 

George, 2009; Rellecke, Sommer, & Schacht, 2012). Aligning with the holistic processing at 

the temporal areas, the N170 was found to be responding to the whole face rather than the 

features of the face (Beltrán & Calvo, 2015; Calvo & Beltrán, 2014). This activation for the 

emotion appears to be automatic for fearful face perception but other emotional faces remain 

untested (Pegna, Darque, Berrut, & Khateb, 2011; Pegna et al., 2008; Rellecke et al., 2012). 

Similar emotional modulation can also be observed in the P200 amplitude (Beltrán & Calvo, 

2015; Calvo & Beltrán, 2014; Eimer, Kiss, & Holmes, 2008; Jiang et al., 2014; Rellecke et 

al., 2012). In contrast to the N170, however, the P200 activates stronger for neutral faces than 

the emotional faces. Also, the activation of P200 for emotional faces only occur when the 

emotional faces are consciously seen (Eimer et al., 2008). Some studies suggested that the 

P200 is related to the processing of spatial relationships among features (Latinus & Taylor, 

2006; Mercure, Dick, & Johnson, 2008). 

Additionally, the perceptual processing of gaze direction also happens at this stage. 

Although in their original proposal, Hoehl and colleagues (2009) suggested that gaze 

direction is encoded at the cortical areas at Stage 1, findings from the fMRI and EEG 

literature may not agree. Gaze direction differentiation is commonly observed in the 

activation of the STS (Calder et al., 2007, 2002; Carlin, Calder, Kriegeskorte, Nili, & Rowe, 

2011; Ethofer, Gschwind, & Vuilleumier, 2011; George et al., 2001).  Furthermore, 

temporally, averted gaze tends to elicit stronger N170 activation than direct gaze (Itier, Alain, 

Kovacevic, & McIntosh, 2007; McCrackin & Itier, 2018; Pönkänen, Alhoniemi, Leppänen, & 

Hietanen, 2011; Puce, Smith, & Allison, 2000; Rossi, Parada, Latinus, & Puce, 2015; 

Watanabe, Miki, & Kakigi, 2002). All evidence suggests that the perceptual processing of 
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gaze direction is spatially and temporally overlapping with the perceptual encoding of facial 

expression, because emotional faces were also encoded at the STS (Engell & Haxby, 2007; 

LaBar et al., 2003; Sato et al., 2004a) and at the N170 (Beltrán & Calvo, 2015; Blechert et 

al., 2012; Calvo & Beltrán, 2014; Jiang et al., 2014; Morel et al., 2009; Rellecke et al., 2012). 

This will argue that the encoding of gaze direction is at Stage 2 rather than at Stage 1. The 

temporal correction also agrees with the hierarchical neural model for face processing 

proposed by Haxby and colleagues (2000). 

1.2.3. Stage 3: The evaluation of self-relevance of social cues 

According to Hoehl and colleagues (2009), from this stage onwards, facial expression 

and gaze direction should be processed concurrently to identify socially important 

information. The processing of this stage is well-captured by the modulation from the facial 

emotion on the eye-contact effects in emotional ratings (see Hietanen, 2018). More 

specifically, the eye-contact effect can be enhanced or reversed by the emotion displayed on 

the faces, and this emotional modulation depends on the motivational orientation of the 

emotion (i.e., happiness and anger as approach-oriented emotions, and fear and sad as 

avoidance-oriented emotions; Adams & Kleck, 2003; Carver & Harmon-Jones, 2009; Rolls, 

2006). Happy or angry faces with direct gaze, for instance, are rated as more emotionally 

intense than those with averted gaze, but fearful face with averted gaze were rated more 

intense (Marschner, Pannasch, Schulz, & Graupner, 2015; N’Diaye et al., 2009; Sander, 

Grandjean, Kaiser, Wehrle, & Scherer, 2007; Sauer et al., 2014). The emotion modulation on 

the eye-contact effect also depends on the intrinsic meaning of the facial expression. Happy 

faces with direct gaze, for example, are rated as more positive and likeable than those with 

averted gaze, but the ratings to angry faces show the opposite pattern (Bayliss, Frischen, 

Fenske, & Tipper, 2007; Marschner et al., 2015; Sauer et al., 2014). These emotion-specific 

eye-contact effect suggests that the social information is processed based on its self-relevance 
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(N’Diaye et al., 2009; Sander et al., 2007), i.e. happy face with direct gaze is self-relevant 

social reward, and angry face with direct gaze is self-relevance social threat, whereas happy 

faces and angry face with averted gaze are self-irrelevant social information.  

The interaction between the eye-contact effect and facial emotion is reflected in the 

frontal neural activation as well (for the subcortical detection of emotional faces with 

different gaze directions, see Stage 1: Detection of face and gaze direction). As predicted by 

Hoehl and colleagues (2009), Ewbank, Fox and Calder (2010; reported in the supplementary 

material) found that the mPFC activates stronger for angry faces with direct gaze than those 

with averted gaze, and the difference is not apparent in neutral faces or fearful faces. Multiple 

other frontal regions, such as the insula and the ACC, were also found to be recruited when 

processing emotional faces with different gaze direction (Ewbank et al., 2010; Ziaei et al., 

2016; Ziaei, Ebner, & Burianová, 2017). ERP studies further provided the temporal trajectory 

for the interaction between facial expression and eye gaze. Klucharev and Sams (2004) found 

that the two pieces of social information were encoded separately at the early stage of 

processing (i.e., before 200ms post-stimulus onset) and only interacted at a later stage (i.e., 

after 300ms post-stimulus onset). Similar findings were reported subsequently, but the time 

window for the interaction to occur was suggested to be earlier - at the 200 – 400ms or the 

N2 time window (Conty, Dezecache, Hugueville, & Grezes, 2012; Li et al., 2017; Nomi, 

Frances, Nguyen, Bastidas, & Troup, 2013). In the neural literature, emotion-modulated eye-

contact effects were mostly reported for threat-related facial emotion, e.g., anger and fear. 

This tendency agrees with Hoehl and colleagues’ (2009) description that Stage 3 is mainly for 

indicating social threat. 

Closer observation to the neural correlates that were reported to exhibit emotion-

modulated eye-contact effect, i.e., the mPFC, the ACC, the insula, and the amygdala, reveals 
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that they hugely overlap with the neural network that has been proposed for self-referential 

processing (Conway, Pothos, & Turk, 2016; Hu et al., 2016; Northoff et al., 2006; Sander et 

al., 2003; Schmitz & Johnson, 2007). In fact, in their latest account for eye-contact effect, 

Conty and colleagues (2016) proposed that the observed eye-contact effect is due to the 

activation of self-relevance processing by direct gaze. The evaluation of self-relevance of 

social cue therefore may follow the neural mechanism of self-referential processing (Hu et 

al., 2016; Northoff et al., 2006; Schmitz & Johnson, 2007): 1) subcortical structures, such as 

amygdala, automatically detect potential biologically- and self-relevant social information 

and orient physiological responses in preparation for rapid reaction (Diano et al., 2017; 

Sander et al., 2003; Schmitz & Johnson, 2007); 2) the mPFC then valuate the self-relevance 

of the information (D’Argembeau, 2013; Hu et al., 2016); and 3) base on the decision of 

mPFC, the ACC and the insula generate conscious sense of feelings and motivation (Craig, 

2009; Gu, Hof, Friston, & Fan, 2013; Schmitz & Johnson, 2007).  

1.2.4. Stage 4: Attention allocation and intention encoding 

In the last stage of Hoehl and colleagues’ (2009) model, individuals will decode 

others’ social intention and allocate their attention to the social information that is determined 

to be socially significant based on the results obtained from the previous three stages.  

One’s attention is directed by others’ gaze direction and this attention orientation can 

be affected by the facial emotion. Early studies have shown that subjects detect a target faster 

when its location is correctly cued by the gaze direction of a previously presented face, and 

this cueing effect was stronger for emotional faces (Bayliss, Schuch, & Tipper, 2010; Fox, 

Mathews, Calder, & Yiend, 2007; Graham, Friesen, Fichtenholtz, & Labar, 2010; Lassalle & 

Itier, 2013; Neath, Nilsen, Gittsovich, & Itier, 2013; Pecchinenda, Pes, Ferlazzo, & 

Zoccolotti, 2008). Such emotion-modulated gaze-orienting effect is related to a later stage of 
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social processing because the emotion modulation attenuates when the face is briefly 

presented (Graham et al., 2010). Emotional context of the target also affects the emotion-

modulated gaze-orienting effect, such that positive target is cued more effectively by the gaze 

of happy faces and negative target is equally effective by negative face and positive face 

(Bayliss et al., 2010; Pecchinenda et al., 2008). Neurally, the emotion-modulated gaze-

orienting effect is reflected in the parietal P3b which is one of the late stages of visual 

processing (Fichtenholtz, Hopfinger, Graham, Detwiler, & Labar, 2007). 

 Another component at Stage 4 is intention encoding, which is commonly examined by 

measuring one’s ability of theory of mind (ToM). The ToM is referred to the ability to infer 

and understand others’ mental states and feelings (Baron-Cohen, Leslie, & Frith, 1985; 

Premack & Woodruff, 1978). Two types of ToM have been proposed: cToM and aToM 

(Kalbe et al., 2010; Shamay-Tsoory & Aharon-Peretz, 2007). cToM (also termed as 

perspective-taking (e.g., Epley, Keysar, Van Boven, & Gilovich, 2004; Surtees, Apperly, & 

Samson, 2013) or mentalizing (e.g., Frith & Frith, 2006; Luyten & Fonagy, 2015)) is defined 

as the ability of making inference about others’ mental states such as their thoughts and 

beliefs, while aToM (e.g., Shamay-Tsoory, 2011; Walter, 2012) is related to the ability to 

understand others’ feelings and emotions. Under these definitions, the intention encoding 

described by Hoehl and colleagues (2009) aligns better with cToM. On top of the distinction 

between cToM and aToM, there are other dimensions of ToM: automatic vs. controlled, 

mentalizing oneself vs. other, and mentalizing based on external features vs. internal features 

(Luyten & Fonagy, 2015). Although different sub-divisions of ToM recruit different parts of 

the brain, typical neural correlates that are associated with the general ToM include the STS, 

the mPFC, and the temporo-parietal junction (Frith & Frith, 2006; Luyten & Fonagy, 2015).  
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1.2.5. Summary of the review on the relevant models of socio-emotional 

processing 

 In this section, we have reviewed the literature on the four stages of social processing 

proposed by Hoehl and colleagues (2009): 1) detection of face and gaze direction; 2) 

encoding of facial information; 3) the evaluation of self-relevance of social cues; and 4) 

attention allocation and intention encoding. Each stage is corresponding to a specific neural 

correlate or a network of neural regions. In the next section, we are going to review the 

influence of alexithymia on each of the stages. 

1.3. Alexithymia and socio-emotional processing 

Alexithymia has been associated with multiple interpersonal difficulties, such as 

exhibiting cold and avoidant social strategies (Vanheule et al., 2007), and less collaborative 

tendency and lack of sociability (Nicolò et al., 2011). These social problems might be linked 

to the impairment in the socio-emotional processing in alexithymia. For example, the high 

alexithymia individuals tend to feel sensitive, anxious and stressful when confronting a social 

event (Nicolò et al., 2011; Pollatos et al., 2011). As reviewed in the previous section, there 

are multiple stages in socio-emotional processing. Which stage(s) of the socio-emotional 

processing is (are) affected by alexithymia? In the following section, we will review the 

reported alexithymic impairments in different sub-domains of socio-emotional processing, 

and fit the evidence into the four stages proposed by Hoehl and colleagues (2009). 

1.3.1. Alexithymia and detection of face and gaze direction 

Evidence in the literature so far does not support that the detection of changes in 

facial feature is impaired in alexithymia. For example, behaviourally, the sensitivity in 

detecting the changes in facial expression and facial identity is not affected by alexithymia 

(Cook et al., 2013; Vermeulen, Luminet, de Sousa, & Campanella, 2008). Furthermore, the 
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ability to detect upright emotional faces and neutral faces among a stream of inverted faces 

was not affected by alexithymia (Grynberg, Vermeulen, & Luminet, 2014). These studies 

suggested that the detection and differentiation of low-level facial feature are intact in 

alexithymia. However, most of these findings sampled in the western population and has not 

been tested in the eastern countries yet.  

However, the early detection of facial expression at a higher level is impaired in 

alexithymia because the high alexithymia individuals tend to perform worse when the facial 

expression is presented suboptimally (Grynberg et al., 2012). A most typical example is that 

when the presentation duration of the facial expression is brief, the emotion identification 

accuracy was negatively correlated with alexithymia (66ms or 100ms in Ihme et al., 2014b; 

1s in Parker, Prkachin, & Prkachin, 2005; 33ms in Prkachin, Casey, & Prkachin, 2009). 

Similar alexithymic impairment can also be observed when the high spatial frequency 

information is removed from the facial expression such that the image is blurry or noisy 

(Brewer, Cook, Cardi, Treasure, & Bird, 2015a; Kätsyri, Saalasti, Tiippana, von Wendt, & 

Sams, 2008). Other than that, high alexithymia individuals are less sensitive in labelling 

facial expressions, such that they tend to judge an emotionally ambiguous face as neutral 

(Cook et al., 2013; Starita, Borhani, Bertini, & Scarpazza, 2018). Although Cook and 

colleagues (2013) argued that the alexithymic impairment in emotional face perception is 

linked to the cognitive stage of the processing because the performance of the facial 

expression change detection task is not affected by alexithymia, another explanation is that 

the high alexithymia individuals might have weaker emotion detection processing that 

operates independently from the low-level visual feature discrimination processing.  

In terms of the detection of gaze information, no direct evidence is available showing 

that the high alexithymia individuals are less able to differentiate gaze direction than low 
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alexithymia individuals. However, indirect evidence has shown that they might pay less 

attention to the eye region of the face during social perception (Bird et al., 2011). In their 

experiment, Bird and colleagues (2011) asked the subjects who were clinically diagnosed 

with autism to watch video clips that involve emotional and social interaction between two 

characters. No explicit emotional task was performed when the video clips were playing, but 

the subjects were told to pay attention to the clips because the purpose of the study was to 

examine the effect of the clips on their performance of the subsequent visual attention task. 

The results showed that the high alexithymia individuals tended to fixate shorter on the eye 

region than the mouth region, whereas those with low alexithymia trait tended to look longer 

at the eyes. It is possible that, therefore, the high alexithymia individuals may be less 

sensitive to gaze information due to their eye avoidance. However, two more recent studies 

failed to replicate the eye avoidance tendency in alexithymia (Fujiwara, Kube, Rochman, 

Macrae-Korobkov, & Peynenburg, 2017; Stephenson, Luke, & South, 2019). The 

discrepancy in the literature might be because of the differences in tasks. While the two 

studies with negative results implemented either an explicit emotional task (Fujiwara et al., 

2017; Stephenson et al., 2019) or a luminance detection task which did not require any 

attention on socio-emotional information (Stephenson et al., 2019), Bird and colleagues 

(2011) directed the subjects’ implicit attention to the socio-emotional information of the 

video clips. The alexithymic eye avoidance, therefore, might only be observed when the 

subjects are implicitly attending to social information, which mirrors closer to real life social 

interaction than explicit emotional task and luminance detection task.  

The impairment in early detection of facial expression, and potentially gaze direction, 

suggests that alexithymia is related to the deficit in the automatic emotion processing 

(Donges & Suslow, 2017). It is well-established that amygdala is one of the most important 

neural candidates for automatic processing of emotion and for emotional significance 
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processing (Diano et al., 2017; Tamietto & De Gelder, 2010). Moreover, it serves an 

important role of allocating processing resources to stimulus that are high in salience and 

biological significance (Pessoa & Adolphs, 2010). Evidence supporting the alexithymic 

amygdala deficit in automatic emotional face perception, however, may need additional 

examination. Only two out of four identified neuroimaging studies that investigated the 

neural correlates of brief facial expression perception in alexithymia (Ihme et al., 2014b; 

Kugel et al., 2008; Reker et al., 2010; Suslow et al., 2016) reported that the amygdala of the 

high alexithymia individuals is less activated than that of low alexithymia individuals when 

the presented face was sad (Kugel et al., 2008; Reker et al., 2010). Moreover, none of the 

studies implementing implicit emotional task reported deactivation of the amygdala in 

alexithymia (Kano et al., 2003; Mériau et al., 2006). Interestingly, though, the connectivity 

between the amygdala and the ACC was found to be more prominent in the high alexithymia 

individuals than low alexithymia during both explicit and implicit emotional face perception 

tasks (Mériau et al., 2006). The finding is interpreted as the support for the alexithymic 

excessive attention to emotional information (Donges & Suslow, 2017). The high alexithymia 

individuals are more attentive to emotional information may be because the processing is 

more effortful for them. 

In sum, early emotion detection is more effortful to the high alexithymia individuals. 

Also, this population may also pay less attention to the eye region of the faces when encoding 

facial emotion implicitly. The subcortical hypoactivation account for the impaired early 

emotion detection in alexithymia needs further investigation. Another possible direction for 

future studies is to investigate the relationship between the early emotional face detection and 

the subcortical connectivity with the frontal regions in alexithymia.  
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1.3.2. Alexithymia and encoding of facial information 

 Again, in this thesis, we focus on the encoding of facial expression, but not other 

facial attributes. Although inaccurate recognition of negative facial expression is commonly 

reported in alexithymia even when the faces were presented optimally (Ihme et al., 2014a; 

Jongen et al., 2014; Kano et al., 2003; Martínez-Velázquez, Honoré, Zorzi, Ramos-Loyo, & 

Sequeira, 2017; McDonald & Prkachin, 1990; Parker, Taylor, & Bagby, 1993a; Prkachin et 

al., 2009; for review, see Grynberg et al., 2012), not much is known about how different in 

perception are the high alexithymia individuals when perceiving emotional faces. Using a 

chimeric free vision of facial expression task (i.e., different emotions displayed in the right-

side and the left-side of the face), Jessimer and Markham (1997) suggested that the high 

alexithymia individuals might rely less on left-side of the face when recognizing negative 

emotional faces. This alexithymic effect however was not found in an earlier study 

(Berenbaum & Prince, 1994). Furthermore, no studies so far demonstrated that the high 

alexithymia individuals have the tendency to use featural processing like the autistic 

individuals. How alexithymia is associated with impaired facial expression encoding, 

therefore, remain inconclusive.  

 At the neural level, early EEG studies that investigated the neural differences in 

emotional face processing showed controversial results. In one study (Vermeulen et al., 

2008), the latency of the posterior N250 component was shown to be delayed when 

discriminating faces from different emotional categories. However, in another study 

(Campanella et al., 2012), the high alexithymia individuals showed earlier posterior N250 

peak when identifying fearful faces. In the fMRI literature, again, controversial findings 

reported in how the activation at the temporal regions affected by alexithymia during optimal 

emotional face perception. In one study, the temporal regions (e.g., the FFA and the STS) of 

the high alexithymia individuals were less activated than those with low alexithymia trait 
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(Jongen et al., 2014), whereas in another study the same temporal regions were hyper-aroused 

(Ihme et al., 2014a). 

  In sum, inconclusive evidence is available for the alexithymic impairment in encoding 

facial emotion. This may suggest that the effect of alexithymia is minimum at the Stage 2 of 

Hoehl and colleagues’ (2009) model. If the encoding of the facial expression is intact in 

alexithymia, it would mean that the behavioural impairment in alexithymia is because of the 

impaired evaluation of the social cues. 

1.3.3. Alexithymia and the evaluation of self-relevance  

To the best of our knowledge, no studies have directly investigated the ability in 

evaluating self-relevance of social cues in alexithymia. A number of studies, however, might 

indirectly suggest that alexithymia is associated with impaired evaluation of self-relevance. 

First, eyes are more aversive to highly alexithymic individuals. They tend to spend less time 

on the eye regions of faces (Bird et al., 2011). Since eyes are one of the most important 

indicators of one’s focus of attention (Emery, 2000; Langton et al., 2000), reduced attention 

to eye regions might lead to insufficient amount of information to evaluate whether oneself is 

involved in the social event. Secondly, while self-awareness is closely associated with eye-

contact effect (Baltazar et al., 2014) - an indicator for the evaluation of self-relevance (Adams 

et al., 2003; N’Diaye et al., 2009; Sander et al., 2007), impaired self-awareness has been 

repeatedly shown in alexithymia (Eastabrook et al., 2013; Pollatos et al., 2011; Shah et al., 

2016). For example, Shah and colleagues (2016) found that alexithymia is negatively 

correlated with the accuracy in reporting one’s own bodily responses (e.g., heart beat rate). 

Similarly, other studies showed that the physiological responses and the self-reported stress 

level of the high alexithymia individuals do not correlate, such that they tend to report 

stronger stress level but have a weaker objective physiological responses than the low 
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alexithymia individuals (Eastabrook et al., 2013; Pollatos et al., 2011). Their impaired self-

awareness suggests that there might be a weaker self-referential processing in alexithymia. 

For self-referential processing is important to elicit eye-contact effect and thus the evaluation 

of self-relevance (Conty et al., 2016), we hypothesize that the high alexithymia individuals 

may have an impaired evaluation of self-relevance of social cues. 

Further indirect support may come from the neural evidence. The most commonly 

reported neural deficits in alexithymia is in the insula (Valdespino, Antezana, Ghane, & 

Richey, 2017; Van der Velde et al., 2013; Wingbermühle et al., 2012). The insula, which 

plays an important role in interoceptive awareness (Craig, 2002; Simmons et al., 2013; Zaki, 

Davis, & Ochsner, 2012), emotional awareness (Sierra & David, 2011; Simmons et al., 2013; 

Zaki et al., 2012),  and self-awareness (Craig, 2009), was found to be less activated in high 

alexithymia individuals during emotional face perception task or empathy task (Bird et al., 

2010; Ihme et al., 2014b; Jongen et al., 2014; Lassalle et al., 2018; Reker et al., 2010). On top 

of the insula, atypically hypoarousal in the mPFC were also observed in alexithymia when 

the subjects were perceiving negative emotional stimuli (Deng, Ma, & Tang, 2013; Lassalle 

et al., 2018; for meta-analysis, see Van der Velde et al., 2013). Other than that, in some cases, 

the ACC was found to be hyper-aroused when perceiving negative emotional stimulus 

(Mériau et al., 2006; Moriguchi et al., 2007a; Van der Velde et al., 2013), but others show a 

different pattern (i.e., hypo-aroused ACC) (Deng et al., 2013; Jongen et al., 2014; Karlsson, 

Näätänen, & Stenman, 2008). Since these three anterior neural regions - the insula, the ACC 

and the mPFC - have been shown to be involved in processing emotional faces with different 

gaze directions (Ewbank et al., 2010; Ziaei et al., 2016, 2017) and are proposed as part of the 

network of self-referential processing (Conway et al., 2016; Hu et al., 2016; Northoff et al., 

2006; Schmitz & Johnson, 2007), it provides further support for our hypothesis that the self-

referential processing and thus the evaluation of self-relevance is impaired in alexithymia. 
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Electroencephalogram (EEG) literature coheres the findings of functional magnetic 

resonance imaging (fMRI) literature. During emotion perception task, the high alexithymia 

individuals tends to exhibit a stronger frontal N2 activation towards pictures displaying 

negative affect (Pollatos & Gramann, 2011; Zhang et al., 2012). The N2 activations towards 

positive images, in contrast, were not different between high alexithymia subjects and low 

alexithymia subjects. Since the source of the frontal N2 has been consistently localized at the 

ACC and the mPFC (for review, see Bocquillon et al., 2014), the frontal N2 findings fit with 

the fMRI studies which reported a hyper-aroused ACC in alexithymia when perceiving 

negative emotional stimulus (Mériau et al., 2006; Moriguchi et al., 2007a; Van der Velde et 

al., 2013). Together, it can be interpreted as that the highly alexithymia individuals require 

more attentional resource to attend and understand emotional stimulus (Van der Velde et al., 

2013).  

In sum, although influence of alexithymia in the evaluation of self-relevance of social 

cues – Stage 3 of social processing (Hoehl et al., 2009) – has yet been directly tested in the 

literature, there are multiple indirect evidence from both behavioural studies and neural 

imaging studies suggesting this possibility. If alexithymia is related to impaired evaluation of 

self-relevance of social cues, there are two possible explanations: 1) the high alexithymia 

individuals are less attentive to eye information and thus unable to use the information to 

evaluate self-relevance; and/or 2) the high alexithymia individuals have an impaired self-

referential processing and consequentially unable to cognitively evaluate self-relevance.  

1.3.4. Alexithymia and attention allocation and intention encoding   

The relationship between alexithymia and attention allocation during social 

processing is not well understood. To the best of our knowledge, no work has been done to 

investigate how alexithymia influences the emotion-modulated gaze-orienting effect. 
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However, studies have consistently showed that the emotion-modulated gaze-orienting effect 

is affected by the anxiety level of the subjects (Fox et al., 2007; Mathews, Fox, Yiend, & 

Calder, 2003). Since alexithymia is highly associated with anxiety (Berthoz, Consoli, Perez-

Diaz, & Jouvent, 1999; Eizaguirre, de Cabezón, de Alda, Olariaga, & Juaniz, 2004; Marchesi, 

Brusamonti, & Maggini, 2000), we expect that alexithymia may affect the emotion-

modulated gaze-orienting effect as anxiety, such that the high alexithymia individuals has 

reduced emotion-modulated gaze-orienting effect for angry faces but stronger emotion-

modulated gaze-orienting effect for fearful faces than those with low alexithymic trait (Fox et 

al., 2007; Mathews et al., 2003). 

On the other hand, in terms of the ability in encoding social intention, there is so far 

only one study reported the alexithymic deficit in cToM (Moriguchi et al., 2009). Other 

studies, however, reported an intact cToM ability in alexithymia (Bernhardt et al., 2014; 

Lane, Hsu, Locke, Ritenbaugh, & Stonnington, 2015; Pluta, Kulesza, Grzegorzewski, & 

Kucharska, 2018). Since the tasks related to cToM concerns the high-level cognitive 

deduction of other’s mental states, the intact cToM ability in alexithymia suggests that any 

alexithymic deficits in social processing is not because they have misinterpreted the social 

situation or others’ social intention. Rather, those deficits are most likely lie on the 

impairments in the experience of internal feelings and emotions (Brewer et al., 2016; 

Grynberg, Luminet, Corneille, Grèzes, & Berthoz, 2010; Lane et al., 1997; Mul, Stagg, 

Herbelin, & Aspell, 2018; Shah et al., 2016). 

One may think that the intact ToM in alexithymia contradicts with the potential 

impairment in the evaluation of self-relevance that we have hypothesized, because the two 

processing shares a number of neural correlates. We however argue that the two do not 

contradict. It has been proposed that there are distinctive neural correlates for self-
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representation and for other-representation (Denny, Kober, Wager, & Ochsner, 2012). 

Whereas information related to oneself activates the ventral part of mPFC, those related to 

others recruits the dorsal part. Furthermore, one of the dimensions of ToM is to mentalizing 

self vs. mentalizing other (Luyten & Fonagy, 2015). Mentalizing self involves understanding 

ones’ own bodily and affective states (i.e., self-representation), while mentalizing other 

involves inhibiting own perspective and cognitively deduce other’s thoughts (i.e., other-

representation). Under this interpretation, alexithymia may relate to an impaired self-

representation and an intact other-representation. Since most of the ToM task involves the 

activation of other-representation (Saxe & Kanwisher, 2003; Stone, Baron-Cohen, & Knight, 

1998), alexithymia does not influence the performance in the tasks. On the other hand, the 

evaluation of self-relevance involves the activation of self-representation (Conty et al., 2016; 

Northoff et al., 2006; Schmitz & Johnson, 2007), and thus it is impacted by alexithymia. 

1.4. Summary of the literature 

This chapter started with introducing the concept of alexithymia, a deficit in 

processing one’s own emotion and others’ emotion, and its relationship with autism. Then we 

reviewed on the models that are relevant to socio-emotional processing. We choose to base 

our discussion on Hoehl and colleagues’ (2009) model because it provides a clear temporal 

sequence for the stages that take place in socio-emotional processing. Four stages of socio-

emotional processing were proposed in their model: 1) detection of face and gaze direction; 

2) encoding of facial information; 3) the evaluation of self-relevance of social cues; and 4) 

attention allocation and intention encoding.  

Then we reviewed the literature on how alexithymia influences each of the stages 

proposed (Figure 1.1). Most literature concerns the effect of alexithymia on Stage 1, Stage 2 

and part of Stage 4 of social processing. The alexithymic impairment at Stage 1 includes 
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being less sensitive to facial expression (Brewer et al., 2015a; Cook et al., 2013; Ihme et al., 

2014b; Kätsyri et al., 2008; Parker et al., 2005; Prkachin et al., 2009; Starita et al., 2018) and 

reduced attention to eye information (Bird et al., 2011). These alexithymic behavioural 

tendency may be associated with the hypo-aroused subcortical pathway for emotion 

processing (Donges & Suslow, 2017) and the excessive connectivity of the amygdala with the 

frontal regions (Mériau et al., 2006).  

Although the high alexithymia individuals have been repeatedly shown to be less 

accurate in recognizing facial expression even when the faces are presented optimally (Ihme 

et al., 2014a; Jongen et al., 2014; Kano et al., 2003; Martínez-Velázquez, Honoré, Zorzi, 

Ramos-Loyo, & Sequeira, 2017; McDonald & Prkachin, 1990; Parker, Taylor, & Bagby, 

1993a; Prkachin et al., 2009; for review, see Grynberg et al., 2012), there is no conclusive 

evidence showing that they have deviated perceptual strategy from those who with low 

alexithymia trait. Furthermore, the neural evidence for the alexithymic impairment in the 

temporal regions, which is the hub for perceptual facial processing (Duchaine & Yovel, 2015; 

Haxby et al., 2000), is inconsistent. Therefore, we cannot conclude how alexithymia affects 

Stage 2 of social processing.  

More conclusive evidence is received from the investigation on the alexithymic 

influence on the process of intention encoding (Stage 4). Although the pilot work done by 

Moriguchi and colleagues (2009) suggested that ToM is impaired in alexithymia, subsequent 

studies could not replicate the finding (Bernhardt et al., 2014; Lane et al., 2015; Pluta et al., 

2018). Thus, it is most likely that the high-level cognitive deduction of other’s mental states 

is unaffected by alexithymia. Nonetheless, little is known about whether alexithymia would 

affect the top-down attention allocation during social processing. Future studies are urged to 

investigate in this direction.  
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Surprisingly, no study has been done on whether and how alexithymia affects the 

evaluation of self-relevance during social processing (Stage 3), despite multiple indirect 

evidence pointing to the possible impairment. We have summarized the existing evidence 

from the behavioural studies and neural imaging studies that indirectly suggested the 

potential impairment of the evaluation of self-relevance in alexithymia. These evidences 

include that: 1) the high alexithymia individuals exhibit eye avoidance tendency during social 

processing (Bird et al., 2011); 2) alexithymia is associated with impaired self-awareness 

(Eastabrook et al., 2013; Pollatos et al., 2011; Shah et al., 2016); and 3) most of the neural 

correlates related to alexithymia is part of the neural network for self-referential processing 

(Conway et al., 2016; Hu et al., 2016; Northoff et al., 2006; Schmitz & Johnson, 2007). 

Based on the evidence, we hypothesize that the high alexithymia individuals have impaired 

detection of facial emotion and gaze direction (Stage 1) and the evaluation of self-relevance 

during socio-emotional processing (Stage 3), but intact facial information encoding (Stage 2) 

and deliberative intention encoding (i.e., ToM; Stage 4) (Figure 1.1e). In this thesis, we 

attempt to provide evidence for the alexithymic impairments at Stage 1 and Stage 3 of socio-

emotional processing and propose a mechanism that connects these impairments based on our 

findings. 
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Figure 1.1.  Major schematic models on socio-emotional processing (a-c), evidences indicating the 

alexithymic impairments at each stage of Hoehl and colleagues’ (2009) model (d), and our proposed 

model for alexithymic impairement in socio-emotional processing (e). The neural correlates that are 

proposed to be associated with a stage is indicated in brackets. Our proposed model is primarily 

adapted from Hoehl and colleagues’ (2009; b) model while incorporating the elements from Baron-

Cohen’s (1997; a) model and Conty and colleagues’ (2016; c) model. More specifically, a direct 

pathway from Stage 1 to Stage 3 is added to capture the rapid processing of intentionality and self-

relevance of social cues in the subcortico-frontal pathway (see Johnson et al., 2015). Red solid line 
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indicates the alexithymic impairment that is well-documented in the literature. Red dotted line 

indicates the alexithymic impairment that we proposed after reviewing the existing literature. 

Consistent evidence has shown that alexithymia has impairment at Stage 1. At Stage 2, however, no 

conclusive evidence shows that HTAS has deviated perceptual strategy from LTAS. Next, 

although no studies directly address the alexithymic impairment at Stage 3, indirect evidence suggests 

the possibility that HTAS may have difficulty at this stage. Lastly, most evidence supports the intact 

ToM (Stage 4) in alexithymia. Through this thesis, we propose that alexithymia is related to the 

impairment in the subcortico-frontal pathway (i.e., Stage 1 and Stage 3) of socio-emotional 

processing. 

 

1.5. Outstanding Questions to be Addressed in the Present Work 

Why is it important to study alexithymia, especially in the context of Singapore? 

Building a caring and cohesive society is one of Singapore’s key goals (Ministry of Finance, 

2019; Tan, 2019). One of the keys to achieving this aim is dependent on effective 

interpersonal communication and an active understanding of others’ feeling at a societal 

level. Yet, literature shows that compared to non-Asians, Asians tend to score higher in 

alexithymia (Dere et al., 2012; Dion, 1996; Lo, 2014), a trait that is associated with a number 

of interpersonal difficulties (Nicolò et al., 2011; Vanheule et al., 2007). If the population of 

Singapore, an Asian country, has a high prevalence rate of alexithymia, it could be a major 

barrier to the promotion of social care and cohesion. We therefore made preliminary attempt 

to investigate the epidemiology of alexithymia in Singapore, starting with the university 

students. At the same time, this study aims to examine which socio-emotional constructs 

alexithymia is closely associated with in order to guide our subsequent investigation. 

As reviewed in the previous sections, the state-of-the-art studies have concerned how 

alexithymia has affected the processing in the first two stages of Hoehl and colleagues’ 

(2009) model, the detection of face and eye information, and the encoding of facial 

information. Little is known, however, about whether and how alexithymia influences the 

third stage of social processing, i.e., the processing of self-relevance of social information. 
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We therefore conducted three experiments in this thesis aims to address this question. More 

specifically, Experiment 1 sets the foundation by exploring the relationship between 

alexithymia and the evaluation of self-relevance during social processing. In the experiment, 

subjects were asked to make judgements on the emotional or neutral faces with different gaze 

directions. The ability to evaluate self-relevance is operationally defined as the eye-contact 

effect (i.e., the rating difference between faces with direct gaze and averted gaze). Since it 

has been suggested that gaze direction and facial expression are processed jointly at Stage 3 

to provide reliable signal of threat, on top of the emotion recognition task and emotion 

intensity rating, we also asked the subjects to rate how threatened they felt towards the faces 

so as to better capture the function of this stage. In addition, previous studies which 

investigated the integrative perception of facial expression and gaze direction did not make 

an attempt at dissociating the detection of gaze direction and the evaluation of self-relevance 

during social processing. In order to differentiate the two processing, we designed a question 

that was not related to the subjects themselves (so that the evaluation of self-relevance was 

avoided) but tasked the subjects with the use of gaze information. If alexithymia impacts the 

processing at the evaluation of self-relevance stage, we expect that the eye-contact effect 

should reduce in the high alexithymia individuals and the reduction should be specific to 

emotional faces, espcially those that indicate threat, e.g., angry faces, and specific to the 

question that is self-threat related. 

Experiment 2 and Experiment 3 were designed to explore the cognitive-behavioral 

mechanism and the neural mechanism of the impaired evaluation of self-relevance during 

social threat processing found in Experiment 1 respectively. Since a reduction in fixation 

duration at the eye region during face perception was shown in alexithymia, one possible 

mechanism for the alexithymic impairment in the evaluation of self-relevance is that the later 

processing stage cannot receive sufficient gaze information from the earlier stages. To test 



38 

 

this possibility, in Experiment 2, we attempted to replicate the alexithymic eye avoidance and 

additionally tested whether it would be modulated by the emotion of the face. Since in 

Experiment 1 we found that alexithymic impairment in the evaluation of self-relevance is 

specific to angry faces, the eye avoidance should also be specific to angry faces if the two 

alexithymic phenomena are related.  

Experiment 3 concerns with the temporal trajectory of the alexithymic impairment of 

the evaluation of self-relevance during social processing. We investigated at which temporal 

stage (early stage: ~120ms; early-mid stage: ~170ms; late-mid stage: ~250ms; late stage: 

~300ms) of neural processing by EEG reflects the reduction in eye-contact effect of angry 

faces observed in Experiment 1. Additionally, we explored whether the alexithymic influence 

on the evaluation of self-relevance occurs at the posterior and/or anterior region of the brain. 

This spatial information from EEG will allow us to draw comparison with the fMRI 

literature. The neural mechanism of the social processing can be inferred, and we can 

pinpoint the neural regions and neural network that are most likely to be implicated in 

alexithymia. 

Lastly, autism is known to have a very close relationship with alexithymia (Bird & 

Cook, 2013; Poquérusse et al., 2018). Most studies, however, concerned the clinical 

population. In this thesis, we also attempted to test the “alexithymia hypothesis” of autistic 

tendency in the general population. Autistic tendency is considered a continuous spectrum 

rather than a category in the general population, and in the lower end of the spectrum lies the 

individuals with ASD (Baron-Cohen, Wheelwright, Skinner, Martin, & Clubley, 2001; 

Lundström et al., 2012; Wakabayashi, Tojo, Baron-Cohen, & Wheelwright, 2004). More 

importantly, typically developed individuals with high autistic traits tend to share similar 

behavioral tendencies with those who are diagnosed with autism (Losh et al., 2009). Evidence 
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from limited literature showed that children diagnosed with autism might have impaired 

integrative perception of facial expression and gaze direction (Akechi et al., 2009, 2010). On 

top of replicating the finding, we also tested whether alexithymia can explain such autistic 

impairment, if any. If alexithymia is a better predictor than autistic traits, we will provide 

further support for the “alexithymia hypothesis”. 

Taken together, the four studies in this thesis will illustrate the importance of studying 

alexithymia in Singapore, and how the evaluation of self-relevance in socio-emotional 

processing is affected by alexithymia. Our results will further our understanding of the 

underlying core deficits in alexithymia (Figure 1.2), a trait that affects up to 19% of the 

population.  

 

Figure 1.2.  Framework for the four proposed studies in this thesis.  
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Chapter 2 

Survey Study. Alexithymia in General Population of Singapore 

and its Relationship with Socio-Emotional Constructs 

2.1. Introduction 

 Alexithymia, characterized by the inability to describe and identify feelings (Sifneos, 

1973; Taylor et al., 1991), is a construct that is proposed to be related to deficits in socio-

emotional processing (Grynberg et al., 2010; Lane et al., 1997; Larsen et al., 2003). The 

interpersonal relationship of the individuals who are high in alexithymia is disrupted by this 

deficit. For example, they tend to adopt cold and avoidant social strategies (Vanheule et al., 

2007) and are less collaborative and sociable (Nicolò et al., 2011). These deviated social 

behaviours may be because of their atypical emotional feelings, like the tendency to feel 

sensitive, anxious and stressful, during social interaction (Nicolò et al., 2011; Pollatos et al., 

2011).  

 Alexithymia, nonetheless, is not a rare condition in the population. In the western 

countries, the prevalence rate of alexithymia is 10% to 19% (10% in Germany, Franz et al., 

2008; 18% in UK, Mason et al., 2005; 13% in Australia, McGillivray, Becerra, & Harms, 

2017; 19% in Canada, Parker, Taylor, & Bagby, 1989; 13% in Finland, Salminen et al., 

1999). This rate could be even higher in countries with Asian culture. Cultural differences 

have been found in alexithymia, such that Asians tend to score higher in TAS-20, especially 

in its subscale External oriented thinking (EOT), than non-Asians (Dere et al., 2012; Dion, 

1996; Lo, 2014). The cultural differences was shown to be mediated by the endorsement of 

modernized values and beliefs (Dere et al., 2012), and the adoption of eastern and western 

values (Dere et al., 2012; Lo, 2014). Although not directly tested so far, due to the cultural 
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differences in alexithymia, Asian countries, such as Singapore, might have a higher 

prevalence rate in alexithymia than the western countries. 

 On top of the degree of alexithymia, we are also interested in examining the reliability 

of TAS-20, a scale measuring the degree of alexithymia, in the context of Singapore. To date, 

there are no studies that tested the applicability of TAS-20 in the Singapore. Since Singapore 

is a multilingual country with English as the primary working language, we would expect that 

the reliability of the English version of TAS-20 in Singapore should not be different from 

those in the western countries where English is also their primary language (e.g., US, 

Australia, and Canada; Bagby, Parker, & Taylor, 1994; Culhane, Morera, Watson, & Millsap, 

2009; Gignac, Palmer, & Stough, 2007; McGillivray et al., 2017; Parker, Eastabrook, Keefer, 

& Wood, 2010; Parker, Michael Bagby, Taylor, Endler, & Schmitz, 1993; Preece, Becerra, 

Robinson, & Dandy, 2018). Yet, we cannot exclude the possibility that the cultural 

backgrounds and the increased use of other languages (e.g., Chinese, Malay, and Tamil) in 

daily life may influence the reliability of TAS-20 in Singapore. One study conducted in 

Malaysia which has a similar education language background as Singapore used TAS-20 

scale to investigate cultural differences in alexithymia (Le, Berenbaum, & Raghavan, 2002). 

However, this study did not report the reliability of TAS-20 in their Malaysian sample. 

Therefore, the second aim of this study is to verify the applicability of TAS-20 via examining 

its internal reliability in the Singapore university students.  

 Another important question that is going to be addressed in this chapter is the 

association of alexithymia with different social constructs, i.e., autistic traits (AQ-28), 

emotional expressivity (Berkeley Expressivity Questionnaire (BEQ)), and emotional 

constructs, i.e., depression, anxiety and stress (Depression Anxiety Stress Scale (DASS-21)). 

Alexithymia has been consistently related to emotional deficits (Eizaguirre et al., 2004; 
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Ghorbani, Khosravani, Sharifi Bastan, & Jamaati Ardakani, 2017; Li, Zhang, Guo, & Zhang, 

2015; Swart, Kortekaas, & Aleman, 2009) and deviation in social behaviours (Nicolò et al., 

2011; Vanheule et al., 2007). However, since these two types of deficits are commonly 

related (Kupferberg, Bicks, & Hasler, 2016; Lopes, Salovey, Côté, & Beers, 2005; Segrin, 

1996; Wei, Vogel, Ku, & Zakalik, 2005), it is not clear whether their relationships with 

alexithymia can be explained by each other. This survey study, therefore, attempted to answer 

this question. 

 In this preliminary study, our primary aim is to investigate the alexithymia rate among 

Singapore university students. Second, we attempted to examine the applicability of the 

English version of TAS-20 in Singapore so as to justify its application in our other studies. A 

simultaneous data collection was conducted in UK to compare the cultural differences. Due 

to the time limits, we would not report the details of findings of the UK sample here. Lastly, 

we investigated the relationship of alexithymia with social constructs and emotional 

constructs. This will set the foundation for our subsequent investigation in the socio-

emotional processing in alexithymia. 

2.2. Methods 

2.2.1. Participants 

In total, seven hundred and twenty-eight responses were received from the UK and 

Singapore pool. Since our collaborators cannot officially confirm whether we can report the 

data from the UK sample before the deadline of the thesis submission, we only focus on the 

sample obtained from Singapore in this study. Responses from subjects who did not complete 

the questionnaire, who were not a student, who were not within 21 to 40 years old, or who 

indicated to have a clinical diagnosis were excluded from the analysis, resulting a total of two 

hundred and two responses included in the analysis. Table 2.1 illustrates the demographic 
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information of the responses which were included in the analysis. Informed consents were 

obtained from the subjects before the questionnaire. This study was approved by the 

Institutional Review Board (IRB) at Nanyang Technological University, Singapore, by the 

Code of Ethics of the World Medical Association (Declaration of Helsinki) for experiments 

involving human subjects. 

 

 SG 

N 202 

Gender (F/M) 123/79 

Age 22.85 (2.15) [21 – 33] 

Ethnicity  

White 2 

Chinese 182 

Indian 4 

Malay 4 

Others 10 

First Language  

English 64 

Mandarin Chinese 118 

Malay 4 

Tamil 3 

Others 13 

Education level  

High School 66 

University but not graduate yet 103 

Associate degree (2 year) 3 

Bachelors (4 year) 25 

M.Sc. 5 

  

AQ-28 12.80 (4.33) [2 – 24] 
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DASS-21   

Depression 11.87 (8.85) [0 – 40] 

Anxiety 11.28 (7.22) [0 – 32] 

Stress 13.55 (7.18) [0 – 36] 

TAS-20 51.20 (10.62) [26 – 77] 

BEQ 71.84 (13.58) [39 – 105] 

HVIC  

HI 26.07 (4.72) [14 – 36] 

VI 21.67 (5.36) [4 – 35] 

HC 25.93 (5.00) [6 – 36] 

VC 26.07 (5.46) [8 – 36] 

Table 2.1. Demographic information of the participants in Survey Study. 

AQ-28 – Autism-Spectrum Quotient – Short Version; DASS-21 – 

Depression Anxiety Stress Scale; TAS-20 – Toronto Alexithymia Scale; 

BEQ – Berkeley Expressivity Questionnaire; HVIC – Horizontal and 

Vertical Individualism and Collectivism Scale; HI – Horizontal 

Individualism; VI – Vertical Individualism; HC – Horizontal 

Collectivism; VC – Vertical Collectivism. Standard deviations are shown 

in parentheses. Range of the scores are shown in square brackets. 

 

2.2.2. Apparatus 

AQ-28. The Autism Spectrum Quotient – Short Version (AQ-28; Hoekstra et al., 

2011; Kuenssberg, Murray, Booth, & McKenzie, 2014) has 28 items to measure one’s 

autistic tendency. It has five subscales: Social Skills (e.g., “I find social situation easy”), 

Attention Switching (e.g., “I find it easy to do more than one thing at once” [negatively 

coded]), Routine (e.g., “New situations make me anxious”), Imagination (e.g., “I find making 

up stories easy” [negatively coded]), and Numbers/Patterns (e.g., “I am fascinated by 

numbers”). Participants responded to the questions in a 4-point scale (1 = “Definitely agree”; 

2 = “Slightly agree”; 3 = “Slightly disagree”; 4 = “Definitely disagree”). AQ-28 was shown 
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to exhibit high internal reliability (Cronback’s alpha = .77 to .84) (Hoekstra et al., 2011; 

Kuenssberg et al., 2014).  

DASS-21. Depression Anxiety Stress Scale (DASS-21; Lovibond & Lovibond, 1995) 

has 21 items to assess one’s levels of depression (e.g., “I couldn’t seem to experience any 

positive feeling at all”), anxiety (e.g., “I experienced trembling”), and stress (e.g., “I tended to 

over-react to situations”) over the last week before the administration of the questionnaire. 

Participants responded to the questions in a 4-point scale (0 = “Did not apply to me at all”; 1 

= “Applied to me to some degree, or some of the time”; 2 = “Applied to me to a considerable 

degree, or a good part of time”; 3 = “Applied to me very much, or most of the time”). DASS-

21 was shown to exhibit high internal reliability (Cronback’s alpha = .70 to .94) (Antony, 

Bieling, Enns, & Swinson, 1998; Oei, Sawang, Goh, & Mukhtar, 2013). 

TAS-20. Toronto Alexithymia Scale (TAS-20; Bagby, Taylor, & Parker, 1994) has 20 

items to assess one’s level of alexithymia. It has three subscales: Difficulty in describing 

feelings (DDF; e.g., “It is difficult for me to find the right words for my feelings”), Difficulty 

in identifying feelings (DIF; e.g., “I am often confused about what emotion I am feeling”), 

and External oriented thinking (EOT; e.g., “Being in touch with emotions is essential” 

[negatively coded]). Participants responded to the questions in a 5-point Likert scale (1 = 

“Strongly disagree”; 2 = “Moderately disagree”; 3 = “Neither disagree nor agree”; 4 = 

“Moderately agree”; 5 = “Strongly agree”). The calculation of the TAS-20 total score, DDF 

subscale score, DIF subscale score, and EOT subscale score followed the instructions of the 

scale manual. After negatively coding some of the items, scores of all items were added 

together to obtain the total score of TAS-20. Scores of DDF, DIF, and EOT were the results 

of the summation of scores of subsets of items. DDF and DIF of the English version of TAS-

20 have been reported to have consistently high internal reliability (Cronback’s alpha = .75 
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to .87), but EOT was shown be less internally consistent (Cronback’s alpha = .64 to .74) 

(Bagby et al., 1994a; Gignac et al., 2007; Parker et al., 2010; Preece et al., 2018). 

BEQ. Berkeley Expressivity Questionnaire (BEQ; Gross & John, 1997) has 16 items 

to assess one’s tendency to express emotion. It has three subscales: Negative expressivity 

(e.g., “It is difficult for me to hide my fear”), Positive expressivity (e.g., “I laugh out loud 

when someone tells me a joke that I think is funny”), and Impulse strength (e.g., “I 

experience my emotions very strongly”). Participants responded to the questions in a 7-point 

Likert scale (1 = “Strongly disagree”; 4 = “Neutral”; 7 = “Strongly agree”). The total score of 

BEQ was shown to have high internal reliability (Cronback’s alpha = .82 to .85) (Dobbs, 

Sloan, & Karpinski, 2007; Gross & John, 1995). While Impulse strength also exhibit high 

internal reliability (Cronback’s alpha = .73 to .78), the internal reliabilities of Negative 

expressivity (Cronback’s alpha = .63 to .72) and Positive expressivity (Cronback’s alpha 

= .63 to .71) was relatively lower (Dobbs et al., 2007; Gross & John, 1995).  

HVIC. Horizontal and Vertical Individualism and Collectivism Scale (HVIC; 

Triandis & Gelfand, 1998) has 16 items to assess one’s collectivism and individualism. It has 

four subscales: Horizontal individualism (HI; e.g., “I rely on myself most of the time; I rarely 

rely on others.”), Vertical individualism (VI; e.g., “Winning is everything.”), Horizontal 

collectivism (HC; e.g., “I feel good when I cooperate with others.”), and Vertical collectivism 

(VC; e.g., “Parents and children must stay together as much as possible.”). Participants 

responded to the questions in a 9-point Likert scale (1 = “Never or definitely no”; 9 = 

“Always or definitely yes”). VI (Cronback’s alpha = .71 to .75) and VC (Cronback’s alpha 

= .66 to .69) exhibited highest internal reliabilities, and HI (Cronback’s alpha = .57 to .66) 

and HC (Cronback’s alpha = .57) were shown to have lower internal reliabilities (Klassen, 

2004). 
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2.2.3. Procedure 

After giving their consents for participation, the respondents were first asked to 

complete a set of questions related to their demographic information (see Table 2.1). After 

that, the questionnaires of interest (AQ-28, DASS-21, TAS-20, BEQ, HVIC, and IAS (a to-

be-published questionnaire related to interoceptive awareness developed by our collaborators, 

so the details of the questionnaire are not available yet)) were administrated in random order. 

All questions, except age (since it is a sensitive information. For other questions about 

sensitive information, such as gender and ethnicity, “Other” was available as an option), 

could not be skipped. After the completion of questionnaire, the respondents were debriefed 

about the purpose of the study.   

2.2.4. Data analysis 

 The internal reliabilities of TAS-20 and its subscales were assessed by calculating 

their Cronback’s alpha coefficients. We also calculated the inter-item correlation to 

investigate which items of the scale were not consistent with the rest of the items.  

To investigate how alexithymia associates with different socio-emotional constructs, 

we performed linear regression analysis to predict TAS-20 with socio-emotional constructs 

controlling for age and gender. Any construct has a Variance Inflation Factor (VIF) value 

over 3.3 will be excluded from the model due to the introduction of collinearity (Akinwande, 

Dikko, & Samson, 2015; Kock; & Lynn, 2012; Midi, Sarkar, & Rana, 2010; Petter, Straub, & 

Rai, 2007).  

SPSS Statistics 25 (IBM, NY, USA) was used for data analysis. 
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2.3. Results 

 In general, in the Singapore university student sample, the English version of TAS-20 

scale has a high internal reliability (Cronback’s alpha = .85). Among the three subscales, the 

reliabilities of DIF and DDF were the highest (Cronback’s alpha = .86 and .75 respectively), 

while EOT had the lowest reliability (Cronback’s alpha = .53). Our results were comparable 

with the reports from the western countries (Bagby et al., 1994a; Gignac et al., 2007; Parker 

et al., 2010; Preece et al., 2018). Interestingly, we found that the prevalence rate of 

alexithymia in Singapore university student is 24% and is higher than the rates previously 

reported in the other countries (10% to 19%) (Germany: Franz et al., 2008; UK: Mason et al., 

2005; Canada: Parker et al., 1989; Finland: Salminen et al., 1999). This could be because of 

our sample’s cultural orientation or specific demographic, e.g., being student population 

rather than general population. Lastly, we showed that alexithymia is related to deficits in 

both social constructs and emotional constructs.  

2.3.1. Reliability of TAS-20 in Singapore university student sample 

 For TAS-20 total score, the Cronback’s alpha coefficient was .85 suggesting that it 

has a high internal reliability. However, we spotted several items that had poor mean inter-

item correlations. These items include Q5 (“I prefer to analyze problems rather than just 

describe them.”; mean inter-item correlation = .07), Q10 (“Being in touch with emotions is 

essential.”; mean inter-item correlation = .14), Q16 (“I prefer to watch "light" entertainment 

shows rather than psychological dramas.”; mean inter-item correlation = .09), Q18 (“I can 

feel close to someone, even in moments of silence.”; mean inter-item correlation = .08), Q19 

(“I find examination of my feelings useful in solving personal problems.”; mean inter-item 

correlation = .10), and Q20 (“Looking for hidden meanings in movies or plays distracts from 

their enjoyment.”; mean inter-item correlation = .10). Interestingly, most of these questions 

(i.e., Q5, Q10, Q18, and Q19) are negatively coded and are loaded in EOT. 
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 Separating by the TAS-20 subscales, the Cronback’s alpha coefficients of DIF, DDF, 

and EOT were .86, .75, and .53 respectively. The mean inter-item correlations of the DIF and 

DDF items were .47 and .38 respectively, indicating that they had a good internal reliability. 

In contrast, EOT had a poor mean inter-item correlation (.13). The low correlation was driven 

by items include Q5 (mean inter-item correlation = .12), Q18 (mean inter-item correlation 

= .11) and Q20 (mean inter-item correlation = .04). This indicates that the EOT might not be 

well represented by all its items in the Singapore university students. Other studies in western 

countries also found that the EOT is less internally consistent than the other two subscales 

(Cronback’s alpha  = .64 to .74; Bagby et al., 1994a; Gignac et al., 2007; Parker et al., 2010; 

Preece et al., 2018). 

 In sum, in general, the TAS-20 has a high internal reliability which is comparable 

with those reported in the western countries (Cronback’s alpha = .75 to .87; Bagby et al., 

1994a; Gignac et al., 2007; Parker et al., 2010; Preece et al., 2018) in the Singapore 

university students. One of its subscales, the EOT, has a poor internal reliability. However, 

the same observation has also been reported in studies conducted in other samples (Bagby et 

al., 1994a; Gignac et al., 2007; Parker et al., 2010; Preece et al., 2018). Therefore, the English 

version of TAS-20 (especially its subscales DIF and DDF) has a high applicability in the 

Singapore university students. 

2.3.2. Prevalence of alexithymia in Singapore university students 

 According to the traditional cut-off scores (≥ 61 in TAS-20) (Bagby et al., 1994b), the 

prevalence of alexithymia in the Singapore university students is 24% (LTAS (TAS-20 < 52) 

= 53%; MTAS (52 ≤ TAS-20 < 61) = 23%). This prevalence rate was higher than those 

reported in other countries (10% in Germany, Franz et al., 2008; 18% in UK, Mason et al., 

2005; 13% in Australia, McGillivray, Becerra, & Harms, 2017; 19% in Canada, Parker, 
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Taylor, & Bagby, 1989; 13% in Finland, Salminen et al., 1999). While it might implicate a 

cultural difference in alexithymia (Dere et al., 2012; Dion, 1996; Lo, 2014), the higher rate of 

alexithymia in our sample might also be because of the differences in the population 

demography, e.g., students vs. working adults. Further discussion on different possible 

explanation to our findings will be discussed in 2.4. Discussion.   

2.3.3. Association of alexithymia with other socio-emotional constructs 

Alexithymia was found to be correlated with most of the socio-emotional constructs 

(see Appendix I). Multiple linear regression analysis (Model 1 in Table 2.2) predicting TAS-

20 scores with different socio-emotional constructs controlling for age and gender showed 

that alexithymia was significantly predicted by AQ-28 (β = .32, t(186) = 4.93, p < .001), 

emotion expressivity (BEQ) (β = -.18, t(186) = 2.87, p = .005), depression (β = .18, t(186) = 

2.19, p = .030), and horizontal individualism (β = -.14, t(186) = 2.37, p = .019). Although 

none of the VIF values of predictors exceeded 3.3, suggesting a low level of collinearity in 

the regression model, stress appeared to have a relatively higher VIF value than other 

predictors. This might suggest that stress was confounding other factors at a certain degree. 

This was confirmed by the stepwise linear regression analysis which included all potential 

predictors (Model 2 in Table 2.2). In this model, we found that, on top of the predictors that 

found significant in Model 1, anxiety was also significantly predicted TAS-20 scores (β 

= .20, t(190) = 2.71, p = .007) when stress was excluded from the model. This may suggest 

that the relationship between anxiety and alexithymia is confounded by stress. In general, we 

found that alexithymia is associated with both social constructs (i.e., autistic traits and 

emotion expressivity) and emotional constructs (i.e., depression and stress). Cultural values, 

i.e., individualism, is also related to alexithymia traits.  
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 Model 1 Model 2 

 β t p VIF β t p VIF 

AQ-28 .32 4.93 < .001 1.35 .33 5.29 < .001 1.21 

BEQ -.18 2.87 .005 1.29 -.17 2.82 .005 1.17 

HI -.14 -2.37 .019 1.12 -.12 2.08 .039 1.03 

VI .10 1.58 .115 1.14     

HC .02 .34 .737 1.60     

VC -.05 .80 .423 1.39     

Depression .18 2.19 .030 2.19 .24 3.15 .002 1.80 

Stress .13 1.32 .188 2.82     

Anxiety .13 1.52 .132 2.47 .20 2.71 .007 1.78 

R2  .41    .40   

Table 2.2. Summary of simple linear regression analysis (Model 1; F(11, 186) = 11.94, p 

< .001) and stepwise linear regression analysis (Model 2; F(7, 190) = 17.97, p < .001) 

predicting TAS-20 scores after controlling for age and gender. VIF – Variance Inflation 

Factor; BEQ – Berkeley Expressivity Scale; HI – Horizontal Individualism; VI – Vertical 

Individualism; HC – Horizontal Collectivism; VC – Vertical Collectivism. 

 

2.4. Discussion 

The Survey Study investigated the prevalence of alexithymia in Singapore and 

compared it with that of the western countries. We found that around 24% of the respondents 

were categorized as “alexithymic” among our sample of Singapore university students. This 

prevalence rate was higher than the reported values in other countries (10% to 19%; Franz et 

al., 2008; Mason, Tyson, Jones, & Potts, 2005; Parker, Taylor, & Bagby, 1989; Salminen, 

Saarijärvi, Äärelä, Toikka, & Kauhanen, 1999). Next, we examined how alexithymia is 
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associated with other socio-emotional constructs. Alexithymia was found to be associated 

with both social constructs and emotional constructs.  

One possible explanation to the higher alexithymia rate in Singapore university 

students than in other reports is the cultural differences in alexithymia (Dere et al., 2012; 

Dion, 1996; Lo, 2014). These studies demonstrated that the cultural differences in 

alexithymia is mediated by the endorsement of modernized values and beliefs (Dere et al., 

2012), and the adoption of eastern and western values (Dere et al., 2012; Lo, 2014). More 

specifically, those who tend to adopt more traditional and Asian values and beliefs also tend 

to have higher alexithymia. Interestingly, among the three subscales of alexithymia, cultural 

difference was most consistently observed in EOT (Dere et al., 2012; Ryder et al., 2008). 

Since EOT concerns one’s degree in attending to emotion and the emotional aspect of the 

world (Coffey, Berenbaum, & Kerns, 2003; Donges & Suslow, 2017), Asians might be less 

active in attending to their own emotions in order to fit into the social context (Mesquita & 

Albert, 2007). 

Nonetheless, it should be acknowledged that other factors may also contribute to the 

observed high alexithymia rate in our sample. One key potential factor is the differences in 

subject demographics between our sample and the samples of other studies that reported 

alexithymia rate. For example, while most of those studies sampled general population who 

were mostly working adults (Franz et al., 2008; Hintikka et al., 2004; McGillivray et al., 

2017; Salminen et al., 1999), we only sampled university students. One study conducted in 

UK sampled university students and reported an alexithymia rate of 18% (Mason et al., 

2005). Although this alexithymia rate in UK university students is higher than the reported 

rate in the general population of Germany (10%; Franz et al., 2008), Finland (10% to 13%; 

Hintikka et al., 2004; Salminen et al., 1999), and Australia (13%; McGillivray et al., 2017), it 
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is still lower than the rate in our sample. Yet, since no other studies recruited university 

student population reported the prevalence rate of alexithymia, whether this 6% difference 

between our sample and the UK sample (Mason et al., 2005) reaches statistical significance 

remains unclear.  

In order to further understand how culture and population demographic affect 

alexithymia level, we summarized and contrasted the published mean TAS-20 scores by 

cultural orientations and demographic information (Figure 2.1). We found that there was no 

significant difference in TAS-20 scores between western-oriented cultures (Dere et al., 2012; 

Franz et al., 2008; Hintikka et al., 2004; Le et al., 2002; Loiselle & Cossette, 2001; Mason et 

al., 2005; McGillivray et al., 2017; Salminen et al., 1999; Tsaousis et al., 2010) and eastern-

oriented cultures (Dere et al., 2012; Le et al., 2002; Moriguchi et al., 2007b; Pandey, Mandal, 

Taylor, & Parker, 1996; Sang, Chung, Hyo, & Sung, 2009; Zhu et al., 2007) (t(16) = 1.31, p 

= .208). In contrast, there is a trend that the student population (Dere et al., 2012; Le et al., 

2002; Loiselle & Cossette, 2001; Mason et al., 2005; Pandey et al., 1996; Sang et al., 2009; 

Tsaousis et al., 2010) has higher TAS-20 scores than the general population (Franz et al., 

2008; Hintikka et al., 2004; McGillivray et al., 2017; Moriguchi et al., 2007b; Salminen et al., 

1999; Zhu et al., 2007) although the trend does not reach significance (t(16) = 1.78, p = .094). 

Therefore, with the available data from the literature, we are not able to conclude that 

whether the high alexithymia rate in our sample is due to the dominance in eastern-oriented 

culture or the sample being student population.  
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Figure 2.1.  Summary of TAS-20 scores reported in different countries/population. Red font indicates 

western-oriented culture. Blue font indicates eastern-oriented culture. Underscored indicates student 

population was sampled, otherwise general population was sampled. 

Other than cultural differences and demographic differences, we also need to be 

cautious when interpreting the finding due to the low internal reliability of EOT (Cronback’s 

alpha coefficient = .53). The low internal reliability may indicate that not all of the items 

loaded in EOT represent the same concept. Although this phenomenon is more severe in our 

sample, similar reports can also be found in other reports (Bagby et al., 1994a; Gignac et al., 

2007; Parker et al., 2010; Preece et al., 2018). In an attempt to solve the weak internal 

reliability of EOT, some theorists have proposed to separate EOT into two independent 

subscales (Gignac et al., 2007; Haviland & Reise, 1996). This proposal however is not 

commonly adopted in the field. Nonetheless, due to the low internal reliability of EOT in our 

sample, we cannot exclude the possibility that the EOT score is overestimated in our sample. 

This possibility can be directly tested when we include the UK sample and repeat the 
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comparison in TAS-20 score after excluding the items with exceptionally low inter-item 

correlations. 

Lastly, we demonstrated that alexithymia is associated with deficits in both social 

constructs and emotional constructs. The finding is coherent with the models which proposed 

that alexithymia is a deficit in emotion processing (Lane et al., 1997; Larsen et al., 2003). 

Experimental evidence showed that high alexithymia individuals tend to be less accurate in 

reporting their emotional feelings, and may even over-exaggerate their feelings during social 

events (Eastabrook et al., 2013; Pollatos et al., 2011). This provides the foundation for us to 

study their deficits in socio-emotional processing in the subsequent chapters.  

One limitation of our study is that most of our subjects were from Nanyang 

Technological University. It is possible that, therefore, our findings may not be applicable to 

the entire university student population in Singapore. For example, in the academic year 2018 

– 19, the proportion of undergraduates enrolled in science-related major was more in NTU 

(~61%; 

https://www.ntu.edu.sg/AboutNTU/CorporateInfo/FactsFigures/Documents/NTU_glance_20

18.pdf) than in NUS (~55%; http://www.nus.edu.sg/registrar/info/statistics/ug-enrol-

20182019.pdf). Since previous literature has shown that students from science major tend to 

score higher in autistic traits than those from non-science major (Baron-Cohen et al., 2001) 

and autistic traits are highly correlated with alexithymia trait (Bird & Cook, 2013; Kinnaird, 

Stewart, & Tchanturia, 2019), the alexithymia rate observed in this study may be affected by 

the site where we collected our data. On top of that, it is also possible that our sample may 

interpret some items in the scale in a different way from the participants of other studies, 

especially those from the western countries. To achieve a better validation of TAS-20 scale in 

https://www.ntu.edu.sg/AboutNTU/CorporateInfo/FactsFigures/Documents/NTU_glance_2018.pdf
https://www.ntu.edu.sg/AboutNTU/CorporateInfo/FactsFigures/Documents/NTU_glance_2018.pdf
http://www.nus.edu.sg/registrar/info/statistics/ug-enrol-20182019.pdf
http://www.nus.edu.sg/registrar/info/statistics/ug-enrol-20182019.pdf


56 

 

Singapore, future qualitative studies are needed to obtain the subject’s interpretations of the 

items via interview and contrast with those obtained from the western population.  

In sum (Table 2.3), in Survey Study, we found that Singapore university students have 

an alexithymia rate of 24% which is relatively high compared to those that have been 

reported in the literature in other countries. This could be because of the cultural orientation 

or the specific demographic of our sample, e.g., being student population rather than general 

population. This urges us to have a better understand of alexithymia so as to facilitate social 

cohesion in Singapore. Furthermore, we found that alexithymia is related to deficit in both 

social constructs and emotional constructs. This forms the foundation and set the direction for 

our experiments in the following chapters. 

 

Major finding 

1. Singapore university students (majority sampled in NTU) has an alexithymia rate of 

24% 

2. Alexithymia is related to both the deficit in social processing and emotional 

processing 

Table 2.3. Summary of finding in Survey Study 
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Chapter 3  

Experiment 1. Emotion-specific Eye-Contact Effect in 

Alexithymia 

3.1. Overview 

Interpreting social interaction and understanding others’ social intention accurately 

allow us to make appropriate reaction to the present social situation. Gaze direction is an 

important facial cue that allows one to perform such social interpretation, especially when 

others are displaying facial emotion, because it indicates whether the social event is relevant 

to oneself or not (Emery, 2000; Langton et al., 2000). Therefore, inefficient processing of 

gaze direction and/or integrating the gaze information with other social cues, such as facial 

emotion, may lead one to have difficulty in daily social interaction. In the general population, 

individuals who are high in alexithymia traits, which prevalence rate is 10% - 19% (Franz et 

al., 2008; Mason et al., 2005; McGillivray et al., 2017; Parker et al., 1989; Salminen et al., 

1999) in western countries and 24% in Singapore university students (see Survey Study), 

were shown to associate with reduced attention to eye regions during face perception (Bird et 

al., 2011). This eye avoidance tendency may cause them to be unable to evaluate the degree 

of self-relevance in a social interaction.   

The evaluation of self-relevance is the processing to identify stimuli that are related to 

oneself (Northoff et al., 2006). The concept of “self” differs in different domains (Northoff et 

al., 2006). Broadly speaking, there are three major domains of “self”:  “physical self”, 

“social-value of self”, and “interpersonal self” (Sugiura, 2013). “Physical self” relates to 

one’s own material existence in the external world and includes the processing of own face 

(e.g., Kircher et al., 2001; Sugiura et al., 2012), and own name (Tacikowski, Cygan, & 
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Nowicka, 2014; Zhao, Wu, Zimmer, & Fu, 2011) etc.  “Social-value of self” concerns one’s 

own social status, attributes, and others’ evaluation on oneself. It is commonly studied by 

asking subjects to categorize adjectives that are related to oneself from those that are related 

to others (e.g., Kelley et al., 2002; Schmitz, Kawahara-Baccus, & Johnson, 2004). Lastly, 

“interpersonal self”, which is the focus of this thesis, is associated with the awareness that 

whether one is involved in a social interaction or social situation. The processing of 

“interpersonal self” is studied by contrasting behavior or neural activation when one is 

perceiving direct gaze vs. averted gaze (e.g., Baltazar et al., 2014; Conty, George, & 

Hietanen, 2016), perceiving emotional images when instructed to judge their own feelings vs. 

to judge the location of the scene in the image (e.g., Gusnard, Akbudak, Shulman, & Raichle, 

2001), and perceiving emotional images when instructed to judge their own feelings vs. to 

judge the feelings of the people in the images (e.g., Ochsner et al., 2004).  

Does alexithymia affect the evaluation of self-relevance in socio-emotional 

processing? Experiment 1 attempts to address this question by examining the relationship 

between the gaze-related evaluation differences in emotional faces and alexithymia trait. We 

assessed the evaluation of self-relevance ability with the strength of eye-contact effect (Conty 

et al., 2016; Senju & Johnson, 2009) – the difference between the judgement of the faces with 

direct gaze and that of the faces with averted gaze. Face with direct gaze is self-relevant 

because the gaze direction indicates that the observer of the face falls into the 

communicator’s focus of attention and is the potential target of the social interaction, whereas 

averted gaze suggests that the observer may not be included in the social interaction (N’Diaye 

et al., 2009; Sander et al., 2007).  

 Although the effect of gaze direction on the perception of facial emotion is commonly 

reported in the literature (Bayliss et al., 2007; Marschner et al., 2015; N’Diaye et al., 2009; 
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Sander et al., 2007; Sauer et al., 2014), how its influence varies across different emotions is 

rarely systematically investigated. Another contribution of Experiment 1 therefore is to 

identify the aspects (e.g., categorization accuracy, emotional intensity, potential threat 

imposed) of emotional face processing that is affected by gaze direction in different 

emotions. Since the processing of facial expression can vary across emotions (Fusar-Poli et 

al., 2009) and different facial expressions impose different social meanings (e.g., happy faces 

as social reward, and angry faces as social threat), we do not expect gaze direction to affect 

the perception of all facial emotions, or affect them all of them in the same way. Our 

thorough investigation of the influence of gaze on different facial emotions can be guide for 

the experimental design of the future studies. For example, if gaze direction mainly affects 

the level of perceived threat of angry faces, an attentional task will be recommended to study 

the eye-contact effect in angry faces in the future because attention should be biased towards 

threat (Bradley, Mogg, Falla, & Hamilton, 1998; Fox, Russo, & Dutton, 2002).  

“Self” is a concept that has been commonly ignored in the alexithymia literature on 

socio-emotional processing, even though alexithymia originates from the deficit in 

understanding and expressing the emotion of oneself (Lesser, 1981; Taylor et al., 1991). In 

light of this negligence, Experiment 1 explores whether the ability in evaluating the extent of 

self-involvement in a social interaction is affected by alexithymia traits. It sets the foundation 

for our subsequent investigation on how alexithymia influences the evaluation of self-

relevance when subjects process a social stimulus. Furthermore, the results from this 

experiment allow us to pinpoint the emotions of which the evaluation of self-relevance has 

been affected by alexithymia, such that in our subsequent experiments we can focus on a 

reduced set of emotions that has been piloted in this experiment. 
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Previous studies have demonstrated that, unlike typically developing children who 

reacted faster to fearful faces with averted gaze than those with direct gaze, children with 

autism reacted similarly towards the fearful faces with different gaze directions (Akechi et 

al., 2009). Subsequent ERP study found that the motivational congruent conditions (angry 

faces with direct gaze and fearful faces with averted gaze) elicited stronger N170 than 

incongruent conditions (angry faces with averted gaze and fearful faces with direct gaze) in 

the typically developing children (Akechi et al., 2010). Consistent with their behavioural 

findings, this motivational congruence-related enhancement in N170 amplitude was not 

observed in the ASD children. Since autism and autistic traits are closely related to 

alexithymia (Aaron et al., 2015; Foulkes et al., 2015; Hill et al., 2004) and alexithymia has 

been found to explain different emotional deficits in autism (Bird & Cook, 2013), we also 

measured the subjects’ autistic traits and investigated if they confound the alexithymic deficit 

in the evaluation of self-relevance.  

  Besides rating the potential threat imposed on themselves by facial expression, we 

also asked the subjects to imagine another person sitting on their left-hand side (i.e., where 

the faces with averted gaze were looking) and rate how threatened this imaginary person feel 

when they perceive the faces. This additional question aims at tasking the subjects’ gaze 

perception and their ability in identifying the communicator’s focus of attention without 

activating the evaluation of self-relevance. We adopt Hoehl and colleagues’ (2009) and 

Hietanen’s (2018) view that the perception of gaze direction and the inference of other’s 

focus of attention precedes self-relevance processing. If the inference of other’s focus of 

attention is disrupted in alexithymia, we expect to observe that a diminished eye-contact 

effect both when the high alexithymia individuals were rating their own feeling of threat and 

when they were rating the imaginary person’s feeling. Otherwise, if self-relevance evaluation 

is impaired but the ability in perceiving other’s focus of attention remains intact in 
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alexithymia, the diminished eye-contact effect is expected only when the high alexithymia 

individuals were rating their own feeling of threat.  

 In this experiment, we hypothesize that the processing of self-relevance evaluation in 

alexithymia is disrupted. Therefore, it is predicted that the higher the alexithymia trait is, the 

weaker the eye-contact effect will be. Moreover, since alexithymia has a strong association 

with the deficits in emotion processing, we expect that the correlation between the 

alexithymia trait and the eye-contact effect will be more prominent when the face is 

emotional. Lastly, if alexithymia only impairs self-relevance evaluation but leave the 

perception of other’s focus of attention intact, the weakened eye-contact effect in alexithymia 

should only be observed when the subjects were rating their own feeling, but not when they 

were rating the feeling of the imaginary person. 

3.2. Methods 

3.2.1. Participants 

Sixty-one subjects were recruited and consented to participate. Sixty subjects (38 

females, mean age = 23.07), with normal or corrected-to-normal vision, were included in the 

analysis. One subject did not complete the experiment and thus data from this subject was not 

included in the analysis. Previous similar studies used relatively fewer subjects (e.g., 21-36, 

in Adams & Kleck, 2003; N’Diaye, Sander, & Vuilleumier, 2009; Sander et al., 2007; Sato, 

Kochiyama, Uono, & Yoshikawa, 2010), but since we are investigating individual 

differences, we recruited more subjects to cover individuals at the extreme ends of the two 

personality traits. Table 3.1 illustrates the demographic information of the participants whose 

data were included in the analysis. Informed consents were obtained from the subjects before 

the experiments. This study was approved by the Institutional Review Board (IRB) at 
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Nanyang Technological University, Singapore, by the Code of Ethics of the World Medical 

Association (Declaration of Helsinki) for experiments involving human subjects. 

 

N 60 

Gender (F/M) 38/22 

Age 23.07 (3.23) 

TAS-20 49.97 (11.53) 

AQ 21.42 (6.74) 

Table 3.1. Demographic information of the participants in Experiment 1. 

AQ – Autism-Spectrum Quotient scores; TAS-20 – Toronto Alexithymia 

Scale scores. Standard deviations are shown in brackets. 

 

3.2.2. Apparatus 

The experiment was conducted on HP ProDesk with the screen HP Elite E201 

(resolution = 1600 pixels x 900 pixels; refresh rate = 60 Hz). The distance of the screen from 

the participants was about 56 cm. The experiment was designed and carried out on the online 

platform TESTABLE (www.testable.org). 

3.2.3. Stimulus 

   Faces of six identities (three females) were selected from the Nanyang Facial 

Emotional Expression [N-FEE] Database (Yap et al., 2016). Five emotions (i.e., Angry, 

Happy, Fearful, Sad and Neutral) were included for each identity. The selected faces were all 

in grey scale, of the same size (5.6° × 7.9° at 56cm screen distance) and with face region 

shadowed. To create faces with averted gaze, we shifted the locations of the pupils for each 

facial image to the left by around 0.2° (0.2cm). Therefore, there are 60 faces in total (6 

http://www.testable.org/
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identities × 5 emotions × 2 gaze directions). The image manipulation was done with 

Photoshop CS5 (Adobe System Inc., CA, USA) 

3.2.4. Procedure 

  The experiment was conducted in a computer lab and a maximum number of 9 

subjects could do the task simultaneously. The subjects were asked to complete the Toronto 

Alexithymia Scale (TAS-20; Bagby, Taylor, & Parker, 1994) and the Autism-Spectrum 

Quotient (AQ; Baron-Cohen, Wheelwright, Skinner, Martin, & Clubley, 2001) questionnaires 

before the behavioural task. Before the behavioural experiment, the subjects were instructed 

to imagine that there was another person sitting on their left-hand side, where the faces with 

averted gaze were looking. In each trial of the behavioural task (see Figure 3.1), a face 

stimulus was presented on the screen and the subjects were asked to, sequentially, identify the 

emotion of the face (accuracy), to rate the emotional intensity of the face (intensity rating), to 

rate how threatening the face was to them (self-threat rating), and to rate how threatening the 

face was to the imaginary person when he/she saw the face at their angle (other-threat rating). 

All ratings were made on a 9-point Likert scale. Each face stimulus was only presented once 

for the entire experiment, resulting in 60 trials (6 identities × 5 emotions × 2 gaze directions) 

in total.  
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Figure 3.1. Trial Sequence of Experiment 1. An angry/happy/fearful/sad/neutral face with 

direct/averted gaze was presented at the center. The participants were required to, sequentially, 

identify the emotion of the face, rate the intensity of the emotion, rate how threatened they feel by the 

face, and how threatened an imaginary person on their left-hand side feels by the same face. Faces 

from KDEF database are used for demonstration because pictures from the N-FEE Database (Yap et 

al., 2016) are not allowed for publication. 

 

3.2.5. Data analysis 

 To examine whether eye-contact effect is emotion specific, 2-way analysis of variance 

(ANOVA) models were conducted with within-subject variables Emotion (Neutral vs. Angry 

vs. Happy vs. Fearful vs. Sad) and Gaze Direction (Direct vs. Averted) on the subjects’ 

accuracy, intensity rating, self-threat rating, and other-threat rating respectively.  
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The definitions of the two types of eye-contact effects are as follows: 

Eye-contact effect =   

rating of faces with direct gaze – rating of faces with averted gaze 

Emotion-specific eye-contact effect =  

eye-contact effect of emotional face – eye contact effect of neutral face 

 To test whether self-relevance evaluation during social perception is modulated by the 

subjects’ alexithymia trait, we correlated the eye-contact effects of the neutral faces and the 

emotion-specific eye-contact effects with the subjects’ TAS-20 scores. To minimize the 

number of correlations, we only tested the emotion-specific eye-contact effects that were 

significant. Non-parametric Spearman’s correlation analysis was used because the eye-

contact effects were not all normally distributed. Greenhouse-Geisser correction (when 

sphericity assumption is violated) and Holms-Bonferroni correction (for multiple pairwise 

comparisons and correlations) were applied when appropriate. SPSS Statistics 25 (IBM, NY, 

USA) and Matlab R2018a (Mathworks, MA, USA) were used for data analysis. 

3.3. Results 

 Overall, we found that gaze direction modulates the recognition accuracies and the 

threat ratings of the emotional faces. Among all of the significant emotion-specific eye-

contact effects, only that of angry faces was correlated with the alexithymia trait, such that 

the higher TAS-20 one scores, the more likely one would feel equally threatened by angry 

faces with different gaze directions. AQ scores, however, did not predict any of the eye-

contact effects.  
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3.3.1. Emotion-specific eye-contact effect  

For recognition accuracy (Figure 3.2a), two-way analysis of variance (ANOVA) 

revealed significant main effects of Emotion (F(3.21, 189.23) = 15.58, p < .001, Greenhouse-

Geisser-corrected), Gaze Direction (F(1, 59) = 4.29, p = .043), and interaction effect of 

Emotion × Gaze Direction (F(3.22, 190.20) = 8.86, p < .001, Greenhouse-Geisser-corrected). 

To further examine the main effect of Emotion, happy face was more accurately recognized 

than the others (ps < .001, Holms-Bonferroni-corrected), whereas neutral face was less 

accurately recognized than all the other faces (ps < .05, Holms-Bonferroni-corrected). In the 

main effect of gaze, faces with direct gaze were also more accurately recognized than those 

with averted gaze (t(59) = 2.07, p = .003). To further investigate the interaction effect, we 

found that the eye-contact effect of fearful faces is significantly different from that of neutral 

faces (t(59) = 4.77, p < .001, Holms-Bonferroni-corrected), that of happy faces (t(59) = 3.30, 

p = .016, Holms-Bonferroni-corrected), and that of sad faces (t(59) = 6.49, p < .001, Holms-

Bonferroni-corrected), such that the reversed eye-contact effect of fearful faces (i.e., faces 

with averted gaze were more accurately recognized than those with direct gaze) was stronger 

than these faces. The reversed eye-contact effect of sad faces was also stronger than that of 

happy faces (t(59) = 2.95, p = .035, Holms-Bonferroni-corrected) 
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Figure 3.2. Summary of behavioral responses. Response in a) accuracy, b) intensity rating, c) self-

threat rating, and d) other-threat rating from Experiment 1. Asterisk (*) indicates significant 

difference between gaze direction conditions (i.e. eye-contact effect). * p < .05, ** p < .01, *** p 

< .001. Hashtag (#) indicates significant difference between the eye-contact effect of the emotional 

faces and that of neutral faces (i.e. emotion-specific eye-contact effect). # p < .05, ## p < .01, ### p 

< .001. Error bars indicate the standard errors of mean.  

 

The ANOVA on the intensity ratings (Figure 3.2b) of the faces revealed a significant 

main effect of Emotion (F(2.34, 138.01) = 192,02, p < .001, Greenhouse-Geisser-corrected). 

Post-hoc analyses showed that happy faces were rated to be more intense than fearful (t(59) = 

3.81, p = .002, Holms-Bonferroni-corrected), sad (t(59) = 3.09, p = .015, Holms-Bonferroni-

corrected) and neutral faces (t(59) = 16.42, p < .001, Holms-Bonferroni-corrected). Neutral 

faces were rated less intense than all emotional faces (ps < .001, Holms-Bonferroni-

corrected). None of the other main effect nor interaction effect was significant (ps > .05). 
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In the ANOVA on the self-threat ratings, both main effects of Emotion (F(2.57, 

151.47) = 73.94, p < .001, Greenhouse-Geisser-corrected) and Gaze Direction (F(1, 59) = 

23.01, p < .001) were found significant (Figure 3.2c). Explaining the main effect of Emotion, 

angry faces were rated as more threatening to oneself than all other faces (ps < .001, Holms-

Bonferroni-corrected) and happy faces were rated to be less threatening than all other faces 

(ps < .05, Holms-Bonferroni-corrected). Also, faces with direct gaze were rated as more 

threatening than those with averted gaze (t(59) = 4.80, p < .001). The interaction Emotion × 

Gaze Direction was found to be significant (F(3.39, 199.77) = 9.26, p < .001, Greenhouse-

Geisser-corrected). Post-hoc analyses revealed that the interaction effect could be caused by 

the eye-contact effect of happy faces was significantly less than that of all the other faces (ps 

< .010, Holms-Bonferroni-corrected). On top of that, the eye-contact effect of angry faces 

was significantly more than that of neutral faces (t(59) = 2.87, p = .035, Holms-Bonferroni-

corrected), that of happy faces (t(59) = 6.03, p < .001, Holms-Bonferroni-corrected), and that 

of sad faces (t(59) = 2.78, p = .036, Holms-Bonferroni-corrected).  

Lastly, in the ANOVA on other-threat ratings (Figure 3.2d), the main effects of 

Emotion (F(2.68, 158.10) = 79.14, p < .001, Greenhouse-Geisser-corrected) and Gaze 

Direction (F(1, 59) = 36.23, p < .001) again were significant. Angry faces were rated as more 

threatening to the imaginary person to the left-hand side of the subjects than all other faces 

(ps < .001, Holms-Bonferroni-corrected). Happy faces, on the other hand, were rated as less 

threatening than all other faces (ps < .001, Holms-Bonferroni-corrected). To explain the 

significant Gaze Direction main effect, faces with averted gaze (i.e., looking at the imaginary 

person) were rated as more threatening to the imaginary person than those with direct gaze 

(i.e., looking away from the imaginary person) (t(59) = 6.02, p < .001). On top of the main 

effects, there was a significant Emotion × Gaze Direction interaction effect (F(3.31, 195.04) 

= 5.25, p = .001, Greenhouse-Geisser-corrected). The interaction could be caused by the eye-
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contact effect of angry faces was significantly stronger than that of neutral faces (t(59) = 

2.94, p = .045, Holms-Bonferroni-corrected) and that of happy faces (t(59) = 3.24, p = .020, 

Holms-Bonferroni-corrected).  

3.3.2. Alexithymia mediates the emotion-specific eye-contact effect  

To examine the correlation of personability traits, we found significant correlation 

between TAS-20 scores and AQ scores (r = .540, p < .001). Age was not correlated with 

TAS-20 scores (r = -.24, p = .062) nor AQ scores (r = -.15, p = .246). TAS-20 scores were 

also not correlated with the categorization accuracies, the intensity ratings, the self-threat 

ratings and the other-threat ratings of each emotional face averaged across gaze directions 

after correcting for multiple correlations (ps > .05).  

Then, we examined whether autistic traits mediate the eye-contact effects of neutral 

faces, and correlated the eye-contact effects in accuracy, intensity rating, and self-threat 

rating of the neutral faces with the two traits. None of the correlations were significantly 

correlated with AQ scores (ps > .05). Similarly, none of the eye-contacts of neutral faces 

were correlated with TAS-20 scores (ps > .05). This suggests that neither alexithymia trait 

nor autistic traits affect the eye-contact effects of neutral faces. 

Next, we investigated whether the emotion-specific eye-contact effects that were 

significant (i.e., fear-specific eye-contact effect in accuracy, happiness-specific eye-contact 

effect in self-threat rating, and anger-specific eye-contact effect in self-threat rating) were 

mediated by the two personality traits. Again, none of the correlations were significant for 

AQ scores (ps > .05). In contrast, the anger-specific eye-contact effect in self-threat rating 

(eye-contact effect of angry faces - eye-contact effect of neutral faces; rs = -.36, p = .015, 

Holms-Bonferroni-corrected, Figure 3.3a) was significantly correlated with TAS-20 scores. 

This suggests that the lower TAS-20 score one has, the stronger the eye-contact effect of 
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angry faces is compared to that of neutral faces. This indicates that the high alexithymia 

subjects may have difficulty in deciphering the intention of anger expressed by gaze 

direction.  

Since the eye-contact effect of neutral faces did not relate to TAS-20 scores, the 

significant correlation in the anger-specific eye-contact effect is most likely driven by the 

eye-contact effect of angry faces. It was confirmed by the subsequently found significant 

correlation between the eye-contact effect of angry faces and TAS-20 scores (rs = -.28, p 

= .033, Figure 3.3b). The correlation indicates that the higher TAS-20 score one has, the 

weaker the eye-contact effect of angry faces, i.e., less differentiable between angry faces with 

different gaze directions. It can be visualized by isolating the subjects with low alexithymia 

trait (LTAS; TAS-20 < 52, n = 29), those with medium alexithymia trait (MTAS; 52 ≤ TAS-

20 < 61, n = 20) and those with high alexithymia trait (HTAS; TAS-20 ≥ 61, n = 11) (Bagby 

& Taylor, 1997). For LTAS, the self-threat rating of angry faces with direct gaze (3.89 units) 

was significantly higher than those with averted gaze (2.90 units; t(28) = 5.44, p < .001, 

Holms-Bonferroni-corrected, Figure 3.3c).  However, the rating differences were not 

significant in MTAS (direct vs averted: 4.42 units vs. 3.90 units; t(19) = 1.77, p = .094) and 

HTAS (direct vs averted: 4.80 units vs. 4.32 units; t(10) = 1.75, p = .111, Figure 3.3d).  

Partial correlation showed that the relationship between alexithymia and anger-

specific eye-contact effect remained significant even after the effect of AQ scores was 

partialled-out (rs = -.39, p = .002). The correlation between the eye-contact effect of angry 

faces and TAS-20, on the other hand, was slightly reduced after partialling-out the effect of 

AQ (rs = -.24, p = .073). This suggests that autistic traits have minimum effect in explaining 

the alexithymic influence on self-relevance evaluation. 
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Then, we correlated anger-specific eye-contact effect in other-threat rating with TAS-

20 scores to examine whether alexithymia affects one’s ability to perceive others’ focus of 

attention. The correlation was found to be not significant (rs = -.06, p = .638), suggesting that 

the alexithymic individuals’ perception of others’ focus of attention was intact. 

 

Figure 3.3. The top panels show the scatter plots between the TAS-20 scores and a) the anger-specific 

eye-contact effect; and b) the eye-contact effect of angry faces in self-threat rating. Spearman’s 

correlation is reported. In (a), positive values indicate stronger eye-contact effect in angry faces than 

in neutral faces, and negative values indicates otherwise. The p-value was corrected for multiple 

correlations. In (b), positive values indicate angry faces with direct gaze were rated more threatening 

to oneself than those with averted gaze, and negative values indicates otherwise. (b) is a follow-up 

analysis based on (a) so no correction was applied to the p-value. The bottom panels show the bar 

graphs illustrating the eye-contact effects of angry faces in self-threat rating c) in LTAS (TAS-20 < 

52); and d) in HTAS (TAS-20 ≥ 61). n.s., p > .05; ***, p < .001. Error bars indicate the standard 

errors of mean.  
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3.3.3. Effect of task familiarity in alexithymic influence on anger-specific eye-

contact effect  

To explore whether task familiarity affect the alexithymic reduction in eye-contact 

effect in angry faces, we correlated TAS-20 scores with the anger-specific eye-contact effects 

in the first half of the task and the second half of the task separately. After correcting for 

multiple correlations, none of the correlations with anger-specific eye-contact effects were 

significant. Therefore, we report the results that did not apply any correction in the following 

and thus one has to be cautious when interpreting the results. We found that in the first half of 

the task, TAS-20 scores were not correlated with neither anger-specific eye-contact effects in 

both self-threat rating (rs = -.19, p = .176) and other-threat rating (rs = -.11, p = .458). In 

contrast, in the second half of the task, TAS-20 scores were significantly correlated with the 

anger-specific eye-contact effect in self-threat rating (rs = -.27, p = .046) and marginally 

correlated with that in other-threat rating (rs = -.25, p = .060). Further analyses revealed that 

the significant correlations with the anger-specific eye-contact effect in self-threat rating may 

be driven by the marginally significant correlation between TAS-20 scores and eye-contact 

effect of angry faces (rs = -.23, p = .076). The correlation between TAS-20 scores and eye-

contact effect of neutral faces in self-threat rating, on the other hand, was not significant (rs 

= .01, p = .927). In contrast, the marginally significant correlations with the anger-specific 

eye-contact effect in other-threat rating may be driven by the significant correlation between 

TAS-20 scores and eye-contact effect of neutral faces (rs = .34, p = .010). The correlation 

between TAS-20 scores and eye-contact effect of angry faces in other-threat rating, on the 

other hand, was not significant (rs = .06, p = .671). 
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3.4. Discussion 

Experiment 1 explored whether alexithymia affects self-relevance evaluation in socio-

emotional processing. We found significant eye-contact effects in most of the behavioural 

measures (accuracy, self-threat rating, and other-threat rating) except for the intensity rating. 

Furthermore, gaze direction imposes different effects on categorization accuracy for different 

emotions, such that direct gaze increased accuracy in sad and neutral faces more than averted 

gaze, but the opposite was found in fearful faces. Consistent trend of the gaze direction effect 

was observed in most of the emotions for self-threat rating: direct gaze increased the self-

threat rating for angry, fearful, sad and neutral faces. The opposite trend was observed in all 

emotions for other-threat rating. Aligned with our hypothesis, the magnitude of the emotion-

specific eye-contact effect was associated with the alexithymia trait. The alexithymic 

influence in eye-contact effect was observed in the self-threat rating of the angry faces: the 

higher the subject scores in TAS-20, the weaker the anger-specific eye-contact effect is.  

In the literature reporting eye-contact effect, faces with direct gaze tend to attract 

more attention than faces with averted gaze (Böckler et al., 2014; Doi et al., 2009; Shirama, 

2012; von Grünau & Anston, 1995). Hietanen (2018) argues that the attention bias towards 

direct gaze because it generates more affiliative responses in the perceiver. Our results 

however contradict the affiliative eye contact hypothesis. We found that neutral faces looking 

at the perceiver tend to be rated as more threatening that those that looking away from the 

perceiver. Similar results were also reported in previous studies (Hietanen, Leppänen, Peltola, 

Linna-aho, & Ruuhiala, 2008; Pönkänen et al., 2011; Sauer et al., 2014). Hietanen and 

colleagues (2008; also see Pönkänen et al., 2011) for example, reported that subjects rate 

neutral faces with averted gaze as more pleasant than those with direct gaze. Of note, the 

affiliative eye contact hypothesis is based on evidence from behavioural paradigm with 

implicit measures, such as the affective priming paradigm, and neural imaging techniques 
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(Hietanen, 2018). Hietanen (2018) attempted to explain the discrepancy found between the 

explicit measures and the implicit measures by suggesting 1) that individuals’ explicit 

responses may not fully reflect their implicit affective response, and 2) that explicit measures 

may reflect one’s negative feeling of the self-directed attention caused by the direct gaze, 

whereas implicit measures capture the positive automatic responses towards direct gaze 

because it promotes potential social interaction and cooperation.  

Another explanation to the discrepancy between our findings and the affiliative eye 

contact hypothesis may be the cultural differences in the social appraisal of eye contact. 

Recent studies suggest that there might be cultural differences in eye contact effect during 

face perception. For example, Akechi and colleagues (2013) recorded the heart rate and 

looking time of Finnish participants and Japanese participants when they were rating 

emotional faces that were either looking at the participants or looking away from them. The 

authors found that while the eye contact effect in physiological responses and looking time 

did not differ across cultures, the Japanese participants, but not the Finnish participants, 

tended to rate the neutral faces with direct gaze as angrier and sadder than those with averted 

gaze. In contrast, the Finnish participants, but not the Japanese participants tended to rate the 

faces with direct gaze as more approachable than those with averted gaze. The authors argued 

that the results suggest that the cultural differences in eye fixation during face perception is 

due to cultural norm rather than physiological differences. Another study from Uono and 

Hietanen (2015) partially replicated the findings from Akechi and colleagues (2013), such 

that they found that the Japanese participants rated the faces with averted gaze as more 

dominant than the Finnish participants. Therefore, it is possible that affiliative eye contact 

hypothesis is only applicable to Westerners while to East Asians eye contact is aversive and 

threatening. 
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Despite the inconsistent findings in non-emotional eye-contact effect between explicit 

measures and implicit measures, studies using either measures have well-documented that 

eye-contact effect is modulated by facial emotion (Bayliss et al., 2007; Marschner et al., 

2015; N’Diaye et al., 2009; Sander et al., 2007; Sauer et al., 2014). The emotional modulation 

of eye-contact effect was suggested to depend on the motivational orientation of the facial 

emotion (i.e., happiness and anger as approach-oriented emotions, while sadness and fear are 

avoidance-oriented emotion; Adams, Gordon, Baird, Ambady, & Kleck, 2003; Adams & 

Kleck, 2003; Carver & Harmon-Jones, 2009; Rolls, 2006). In a similar vein, Adams and 

Kleck ( 2003) postulated that direct gaze is associated with approach-oriented motivation and 

averted gaze is associated with avoidance-oriented motivation. An enhancement in responses 

is expected when the motivational orientation of the gaze direction is coherent with the facial 

emotion, such as direct gaze for approach-oriented emotions (e.g., happy and angry) and 

averted gaze for avoidance-oriented emotions (e.g., sadness and fearful). However, our 

findings did not fully support this hypothesis. In fact, the emotional modulation in eye-

contact effect depends on the questions that were asked to the subjects. For example, subjects 

rated angry faces with direct gaze as more threatening than those with averted gaze, but the 

difference was not found when they were asked to rate the intensity of the facial emotion. 

Likewise, subjects categorized fearful faces with averted gaze more accurately than those 

with direct gaze, but fearful faces with direct gaze were rated as more threatening than those 

with averted gaze.  

One possible explanation to our findings is that gaze direction modulates the social 

meaning of the facial emotion. For instance, angry faces signal potential social threat, but the 

averted gaze reduce the threat that the face is signalling because it suggests that oneself is not 

the target of the threat (N’Diaye et al., 2009; Sander et al., 2007). Gaze direction therefore 

only modulates the rating to the angry faces when the question is related to social threat. 
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Happy faces, on the other hand, do not imply any social threat so gaze direction has minimum 

effect on their ratings in threat-related questions. If our explanation is true, we would expect 

gaze direction to modulate ratings of happy faces when the question is related to social 

reward. Lastly, unlike the gaze effects in angry faces and happy faces, gaze direction affects 

the categorization accuracy of fearful faces. According to the appraisal theory of emotion 

(Scherer, 2001), gaze aversion is part of the expression when the situation is unpleasant and 

one has no effective coping strategy. Gaze aversion, therefore, is part of a typical fearful face 

and this explains why subjects tended to miscategorise the fearful faces with direct gaze as 

other negative emotions.  

Up to now, whether the eye-contact effect of emotions is related to any personality 

traits is rarely explored in the literature. Since high alexithymia individuals were found to pay 

less attention to the eye region than low alexithymia individuals, we hypothesized that the 

emotional eye-contact effect would be reduced in the high alexithymia individuals. Aligning 

with our hypothesis, the eye-contact effect related to angry faces in self-threat rating was 

found to decrease as one’s TAS-20 score increased. In other words, the low alexithymia 

individuals felt more threatened when the angry faces were looking at them compared to 

those that were looking away from them, whereas such rating difference between different 

gaze directions was reduced in the highly alexithymic individuals. Interestingly, when the 

highly alexithymic individuals were asked to imagine how others felt towards the angry faces 

with different gaze directions, they performed similarly to the low alexithymia group. This 

suggests that the highly alexithymic individuals may have an intact gaze perception as well as 

the ability in inferring focus of attention from the aggressor’s eye gaze. It seems that their 

impaired self-relevance evaluation when perceiving angry faces is a cognitive deficit rather 

than a perceptual deficit. In other words, they feel threatened even though they know the 

aggression is not targeted at them. Eye-contact effect has been associated with the activation 
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of the self-referential processing (Conty et al., 2016), which is defined as the process that 

“concerns stimuli that are experienced as strongly related to one’s own person” (Northoff et 

al., 2006). Frontal regions such as the insula and the mPFC are commonly associated to the 

neural networks of the self-referential processing (Conway et al., 2016; Hu et al., 2016; 

Jenkins, Macrae, & Mitchell, 2008; Moeller & Goldstein, 2014; Northoff et al., 2006; 

Schmitz & Johnson, 2007). Therefore, the impaired self-relevance evaluation in alexithymia 

we found in this experiment agrees with the literature showing that these frontal regions of 

highly alexithymic individuals tend to be less activated when the subjects perceive negative 

emotional images (Deng, Ma, & Tang, 2013; Jongen et al., 2014; Lassalle et al., 2018; for 

meta-analysis, see Van der Velde et al., 2013). Interestingly, exploratory analysis on the time 

course of this alexithymic reduction in eye-contact effect during social threat processing 

showed that it may be more prominent in the second half of the experiment, i.e., when the 

subjects were more familiar with the task and when prolonged exposure to emotion 

processing is necessary. It suggests that perhaps the impairment in self-relevance evaluation 

in high alexithymia individuals is related to their early disengagement from gaze processing 

during social situation. However, this possibility need further evaluation as the current task is 

not designed to test this hypothesis. Together, it appears that alexithymia might relate to the 

difficulty in using self as the reference for socio-emotional processing. 

Although it is intriguing to interpret our findings as evidence for impaired self-

relevance processing but intact focus of attention inference in alexithymia, we also need to 

consider another possibility - that the absence of the relationship between alexithymia and the 

anger-specific eye-contact effect in other-threat rating is due to the order of the question 

presentation. In the experiment, since the other-threat rating question is always presented 

after the self-threat rating question, the faces were processed longer when answering the 

other-threat rating question. The extra processing time may allow the highly alexithymic 
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individuals to gather enough information to infer focus of attention from the face’s eye gaze 

for the other-threat rating question, and thus they can perform the same as the low 

alexithymic individuals. This possibility is indirectly supported by previous studies showing 

that the high alexithymia individuals are particularly impaired in identifying briefly presented 

facial emotions and are less sensitive in emotional face categorization than the low 

alexithymia individuals (Cook et al., 2013; Ihme et al., 2014b; Parker et al., 2005; Prkachin et 

al., 2009; Starita et al., 2018). The highly alexithymic population therefore might take longer 

to process facial information to acquire emotional information, but if enough time is given, 

they can perform as well as the low alexithymia individuals. In a similar vein, the high 

alexithymia individual may need more time to acquire gaze information and use it for social 

decision making. 

Surprisingly, in contrast to Akechi and colleagues’ (2009, 2010) findings, we showed 

no evidence for autistic traits correlating with emotion-specific eye-contact effects. Since the 

experimental designs of this study and Akechi and colleagues’ (2009, 2010) work are 

different, one possible explanation for the absence of autistic effect is that the autistic 

individuals identify and rate the faces similarly to the non-autistic individuals as shown in our 

study, but the processing of emotional faces with motivational-incongruent gaze direction is 

more effortful to the autistic individuals, as indicated by the slower reaction time in Akechi 

and colleague (2009). Other than the difference in paradigm, our subjects were also of a 

subclinical adult population, while clinically autistic children were recruited in Akechi and 

colleagues (2009, 2010). Another possible reason for this finding therefore is that the autistic 

symptom severity of our subjects was not as high as the subjects in Akechi and colleagues’ 

(2009, 2010) study. The impairment in emotion-specific eye-contact effects might only be 

prominent in the individuals who have extremely high autistic traits. 
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Although our results show a promising direction for understanding alexithymia, they 

need to be interpreted with caution due to limitations in this experiment. An outstanding 

limitation is that our correlation findings (e.g., correlation between TAS-20 scores and anger-

specific eye-contact effect) survived Holms-Bonferroni correction only when it was analysed 

with non-parametric Spearman’s correction. Although the main reason for us to apply 

Spearman’s correlation rather than Pearson’s correlation was that the distributions of the eye-

contact effects were not normal, this also points to the possibility that there might be outliers 

in our data. In fact, based on Cook’s distance (cutoff = 4/(n-p) = 0.069) and DFBETA (cutoff 

= 2/n1/2 = 0.258) (Fox, 1991), there were two outliers identified. If excluding these two 

outliers from the analysis, the correlation between alexithymia and the anger-specific eye-

contact effect in self-threat rating would become significant even when Pearson’s correlation 

was applied (r = -.38, p = .012, Holms-Bonferroni-corrected). 

In sum (Table 3.2), in Experiment 1, we found that the highly alexithymic individuals 

have a reduced anger-specific eye-contact effect in self-threat rating. Alexithymia therefore is 

associated with deficit in self-relevance evaluation during angry face perception. One 

unresolved question is that whether this deficit is related to their reduced attention to the eye 

region (e.g., Bird, Press, & Richardson, 2011). If the two alexithymic behavioural tendencies 

are related, the alexithymic eye avoidance should be extended to and even more prominent in 

angry faces. In Experiment 2, we aimed to test this hypothesis.  

Major finding 

1. Alexithymia is related to the reduced self-relevance evaluation, indexed by the 

magnitude of eye-contact effect, during social threat (angry face) perception  

Table 3.2. Summary of finding in Experiment 1 
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Chapter 4  

Experiment 2. Emotion Specificity and Face Orientation 

Specificity of Eye avoidance in Alexithymia 

4.1. Overview 

 In Experiment 1 we have demonstrated that alexithymia affects the evaluation of self-

relevance during emotional face perception. One possible explanation to the impaired self-

relevance evaluation in alexithymia is that the high alexithymia individuals attend less to the 

eye region than those with low alexithymia trait (Bird et al., 2011), since attention to the eye 

region is critical for identifying others’ focus of attention. As a result of this reduced attention 

to the eye region, the high alexithymia individuals are unable to differentiate between 

emotional faces that are targeting them and those that are not.  

Where we fixate during face perception has been a hot topic that attracts many 

researchers to investigate in decades. Early studies have demonstrated that more and longer 

fixations were put at the eye regions than other facial features of the face during face 

perception (Althoff & Cohen, 1999; Barton, Radcliffe, Cherkasova, Edelman, & Intriligator, 

2006; Xu & Tanaka, 2013). Interestingly, during facial emotion perception, Eisenbarth and 

Alpers (2011) showed that subjects put longer fixations at both eyes and mouth than other 

facial features, and no differences were found between the two regions. Furthermore, the eye 

movements are emotion specific such that larger eye-to-mouth ratio in fixation duration when 

perceiving fearful faces and sad faces than happy faces (Eisenbarth & Alpers, 2011).  

Nonetheless, more recent studies have suggested that the eye movement pattern of the 

early fixations (i.e., first three fixations; first fixation can occur within 350ms post-stimulus 

presentation (Or, Peterson, & Eckstein, 2015)) is different from that of the later fixations. 
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While the later fixations land on the exact location of the eyes, the early fixations may land 

slightly below the eye regions (Hsiao & Cottrell, 2008; Peterson & Eckstein, 2012). Such 

behavior was found to be independent from task (e.g., facial identity vs facial emotion; 

Peterson & Eckstein, 2012), face familiarity (Or et al., 2015; Peterson & Eckstein, 2012, 

2013), face presentation duration (Peterson & Eckstein, 2012; small but significant difference 

in the average location of first fixations between short presentation and long presetnation was 

found in Or et al., 2015, such that the fixations were higher in short presentation than long 

presentation), and subjects’ culture (e.g., Western Caucasian vs. Eastern Asian; Or et al., 

2015). The location for the first fixation was shown to be optimized for facial recognition 

because when the subjects were forced to fixate at a location that was different from the 

preferred location (i.e., right below the eye region), their recognition accuracy dropped 

significantly (Or et al., 2015; Peterson & Eckstein, 2012, 2013). In fact, looking right below 

the eye regions during face perception fits with the prediction of Optimal Foveated Strategy 

(Or et al., 2015; Peterson & Eckstein, 2012), which describes the way of an ideal observer 

who integrates all facial information optimally while taking into account that the perceptual 

sensitivity reduces as the information locates away from the fovea. The fitting to Optimal 

Foveated Strategy implicates that 1) both eyes and mouth are important for accurate face 

recognition; 2) information from both eyes and mouth is considered when placing the first 

fixation; and 3) the information from the eyes is more important than that from the mouth. 

Based on their findings, the authors argued a functional difference in the early eye 

movements and late eye movements, such that the late eye movements represent default 

social behavior that encourage making eye contact, while early eye movements are used to 

obtain important task relevant information (Or et al., 2015; Peterson & Eckstein, 2012, 2013). 

The proposal is further supported by their subsequent finding that the preferred first fixation 

location can be modulated by the information richness of certain facial features during a face 
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learning task (i.e., downward shift in preferred first fixation location in a face discrimation 

task after learning that the faces differed only in the shape of the mouth, but not in the eyes 

and other facial features constant in a; Peterson & Eckstein, 2014). Comparable findings can 

also be found in research studying facial emotion perception. It was found that the omission 

of eye information significantly reduced the accuracy in recognizing negative emotional 

faces, whereas the omission of mouth information impeded the recognition of positive 

emotional faces (Calder, Keane, Young, & Dean, 2000; Calvo, Fernández-Martín, & 

Nummenmaa, 2014; Calvo & Nummenmaa, 2008; also see Xu, Dayan, Lipkin, & Qian, 

2008). The increased importance of mouth information may result in a significantly lower 

preferred first fixation location during facial emotion perception than facial identity 

perception (Peterson & Eckstein, 2012). 

 Eye avoidance during face perception has been reported in highly autistic/alexithymic 

individuals. Broadly defined, eye avoidance means reduced attention to the eye region, 

indexed by a smaller number of fixations or shorter fixation duration to the eye region (see 

Tanaka & Sung, 2016). In the early literature, eye avoidance was most commonly reported in 

the adults or children who were diagnosed with autism (e.g., Dalton et al., 2005; Jones, Carr, 

& Klin, 2008; Papagiannopoulou, Chitty, Hermens, Hickie, & Lagopoulos, 2014; Pelphrey et 

al., 2002; Riby & Hancock, 2008; Speer, Cook, McMahon, & Clark, 2007). Recently, some 

studies showed that eye avoidance tendency is not only observed in clinical autism, but also 

in healthy subjects who have high autistic traits (Stephenson et al., 2019). Populations with 

high autistic traits were also found to need more time to orient fixations to the eye region 

(Kleberg et al., 2017). Despite the large  number of studies that reported the autistic eye 

avoidance, inconsistent findings were not uncommon (e.g., Chawarska & Shic, 2009; 

Fletcher-Watson et al., 2009; Neumann et al., 2006; Rutherford & Towns, 2008; for review, 

see Cuve, Gao, & Fuse, 2018). To address the divergent findings, Bird, Press, and Richardson 
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(2011) proposed the “alexithymia hypothesis” which argues that the socio-emotional deficits 

of autism are due to alexithymia, and not autism per se. Alexithymia is characterized by the 

inability to describe and identify feelings (Sifneos, 1973; Taylor et al., 1991) and is a 

common comorbidity of autism (Bird & Cook, 2013; Poquérusse et al., 2018). In support of 

their “alexithymia hypothesis” of autistic eye avoidance, Bird, Press, and Richardson (2011) 

showed that longer fixation duration to the eye regions during face perception was predicted 

by the alexithymia trait but not the autism symptom severity in the adults with ASD.  

Multiple models have been proposed to explain the eye avoidance tendency in autism, 

but it has not been formally verified if these models can be applied to alexithymia. One 

explanation is that the highly autistic population has overly aroused physiological responses, 

and they thus may have a greater tendency to avoid the feeling of threat, the hyperarousal 

account (Corden, Chilvers, & Skuse, 2008; Joseph, Ehrman, McNally, & Keehn, 2008; Wang 

et al., 2018; for a review on the autistic literature, see Cuve et al., 2018), which is signaled by 

direct gaze (Emery, 2000; Skuse, 2004). This hyperarousal account predicts that the autistic 

eye avoidance should be more prominent in emotional faces that signal social threat, i.e., 

angry faces than those do not, i.e., neutral or happy faces. Another possible explanation, the 

hypoarousal account, is that the hypo-aroused activity in the amygdala of these populations 

might lead them to be uninterested in the potential social interaction or fail to understand the 

social meaning signaled by eye contact (for reviews on autistic literature, see Cuve et al., 

2018; Dawson, Webb, & Mcpartland, 2005; Grelotti, Gauthier, & Schultz, 2002; Vanheule, 

Desmet, Meganck, & Bogaerts, 2007). The second explanation is backed by the finding that 

direct gaze elicited stronger feeling of social inclusion than averted gaze in typically 

developed individuals (Wirth et al., 2010). If the highly autistic population is not motivated 

by the potential social interaction, then the highly autistic population should avoid the eye 

region regardless of facial emotion. Given the close relationship between autism and 
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alexithymia (Bird & Cook, 2013; Poquérusse et al., 2018), we expect that the 

abovementioned models can be extended to at least partially explain eye avoidance tendency 

in alexithymia.  

On top of the two social avoidance accounts, we also explored whether the eye 

avoidance tendency in highly autistic/alexithymic population is related to the disruption in 

efficient processing of faces, the efficient processing account. Highly autistic/alexithymic 

individuals have been shown to have interpersonal problem such that they are more anxious 

in social situation and they tend to distant themselves from social interaction (Lamport & 

Turner, 2014; Nicolò et al., 2011; Vanheule et al., 2007; Wainer, Ingersoll, & Hopwood, 

2011). However, social experience is vital to form an efficient process to match the face 

stimuli to the internal face scheme or face dimension to facilitate face perception (Rakover, 

2013; Valentine, Lewis, & Hills, 2016). The autistic/alexithymic individuals’ difficulty in 

face-to-face interaction may cause them to have mal-developed processing of face scheme 

matching processing. Therefore, they may need to reduce attention to the eye region and 

increase attention to the mouth region to process the entire face. We attempted to address this 

possibility by inverting the face stimuli.  

Perceiving inverted faces may affect how facial features are scanned (Barton et al., 

2006; Xu & Tanaka, 2013). In their study, Barton and colleagues (2006) showed that more 

fixations were put at the mouth region in inverted faces than in upright faces. Similar findings 

were also presented by Xu and Tanaka (2013), whose study showed that longer fixation 

durations were spent on the eye region of the upright faces than the inverted faces, and the 

opposite trend was observed in the mouth region. It was proposed that we are less efficient 

and less experienced in processing faces in atypical orientation, i.e., inverted face, than those 

in normal orientation, i.e., upright faces (Bartlett & Searcy, 1993; Farah, Wilson, Drain, & 
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Tanaka, 1998; Ge, Wang, McCleery, & Lee, 2006). Perception of inverted face tends to affect 

the application of face scheme and disrupt configural processing during face perception 

(Freire, Lee, & Symons, 2000; Leder & Bruce, 2000; Rakover, 2013). Without these efficient 

strategies for face processing, the subjects needed to attend to each facial feature individually, 

in contrast to a more holistic attention in upright faces. In light of the high similarity between 

the eye movement tendency of the healthy subjects when perceiving inverted faces and that 

of the highly autistic/alexithymic individuals when perceiving upright faces, we hypothesize 

that the two phenomena may root from the same cause – inefficient face scheme matching 

process (Rakover, 2013). If our hypothesis is true, we should observe that the 

autistic/alexithymic eye avoidance would be attenuated when the face is inverted.   

  In this experiment, we primarily aimed at investigating the relationships of eye 

avoidance with alexithymia trait and autistic traits. More specifically, we asked these 

questions: 1) Is eye avoidance associated with alexithymia trait and/or autistic traits? 2) Is eye 

avoidance emotion specific? 3) Is eye avoidance face orientation specific? Based on the 

results from previous study (Bird et al., 2011), we hypothesize that eye avoidance is 

associated with alexithymia trait rather than autistic traits. Furthermore, based on two 

findings in our previous experiment that 1) angry faces were rated as more threatening than 

happy faces and neutral faces; and 2) there was a reduction in eye-contact effect in angry 

faces but not in happy faces and neutral faces in alexithymia, we hypothesize that the eye 

avoidance in alexithymia is specific to angry faces, supporting the hyperarousal account. 

Lastly, if the autistic/alexithymic eye avoidance is associated with the lack of social 

experience and disrupted efficient system for face processing, the association between autistic 

traits/alexithymia trait and eye avoidance should be attenuated when the faces are inverted. 

We chose neutral faces as our baseline condition. Happy faces and angry faces were chosen 

because they are representative of socially rewarding and socially threatening emotions 
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respectively, and they differed in their nature of association with alexithymia in Experiment 

1. Furthermore, these two facial expressions are the most commonly seen in daily social 

interaction in the population of young adults (Calvo, Gutiérrez-García, Fernández-Martín, & 

Nummenmaa, 2014b). Fearful faces were not tested because fear is related to environmental 

and contextual threat, rather than social threat which is the interest of this thesis (Adams et 

al., 2003; Sander et al., 2007). 

4.2. Methods 

4.2.1. Participants 

Thirty-nine subjects were recruited and consented to participate. Five of them were 

recruited from local junior college as the participants of the Nanyang Research Programme, 

while the rest were recruited from Nanyang Technological University. Thirty-six subjects (22 

females, mean age = 22.47), with normal or corrected-to-normal vision, were included in the 

analyses. One subject did not proceed to the main experiment because connection failure 

between the EyeLink host computer and the experimental computer and the other two 

subjects because of eye movement calibration failure. Using the correlation coefficient of 

Bird, Press and Richardson (2011; r = -.681), power analysis showed that fourteen subjects 

were sufficient to observe the effect. We recruited more subjects to cover individuals at the 

extreme ends of the trait. Due to unexpected connection problem with EyeLink host computer 

during experiment, the eye movement data of eight trials of one subject was lost. The data 

from the remaining trials of that subject was kept in the analysis. Table 4.1 illustrates the 

demographic information of the participants. Informed consents were obtained from the 

subjects before the experiments. This study was approved by the Institutional Review Board 

(IRB) at Nanyang Technological University, Singapore, by the Code of Ethics of the World 

Medical Association (Declaration of Helsinki) for experiments involving human subjects. 



87 

 

 

N 36 

Gender (F/M) 22/14 

Age 22.47 (3.79) 

TAS-20 48.06 (10.08) 

AQ 21.58 (6.34) 

Table 4.1. Demographic information of the participants in 

Experiment 2. AQ – Autism-Spectrum Quotient scores; TAS-20 – 

Toronto Alexithymia Scale scores. Standard deviations are shown in 

brackets.  

 

4.2.2. Apparatus 

The experiment was performed on iMac computer (Apple Inc., CA) with screen 

SyncMaster (resolution = 1024 pixels × 768 pixels; refreshing rate = 85 Hz). The distance of 

the screen from the participants was 57 cm. The experiment was designed and carried out 

with Psychtoolbox-3 for Matlab (Brainard, 1997; Kleiner, Brainard, & Pelli, 2007; Pelli, 

1997). The binocular eye movement of the subjects were recorded at 500 Hz using Eyelink II 

(SR Research Ltd, Ottawa, Canada). The eye tracker was controlled using the EyeLink 

Toolbox for Matlab (Cornelissen, Peters, & Palmer, 2002). A 9-point calibration routine was 

conducted before each session, with a mean error of no more than 0.5° of visual angle. The 

average accuracy of the eye-tracker was 0.5º with a spatial resolution of < 0.01º root mean 

square (RMS). The saccade velocity threshold was 35°/sec, and the saccade acceleration 

threshold was 9500 °/sec2. 
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4.2.3. Stimulus 

Stimuli were modified from Experiment 1 (see Chapter 3). Only the angry faces, 

happy faces, and neutral faces were used in this experiment. All faces were with direct gaze. 

We also slightly resized the faces to standardize the vertical locations of their eyes, and so did 

the locations of their mouths. The average eye to mouth distance was 4.6° (SD = 0.17°). The 

average distance from fixation to eye was 2.27° (SD = 0.10°) and that from fixation to mouth 

was 2.33° (SD = 0.10°). The purpose of the location standardization of the facial features is to 

allow the application of a standardized area of interest (AOI) map on all of the face stimuli. 

The faces were then cropped into a 7.5cm × 7.5cm (7.5º × 7.5º) square shape. Inverted faces 

were generated by rotating the faces by 180º. Scramble faces were generated by randomizing 

the phase spectra of the upright faces. The inclusion of scramble faces is to serve the purpose 

of another study which concerns the relationship between visual saliency and eye movement, 

so this condition was not included in the data analysis in this report. The image manipulations 

were performed using Photoshop CS5 (Adobe System Inc.) and Matlab R2018b. 

 

4.2.4. Procedure 

  In the eye-tracking task, subjects were asked to perform a one-back task (repetition 

detection task). In their study, Bird and colleagues’ (2011) study implemented a passive 

viewing design, but in our study we used a one-back task to maximize subjects’ attention to 

the facial stimulus while keeping the processing of emotion optional. The summary of the 

trial sequence is demonstrated in Figure 4.1. In each trial, the subjects needed to fixate on the 

fixation dot (0.35º radius) at the center of the screen for 1 second. After that, the target was 

presented at the center for 2 seconds. When the target was on the screen, the fixation dot 

would not be present and the subjects were instructed to look at anywhere they want. The 
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recording of subjects’ eye movements started 100ms before the presentation of the target. The 

task of the subjects was to identify whether the image at the current trial was exactly the same 

as the one in the previous trial as fast as possible once the target appeared (e.g., “Different” 

should be pressed if an upright face is followed by the inverted version of the same face). The 

target would stay on the screen even after the subjects pressed the button. The button 

assignment was randomized among subjects, such that half of the subjects should press “z” 

for “Same” and “m” for “Different”, whereas the other half was assigned with the opposite 

button press. After the target left the screen, a 500ms feedback was displayed to the subjects: 

“Correct” if the subjects responded correctly, “Wrong” if the subjects responded wrongly, 

and “No Response” if the subjects did not press any button. Each target stimulus was 

repeated 4 times in the entire experiment, resulting 216 trials (4 rep × 6 identities × 3 

emotions × 3 presentation conditions). Out of the 216 trials, 25% were the “Same” trials 

while the rest were “Different” trials. The trial sequence was pseudo-randomized by the 

computer under the “25% Same trials” condition. The subjects took a 5-minute break every 

35 trials and their eye movements were recalibrated after every break. Before data collection, 

each participant practiced the experiment with house images instead of faces as targets for a 

few trials until they feel comfortable with the task.  

After the eye-tracking experiment, except the first five subjects (because they 

participated in the experiment before the decision to implement the stimulus validation was 

made), the rest of the subjects were asked to identify the emotion (angry, fearful, happy, sad, 

disgust, surprise, or neutral), and rate the valence and intensity of the facial emotion in a 7-

point Likert scale (valence: 1 = “very negative”, 7 = “very positive; intensity”: 1 = “not 

emotional at all”, 7 = “very emotional”). All the upright faces presented in the eye-tracking 

experiment were included. Finally, the subjects were asked to complete the TAS-20 (Bagby 

et al., 1994b) and the AQ (Baron-Cohen et al., 2001) questionnaires.  
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Figure 4.1. a) Trial Sequence in Experiment 3. An upright/inverted angry/happy/neutral/scrambled 

face was presented at the center for 2s. The participants were required to answer yes/no for whether 

the target is the same as the one in the previous trial by pressing the “z” or “m” key as fast as possible 

without sacrificing accuracy. After the 2s target presentation, feedback was given to the subjects and 

it was followed by 1s of Inter-Trial-Interval. b) Area of interests (AOIs) of the eye regions, the nose 

region and the mouth region defined for data analysis. Faces from KDEF database are used for 

demonstration because pictures from the N-FEE Database (Yap et al., 2016) are not allowed for 

publication.  

 

4.2.5. Data analysis 

 Subjects’ fixation locations and fixation durations were extracted according to the in-

built algorithm of Eyelink II. All fixation locations were adjusted based on the location of the 

last fixation took place before presentation of the target (i.e., within the 100ms pre-target 

window when the subjects were fixating at the fixation dot). If no fixation was recorded 

within the 100ms pre-target window, the trial was excluded from the analysis. On average, 

around 1% (range: 0 – 28 trials) of the trials were excluded per subject. Two subjects had an 

exceptional number of trials removed due to the above reason (28 trials and 19 trials). Since 

majority of the trials of the two subjects were retained, we kept them in the analysis. The 

AOIs for the eye regions, for the mouth region, and for the nose were defined such that it 
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covers the respective facial features of all faces. The three AOIs for the inverted faces were 

180º rotated from that for the upright faces.  

 For each facial feature, we derived the average fixation duration spent on it. Each 

index of the AOIs was modelled by repeated-measure 2-way ANOVA with within-subject 

variables Emotion (Neutral vs. Angry vs. Happy) and Orientation (Upright vs. Inverted). 

After that, to examine how the two personality traits affect one’s eye movement on faces with 

different emotions, we correlated the TAS-20 scores and AQ scores with the average fixation 

durations on each AOIs of the angry faces (average across all angry faces), the happy faces 

(average across all happy faces) and the neutral faces (average across all neutral faces).  

Likewise, to examine how the two personality traits affect one’s eye movement on faces with 

different orientations, we correlated the TAS-20 scores and AQ scores with the average 

fixation durations on each AOIs of the upright faces (average across all upright faces) and of 

the inverted faces (average across all inverted faces). Then, to investigate whether emotion 

modulation on eye avoidance showed different patterns in upright and inverted faces, TAS-20 

score and AQ scores were correlated with the average fixation durations on each AOIs of 

each condition (i.e., upright angry, upright happy, upright neutral, inverted angry, inverted 

happy, and inverted neutral). Since we found that age was correlated with both TAS-20 

scores and AQ scores, all correlations were conducted using partial correlation analysis with 

age as control variable. Lastly, additional partial correlations were conducted to investigate 

whether the eye movement tendency of one personality trait can be explained by the other 

personality trait.  

To generate the fixation heatmaps, we plotted all fixations within the 2-second face 

presentation time into a 1024 × 768 matrix. Each fixation was then smoothed with a Gaussian 
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kernel σ = 11.4 pixels because foveated region has a diameter of 2° (Blais, Jack, Scheepers, 

Fiset, & Caldara, 2008; Jack, Blais, Scheepers, Schyns, & Caldara, 2009).  

 In terms of the results from the stimulus validation task, the recognition accuracy, the 

valence and the intensity of the emotional faces were contrasted with each other via repeated-

measure t-tests. 

Greenhouse-Geisser correction (when the sphericity assumption is violated) and 

Holms-Bonferroni correction (for multiple pairwise comparisons) were applied when 

appropriate. SPSS Statistics 25 (IBM, NY, USA) and Matlab R2018a (Mathworks, MA, 

USA) were used for data analysis. 

4.3. Results 

 Unexpectedly, the correlation between TAS-20 scores and AQ scores did not reach 

significance (r = .19, p = .28). Also, age was negatively correlated with both TAS-20 scores 

(r = -.33, p = .048) and AQ scores (r = -.38, p = .022). In the stimulus validation task, the 

happy faces (mean = 89.78%) were recognized more accurately than the angry faces (mean = 

62.37%; t(30) = 8.08, p < .001, Holms-Bonferroni-corrected) and the neutral faces (mean = 

70.97%; t(30) = 4.43, p < .001, Holms-Bonferroni-corrected). Furthermore, the neutral faces 

were also recognized more accurately than the angry faces (t(30) = 2.12, p = .043, Holms-

Bonferroni-corrected). The fact that the angry faces were recognized less accurately than in 

Experiment 1 is probably because there was an additional option “Disgust” which was absent 

in Experiment 1. The chance for our subjects to miscategorise the angry faces as disgust face 

was 26.08% (SD = 16.06%).  The confusion between angry faces and disgust faces is well-

documented in the literature, and it has been suggested that they should be combined as one 

category (Calvo & Nummenmaa, 2016; Jack, Garrod, & Schyns, 2014; Tottenham et al., 

2009). The angry faces (mean = 2.58) were rated as more negative than both the neutral faces 
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(mean = 3.81; t(30) = 8.98, p < .001, Holms-Bonferroni-corrected) and the happy faces (mean 

= 5.90; t(30) = 15.48, p < .001, Holms-Bonferroni-corrected). The happy faces were also 

rated as more positive than the neutral faces (t(30) = 12.82, p < .001, Holms-Bonferroni-

corrected). Both angry faces (mean = 4.63; t(30) = 5.30, p < .001, Holms-Bonferroni-

corrected) and happy faces (mean = 5.50; t(30) = 9.86, p < .001, Holms-Bonferroni-

corrected) were rated as more intense than the neutral faces (mean = 3.02). The happy faces 

were also rated as more intense than the angry faces (t(30) = 4.35, p < .001, Holms-

Bonferroni-corrected). The recognition accuracies, valence ratings and the intensity ratings of 

all emotional faces were not significantly correlated with TAS-20 scores or AQ scores after 

correcting for multiple correlations (ps > .05). In terms of the accuracy of the one-back task, 

the mean accuracy was 92.72% (SD = 2.60%). 

4.3.1. Emotion-specific fixation pattern 

Significant main effects of Emotion were found in the ANOVAs modelling the 

fixation durations placed on the eye regions (F(2, 70) = 13.46, p < .001), the mouth region 

(F(2, 70) = 6.41, p = .003, Figure 4.2a left panel), and the nose region (F(2, 70) = 9.82, p 

< .001, Figure 4.2a right panel). Post-hoc pairwise comparison showed that shorter fixation 

durations were placed at the eye region in happy faces (240.62ms) than in angry faces 

(307.09ms; t(35) = 4.63, p < .001, Holms-Bonferroni-corrected) and in neutral faces 

(300.45ms; t(35) = 4.64, p < .001, Holms-Bonferroni-corrected). Shorter fixations were put at 

the mouth region of the neutral faces (165.36ms) than both happy faces (212.94ms; t(35) = 

3.13, p = .008, Holms-Bonferroni-corrected) and angry faces (208.83ms; t(35) = 3.58, p 

= .003, Holms-Bonferroni-corrected), but no duration difference at the mouth region was 

found between the two emotional faces (ps > .05). Lastly, the nose region was fixated longer 

in neutral faces (486.68ms) than in angry faces (410.95ms; t(35) = 5.28, p < .001, Holms-



94 

 

Bonferroni-corrected) and in happy faces (433.23ms; t(35) = 2.96, p = .010, Holms-

Bonferroni-corrected).  

In sum, the subjects fixated the shortest on the eye region of happy faces and at the 

mouth region of neutral faces. Also, the nose region of the neutral faces was fixated longer 

than those of the emotional faces. 

4.3.2. Orientation-specific eye movement 

The main effects of Orientation were significant in the ANOVAs modelling the 

fixation durations placed on the eye regions (F(1, 35) = 28.71, p < .001) and the mouth region 

(F(1, 35) = 18.30, p < .001), but not in that of the nose region (F(1, 35) = 0.39, p = .539). 

Post-hoc pairwise comparisons showed that longer fixations were placed at the eye regions 

(Upright vs Inverted: 351.93ms vs. 213.50ms; t(35) = 5.36, p < .001) and shorter at the mouth 

region of the upright faces than the inverted faces (Upright vs Inverted: 134.60ms vs. 

256.82ms; t(35) = 4.28, p < .001). Therefore, subjects spent more time looking at the eye 

regions of the upright faces and at the mouth region of the inverted faces.  

4.3.3. Emotion-specific fixation pattern modulated by face orientation 

The ANOVA on the fixation durations placed on the eye regions revealed significant 

Emotion × Orientation interaction effects (F(2, 70) = 4.83, p = .011, Figure 4.2b), but not on 

the mouth region and the nose region (ps > .05). Post-hoc pairwise comparisons showed that, 

when the faces were inverted, subjects spent longer fixation duration at the eye regions of the 

angry faces (258.25ms) than those of the happy faces (162.39ms; t(35) = 6.11, p < .001, 

Holms-Bonferroni-corrected) and the neutral faces (219.87ms; t(35) = 2.45, p = .020, Holms-

Bonferroni-corrected), but such fixation duration differences were not observed when the 

faces were upright (ps > .05).  
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Figure 4.2. Summary of fixation duration on each AOI. a) Main effect of Emotion on the average 

fixation durations at the mouth region (left panel) and at the nose region (right panel). b) Interaction 

effect of Emotion × Orientation on the average fixation durations at the eye regions. The left panel 

shows the results of the upright faces and the right panel shows the results of the inverted faces. * p 

< .05, ** p < .01, *** p < .001. 

 

4.3.4. Emotion modulation and orientation modulation of eye avoidance in 

alexithymia  

 As reported in Bird and colleagues (2011), TAS-20 scores were negatively correlated 

with the fixation duration spent on the eye region (r = -.47, p = .004), indicating the eye 

avoidance tendency of alexithymia. Interestingly, there was a significant correlation between 
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TAS-20 scores and the fixation durations on nose region (r = .34, p = .048), suggesting the 

highly TAS-20 score one had, the longer they fixated on the nose region. The correlations of 

the fixation durations on the mouth region (r = -.18, p = .311) with TAS-20 scores, however, 

did not reach significance. AQ scores, on the other hand, were not correlated with the fixation 

durations on any AOIs (ps > .05).  

Next, we investigated the emotion modulation of eye avoidance in alexithymia. TAS-

20 scores correlated with the fixation durations on eye regions of faces with different 

emotional categories (Angry: r = -.45, p = .012; Happy: r = -.48, p = .012; Neutral: r = -.42, p 

= .012, Holms-Bonferroni-corrected). Therefore, the general alexithymic eye avoidance is not 

modulated by facial emotion. Then, to examine the orientation modulation of eye avoidance 

in alexithymia, we correlated TAS-20 scores with the fixation durations on eye regions of 

faces with different orientations, and both correlations reached significance (Upright: r = 

-.49, p = .006; Inverted: r = -.34, p = .043, Holms-Bonferroni-corrected). The general eye 

avoidance in alexithymia thus may not be related to social experience.  

Lastly, we explored whether the eye avoidance in alexithymia is specific to certain 

face conditions. Among all face conditions, only the fixation durations on the eye regions in 

the angry faces (r = -.55, p = .004, Holms-Bonferroni-corrected, Figure 4.3a) and the happy 

faces (r = -.47, p = .025, Holms-Bonferroni-corrected, Figure 4.3b) were significantly 

correlated with TAS-20 scores, but not those of the other faces (ps > .05). Nonetheless, some 

correlations may be driven by outliers. To account for the effects caused by potential outliers, 

we re-ran the analysis using Spearman’s correlation analysis which is more robust against 

outliers (Pernet, Wilcox, & Rousselet, 2013). Spearman’s correlation analysis showed that 

only the fixation durations on the eye regions in the angry faces remained significant (rs = 

-.49, p = .018, Holms-Bonferroni-corrected, Figure 4.3a). Therefore, the eye avoidance is 
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more prominent when alexithymics perceive upright angry faces and this suggests that the 

avoidance may be related to their feeling of social threat when fixating at the eye regions. 

Partial correlation revealed that the TAS-20 scores remained to significantly and 

negatively correlate with the fixation duration on the eye regions of the upright angry faces 

(rs = -.49, p = .018, Holms-Bonferroni-corrected) even after the effect of AQ scores was 

partialled-out, suggesting that the alexithymic influence was not due to the autistic effect. 

Therefore, the higher the alexithymia, the less time spent fixating on eye regions of upright 

angry faces.   

 

 

Figure 4.3. Scatter plots between the TAS-20 score and the average fixation duration at the eye 

regions of a) the upright angry faces; b) the upright happy faces; c) the upright neutral faces; d) the 

inverted angry faces; e) the inverted happy faces; f) the inverted neutral faces. r indicates Pearson’s 

correlation coefficient. rs indicates Spearman’s correlation coefficient. The p-values reported have 

been Holms-Bonferroni-corrected.  
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4.3.5. Early and late eye movements on different face conditions  

 To understand the temporal trajectory of the fixation locations, we generated the 

fixation heatmaps of different face condition at different time stamps. The results showed that 

when the faces were upright (Figure 4.4), the subjects tended to first fixate at the bottom of 

the eyes, especially the left eye, at around 350ms to 500ms. After that, the fixations moved to 

mouth region as well as the centre of the right eye. For neutral faces, fixations on the mouth 

region were placed later than angry faces and happy faces (Angry & Happy, 500ms to 750ms 

vs. Neutral, 1000ms). Our findings of the eye movements in the early time window matches 

with the literature that studied the early fixation pattern on faces which showed that early 

fixations land slightly below the eye regions (Hsiao & Cottrell, 2008; Peterson & Eckstein, 

2012). In contrast, for inverted faces (Figure 4.5), fixations were mostly placed on the mouth 

region. For inverted angry faces and inverted neutral faces, fixation to the eye region 

occurred at around 500ms to 750ms. In comparison, fewer and later fixations were placed on 

the eye region of inverted happy faces.  
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Figure 4.4. Fixation heatmap of a) upright angry face condition; b) upright happy face condition; and 

c) upright neutral face condition from 250ms to 2000ms after face stimulus presentation.  
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Figure 4.5. Fixation heatmap of a) inverted angry face condition; b) inverted happy face condition; 

and c) inverted neutral face condition from 250ms to 2000ms after face stimulus presentation.  
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4.3.6. Early and late eye avoidance in alexithymia  

 In order to examine whether the observed alexithymic eye avoidance was related to 

early eye movements or later eye movements, we computed the correlations between TAS-20 

scores and average fixation duration at the eye region in different face conditions from 250ms 

to 2000ms after face stimulus presentation. Using Pearson’s correlation (Figure 4.6a), we 

found that alexithymic eye avoidance was only significant in upright angry face condition 

(1500ms: r = -.49, p = .018; 2000ms: r = -.55, p = .004, Holms-Bonferroni-corrected) and 

upright happy face condition (1500ms: r = -.47, p = .023; 2000ms: r = -.47, p = .025, Holms-

Bonferroni-corrected) at and after 1500ms post-stimulus presentation. However, again, the 

correlations might be driven by outliers. To account for the effects caused by potential 

outliers, we re-ran the analysis using Spearman’s correlation analysis which is more robust 

against outliers (Pernet et al., 2013). The results (Figure 4.6b) showed that the alexithymic 

eye avoidance only reached significant in upright angry face condition at 2000ms post-

stimulus presentation (rs = -.49, p = .018, Holms-Bonferroni-corrected). Our findings 

therefore suggest that alexithymic eye avoidance is related to later eye movements, which is 

associated with social norm behaviour (Or et al., 2015; Peterson & Eckstein, 2013). 

Nonetheless, our results do not have concrete evidence to conclude that whether alexithymic 

eye avoidance is related or not related to early eye movements, i.e., first fixations. It is 

because although not significant, there was a trend of alexithymic eye avoidance before 

1500ms post-stimulus presentation, especially in the upright angry face condition. The 

negative results in early alexithymic eye avoidance may be due to that our experimental 

design is not sensitive in detecting early eye movements. Future studies should modify the 

paradigm based on the literature on first fixations during face perception (Hsiao & Cottrell, 

2008; Or et al., 2015; Peterson & Eckstein, 2012, 2013).  
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Figure 4.6. Alexithymic eye avoidance in different face conditions from 250ms to 2000ms after face 

stimulus presentation a) with Pearson’s correlation analysis; and b) with Spearman’s correlation 

analysis. The correlations were controlled for age. The horizontal dashed line indicates r = .44 

where p = .05.  
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4.4. Discussion 

  In Experiment 2, we investigated the relationship of eye avoidance with alexithymia 

trait and autistic traits. On top of that, we examined the emotion specificity and the face 

orientation specificity of the eye avoidance. We found that the alexithymia trait, but not 

autistic traits, was related to eye avoidance. The eye avoidance in alexithymia was more 

prominent in upright angry faces.  

 In the literature, although plenty of studies have demonstrated that autism and autistic 

traits have been associated with eye avoidance during face perception (Dalton et al., 2005; 

Jones et al., 2008; Kleberg et al., 2017; Papagiannopoulou et al., 2014; Pelphrey et al., 2002; 

Riby & Hancock, 2008; Speer et al., 2007; Stephenson et al., 2019), inconsistent findings are 

also commonly reported (for review, see Cuve et al., 2018). Bird and colleagues (2011) 

proposed “alexithymia hypothesis” which suggests that eye avoidance is associated with 

alexithymia which is a comorbidity of autism (Bird & Cook, 2013; Poquérusse et al., 2018). 

Our findings support the “alexithymia hypothesis” of eye avoidance and extend the 

hypothesis to the general population. We showed that the alexithymia trait, but not autistic 

traits, predicts eye avoidance in the general population. This implicates that alexithymia not 

only mediates the symptoms in the individuals who are diagnosed with autism, it also affects 

how the typically developed individuals attend to the facial features.  

 Why do high alexithymia individuals exhibit eye avoidance? In the hyperarousal 

account, it is suggested that the high alexithymia individuals are aversive to making eye 

contact (Corden et al., 2008; Joseph et al., 2008; Wang et al., 2018; for a review of the same 

account from the autistic literature, see Cuve et al., 2018) because it implies social threat 

(Emery, 2000; Skuse, 2004). This account predicts that the high alexithymia individuals tend 

to avoid the eye information from angry faces. The second account, the hypoarousal account, 
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suggests that the high alexithymia individuals exhibit eye avoidance because they fail to 

understand the social meaning of the facial features and are less motivated in processing 

socio-emotional information, including eye information (for reviews of the same account 

from the autistic literature, Cuve et al., 2018; Dawson et al., 2005; Grelotti et al., 2002) . This 

account predicts that alexithymic eye avoidance should be observed regardless of emotion. 

Lastly, the third account, the efficient processing account (Rakover, 2013) proposed that the 

eye fixation tendency of the typically developed individuals is due to the automatic and 

efficient face scheme matching process which is learned through social experience. Since the 

high alexithymia individuals have less social experience due to their social avoidance 

tendency (Nicolò et al., 2011; Vanheule et al., 2007), their face scheme application may be 

mal-developed. This account predicts that the alexithymic eye avoidance should be face 

orientation specific. Our findings showed that the high alexithymia individuals tend to avoid 

eye information especially in the upright angry faces. This fits with both the hyperarousal 

account and the efficient processing account. The two accounts are not mutually exclusive. It 

is possible that since the high alexithymia individuals have the tendency to avoid eye 

information from the angry faces, they are unable to develop an efficient face scheme 

matching process specific for angry face. The mal-developed face scheme matching process, 

in turn, further exacerbate the eye avoidance tendency in alexithymia. Being hyper-aroused 

by the eyes of the angry face in alexithymia may be corroborated by previous studies which 

reported that the high alexithymia individuals have a tendency to be emotionally sensitive 

during social interaction (Nicolò et al., 2011) and a heightened self-rated worry and negative 

emotions during social stress (Eastabrook et al., 2013; Pollatos et al., 2011). This is further 

supported by our finding that the alexithymic eye avoidance in upright angry face condition 

was more prominent in the later eye movements which may represent social norm behavior 
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like maintaining eye contact during social interaction (Or et al., 2015; Peterson & Eckstein, 

2012, 2013).  

At first sight, one may think that our explanation is contradictory to the general 

observation that the amygdala is hypo-aroused in alexithymia when perceiving negative 

emotion (Donges & Suslow, 2017; Reker et al., 2010). The discrepancy can be resolved when 

we consider that alexithymia is commonly associated with impaired interoceptive awareness 

(Brewer et al., 2016; Shah et al., 2016). In fact, it was also found that the physiological 

responses of the high alexithymia individuals are not coupling with their self-report 

emotional responses indicating that they have impaired emotion awareness as well 

(Eastabrook et al., 2013; Pollatos et al., 2011). Therefore, it is possible for the high 

alexithymia individuals to have a hypo-aroused neural activation but a hyper-aroused 

behavioral response. This mind-body dissonance nonetheless might put a challenge to studies 

that attempt to investigate the neural markers for certain alexithymic behaviors.  

The current finding of the alexithymic eye avoidance in upright angry faces might 

help to explain our observations in Experiment 1 in this thesis, in which we showed that 

alexithymia is associated with impaired self-relevance evaluation during social threat 

processing, as indexed by the reduced difference in threat ratings between angry faces with 

different gaze directions. One possibility is that since the high alexithymia individuals look 

less at the eye regions of the angry faces, they are unable to identify others’ focus of attention 

accurately from the gaze direction. They therefore feel equally threatened by angry faces that 

are looking away from them as those that are looking at them. Nonetheless, two more recent 

studies implementing explicit emotional task failed to find alexithymia eye avoidance 

(Fujiwara et al., 2017; Stephenson et al., 2019). The contrast between these two studies with 

our current study and Bird and colleagues’ (Bird et al., 2011) study suggests the possibility 
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that the alexithymic eye avoidance may only occur during implicit emotional tasks. If true, 

the alexithymic impairment in self-relevance evaluation may not directly relate to the 

alexithymic eye avoidance reported in this study. The direct relationship between eye 

avoidance and the impaired self-relevance evaluation therefore needs further verification.   

 Some limitations need to be taken into consideration when interpreting the results in 

this experiment. First, the correlation between the alexithymia trait and the autistic traits did 

not reach significance in our subjects. Since our premise assumed the two traits are associated 

as guided by previous studies and our own previous experiments, we are not sure how 

generalizable our findings are to other pools of subjects who have the two traits related. In 

our other studies with larger sample size, the two traits were usually very closely related. This 

might suggest that their relationship can only be revealed with a larger sample size. Secondly, 

it is noteworthy that there is a trend for eye avoidance in alexithymia for all faces, but only 

that of the angry face was strong enough to reach significance after correcting for multiple 

correlations. This suggests that eye avoidance is most prominently observed in angry faces 

but may also be present in other faces. Lastly, our findings may be affected by “center bias” 

that introduced by placing the fixation cross at the center of the face stimulus. Some 

researchers suggested that placing the start position of eye movements at the nose region may 

allow the subjects to accumulate facial information without initiating the first fixation 

(Arizpe, Kravitz, Yovel, & Baker, 2012; Hsiao & Cottrell, 2008; Or et al., 2015; Peterson & 

Eckstein, 2012). For example, Arizpe, Kravitz, Yovel, and Baker (2012) found that when the 

start position was at the center of the face, the onset of the first fixations was significantly 

later than when the start position was at the peripheral positions. The authors suggested that 

the delayed first fixation onset supports that facial information processing was initiated 

before the initiation of first fixation. This may affect the time course of the alexithymic eye 

avoidance, such that it occurs at an earlier time window than what has been found in this 
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thesis (1500ms to 2000ms post-stimulus presentation). To systematically investigate whether 

alexithymia affects early eye movements, future studies should modify the paradigm based 

on the literature on first fixations during face perception (Hsiao & Cottrell, 2008; Or et al., 

2015; Peterson & Eckstein, 2012, 2013).  

 In sum (Table 4.2), in Experiment 2, we demonstrated that the tendency to avoid 

looking at eyes is associated with alexithymia, but not autistic traits. Also, the alexithymic 

eye avoidance is most prominently observed in upright angry faces, but not in other upright 

faces and inverted angry faces. This suggests that the alexithymic eye avoidance might be 

associated with the aversion against eye-contact and the lack of experience in processing 

social threat in alexithymia. In Experiment 1, the behavioral deficit of self-relevance 

evaluation in alexithymia were also only found in angry faces, the attention to the eye regions 

in the angry faces therefore might be, at least partially, associated with the self-relevance 

evaluation of the same faces in alexithymia.  

   

Major findings 

1. Alexithymic eye avoidance is more prominent in upright angry faces than happy or 

neutral faces 

Table 4.2. Summary of findings in Experiment 2 
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Chapter 5 

Experiment 3. Time-course of Self-relevance Evaluation during 

Social Processing in Alexithymia: An EEG Study 

5.1. Overview 

 In the previous two experiments we have demonstrated that alexithymia affects self-

relevance evaluation during social threat processing. Experiment 3 further asks at which 

temporal stage of the emotional face perception is the self-relevance evaluation affected by 

alexithymia. We chose neutral faces as our baseline condition. Happy faces and angry faces 

were chosen because they are representative of socially rewarding and socially threatening 

emotions respectively, and they differed in their nature of association with alexithymia in 

Experiment 1. Furthermore, these two facial expressions are the most commonly seen in daily 

social interaction in the population of young adults (Calvo et al., 2014b). Fearful faces were 

not used because fear is related to environmental and contextual threat, rather than social 

threat which we are interested in this thesis (Adams et al., 2003; Sander et al., 2007). 

Previous studies showed that gaze difference in ERP activation during emotional face 

perception occurs at around 200ms to 400ms post-stimulus onset at both temporal (Klucharev 

& Sams, 2004; Nomi et al., 2013) and frontal regions (Conty et al., 2012; Li et al., 2017). We 

thus focus on the ERP components that emerges before 400ms post-stimulus onset, i.e., P1 

(occipital), N1 (frontal), N170 (temporal), VPP (frontal), P200 (temporal), N2 (frontal), P3a 

(frontal) and P3b (parietal). Based on the literature, we expect to observe eye-contact effect in 

emotional faces at P200, N2, P3a, and P3b. The earlier components, in contrast, might be 

related to the processing of emotion or gaze direction independently (Conty et al., 2012; 

Klucharev & Sams, 2004; Nomi et al., 2013).  
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In the fMRI literature, alexithymia has been associated with neural deficits both in the 

temporal regions such as the FFA and the STS and in the frontal regions, such as insula, 

ACC, and mPFC during emotional face perception (Ihme et al., 2014b, 2014a; Kano et al., 

2003; Mériau et al., 2006; Reker et al., 2010). In the EEG literature, in contrast, most of the 

studies showed alexithymic differences in the N2b component which peaks at 250 – 350ms at 

the occipito-temporal regions during negative emotional face perception (Campanella et al., 

2012; Vermeulen et al., 2008). Nonetheless, during the perception of negative images, the 

frontal VPP and N2 activation were also found to be stronger in alexithymia (Franz, Schaefer, 

Schneider, Sitte, & Bachor, 2004; Pollatos et al., 2008; Zhang et al., 2012). Thus, we 

hypothesize that the alexithymic influence on the eye-contact effect of emotional faces would 

occur at both the occipito-temporal regions and the frontal regions. According to our findings 

in Experiment 1, we expect to observe that the eye-contact effect in angry faces to be reduced 

in the highly alexithymic individuals, as compared to those with low alexithymia trait.  

Literature on autism showed that children with autism do not show gaze-emotion 

interaction at the N170 activation as the typically developing children (Akechi et al., 2010). 

This finding suggests that autism might influence eye-contact effect in emotional faces at the 

neural level. Since alexithymia is a common comorbidity of autism (Bird & Cook, 2013; 

Poquérusse et al., 2018), it is possible that the alexithymic influences in self-relevance 

evaluation during social processing at the neural level can be explained by autistic traits to a 

certain degree. To investigate this possibility, we measured the subjects’ autistic traits and 

partialed-out its effect on the observed alexithymic influences in self-relevance evaluation to 

illuminate the effect that is unique to alexithymia. 
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5.2. Methods 

5.2.1. Participants 

Three hundred students from Nanyang Technological University, Singapore were 

screened with the TAS-20 questionnaire (Bagby et al., 1994b). Respondents with TAS-20 

scores lower than or equal to 51 (low alexithymia individuals; LTAS) and with scores higher 

than or equal to 61 (high alexithymia individuals; HTAS) were invited to participate this 

experiment (Bagby & Taylor, 1997). Forty-two subjects were recruited and consented to 

participate. Thirty-nine subjects (28 females, mean age = 23.26, 20 HTAS), with normal or 

corrected-to-normal vision, were included in the analysis. Data of one HTAS subject and one 

LTAS subject were excluded from the analysis due to low signal-to-noise ratio, and another 

HTAS subject terminated the experiment midway because he fell asleep during the task. The 

number of subjects was comparable to or more than similar studies that chose subjects with 

extreme trait scores (Li et al., 2017; Pollatos & Gramann, 2011; Vermeulen et al., 2008). The 

demographic information of the participants is summarized in Table 5.1. This study was 

approved by the Institutional Review Board (IRB) at Nanyang Technological University, 

Singapore, by the Code of Ethics of the World Medical Association (Declaration of Helsinki) 

for experiments involving human subjects. 

 

 
LTAS HTAS p 

N 19 20 
 

Gender (F/M) 14/5 14/6 .798 

Age 24.05 (3.95) 22.50 (2.04) .138 

TAS-20 39.11 (6.52) 67.35 (4.22) <.001 
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LTAS HTAS p 

AQ 19.00 (5.10) 25.85 (6.77) .001 

Table 5.1. Demographic information of the participants in Experiment 3. LTAS – low 

alexithymia individuals; HTAS – high alexithymia individuals; AQ – autistic traits; TAS-

20 – Toronto alexithymia scale. Standard deviations are shown in brackets. The third 

column indicates the p-value of the comparison between LTAS and HTAS. 

 

5.2.2. Apparatus 

The experiment was performed on DELL Optiplex 780 (resolution = 1280 pixels x 

1024 pixels; refreshing rate = 60 Hz). The distance of the screen from the participants was 

roughly 145 cm. The experiment was implemented in Eprime2 (Psychology Software Tools, 

Inc., PA, USA). 

5.2.3. Stimulus 

Stimuli were adopted from Experiment 1 (see Chapter 3). Only the angry faces, happy 

faces, and neutral faces were used in this experiment. The angry and happy faces were chosen 

based on their behavioural dissociation in Experiment 1 and their different social meanings 

during social interaction. The neutral face is the baseline for comparisons with the emotional 

faces.  

5.2.4. Procedure 

  The experiment was conducted in a soundproof lab. The subjects were asked to 

complete the Autism-Spectrum Quotient (AQ; Baron-Cohen, Wheelwright, Skinner, Martin, 

& Clubley, 2001) questionnaires before doing the EEG experiment. In the EEG task, subjects 

were asked to perform a face/gaze decision task. The summary of the trial sequence is 

demonstrated in Figure 5.1. In each trial, a face stimulus (3.4° × 4.8°) was presented at the 
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center of the screen for 150ms. A probe then appeared following a 650ms inter-stimulus-

interval (ISI). The probe asked for a decision on the face’s emotion or gaze direction. There 

were five possible probes: “Angry Face?”, “Happy Face?”, “Neutral Face?”, “Central 

Gaze?”, and “Left Gaze?”. If the probe was “Angry Face?”, for example, the subjects should 

press the mouse key to respond whether the face was angry (left mouse key) or not (right 

mouse key), as fast and accurate as possible. Each face stimulus was repeated 5 times in one 

block and each time followed by one of the five probes. The ITI varied between 1s to 2s. 

There are three identical blocks in total. There were 180 trials per block (5 rep × 6 identities × 

3 emotions × 2 gaze directions) and 540 trials in total. The face stimuli were presented in a 

pseudo-randomized order within each block. 

 

Figure 5.1. Trial Sequence for happy probe in Experiment 3. An angry/happy/neutral face with 

direct/averted gaze was presented at the center for 150ms. The probe for response appeared after 

650ms of ISI. The participants were required to answer yes/no by pressing the left/right mouse key, 

respectively, as fast as possible without sacrificing accuracy. Faces from KDEF database are used for 

demonstration because pictures from the N-FEE Database (Yap et al., 2016) are not allowed for 

publication.  
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5.2.5. EEG data acquisition and preprocessing 

Subjects’ brain wave activities were recorded by a 64-channel EEG using Hydrocel 

Geodesic Sensor Net (Electrical Geodesics Inc., Eugene, Oregon) with online reference to the 

vertex electrode. Data was sampled at 1000 Hz. Electrode impedances were maintained 

below 50 kΩ. We used EEGlab toolbox (Delorme & Makeig, 2004) in Matlab R2018a for 

signal preprocessing. Spline interpolation was applied to the channels with no signal, or 

extremely high impedance during acquisition. No subjects’ data had more than three channels 

with the abovementioned condition. The data was then detrended, referenced to the common 

average, digitally band-pass filtered (0.1 – 30 Hz), and epoched from -200ms pre-stimulus 

onset to 800ms post-stimulus onset, and thus a total epoch of 1000ms was included. Artifact 

due to eye blink was identified and removed using Independent Component Analysis (Jung et 

al., 2000). Moreover, we rejected trials with abnormal voltage that exceeded +/-100 µV in 

any channel. After baseline removal (-200ms to 0ms), we averaged the signals for each 

condition.  

In the region of interest (ROI) analysis, our ERP components of interest were the P1, 

the N170, the P200, and the P3b at the posterior channels, and the N1, the VPP, the N2, and 

the P3a at the anterior regions (see Figure 5.2a). The ERPs were analysed based on their 

mean amplitudes over their time windows. The time window was chosen based on the global 

field power plot (Figure 5.2b). The P1 was identified as the positive peak at the occipital 

channels (Oz (E37), O1 (E35) and O2 (E39)) within the time window of 65 - 151ms. The 

N170 and the P200 were identified as the negative peak and positive peak at the occipito-

temporal channels (Left: P7 (E30), PO7 (E32); Right: P8 (E44), PO8 (E43)) within the time 

windows of 151 – 215ms and 205 - 287ms respectively. The P3b was identified as the 

positive peak at the parietal channels (P1 (E33), Pz (E36), P2 (E38), and CPz (E34)) within 

the time windows of 345 – 460ms. The N1 was identified as the negative peak at the mid-



114 

 

frontal channels (F1 (E3), Fz (E6), F2 (E9), and AFz (E8)) within the time window of 65 - 

151ms. The VPP and the N2 were identified as the positive and negative peaks at the same 

mid-frontal channels within the time windows of 151 – 205ms and 205 – 287ms respectively. 

The P3a was identified as the positive peak at the mid-frontal channels with the time window 

of 345 – 460ms. Since previous ERP studies on emotional face perception in alexithymia 

reported alexithymic latency differences in the posterior N250 component (Campanella et al., 

2012; Vermeulen et al., 2008), we additionally extracted the peaks and the latency of the 

N250 at the occipito-temporal channels within the time window 287 – 343ms. We extracted 

the mean amplitudes of the ERP components of interest using ERPlab (Lopez-Calderon & 

Luck, 2014), a plug-in of the EEGlab toolbox. 
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Figure 5.2. a) Topographic map for the ERPs of interest and b) the global field power plot that 

indicates the time windows for each ERP component. The P1 is located at the occipital channels (Oz 

(E37), O1 (E35) and O2 (E39)) within the time window of 65 - 151ms. The N170 and the P200 

are located at the occipito-temporal channels (Left: P7 (E30), PO7 (E32); Right: P8 (E44), 

PO8 (E43)) within the time windows of 151 – 205ms and 205 - 287ms respectively. The N1, 
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the VPP, the N2, and the P3a are located at the frontal channels (F1 (E3), Fz (E6), F2 (E9), and 

AFz (E8)) within the time windows of 65 - 151ms, 151 – 205ms, 205 – 287ms, and 345 – 

460ms respectively. The P3b is located at the parietal channels (P1 (E33), Pz (E36), P2 (E38), 

and CPz (E34)) within the time window of 345 – 460ms. 

 

5.2.6. Data analysis 

 For EEG data, we focused on the mean amplitudes in the analysis because previous 

study showed that mean amplitude is a more reliable measure than peak amplitude (Clayson, 

Baldwin, & Larson, 2013; Luck, 2014). We first presented the ROI analysis. For the P1, the 

N1, the VPP, the N2, the P3a, and the P3b, mixed 3-way ANOVAs with within-subject 

variable Emotion (Neutral vs. Angry vs. Happy) and Gaze Direction (Direct vs. Averted), and 

a between-subject variable TAS Group (LTAS vs. HTAS) were conducted. For N170 and 

P200, an additional within-subject variable Hemisphere (Left vs. Right) was also included in 

the ANOVA models.  

 After that, to examine whether the alexithymic influence in the neural activities in the 

perception of emotional faces with different gaze directions can be explained by autistic 

traits, we ran linear regressions (TAS group is a categorical variable rather than continuous 

variable, so linear regression is more appropriate than partial correlation) on the eye-contact 

effects (direct gaze – averted gaze) with TAS group as the predicting variable and AQ as the 

covariate. The analysis was only done in the ERP components that found significant 

difference among the TAS groups. Since AQ scores affected the relationship between TAS 

group and the eye-contact effect of angry faces at the frontal N2, we additionally ran a 

mediation analysis to investigate how AQ scores mediated the relationship. 
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 Lastly, to explore the relationship among alexithymia, the early gaze difference at the 

frontal N1 and the subsequent eye-contact effect of angry faces at the frontal N2, we ran a 

mediation analysis with these three variables included.  

 As the exploratory analyses, we ran a whole brain analysis which included all 

channels to explore the effect of TAS Group on the channels outside of the regions of interest. 

Whole brain analyses were conducted by applying 3-way (Emotion × Gaze Direction × TAS 

Group) ANOVAs on all the channels and corrected the results using Benjamini-Hochberg 

false discovery rate (FDR) method. 

Behavioural data was divided according to the probe contents. To examine whether 

the subjects categorized the faces correctly and whether there were group differences between 

HTAS and LTAS, 3-way ANOVA models were conducted with within-subject variables 

Emotion (Neutral vs. Angry vs. Happy) and Gaze Direction (Direct vs. Averted), and the 

between-subject variable TAS group (LTAS vs. HTAS) on the subjects’ proportions of “Yes” 

responses to each probe. 

Greenhouse-Geisser correction (when sphericity assumption is violated) and Holms-

Bonferroni correction (for multiple pairwise comparisons) were applied when appropriate. 

SPSS Statistics 25 (IBM, NY, USA) and Matlab R2018a (Mathworks, MA, USA) were used 

for data analysis. 

5.3. Results 

 Overall, gaze direction is processed earlier than emotion in the temporal areas, such as 

N170 for gaze vs P200 for emotion (Figure 5.3). Emotion is also processed in the frontal 

areas at the N2. Emotion and gaze interact as early as at the N1 in the frontal areas. While 

LTAS processes gaze direction at both the temporal areas (N170) and the frontal areas (N1), 
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HTAS processes gaze direction only at the temporal areas (N170). Compared to LTAS, 

HTAS also displayed reduced neural differentiation between angry faces with different gaze 

directions (N2), and an increase in neural differentiation between happy faces with different 

gaze directions (VPP) in the frontal areas.   

5.3.1. Gaze direction is processed as early as at the N170 in temporal areas 

We observed a marginally significant main effect of Gaze Direction (F(1, 37) = 3.89, 

p = .056) at the N170 by ANOVA. Faces with averted gaze elicited more negative N170 than 

those with direct gaze (-2.02 vs. -1.91 µV). N170 has been suggested to be related to 

processing/detecting the onset of eyes rather than faces (Burra, Baker, & George, 2017; 

Conty, N’Diaye, Tijus, & George, 2007; McCrackin & Itier, 2018; Pönkänen et al., 2011; 

Rossi et al., 2015). Aligning with the eye detection hypothesis, multiple studies have reported 

that N170 amplitude is modulated by the gaze direction of the face (see Discussion).  

5.3.2. Emotion is processed later than gaze direction in the temporal (P200), and 

the frontal areas (N2) 

The effect of Emotion was significant in the P200 amplitudes ANOVA (F(2, 74) = 

17.97, p < .001). Neutral faces (2.13 µV) activated stronger P200 amplitudes than angry faces 

(1.71 µV; t(38) = 5.72, p < .001, Holms-Bonferroni-corrected) and happy faces (2.00 µV; 

t(38) = 2.09, p = .043, Holms-Bonferroni-corrected). The P200 amplitudes were also 

significantly more positive towards happy faces than towards angry faces (t(38) = 3.75, p 

= .001, Holms-Bonferroni-corrected). Thus, it takes around 240ms for the temporal region to 

process emotion information and to distinguish different emotions after the onset of the face 

stimuli. 

Furthermore, the interaction effect Emotion × Hemisphere was also found to be 

significant in the P200 amplitude ANOVA (F(1.58, 58.36) = 3.62, p = .043, Greenhouse-
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Geisser corrected). In both hemispheres, angry faces (right hemisphere: 1.69 µV; left 

hemisphere: 1.72 µV) activated weaker P200 amplitudes than the neutral faces (right 

hemisphere: 2.22 µV, t(38) = 5.30, p < .001, Holms-Bonferroni-corrected; left hemisphere: 

2.04 µV, t(38) = 3.95, p < .001, Holms-Bonferroni-corrected). For the happy faces, on the 

other hands, while they (2.11 µV) were not differentiable from the neutral faces in the right 

hemisphere (t(38) = 1.63, p = .112), they elicited weaker P200 activation than the neutral 

faces at the left hemisphere (1.89 µV, t(38) = 2.06, p = .092, Holms-Bonferroni-corrected; p 

= .046, uncorrected) though it did not survive correction for multiple comparison. 

Furthermore, while the angry faces elicited weaker P200 amplitude than happy faces in the 

right hemisphere (t(38) = 4.48, p < .001, Holms-Bonferroni-corrected), the two faces were 

not differentiable in the left hemisphere (t(38) = 1.68, p = .101). Therefore, the perception of 

angry faces recruits both hemispheres, whereas that of the happy faces recruits only the left 

hemisphere. 

This emotion information processing in the temporal areas coincides with the emotion 

processing in the frontal areas. ANOVA revealed a significant Emotion main effect (F(2, 74) 

= 5.66, p = .005) in the N2 amplitudes. Neutral faces elicit more negative N2 amplitudes than 

angry faces (-1.66 vs. -1.32 µV; t(38) = 3.09, p = .012, Holms-Bonferroni-corrected). None 

of the other comparisons reached significance (ps > .05).  

5.3.3. Early and late processing of self-relevant emotional faces at the frontal 

areas (N1) and at the parietal areas (P3b) respectively 

Significant Emotion × Gaze Direction interaction effect was found at the N1 at the 

frontal channels (F(2, 74) = 3.27, p = .044). Stronger eye-contact effect was observed at the 

N1 activation for angry faces (Direct vs Averted: -0.97 vs. -1.12 µV) than for neutral faces 

(Direct vs. Averted: -1.12 vs. -0.94 µV; t(38) = 2.34, p = .024, uncorrected) and for happy 
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faces (Direct vs. Averted: -1.08 vs. -0.98 µV; t(38) = 2.22, p = .033, uncorrected). The eye-

contact effect for happy faces did not differ from that for neutral faces (t(38) = 0.55, p 

= .587). Although the significant results did not survive the correction for multiple 

comparisons, such early differentiation of angry faces with different gaze directions is 

reasonable as gaze direction may play a more important role or may be of more ecological 

significance in angry faces than in neutral faces because it indicates whether oneself is the 

target of the potential threat. 

At the parietal channels, Emotion × Gaze Direction interaction effect was also found 

to be significant (F(2, 74) = 9.84, p < .001). Angry faces with direct gaze (0.11 µV) was 

found to elicit significantly weaker P3b amplitudes than those with averted gaze (0.43 µV; 

t(38) = 3.67, p = .002, Holms-Bonferroni-corrected). The P3b activation difference between 

gaze directions was not found in either happy faces (Direct vs. Averted: 0.19 vs. 0.21 µV) or 

neutral faces (Direct vs. Averted: 0.48 vs. 0.27 µV; ps > .05). 
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Figure 5.3. The tables illustrate the result summary of the ANOVA models on the ERP mean 

amplitudes of the temporal (left panel) and the frontal (right panel) electrode sites respectively. 

Asterisk (*) indicates that the main effects or the interaction effects were significant. Hashtag (#) 

indicate that a significant interaction with TAS Group. For instance, at the frontal VPP, the interaction 

effect of Emotion × Gaze Direction × TAS Group was significant, but the Emotion × Gaze 

Direction interaction effect was not. ~, p < .06; *, #, p < .05; **, ##, p < .01; ***, p < .001. 

5.3.4. Alexithymia modulates the neural differentiation between faces with 

different gaze directions at the frontal areas (N1) 

There was also a significant Gaze Direction × TAS Group interaction effect (F(1, 37) 

= 8.37, p = .006), such that the LTAS tended to have more negative N1 activation for faces 

with averted gaze (-0.90 µV) than those with direct gaze (-0.71 µV; t(18) = 2.29, p = .034; 

Figure 5.4a), while such activation differences did not occur in the HTAS (t(19) = 2.02, p 

= .058; Figure 5.4b). Linear regression analysis showed that the addition of AQ scores did 

not affect the effect of TAS Group in predicting the eye-contact effect in the N1 activation 

(excluding AQ scores: Beta = -.43, p = .006; including AQ scores: Beta = -.46, p = .012).  It 

suggests that the alexithymic effect on the processing of gaze directions in the N1 activation 

was not due to the autistic effect.   

 



122 

 

 

Figure 5.4. Demonstration of the modulation on the mean amplitudes of N1 (top panels), VPP 

(middle panels) and N2 (bottom panels) from Emotion and Gaze Direction in LTAS (left panels) and 

HTAS (right panels). Eye-contact effects were derived by subtracting the activation towards averted-

gazed faces from that towards direct-gazed faces. For example, in LTAS, the N2 activation for direct-

gazed angry faces was -0.98µV and that for averted-gazed angry faces was -1.31µV. Thus the eye-

contact effect in the N2 of angry faces was 0.33µV. The error bar indexes the standard errors of mean 

of the activation. Asterisk (*) indicates significant difference between faces with different gaze 

directions. *, p < .05.  

 

5.3.5. Alexithymia modulates the processing of self-relevant emotional faces at 

the frontal areas 

We then investigated the association between alexithymia and the processing of self-

relevant emotional faces. Overall, we found that alexithymia affects neural differentiation of 

self-relevant emotional faces and self-irrelevant emotional faces at the VPP and the N2.  
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VPP: There was a significant Emotion × Gaze Direction × TAS Group interaction 

(F(2, 74) = 4.90, p = .010) at the VPP. The interaction is driven by the significant eye-contact 

effect in happy faces in HTAS (Direct vs. Averted: 1.05 vs. 1.46 µV; t(19) = 2.66, p = .045, 

Holms-Bonferroni-corrected, Figure 5.4d), but not in LTAS (Direct vs. Averted: 1.59 vs. 1.42 

µV; t(18) = 1.05, p > .05, Figure 5.4c). Linear regression analysis showed that the addition of 

AQ scores did not affect the effect of TAS Group in predicting the eye-contact effect of happy 

faces in the VPP activation (excluding AQ scores: Beta = -.39, p = .013; including AQ 

scores: Beta = -.44, p = .017).  It suggests that the alexithymic effect on the processing of 

gaze directions of happy faces in the VPP activation was not due to the autistic effect. 

N2: We found a significant Emotion × Gaze Direction × TAS Group interaction (F(2, 

74) = 4.31, p = .017) at the N2. ANOVAs showed that whereas the interaction effect Emotion 

× Gaze Direction was significant in LTAS (F(2, 36) = 9.17, p = .001; see Figure 5.4e), it was 

not significant in HTAS (F(2, 38) = 0.56, p = .576; see Figure 5.4f). The significant Emotion 

× Gaze Direction interaction effect in LTAS may be caused by the significant gaze direction 

effect in angry faces (Direct vs Averted: -0.98 vs. -1.31 µV; t(18) = 2.96, p = .024, Holms-

Bonferroni-corrected), but not in happy faces (Direct vs Averted: -1.16 vs. -1.41 µV; t(18) = 

1.44, p = .168) nor neutral faces (Direct vs Averted: -1.78 vs. -1.41 µV; t(18) = 2.25, p 

= .074, Holms-Bonferroni-corrected). Linear regression analysis showed that the addition of 

AQ scores improved the model predicting the eye-contact effect of angry faces in the N2 

activation (TAS Group as the only predictor: F(1, 37) = 4.43, p = .042; TAS Group and AQ as 

predictors: F(2, 36) = 5.42, p = .009, R square change = .13, p = .021).  We ran a mediation 

analysis and found that the effect of TAS Group on the eye-contact effect of angry faces in 

the N2 activation was mediated by the AQ scores of the subjects (see Figure 5.5), such that 

individuals with high autistic traits tend to have stronger eye-contact effect than those with 

low autistic traits after controlling for TAS group.  
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Figure 5.5. Mediation effect of AQ score on the relationship between TAS Group and eye-contact 

effect of angry faces at the frontal N2. Positive values pointing to the eye-contact effect indicates 

positive relationship, e.g., higher AQ scores predicts stronger eye-contact effect; Negative values 

pointing to the eye-contact effect indicates negative relationship, e.g., HTAS group predicts weaker 

eye-contact effect than LTAS group. Standardized coefficients are reported. *, p < .05; **, p < .01. 

 

5.3.6. Gaze difference at the frontal N1 explains the alexithymic difference in the 

eye-contact effect of angry faces at the frontal N2 

 We ran a regression analysis on the eye-contact effect of angry faces at the frontal N2 

with TAS Group and the gaze difference at the frontal N1 to explore the relationship between 

the three variables. We found that that the addition of the N1 gaze difference improved the 

model predicting the eye-contact effect of angry faces in the N2 activation by TAS Group 

(TAS Group as the only predictor: F(1, 37) = 4.43, p = .042; TAS Group and N1 Gaze 

Difference as predictors: F(2, 36) = 16.38, p < .001, R square change = .37, p < .001). We ran 

a mediation analysis and found that the effect of TAS Group on the eye-contact effect of 

angry faces in the N2 activation was mediated by the N1 gaze difference (see Figure 5.6), 

such that TAS group affects the eye-contact effect of angry faces in the N2 activation 

indirectly through the N1 gaze difference. 
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Figure 5.6. Mediation effect of the gaze difference at the frontal N1 on the relationship between TAS 

Group and eye-contact effect of angry faces at the frontal N2. Positive values pointing to the eye-

contact effect indicates positive relationship, e.g., stronger gaze difference at the frontal N1 predicts 

stronger eye-contact effect of angry face at the frontal N2; Negative values pointing to the eye-contact 

effect indicates negative relationship, e.g., HTAS group predicts weaker gaze difference at the frontal 

N1 than LTAS group. Standardized coefficients are reported. *, p < .05; **, p < .01, ***, p < .001. 

 

5.3.7. Alexithymic effect on the temporal N250 

 Since previous ERP studies on emotional face perception in alexithymia mostly 

reported an alexithymic difference in N250 peak latency, we additionally included the 

analysis on the N250 peak amplitudes and peak latencies. In terms of the peak amplitude, 

only the Hemisphere × TAS Group interaction was significant (F(1, 37) = 6.34, p = .016). 

The interaction effect was due to the more negative going N250 activation at the left 

hemisphere (-0.37 µV) than at the right hemisphere in LTAS (0.20 µV; t(18) = 2.39, p 

= .028), but not in HTAS (Left hemisphere vs. Right hemisphere: -0.08 µV vs. -.34 µV, t(19) 

= 1.14, p = .270). No other main effects nor interaction effects were significant (ps > .05). In 

terms of the peak latency, only the main effect of Hemisphere was significant (F(1, 37) = 

7.65, p = .009). The main effect suggests that the N250 at the right hemisphere (317.02ms) 

peaked earlier than at the left hemisphere (321.43ms). No other main effects nor interaction 

effects were significant (ps > .05). 
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5.3.8. Exploratory whole-brain analysis  

The whole brain analysis revealed similar results as the ROI analysis. Emotion was 

found to be processed at both the frontal channels (E4, E6, E7, and E9) and temporal 

channels (E29, E30, E32, E39, E 40, E43, E44, E47, and E52) in the time window 205ms to 

287ms. Averaging across the frontal channels the found the main effect Emotion significant 

(F(2,74) = 8.36, p = .001), post-hoc analysis revealed that neutral faces (M = -1.41 µV) 

elicited more negative N2 than both angry faces (M = -1.05 µV; t(38) = 3.68, p = .003, Holm-

Bonferroni corrected) and happy faces (M = -1.18 µV; t(38) = 2.74, p = .018, Holm-

Bonferroni corrected). The N2 activations for angry faces and happy faces, however, did not 

differ from each other (t(38) = 1.64, p = .110).   

Next, we averaged the left temporal channels (E29, E30, E32) and the right temporal 

channels (E43, E44, E47) with the main effect Emotion significant and overlapped across 

hemispheres. The main effect of Emotion can be explained by the less positive P200 

activation for angry faces (M = 1.40 µV) than for neutral faces (M = 1.82 µV; t(38) = 5.94, p 

< .001, Holm-Bonferroni corrected) and happy faces (M = 1.70 µV; t(38) = 4.15, p < .001, 

Holm-Bonferroni corrected). Furthermore, the amplitude difference in P200 activation was 

also significant between neutral faces and happy faces (t(38) = 2.07, p = .045, Holm-

Bonferroni corrected). On the other hand, the interaction effect of Emotion × Hemisphere 

was not significant (F(1.55,57.27) = 3.00, p = .070, Greenhouse-Geisser corrected). This 

suggested that in terms of activation amplitudes, the processing of emotion did not differ 

across hemisphere. However, considering there are more channels at the right temporal 

regions (E39, E40, E43, E44, E47, and E52) that found the main effect Emotion significant 

than at the left temporal regions (E29, E30, and E32), the right hemisphere might have a 

wider range of neural regions that process emotions. The findings provide support for Right 
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Hemisphere Hypothesis of emotion processing at the posterior regions (Borod et al., 1998; 

Killgore & Yurgelun-Todd, 2007).   

Furthermore, alexithymia appears to affect face processing differently at different 

time windows. In the time window 65ms to 151ms, no main effects or interaction effects 

survived Benjamini-Hochberg correction for multiple comparison at an FDR of 5%. With a 

more liberal FDR of 10%, Gaze Direction × TAS group interaction effect was significant at 

the frontal channel E8 (F(1, 37) = 12.10, p = .001; Figure 5.7a). Post-hoc analysis showed 

that faces with direct gaze (M = -0.65 µV) elicited weaker frontal N1 activation than those 

with averted gaze (M = -0.91 µV; t(18) = 2.68, p = .015) in LTAS, but the pattern was 

reversed in HTAS (Direct gaze = -1.56; Averted gaze = -1.21; t(19) = 2.43, p = .025).   

In the time window 151ms to 205ms, the interaction effect Emotion × Gaze Direction 

× TAS group was found in the frontal channels (E5, E6, E8, E10) and an occipital channel 

(E37) after applying Benjamini-Hochberg correction at an FDR of 5% (Figure 5.7b). 

Averaging the frontal channels E5, E6, E8, and E10, we found that the significant Emotion × 

Gaze Direction × TAS group interaction (F(2, 74) = 8.76, p < .001) was driven by the 

significant eye-contact effect in happy faces in HTAS (Direct vs. Averted: 0.97 vs. 1.55 µV; 

t(19) = 3.05, p = .021, Holms-Bonferroni corrected), but not in LTAS (Direct vs. Averted: 

1.74 vs. 1.49 µV; t(18) = 1.34, p = .197). We also observed a significant eye-contact effect in 

neutral faces in LTAS (Direct vs. Averted: 1.07 vs. 1.68 µV; t(18) = 2.87, p = .030, Holms-

Bonferroni corrected), but not in HTAS (Direct vs. Averted: 1.23 vs. 1.27 µV; t(19) = 0.16, p 

= .875). In the occipital channel (E37), happy faces (M = -0.99 µV) elicited more negative 

N170 than neutral faces (-0.64 µV) when the gaze was direct (t(18) = 3.27, p = .024, Holms-

Bonferroni corrected), but no N170 activation difference was observed in the two faces when 

the gaze was averted (Neutral vs. Happy: -0.96 vs. -0.78 µV; t(18) = 1.11, p = .280). In 
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contrast, neutral faces and happy faces were not differentiated either when the gaze was 

direct (Neutral vs. Happy: -1.44 vs. -1.15 µV; t(19) = 1.87, p = .070) or when it was averted 

(Neutral vs. Happy: -1.26 vs. -1.41 µV; t(19) = 0.99, p = .335) in HTAS. 

In the time window 205ms to 287ms, the interaction effect Emotion × Gaze Direction 

× TAS group was found only in the frontal channels (E6, E8, E10, E18) when FDR was set to 

be 10% (Figure 5.7c). ANOVA revealed a significant Emotion × Gaze Direction × TAS 

group × Channel (F(3.18, 117.52) = 8.41, p < .001, Greenhouse-Geisser corrected), 

suggesting that the patterns for the Emotion × Gaze Direction × TAS group interaction effect 

differed across channels. We observed three different types of alexithymic influences in 

different channels. 1) For the two posterior midline channels, E6 and E8, the Emotion × Gaze 

Direction × TAS group interaction effect was mainly driven by the fact that angry faces with 

averted gaze (E6 = -1.36 µV; E8 = -1.37 µV) elicited more negative N2 activation than those 

with direct gaze (E6 = -0.98 µV; t(18) = 2.78, p = .036, Holms-Bonferroni corrected; E8 = -

0.96 µV; t(18) = 3.03, p = .021, Holms-Bonferroni corrected) in LTAS, but not in HTAS (E6: 

Direct vs. Averted: -1.70 vs. -1.37 µV; t(19) = 1.30, p = .208; E8: Direct vs. Averted: -1.90 

vs. -1.44 µV; t(19) = 1.64, p = .118).  

2) For the anterior midline channel, E10, the Emotion × Gaze Direction × TAS group 

interaction effect was mainly driven by the fact that neutral faces with direct gaze (M = -1.84 

µV) elicited marginally more negative N2 activation than those with averted gaze (M = -1.24 

µV; t(18) = 2.60, p = .054, Holms-Bonferroni corrected) in LTAS, but not in HTAS (Direct 

vs. Averted: -1.68 vs. -1.85 µV; t(19) = 0.67, p = .510).  

3) For the left frontal channel, E18, the Emotion × Gaze Direction × TAS group 

interaction effect was mainly driven by the fact that angry faces with averted gaze (M = -0.90 

µV) elicited marginally more negative N2 activation than those with direct gaze (M = -0.52 
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µV; t(19) = 2.58, p = .054, Holms-Bonferroni corrected) in HTAS, but not in LTAS (Direct 

vs. Averted: -0.96 vs. -0.74 µV; t(18) = 1.50, p = .152). In general, HTAS appears to use left 

frontal regions to differentiate angry faces with different gaze direction rather than using the 

midline frontal regions as LTAS does. 

 

Figure 5.7. Results related to TAS Group in the whole-brain analysis using Benjamini-Hochberg FDR 

method as correction for multiple comparisons. Channels with yellow color indicate p < .05; Channels 

with orange color indicate p < .01; and Channels with red color indicate p < .001. a) Gaze Direction × 

TAS group interaction effect was significant at the frontal channel E8 in the time window 65ms to 

151ms when FDR rate was set to be 10%. No significances survived in any channels when more 

stringent FDR rate (5%) was set; b) Emotion ×  Gaze Direction × TAS group interaction effect was 

significant at frontal channels E5, E6, E8, and E10, and occipital channel E37 in the time window 

151ms to 205ms when FDR rate was set to be 5%; c) Emotion ×  Gaze Direction × TAS group 

interaction effect was significant at frontal channels E6, E8, E10, and E18 in the time window 205ms 

to 287ms when FDR rate was set to be 10%. No significances survived in any channels when a more 

stringent FDR rate (5%) was applied. 
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5.3.8. Behavioural data 

 In general, the subjects achieved 91.4% (SD = 5.1%) accuracy in the task. No 

significant difference in task accuracy was found between LTAS (mean = 92.6%; SD = 

4.2%) and HTAS (mean = 90.2%; SD = 5.7%; t(37) = 1.51, p = .140). Details of the analyses 

on the behavioural data are illustrated in Appendix II.  

There was a significant Gaze Direction × TAS Group interaction effect in the 

ANOVA of “Central Gaze” probe (F(1,37) = 4.17, p = .048). The interaction was explained 

by that the gaze effect in identification accuracy was smaller in HTAS (Direct Gaze vs. 

Averted Gaze: 90.4% vs. 15.8%) compared to LTAS (Direct Gaze vs. Averted Gaze: 93.6% 

vs. 9.0%). No other main effects nor interaction effects related to TAS Group were found 

significant (ps > .05). In sum, this suggests that HTAS is more likely to confuse gaze 

direction than LTAS, especially when the gaze is averted (i.e., they have a higher tendency to 

identify the averted gaze as direct gaze).  

5.4. Discussion 

 Experiment 3 investigated the neural mechanism and the temporal trajectory of the 

evaluation of self-relevance in emotional face perception and its association with alexithymia. 

We found that gaze direction is processed at around 170ms after stimulus onset at the 

temporal areas (N170). For LTAS, gaze direction can be processed even earlier, at 120ms at 

the frontal areas (N1). After that, emotions are differentiated at around 240ms after stimulus 

onset at the temporal areas (P200) and the frontal areas (N2). Interestingly, emotion-gaze 

interaction was observed at as early as N1 at the frontal areas, such that the eye-contact effect 

of angry faces was stronger than that of neutral faces and happy faces. Similar emotion-gaze 

interaction was also found in the later stage of the processing at the parietal areas. At the P3b, 

the activation to angry faces was differentiated from the neutral faces only when the faces 
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were with direct gaze. Furthermore, partially aligning with our hypothesis, alexithymia 

influences the evaluation of self-relevance in emotional face perception only at the frontal 

areas (VPP and N2). More specifically, angry faces, but not neutral nor happy faces, with 

different gaze directions were differentiated at the N2 in LTAS but not in HTAS. On the 

other hand, happy faces, but not other faces, with different gaze directions were differentiated 

at the VPP in HTAS but not in LTAS. 

 Literature on eye-contact effect showed that the neural differentiation in gaze 

direction can occur at around 170ms after stimulus onset at the temporal areas (Burra, Baker, 

& George, 2017; Conty, N’Diaye, Tijus, & George, 2007; Klucharev & Sams, 2004; Latinus 

et al., 2014; McCrackin & Itier, 2018; Pönkänen, Alhoniemi, Leppänen, & Hietanen, 2011; 

Rossi, Parada, Latinus, & Puce, 2015). While the eye-contact effect in this 170ms time 

window is replicated in our study, we further found that gaze direction can be processed at 

even as early as around 120ms after stimulus onset at the frontal areas (N1) in the low 

alexithymia individuals. More specifically, faces with averted gaze elicited stronger N1 

amplitudes than faces with direct gaze. Since the frontal N1 has been associated with 

attentional engagement to the stimulus (Hillyard & Anllo-Vento, 1998; Luck & Kappenman, 

2012) and stronger N1 was found in effortful task than in effortless task (Benikos, Johnstone, 

& Roodenrys, 2013; Mulert et al., 2008), one interpretation to the finding is that attending to 

faces with averted gaze is more effortful than to those with direct gaze. The fast detection of 

gaze direction matches with the first-track modulator model of eye gaze perception (Johnson 

et al., 2015; Senju & Johnson, 2009) which proposed the eye-contact effect is a result of a 

fast modulation at the subcortical pathway, e.g., amygdala, and a slow information processing 

at the cortical pathway, e.g., temporal cortex. Our observation of the frontal N1 

differentiation of gaze direction might be reflecting the subcortical-to-frontal feedforward 
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signals (Cremers et al., 2010; Kim et al., 2011; Sato, Kochiyama, Uono, Yoshikawa, & 

Toichi, 2017).  

 The slow processing cortical pathway for gaze direction is supported by our N170 

findings. Consistent with the majority of the previous studies, stronger ERP activation was 

found in faces with averted gaze than in direct gaze (Itier et al., 2007; McCrackin & Itier, 

2018; Pönkänen et al., 2011; Puce et al., 2000; Rossi et al., 2015; Watanabe et al., 2002). 

Since the N170 has been associated with eye detection and attention to eyes in face 

perception (Kloth, Itier, & Schweinberger, 2013; McPartland, Cheung, Perszyk, & Mayes, 

2010; Nemrodov, Anderson, Preston, & Itier, 2014; Parkington & Itier, 2018), the gaze 

modulation in the temporal N170 might be indicating increased attention to eye regions when 

the gaze is averted. 

 Overall, emotion is processed later than gaze direction. In contrast to early ERP 

studies (Aarts & Pourtois, 2012; Blechert et al., 2012; Calvo & Beltrán, 2014; Jiang et al., 

2014; Morel et al., 2009; Rellecke et al., 2012; Smith, 2012), the N170 was not responsive to 

emotion categories. Instead, we showed that emotion is processed and categorized at the 

temporal P200 (~240ms PSO). Similar emotion effect at the P200 was also reported in other 

studies (Beltrán & Calvo, 2015; Calvo & Beltrán, 2014; Williams, Palmer, Liddell, Song, & 

Gordon, 2006). P200 has been suggested to be related to the processing of spatial 

relationships among features (Latinus & Taylor, 2006; Mercure et al., 2008). Emotional 

faces, therefore, may require more spatial relationship processing than neutral faces (Bombari 

et al., 2013; Calder & Jansen, 2005; Calvo & Nummenmaa, 2008; McKelvie, 1995; Prkachin, 

2003). We also found that while the P200 activation at the right hemisphere only 

differentiated angry faces from the neutral faces, that at the left hemisphere differentiated 

both happy faces and angry faces from the neutral faces. The hemispheric difference in 
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processing emotional faces fit with the valence hypothesis of emotion perception (Adolphs, 

Jansari, & Tranel, 2001; Killgore & Yurgelun-Todd, 2007; Prete, Laeng, Fabri, Foschi, & 

Tommasi, 2015), which proposed that the right hemisphere is specialized in processing 

negative emotions while the left hemisphere processes positive emotions. On top of the 

processing at the temporal regions, angry faces were also analyzed at the frontal N2. Similar 

findings (i.e., weaker N2 amplitude in angry faces than in other emotional faces) were 

reported in previous studies in which the subjects were perceiving the emotional faces under 

low working memory load (Van Dillen & Derks, 2012) and when the task was non-

incentivized (Wu, Müller, Zhou, & Wei, 2019). The emotional differences were attenuated 

once the working memory load was increased or the task became incentivized. Together with 

the literature indicating that the N2 is associated with attentional control (Dennis & Chen, 

2009; Folstein & Van Petten, 2008; Zhang & Lu, 2012), the reduced N2 activation of angry 

faces may suggest that social threat captures attention more automatically and thus is less 

effortful than processing neutral faces. 

 The anger-specific eye-contact effect occurred as early as 120ms after stimulus onset 

at the frontal regions (N1). This could mean that subjects responded differently towards gaze 

information in angry faces than in neutral faces and in happy faces at the very early 

processing stage. While it seems to be contradictory to our earlier finding that emotion is not 

differentiated until the P200 (~240ms), we posit that this effect at the N1 may not be related 

to emotion processing per se, especially since this effect is specific to angry faces only. 

Rather, this effect may be driven by the rapid detection of biologically significant threat 

(Diano, Celeghin, Bagnis, & Tamietto, 2017; Tamietto & De Gelder, 2010; but see Pessoa & 

Adolphs, 2010) . The anger-specific eye-contact effect in the N1 activation might be the 

result of feedforward signals to the frontal regions from the subcortical pathway (Cremers et 

al., 2010; Kim et al., 2011; Sato et al., 2017). Our findings reconcile with the previous studies 
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suggesting that the rapid processing at the subcortical pathway not only processes gaze and 

emotion individually, but also provide early interaction for the two types of information 

(Adams et al., 2003; N’Diaye et al., 2009; Sato et al., 2010, 2004b; Ziaei et al., 2016). 

Nonetheless, the same effect was not observed when we conducted whole brain analysis with 

10% false discovery rate correction. This raises the possibility that the observed early face-

gaze interaction at N1 could be a false positive and thus one should not over-interpreting the 

finding. Taken together, angry faces with direct gaze, which is a self-relevant and 

biologically significant social threat, may be processed at such an early time window.  

 Our hypotheses related to alexithymia are supported. We found that 1) HTAS tends to 

process gaze direction later than LTAS; 2) HTAS has attenuated self-relevance processing for 

angry faces, and has stronger self-relevance processing for happy faces at the midline frontal 

areas (N2 and VPP respectively).  According to the ROI analysis, in contrast to LTAS who 

recruits both the frontal N1 and the temporal N170 for gaze direction processing, HTAS only 

relies on the cortical pathway. If the N1 activation reflects the subcortical-to-frontal 

feedforward signals (Cremers et al., 2010; Kim et al., 2011; Sato et al., 2017), our findings 

will support the proposal that alexithymic symptoms are partially attributed to the subcortical 

deficits (Donges & Suslow, 2017). Some studies showed a hypo-aroused amygdala in 

alexithymia during suboptimal negative face perception ( Kugel et al., 2008; Reker et al., 

2010; but see Ihme et al., 2014b; Suslow et al., 2016). Since the amygdala is also responsible 

in directing one’s attention to self-relevant information (Schmitz & Johnson, 2007), its 

hypoactivity in alexithymia may affect the early automatic processing of gaze direction and 

thus causes the HTAS to pay less attention to eye information.  

 Yet, exploratory whole brain analysis showed that the alexithymic influence on gaze 

processing at the early time window may be apparent in only one frontal channel (E8) and 
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HTAS tended to have stronger N1 activation towards direct gaze than averted gaze. While the 

results from the whole brain analysis appeared to be slightly different from the ROI analysis, 

both results suggested that HTAS may require more attentional resources to process direct 

gaze than LTAS. Since the whole brain analysis aimed to explore alexithymic effect that may 

be missed in the ROI analysis rather than confirming its results, we based our discussion 

primarily on the findings from the ROI analysis.     

 On top of its influence on early gaze processing, alexithymia was also found to 

disrupt the evaluation of self-relevance in angry face perception at the frontal N2, which has 

been associated with the interaction between facial expression and eye gaze (Li et al., 2017; 

for ERP activation for emotional eye-contact effect at the frontal region with an equivalent 

time window, see Conty et al., 2012). The frontal N2 activation was weaker towards angry 

faces with direct gaze than those with averted gaze in LTAS, but it was equally strong in the 

two conditions in HTAS. Because N2 is related to attentional control (Dennis & Chen, 2009; 

Folstein & Van Petten, 2008; Zhang & Lu, 2012), our findings suggest that self-relevant 

angry faces require less attentional control and thus are less effortful to process than self-

irrelevant angry faces in LTAS. In contrast, the angry faces with different gaze directions are 

equally effortful to process in HTAS. It is coherent with our findings in Experiment 1 in 

which the anger-specific eye-contact effect in self-threat rating reduced as the subjects’ 

alexithymia scores increase. The frontal N2 has been repeatedly source localized at the mPFC 

and the ACC (for review, see Bocquillon et al., 2014), which are the frontal areas that have 

been commonly associated with alexithymia (Deng et al., 2013; Jongen et al., 2014; Lassalle 

et al., 2018; Van der Velde et al., 2013; Wingbermühle et al., 2012).These frontal regions are 

proposed to be part of the self-referential processing network (Hu et al., 2016; Northoff et al., 

2006; Schmitz & Johnson, 2007). Combining our ERP findings and the previous fMRI 
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studies, alexithymia might influence the cognitive evaluation of the self-relevance 

information during perception of social threat.  

 Interestingly, exploratory whole brain analysis showed that although their midline 

frontal face-gaze interaction may be disrupted, HTAS may recruit the left frontal region to 

process angry faces with different gaze directions. Since the left frontal regions are 

commonly associated with cognitive reasoning (Christoff et al., 2001; Goel & Dolan, 2004; 

Hampshire, Thompson, Duncan, & Owen, 2011; Parsons, 2001) whereas the midline frontal 

regions are related to affective processing (Etkin, Egner, & Kalisch, 2011; Harris, McClure, 

Van Den Bos, Cohen, & Fiske, 2007; Stevens, Hurley, & Taber, 2014), it is possible that 

HTAS may recruit cognitive reasoning rather than affective processing (as in LTAS) to 

evaluate self-relevance in a social condition. This possibility is coherent with the 

characteristic of alexithymia that they are impaired in processing their own feelings and 

emotions (Brewer et al., 2016; Lane et al., 1997; Shah et al., 2016). Perhaps HTAS has learnt 

not to rely on their own unreliable feelings and emotions, and instead use reasoning to deduce 

and understand what is happening in a social situation. The possible over-reliance on 

cognitive reasoning during social interaction in alexithymia may worth future research 

attention.  

 Other than disrupted evaluation of self-relevance, there are other possible 

explanations to our findings of alexithymic modulation on N2 activation. A typical functional 

significance associated with the frontal N2 is to identify perceptual conflict and incongruence 

(for a review, see Folstein & Van Petten, 2008). Stronger frontal N2 negativity was observed 

when a target was perceptually incongruent with the previously presented stimuli during a 

mismatch identification task (Kuldkepp, Kreegipuu, Raidvee, Näätänen, & Allik, 2013; 

Wang, Cui, Wang, Tian, & Zhang, 2004). In a similar vein, emotional faces whose 
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occurrence was incongruent to expectation or environmental context also tended to elicit 

stronger N2 amplitudes (Lin, Schulz, & Straube, 2016; Xu et al., 2015; Yuan et al., 2012). 

Another explanation to our findings, thus, is that HTAS might have impaired ability in 

processing the motivational congruence of multiple sources of social information (e.g., angry 

face matches with direct gaze, in which both pieces of information are approach-oriented; 

Harmon-Jones, Harmon-Jones, & Price, 2013; Rolls, 2006). If this explanation is true, we 

should expect the same alexithymic disruption to be observed in happy face, which is also 

approach-oriented. However, our results showed that gaze effect in happy faces was not 

significant in N2 activation in LTAS nor HTAS. Impairment in processing motivational 

congruence, therefore, cannot fully account for the alexithymic modulation on the N2 

activation. 

 Interestingly, we found that alexithymic influence on the eye-contact effect of angry 

face at the frontal N2 is mediated by the gaze difference at the frontal N1. The mediation 

relationship suggests that the alexithymic impairment in the evaluation of self-relevance 

during social threat processing may be explained by their reduced early attention to the eye 

information. This links our previous findings in Experiment 1 and Experiment 2, in which we 

showed that high alexithymic individuals tend to feel equally threatened by angry faces with 

different gaze directions (Experiment 1) and pay less attention to the eye region of angry face 

(Experiment 2). Nonetheless, this mechanism cannot fully explain our findings in Experiment 

1 that the high alexithymia individuals are able to use the gaze information to inform their 

decisions in other tasks that do not require the evaluation of self-relevance (e.g., reporting 

how other feels towards the angry faces with different gaze directions). We therefore cannot 

exclude the possibility that the alexithymic impairment in the evaluation of self-relevance is 

partially because of the deficit in a high-level cognitive processing, e.g, self-referential 
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processing, such that the impairment would be sustained even if gaze direction is accurately 

perceived by the high alexithymia individuals. 

 In Experiment 1, we did not find that alexithymia was related to the evaluation of self-

relevance of happy faces. It is therefore unexpected that there was a neural difference 

between HTAS and LTAS when processing happy faces with different gaze directions. In 

general, the VPP activation at the frontal areas differentiate the happy faces with different 

gaze directions only in HTAS. More specifically, happy faces with averted gaze elicited 

stronger VPP activation than those with direct gaze in HTAS. One of the neural correlates 

that has been localized for the VPP is the ACC (other neural correlates includes the temporal 

areas and the parietal areas; Pourtois, Debatisse, Despland, & De Gelder, 2002; Rossion et 

al., 1999; Watters, Harris, & Williams, 2018; Williams et al., 2006). The ACC at the same 

time is responsible for reward processing, especially the reward received by oneself (Fareri & 

Delgado, 2014; Lockwood, Apps, Roiser, & Viding, 2015; Vassena, Krebs, Silvetti, Fias, & 

Verguts, 2014). Therefore, one interpretation of our finding would be that the HTAS 

distinguishes the reward values of the happy faces with different gaze directions, whereas 

LTAS does not distinguish among happy faces with different gaze directions, but finds them 

all equally rewarding. Nonetheless, previous studies tend to show that the activation of the 

VPP is more positive towards stronger rewards than weaker rewards (Chen & Wei, 2019; 

Marini, Marzi, & Viggiano, 2011; Wu et al., 2019). It would then suggest that the HTAS 

might consider happy faces with averted gaze as more rewarding than those with direct gaze, 

which may be counterintuitive. Future studies are required to further investigate how social 

reward is processed in alexithymia (e.g., Goerlich et al., 2017). 

 We did not, however, observe the alexithymic latency differences in the N250 

component that have been reported in the previous studies (Campanella et al., 2012; 
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Vermeulen et al., 2008). This may be because of the differences in the paradigm adopted. 

Previous studies adopted the oddball paradigm, whereas our experiment adopted a simple 

perceptual paradigm. The major difference between the two paradigm is that the oddball 

paradigm requires the subjects to compare the presented face with the norm of a series of 

faces that have been presented previously. The oddball may further stress the subjects’ face 

memory and need more attentional resources than a simple perceptual task. This may suggest 

that matching the perceived face with the face norm is more effortful in alexithymia 

(Valentine, 2001). Further studies are necessary to explore this possibility. 

 Another interesting finding is that autistic traits predict stronger eye-contact effect of 

angry faces at the frontal N2 after controlling for alexithymia trait. In both Experiment 1 and 

Experiment 3, autistic traits were shown to be unrelated to the eye-contact effect of angry 

faces behaviourally. One explanation to the discrepancy between the behavioural data and the 

neural data is that the highly functional adults with high autistic traits might have developed 

strategies to compensate for their impairments in emotion processing (Livingston & Happé, 

2017). Therefore, the highly autistic individuals might need extra effort and neural activation 

to achieve the same behavior as the individuals with low autistic traits. This possibility also 

explains why we cannot replicate the previous studies showing neural and behavioral 

impairment in facial expression – gaze direction interaction in clinically autistic children 

(Akechi et al., 2009, 2010). Similar findings were reported in previous studies investigating 

autistic impairment in Theory of Mind task (ToM). It was found that although younger adults 

with autism tended to have difficulty in performing ToM, there was not such autistic 

difference in the older adults (age > 50) (Lever & Geurts, 2016). Furthermore, in the autistic 

population that perform the ToM task similar to the typically developed population, atypical 

eye movement and hyper-aroused frontal activations were observed (Senju, Southgate, 

White, & Frith, 2009; White, Frith, Rellecke, Al-Noor, & Gilbert, 2014), suggesting that they 
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are either using different strategies to complete the task or that the task was more effortful to 

them than the typically developed individuals. 

The alexithymic neural differences in processing emotional faces with different gaze 

directions found in this experiment can potentially link with our findings in Experiment 1, but 

one needs to be cautious when interpreting the results due to the limitations in this 

experiment. First, the behavioural paradigm of Experiment 3 was different from that of 

Experiment 1. While both paradigms were explicit emotional tasks involving identification of 

facial expression identification, the Experiment 3 paradigm did not ask the subjects to rate the 

threat they felt from the emotional faces as in Experiment 1. As such, we cannot make direct 

connection between the findings in the two experiments. However, of all the ERP 

components examined, only the N2 demonstrated the alexithymic reduction in eye-contact 

effect of angry faces as shown in Experiment 1 using behavioural measure. Therefore, we 

posit that the eye-contact effect of the N2 activation in this experiment and the eye-contact 

effect in the self-threat rating observed in Experiment 1 are related. Secondly, although our 

data clearly showed neural differentiations between emotional faces with different gaze 

directions, we cannot precisely pinpoint which perceptual or cognitive process is driving the 

neural differentiations. We can only make inferences based on the existing literature. Since 

there is limited past research on the same topic, and one ERP component can be implicated in 

many different processes, there may be other possible interpretations. However, our current 

interpretation is the one that best explains the current data in conjunction with the behavioural 

data in Experiment 1. 

In sum (see Table 5.2), in Experiment 3, we found that, LTAS individuals showed 

gaze effect in early neural activities at the frontal N1, and gaze effect for angry faces at the 

frontal N2. In comparison, HTAS did not show such effects. Such impairment in gaze effect 
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in neural activities may indicate the possible reasons of the impaired behavioural differences 

between the two groups of participants observed in Experiment 1 & 2. On the other hand, the 

gaze effect in happy faces were observed in the frontal VPP for HTAS but not LTAS. 

Alexithymia therefore is associated with deficit in early detection of gaze direction, and in the 

evaluation of self-relevance during emotional face perception at the neural level.  

Major findings 

1. Alexithymia is linked to a reduced eye-contact effect at the frontal N1 

2. Alexithymia is linked to an increased eye-contact effect of happy faces at the 

frontal VPP 

3. Alexithymia is linked to a reduced eye-contact effect at the midline frontal N2 

Table 5.2. Summary of findings in Experiment 3 
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Chapter 6  

General Discussion  

 Throughout this thesis, we investigated the question: Does alexithymia affect socio-

emotional processing, and if it does, through what mechanism? The summary of the findings 

in all experiments is shown int Table 6.1. In Survey Study, we showed that the Singapore 

university students have an alexithymia rate of 24%. Also, alexithymia is related to both the 

deficit in social processing and emotional processing. Next, we have demonstrated that 

alexithymia reduces eye-contact effect of angry faces behaviourally (Experiment 1), 

suggesting that the condition is related to a deficit in the evaluation of self-relevance in socio-

emotional processing. In Experiment 2, we found that the high alexithymia individuals tend 

to have shorter fixation duration at the eye region of the face especially when it is an angry 

face. This reduction in attention to the eye information may explain the alexithymic deficit in 

the evaluation of self-relevance because the high alexithymia individuals may not have 

sufficient information for inferring others’ focus of attention during social interaction. Lastly, 

in Experiment 3, we identified that the N2 amplitude at the frontal regions showed an 

alexithymic reduction in eye-contact effect of angry faces that mirrors the behavioural 

tendency of the high alexithymia individuals. These findings converge to show that 

alexithymia affects the evaluation of self-relevance during social threat processing, and we 

provide evidence for the potential behavioural and neural mechanism for the deficit.  

 Major findings 

Survey 1.1. Singapore university students (majority sampled in NTU) has an 

alexithymia rate of 24% 
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1.2. Alexithymia is related to both the deficit in social processing and emotional 

processing 

Exp 1 2.1. Alexithymia is related to the reduced evaluation of self-relevance, indexed 

by the magnitude of eye-contact effect, during social threat (angry face) 

perception 

Exp 2 3.1. Alexithymic eye avoidance is most prominent in upright angry faces in 

comparison with other upright faces 

Exp 3 4.1. Alexithymia is linked to a reduced overall eye-contact effect at the frontal 

N1 

4.2. Alexithymia is linked to an increased eye-contact effect of happy faces at 

the frontal VPP 

4.3. Alexithymia is linked to a reduced eye-contact effect of angry faces at the 

midline frontal N2 

Table 6.1. Summary of findings  

 

6.1. Prevalence of Alexithymia in Singapore and its Implications  

 Our survey study showed that around 24% of the sample fall under the “high 

alexithymia” category. This means that alexithymia affects approximately 1 in 4 in our 

sample of Singapore university students. This prevalence rate was higher than the prevalence 

rates reported in the western countries (10% to 19%; Franz et al., 2008; Mason, Tyson, Jones, 

& Potts, 2005; Parker, Taylor, & Bagby, 1989; Salminen, Saarijärvi, Äärelä, Toikka, & 

Kauhanen, 1999). The finding may be attributed to the cultural differences in alexithymia 

(Dere et al., 2012; Dion, 1996; Lo, 2014). However, the difference in alexithymia level may 

also be because of the demographic differences of our sample in compared to other studies, 
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i.e., we recruited university students while most of the other studies recruited general 

population (Franz et al., 2008; McGillivray et al., 2017; Parker et al., 1989; Salminen et al., 

1999).  

Alexithymia not only affects socio-emotional processing at the individual level, but 

may also have critical societal impacts. One of the major governing directions of Singapore is 

to build a caring and cohesive society (Ministry of Finance, 2019; Tan, 2019). A caring and 

cohesive society depends on effective interpersonal communication and active understanding 

of others’ feeling at a societal level. However, the high prevalence rate of alexithymia, which 

is associated with the impairment in socio-emotional processing, may imply that there is also 

a higher tendency for university students to have interpersonal problems such as appearing 

cold and avoidant during social interaction (Vanheule et al., 2007), and having a reduced 

tendency for social interaction and collaboration (Nicolò et al., 2011). Considering the high 

prevalence rate of alexithymia, these personal struggles may be very common and have far-

reaching effects, resulting in overall poorer social communication among Singapore 

population, especially in the younger generation. As such, there is an urgent need for a 

systematic investigation on how alexithymia affects socio-emotional processing as a good 

understanding of the underlying mechanism of alexithymia is needed for the formulation of 

intervention strategies.  

6.2. Revisiting alexithymia and socio-emotional processing 

 Experiments 1 to 3 in this thesis converge to show that alexithymia affects gaze 

processing during emotional face perception. The perception of others’ gaze direction is 

important for successful social interaction. One social function of gaze direction is to identify 

the communicator’s focus of attention and indicate if the social signal from the communicator 

is relevant to oneself or not (Emery, 2000; Hoehl et al., 2009; Langton et al., 2000). Although 
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there are other models that describe the integration of facial emotion and gaze information 

during socio-emotional processing (Johnson et al., 2015; Senju & Johnson, 2009), these 

models primarily concern the topography of the processing (i.e., where in the brain is 

responsible for this process?) with minimum information related to the temporal trajectory of 

the processing. In contrast, Hoehl and colleagues’ (2009) directed attention model clearly 

arranges the sequence of the processing, from the extraction of information independently, to 

the interaction among information, and finally to the social decision making. Since our thesis 

focuses on the effect of alexithymia on each stage of the socio-emotional processing, we will 

base our discussion on Hoehl and colleagues’ (2009) model. Nevertheless, since the 

discussion on the possible neural correlates that are affected by alexithymia is inevitable, we 

would make reference to the topographic models of socio-emotional processing when 

suitable (Johnson et al., 2015; Senju & Johnson, 2009).  

In their model, Hoehl and colleagues (2009) proposed that there are four stages of 

social processing: 1) Detection of faces and gaze directions; 2) Encoding of facial 

information; 3) Evaluation of the self-relevance of the social cues; and 4) Attention allocation 

and intention encoding. This thesis focuses on how alexithymia affects Stage 1 and Stage 3 of 

Hoehl and colleagues’ (2009) model. We will also discuss how our findings may be used to 

demonstrate the alexithymic influences on other stages of the model in the following sections. 

6.2.1. Stage 1: Detection of faces and gaze directions 

Cook, Brewer, Shah, and Bird (2013) showed that alexithymic individuals have an 

intact facial feature differentiation ability. Furthermore, Grynberg, Vermeulen, and Luminet 

(2014) demonstrated that alexithymia does not affect the detection of upright faces among a 

stream of inverted faces. These two studies suggest that the facial feature detection at Stage 1 

is not affected by alexithymia. Nonetheless, there are plenty of studies showing that 
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alexithymia is related to impairment in the early detection of emotion. It has been repeatedly 

shown that the accuracy of emotional face categorization is reduced in the high alexithymia 

individuals when the presentation of the emotional faces is suboptimal, i.e., when it is brief 

(Ihme et al., 2014b; Parker et al., 2005; Prkachin et al., 2009), blurry or noisy (Brewer et al., 

2015a; Kätsyri et al., 2008), and emotionally ambiguous (Cook et al., 2013; Starita et al., 

2018). The high alexithymia individuals therefore are less able to detect facial emotions. 

Although the alexithymic impairment in early facial emotion detection is not evident 

in our data, we found that the early detection of gaze direction at Stage 1 is affected by 

alexithymia. In Experiment 2, using a one-back task in which processing of facial emotion is 

unnecessary, we showed that alexithymia is marked by more prominent eye avoidance in 

upright angry faces. The result indicates that high alexithymia individuals pay less attention 

to the eyes than low alexithymia individuals especially when facing a potential social threat. 

This replicates and extended the previous findings on the alexithymic eye avoidance during 

passive viewing task in a suggestion that the avoidance is related to the alexithymic aversion 

to eyes (Bird et al., 2011). Some recent studies which implemented an explicit emotion 

recognition task however reported negative results in the alexithymic eye avoidance 

(Fujiwara et al., 2017; Stephenson et al., 2019). Besides the substantial differences in the 

participant backgrounds and the experimental designs, one possible explanation to the 

inconsistent results is that the high alexithymia individuals may avoid eye information only 

when the processing of eye information is unnecessary. In other words, they understand the 

social meaning of eye information and they can attend to the information if it is important for 

the on-going task (e.g., emotion recognition task). Otherwise, the high alexithymia 

individuals will pay less attention to the eyes because they are overacting to the potential 

social threat implicated by direct gaze (Emery, 2000; Skuse, 2004). Although this explanation 

has yet been tested explicitly, it fits with the social characteristic of alexithymia: avoiding 
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social situation and interpersonal relationship (Lane et al., 1997; Nicolò et al., 2011; 

Vanheule et al., 2007). Both properties of alexithymic eye avoidance, threat enhancement and 

task modulation, agree with the hyperarousal account of alexithymia which proposed that the 

high alexithymia population are overly reacting against social threat (de Timary, Roy, 

Luminet, Fillée, & Mikolajczak, 2008; Karlsson et al., 2008), and they thus may have a 

greater tendency to avoid the feeling of threat (for review on the autistic literature, see Cuve, 

Gao, & Fuse, 2018).   

The reduced attention to the eye information in alexithymia also fits with our findings 

in Experiment 3 in which the high alexithymia individuals were found to have an impaired 

frontal N1 differentiation for gaze direction. Since the frontal N1 peaks at the very early stage 

of neural processing, its activation is very likely to reflect the feedforward signals to the 

frontal regions from the subcortical structures (Cremers et al., 2010; Kim et al., 2011; Sato et 

al., 2017). The diminished frontal N1 differentiation for gaze direction thus supports the 

hypothesis that alexithymia is related to the impairment in subcortical pathway (Donges & 

Suslow, 2017). Given that gaze information can be processed through both subcortical and 

cortical pathways (Johnson et al., 2015; Senju & Johnson, 2009), the impaired subcortical 

pathway of the high alexithymia individuals may lead them to rely on the cortical route for 

gaze processing, which is reflected in the intact temporal N170 (which has been sourced from 

the FFA and the STS in the face perception literature (Gao, Conte, Richards, Xie, & Hanayik, 

2019; Nguyen & Cunnington, 2014)) differentiation for gaze direction in alexithymia. 

Nonetheless, the non-automaticity implies that processing gaze information may be effortful 

and require attentional resources in alexithymia (see Schneider & Chein, 2003).  

Donges and Suslow (2017) argued for a hypo-aroused subcortical pathway in 

alexithymia, and our findings of the diminished differentiation for gaze direction at the 
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frontal N1 also aligns with their argument. However, our results from Experiment 2 which 

showed that the alexithymic eye avoidance is most prominent in angry faces argues otherwise 

and suggests that the high alexithymia individuals are hyper-aroused towards eye contact. 

Such discrepancy in the behavioral data and the neural data can be resolved when we 

consider the commonly observed alexithymic impairment in interoceptive awareness (Brewer 

et al., 2016; Shah et al., 2016) and emotion awareness (Eastabrook et al., 2013; Pollatos et al., 

2011). Typically, the high alexithymia individuals tend to report hyper-aroused stress level, 

but obtain a hypo-aroused or normal physiological responses through objective measurements 

(Decoupling hypothesis; Eastabrook et al., 2013; Pollatos et al., 2011). Therefore, their eye 

avoidance tendency may be due to their subjective hyper-aroused experience rather than their 

hypo-aroused physiological responses. 

In sum, while the literature suggests that alexithymia is affecting early facial emotion 

detection, our results in general showed that alexithymia might have an impaired early 

attention to gaze direction. We associate the impairment with the alexithymic deficit in the 

subcortico-frontal pathway during face processing. 

6.2.2. Stage 2: Encoding of facial information 

 In this thesis, we focus on the encoding of facial emotion, rather than facial identity. 

As we have reviewed in the literature review (Chapter 1), the literature is inconclusive in 

whether there is alexithymic impairment in the perceptual encoding of facial emotion. 

Similarly, in our data from Experiment 1, alexithymia was not related to the recognition 

accuracies nor the emotional intensity ratings of any emotional faces. Furthermore, at the 

neural level, our EEG data also showed that alexithymia does not affect neural processing of 

facial emotion at the temporal P200 and the frontal N2. Early EEG studies that investigated 

the neural differences in emotional face processing showed controversial results. In one study 
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(Vermeulen et al., 2008), the latency of the posterior N250 component was shown to be 

delayed when the subjects discriminated faces from different emotional categories. However, 

in another study (Campanella et al., 2012), the high alexithymia individuals showed earlier 

posterior N250 peak when identifying fearful faces. In Experiment 3 of our study, the 

posterior N250 peak amplitudes and the peak latencies did not respond to emotional 

categories across alexithymia groups, indicating that this component may not be a major 

candidate for emotional face perception. Equally contradicting findings have been reported in 

the fMRI literature. In one study, the temporal regions (e.g., the FFA and the STS) of the high 

alexithymia individuals were less activated than those with low alexithymia trait during 

optimal emotional face perception (Jongen et al., 2014), whereas in another study the same 

temporal regions were hyper-aroused (Ihme et al., 2014a)  

In sum, the behavioural literature and the neural literature provide inconclusive 

evidence for alexithymic impairment in encoding of facial emotion. Therefore, the cortical 

processing of emotional faces may be intact in alexithymia.  

6.2.3. Stage 3: Evaluation of the self-relevance of the social cues 

 While the first two stages of social processing have been widely tested in alexithymia, 

no studies have attempted to investigate whether the evaluation of self-relevance of social 

cues is affected by alexithymia. We for the first time demonstrated that the high alexithymia 

individuals may have difficulty in differentiating social threat that is relevant to them from 

those that are not. The behavioural reflection of the difficulty is that they tend to feel equally 

threatened by angry faces that are looking away from them (self-irrelevant) as those that are 

looking at them (self-relevant). Interestingly, this alexithymic impairment in the evaluation of 

self-relevance was only observed in angry faces. This agrees with Hoehl and colleagues 

(2009) who suggested that from this stage onwards, facial expression and gaze direction 
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should be integrated as an indicator of social threat. There are two potential causes for this 

alexithymic impairment in the evaluation of self-relevance: 1) high alexithymia individuals 

pay less attention to the eye information and thus do not have sufficient information to infer 

others’ focus of attention; and/or 2) they are impaired in a high-level cognitive processing 

that is associated with the evaluation of self-relevance.  

 In Experiment 2, we found that the alexithymic eye avoidance is most prominent in 

angry faces, and it is coherent with the reduced eye-contact effect of angry faces in 

alexithymia shown in Experiment 1. Furthermore, in Experiment 3, we also found that the 

reduced eye-contact effect of angry face at the frontal N2 component in alexithymia can be 

explained by the diminished gaze difference at the frontal N1 component. This relationship 

suggests that the early gaze differentiation is related to the subsequent evaluation of self-

relevance during social threat processing. Therefore, one possible mechanism for the 

alexithymic deficit in the evaluation of self-relevance is that it is a carry-over effect from 

reduced attention to eye information at the earlier stage (i.e., Stage 1). Nevertheless, this 

mechanism cannot fully explain all of our results. In Experiment 1, we also found that the 

high alexithymia individuals are able to use the gaze information to inform their decisions in 

other tasks that do not require the evaluation of self-relevance (e.g., reporting how other feels 

towards the angry faces with different gaze directions). On top of that, despite the drastic 

difference in the experimental design and the subject backgrounds, recent studies 

implementing explicit emotional task could not find alexithymic eye avoidance (Fujiwara et 

al., 2017; Stephenson et al., 2019). Together, these two pieces of evidence suggest that we 

should not ignore the possibility that the alexithymic impairment in the evaluation of self-

relevance is a result of the deficit in a high-level cognitive processing, such that the 

impairment would remain even if gaze direction is accurately perceived by the high 

alexithymia individuals.   
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Through examining the its neural correlates, we can infer which cognitive processing 

is potentially related to the impaired the evaluation of self-relevance in alexithymia. Of all 

ERP components examined (occipital P100, temporal N170, temporal P200, parietal P3b, 

frontal N1, frontal VPP, frontal N2, and frontal P3a), only the frontal N2 demonstrated a 

similar pattern as the behavioural index of the alexithymic impairment in the evaluation of 

self-relevance. At the frontal N2, while the low alexithymia individuals demonstrated weaker 

amplitude towards the angry faces with direct gaze than those with averted gaze as has been 

documented in previous studies (Conty, Dezecache, Hugueville, & Grezes, 20121; Li et al., 

2017), the high alexithymia individuals did not show such amplitude differentiation. The 

source of the frontal N2 has been consistently localized at the frontal regions, including the 

ACC and the mPFC (for review, see Bocquillon et al., 2014), which are part of the self-

referential processing network (Conway et al., 2016; Jenkins et al., 2008; Moeller & 

Goldstein, 2014; Northoff et al., 2006; Schmitz & Johnson, 2007). This is also coherent with 

Hoehl and colleagues’ (2009) proposal that the neural correlates related to Stage 3 is the 

mPFC, as well as with Johnson and colleagues’ (2015) topographic model which suggests 

that the mPFC receives direct signals from the subcortical structures for processing 

intentionality (it is noteworthy that in Johnson and colleagues’s (2015) model, the evaluation 

of self-relevance and intention encoding (Stage 3 and Stage 4 of Hoehl and colleagues’ 

(2009) model) have been combined as intentionality processing at the mPFC and the STS).  

Conty, George, and Hietanen (2016) proposed that eye-contact effect is the result of 

the activation of self-referential processing. One of the supporting evidence is the report 

showing that eye contact can enhance one’s self-awareness, which is part of self-referential 

 
1 In their study, Conty and colleagues (2012) claimed that they used the frontal P200 as the indicator. However, 

based on their graphs, there was a negative deflect within the time window they used to extract the ERP signal. 

Furthermore, their time-window hugely overlaps with the one we use to identify the frontal N2. Therefore, it is 

possible that the effect they observed was partially due to the frontal N2 activation. 
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processing (Baltazar et al., 2014). However, the fact that such self-awareness is commonly 

found to be impaired in the high alexithymia individuals indicates that the activation of self-

referential processing may be impaired in alexithymia (Eastabrook et al., 2013; Pollatos et al., 

2011; Shah et al., 2016). For example, the high alexithymia individuals are less accurate in 

reporting their own heart beat rates (Shah et al., 2016). Their self-report stress levels also do 

not correspond totheir objectively measured physiological responses (Eastabrook et al., 2013; 

Pollatos et al., 2011). These pieces of evidence point to the possibility that the high 

alexithymia individuals are less efficient in allocating attention to self. Although whether the 

alexithymic impairment in self-awareness can be improved by eye contact remains an 

uninvestigated question, we believe that even if there is an improvement, the improved self-

awareness in alexithymia may not be as strong as the individuals with low alexithymia trait. 

As a result, the impaired self-referential processing may cause the high alexithymia 

individuals not able to differentiate the self-relevant social threats from those that are self-

irrelevant. 

In this thesis, we observed evidence for both possible mechanisms (i.e., carry-over 

effect from the deficit in eye gaze detection vs. local deficit in high-level cognitive 

processing) that may lead to the impaired evaluation of self-relevance during social threat 

processing in alexithymia. Further investigations therefore are required to directly test 

whether the impaired evaluation of self-relevance during social threat processing is an effect 

carried over from the reduced attention to eye information (i.e., subcortical deficit, see 

Section 6.2.1), and/or that it is a local deficit at the high-level cognitive processing that is 

related to self-referential processing (i.e., frontal deficit). Of note, the two mechanisms are 

not mutually exclusive, so we do not exclude the possibility that the alexithymic impairment 

in the evaluation of self-relevance is a result from the combination of the two mechanisms. 

Nevertheless, regardless of which mechanism is true, our data clearly shows that alexithymia 
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is closely related to the impairment in the subcortico-frontal pathway of socio-emotional 

processing (Nemiah, 1977; Van der Velde et al., 2013). This will provide basis for future 

investigation on alexithymia. 

In sum, alexithymia is associated with impaired evaluation of self-relevance during 

social threat perception at Stage 3. This impairment may relate to the reduced attention to eye 

information in alexithymia. Another possible mechanism as suggested by the neural evidence 

is that the high alexithymia individual may have a mal-functional self-referential processing.  

6.2.4. Stage 4: Attention allocation and intention encoding 

 Whether alexithymia is impaired in intention encoding remains an open question. 

Although Moriguchi and colleagues (2009) reported an alexithymic deficit in theory of mind, 

subsequent investigation however suggested that the ability for theory of mind is spared in 

alexithymia (Bernhardt et al., 2014; Lane et al., 2015; Pluta et al., 2018). In our results in 

Experiment 1, we also showed that the high alexithymia individuals can successfully identify 

that an imaginary person should feel more threatened by an angry face looking at him/her in 

compared to an angry face looking away from him/her. Therefore, based on the limited 

evidence, we lean towards to the possibility that the high alexithymia individuals have intact 

intention encoding. In terms of attention allocation, no evidence has yet shown that 

alexithymia is associated with the performance of the task related to emotional spatial 

attention allocation (emotional dot probe task) (see Hornung, Kogler, Wolpert, Freiherr, & 

Derntl, 2017). In Experiment 3, we also showed that alexithymia does not affect the parietal 

P3b activation, which indicates conscious attention allocation during emotional face 

perception (Schupp, Flaisch, Stockburger, & Junghöfer, 2006; Sergent, Baillet, & Dehaene, 

2005; Zhang, Liu, Wang, Ai, & Luo, 2017). In sum, the available evidence does not suggest 
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that alexithymia is associated with attention allocation and intention encoding during social 

processing.  

6.2.5. Summary of the relationship between alexithymia and the directed 

attention model of social cognition 

 Summarizing the above evidence, it appears that alexithymia might be more severely 

impaired in detecting gaze direction at Stage 1 and in the evaluation of self-relevance at Stage 

3 in Hoehl and colleagues’ (2009) socio-emotional processing model. The alexithymic 

impairments at the two stages are related but the relationship cannot fully explain the 

alexithymic impairment in the evaluation of self-relevance. This leads us to believe that on 

top of the impairment at the subcortical pathway (Donges & Suslow, 2017), alexithymia also 

has a major deficit at the frontal regions (Lane et al., 1997; Larsen et al., 2003; 

Wingbermühle et al., 2012), which are part of the self-referential processing network for the 

evaluation of self-relevance (Conway et al., 2016; Northoff et al., 2006; Schmitz & Johnson, 

2007). Therefore, the core deficit of alexithymia might be related to the subcortico-frontal 

network. Similar ideas have also been put forward by other scholars (Nemiah, 1977; Van der 

Velde et al., 2013). Yet, the causal relationship between the impairments of the two neural 

substrates (i.e., the subcortical regions and the frontal regions) remains unknown in the field. 

More specifically, whether the impairment at the subcortical structures causes that at the 

frontal regions, or vice versa. The answer to this question is vital for the prevention and 

therapeutic development of alexithymic symptoms because it reveals the root cause of the 

condition. To address this question, future research should investigate the developmental 

trajectory of alexithymia, i.e., whether the onset of the symptoms related to the high-level 

cognitive emotional processing starts earlier or later than those related to the early and 

automatic processing of emotional information, and how the relationship between the two 

changes along the development stages. 
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6.3. Alexithymia trait and autistic traits 

 Unexpectedly, we did not consistently observe the close relationship between 

alexithymia trait and autistic traits that has been repeatedly reported in the literature (low 

correlation between AQ score and TAS-20 score in Experiment 2). Although TAS-20 was not 

correlated with the total score of AQ, it was correlated with one of the subscales of AQ, 

Imagination (r = .33, p = .048), and there was an insignificant trend of positive correlation of 

TAS-20 with another subscale of AQ, Communication (r = .24, p = .164). This suggests that 

there are multiple facets of autistic traits and alexithymia may not relate to all of them. In 

their review which proposed the “alexithymia hypothesis of autism”, Bird and Cook (2013) 

suggested that there are four subpopulations: pure alexithymic population, pure autistic 

population, population with both alexithymia and autism, and population with neither 

alexithymia nor autism. They argued that the pure autistic population should have impaired 

social cognition (e.g., cognitively and explicitly evaluate other’s intention) and cognitive 

control, whereas the pure alexithymic population is related to the deficits in processing 

emotional information. Having deficits in one of the aspects (e.g., autistic deficits) might 

make one more vulnerable to deficits in the other aspect. However, the relationship between 

the two phenotypes however is not absolute. In fact, very recently, there is another study 

showed that TAS-20 was negatively correlated with the AQ subscale Details and Patterns 

(Bothe, Palermo, Rhodes, Burton, & Jeffery, 2019). Since the AQ subscale Imagination is 

associated with empathy (Svedholm-Häkkinen, Halme, & Lindeman, 2018), autistic traits and 

alexithymia may overlap in predicting the impairment in empathy. There may be certain 

protective mechanisms that can modulate the interaction between the two phenotypes. For 

example, Milosavljevic and colleagues (2016) showed that autistic adolescents with 

alexithymia tend to score lower on the verbal IQ than those without alexithymia. Therefore, 

the ability to reason and verbalize might protect individuals with autism from alexithymia. 
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The actual mechanism underlying the relationship between autistic traits and alexithymia trait 

remain uncertain. Future studies are urged for a more systematic investigation.  

 Interestingly, in all of reported results, autistic traits were not a significant predictor 

for any gaze direction-related behaviors during angry face processing. This may be because 

processing social threat involves more the emotional domain than the social cognition 

domain. It has been suggested that alexithymia is associated to the impairment in the 

emotional domain whereas autism tend to impair the social cognition domain (Bird & Cook, 

2013). Therefore, the previously reported facial expression - gaze direction interaction 

impairment in autistic children might be due to their alexithymia trait which was not 

measured (Akechi et al., 2009, 2010). Another possibility is that the highly functional adults 

with high autistic traits might have developed strategies to compensate for their impairments 

in emotion processing (Livingston & Happé, 2017). Autistic compensation can be supported 

by our finding in Experiment 3 that only when controlled for alexithymia, autistic traits were 

strongly correlated with eye contact effect of angry faces at the N2 activity, such that the 

higher autistic trait one has, the stronger the eye contact effect was. The pattern was the 

opposite from that observed in the alexithymic population. This indicates that a highly 

autistic individual might over-compensate through making a greater distinction between 

different eye gaze directions during social threat processing. Similar findings were reported 

in previous studies investigating autistic impairment in Theory of Mind task (ToM). It was 

found that although younger adults with autism tended to have difficulty in performing ToM, 

there was not such autistic difference in the older adults (age > 50) (Lever & Geurts, 2016). 

Furthermore, in the autistic population that perform the ToM task similar to the typically 

developed population, atypical eye movement and hyper-aroused frontal activations were 

observed (Senju et al., 2009; White et al., 2014), suggesting that they are either using 
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different strategies to complete the task or that the task was more effortful to them than the 

typically developed individuals.   

6.4. Open questions and future directions 

 While our work has demonstrated the alexithymic impairment in the evaluation of 

self-relevance during social threat perception, it has also raised further questions that require 

systematic investigation with future studies. First, although we provided evidence showing 

that the impairment in the evaluation of self-relevance in alexithymia may be sourced from 

the frontal regions using EEG measurement, we are unable to accurately locate which regions 

of the frontal cortex are involved in the impairment. Furthermore, we have suggested that the 

alexithymic inability in evaluating the degree of self-relevance of social threat is related to 

the impairment of the subcortico-frontal network. The alexithymic impairment therefore may 

be reflected in the connectivity among these regions (see Liemburg et al., 2012; Mériau et al., 

2006). While we have provided the temporal trajectory of the alexithymic impairment in the 

evaluation of self-relevance, future studies are encouraged to investigate the topographic 

trajectory of this alexithymic impairment. 

 Secondly, in this study we argue that the impairment in the evaluation of self-

relevance during social threat perception in alexithymia is at least partially related to the 

deficit in self-referential processing. This proposal would be further supported if alexithymia 

is also predicting other measures that are related to the self-referential processing, such as 

self-face perception (e.g., Kircher et al., 2001; Sugiura et al., 2012; Sui & Han, 2007) and 

encoding self-related traits (e.g., Benoit, Gilbert, Volle, & Burgess, 2010; Kelley et al., 2002; 

Schmitz, Kawahara-Baccus, & Johnson, 2004). No experiment has yet investigated how these 

effects are affected by alexithymia. There is however some literature showed behavioural and 

neural differences in autism and schizophrenia when processing self-face and self-name 
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(Cygan, Tacikowski, Ostaszewski, Chojnicka, & Nowicka, 2014; Kircher, Seiferth, Plewnia, 

Baar, & Schwabe, 2007; Morita et al., 2012; Yun et al., 2014). Since alexithymia is a 

common comorbidity of autism and schizophrenia, it is possible that the reduced self-face 

perception in the autistic individuals and the schizophrenic individuals can be explained by 

alexithymia. 

 Lastly, little is known about the development of alexithymia in the field (for review, 

see Karukivi, 2014). One important question that can be addressed by the investigation of the 

developmental trajectory of alexithymia is that which symptoms of alexithymia have the 

earliest onset. This would allow us to pinpoint the root cause of alexithymia and thus benefit 

the development of preventive and therapeutic programmes against alexithymic symptoms. 

Another developmental problem that has to be resolved concerns the relationship between the 

alexithymia trait and the autistic traits. It remains unknown whether the two traits co-occur 

during the developmental trajectory, or whether one trait causes the other. Also, what are the 

factors that contribute to the development of the two traits? Some studies have shown that 

childhood trauma (Güleç et al., 2013; Schimmenti et al., 2017), over parental protection 

(Karukivi et al., 2011; Thorberg, Young, Sullivan, & Lyvers, 2011), and early language 

ability (Karukivi et al., 2012; Kokkonen et al., 2003) predict alexithymia in adolescents and 

adulthood. Do these factors mediate the relationship between autistic traits and alexithymia 

trait in the children population and the adolescent population during their developmental 

stage? The answer to this question may allow us to identify the precursors of alexithymia and 

autism, such that we can provide effective preventive measures for individuals at high risk. 

6.5. Conclusion 

 All in all, the four experiments conducted in this thesis showed that 1) the Singapore 

university students (majority sampled in NTU) showed a high alexithymia rate of 24%; 2) 
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alexithymia is closely associated with both social processing and emotional processing; 3) 

alexithymia reduces the eye-contact effect of angry face perception; 4) alexithymic eye 

avoidance is most prominent in angry face perception among the tested emotions (i.e., angry, 

happy, and neutral); and 5) the alexithymic reduction in eye-contact effect of angry face is 

reflected at the frontal N2 activity. Summarizing the evidence, we concluded that the 

evaluation of self-relevance during social threat processing is affected by alexithymia. The 

impairment may be related to the subcortico-frontal pathway of social processing, which is 

associated with the self-referential processing. Our findings support the subcortical account 

(Donges & Suslow, 2017) and the frontal account of alexithymia (Lane et al., 1997; Larsen et 

al., 2003; Wingbermühle et al., 2012).   



160 

 

References 

Aaron, R. V., Benson, T. L., & Park, S. (2015). Investigating the role of alexithymia on the 

empathic deficits found in schizotypy and autism spectrum traits. Personality and 

Individual Differences, 77, 215–220. https://doi.org/10.1016/j.paid.2014.12.032 

Aarts, K., & Pourtois, G. (2012). Anxiety disrupts the evaluative component of performance 

monitoring: An ERP study. Neuropsychologia, 50(7), 1286–1296. 

https://doi.org/10.1016/j.neuropsychologia.2012.02.012 

Adams, R. B., Gordon, H. L., Baird, A. A., Ambady, N., & Kleck, R. E. (2003). Effects of 

gaze on amygdala sensitivity to anger and fear faces. Science, 300(5625), 1536. 

https://doi.org/10.1126/science.1082244 

Adams, R. B., & Kleck, R. E. (2003). Perceived Gaze Direction and the Processing of Facial 

Displays of Emotion. Psychological Science, 14(6), 644–647. 

https://doi.org/10.1046/j.0956-7976.2003.psci_1479.x 

Adolphs, R., Jansari, A., & Tranel, D. (2001). Hemispheric perception of emotional valence 

from facial expressions. Neuropsychology, 15(4), 516–524. 

https://doi.org/10.1037/0894-4105.15.4.516 

Akechi, H., Senju, A., Kikuchi, Y., Tojo, Y., Osanai, H., & Hasegawa, T. (2009). Does Gaze 

Direction Modulate Facial Expression Processing in Children With Autism Spectrum 

Disorder? Child Development, 80(4), 1134–1146. https://doi.org/0009-3920/2009/8004-

0014 

Akechi, H., Senju, A., Kikuchi, Y., Tojo, Y., Osanai, H., & Hasegawa, T. (2010). The effect 

of gaze direction on the processing of facial expressions in children with autism 

spectrum disorder: An ERP study. Neuropsychologia, 48(10), 2841–2851. 



161 

 

https://doi.org/10.1016/j.neuropsychologia.2010.05.026 

Akechi, H., Senju, A., Uibo, H., Kikuchi, Y., Hasegawa, T., & Hietanen, J. K. (2013). 

Attention to Eye Contact in the West and East: Autonomic Responses and Evaluative 

Ratings. PLoS ONE, 8(3). https://doi.org/10.1371/journal.pone.0059312 

Akinwande, M. O., Dikko, H. G., & Samson, A. (2015). Variance Inflation Factor: As a 

Condition for the Inclusion of Suppressor Variable(s) in Regression Analysis. Open 

Journal of Statistics, 05(07), 754–767. https://doi.org/10.4236/ojs.2015.57075 

Althoff, R. R., & Cohen, N. J. (1999). Eye-Movement-Based Memory Effect: A 

Reprocessing Effect in Face Perception. Journal of Experimental Psychology: Learning 

Memory and Cognition, 25(4), 997–1010. https://doi.org/10.1037/0278-7393.25.4.997 

Antony, M. M., Bieling, P. J., Enns, M. W., & Swinson, R. P. (1998). Psychometric 

properties of the 42-item and the 21-item version of the DASS in clinical groups and a 

community sample. Psychological Assessment, 10(2), 176–181. 

Arizpe, J., Kravitz, D. J., Yovel, G., & Baker, C. I. (2012). Start position strongly influences 

fixation patterns during face processing: Difficulties with eye movements as a measure 

of information use. PLoS ONE, 7(2). https://doi.org/10.1371/journal.pone.0031106 

Awh, E., Serences, J., Laurey, P., Dhaliwal, H., van der Jagt, T., & Dassonville, P. (2004). 

Evidence against a central bottleneck during the attentional blink: Multiple channels for 

configural and featural processing. Cognitive Psychology, 48(1), 95–126. 

https://doi.org/10.1016/S0010-0285(03)00116-6 

Axelrod, V., & Yovel, G. (2010). External facial features modify the representation of 

internal facial features in the fusiform face area. NeuroImage, 52(2), 720–725. 

https://doi.org/10.1016/j.neuroimage.2010.04.027 



162 

 

Bagby, M. R., & Taylor, G. J. (1997). Measurement and validation of the alexithymia 

construct. In G. Taylor, R. Bagby, J. Parker, & J. Grotstein (Eds.), Disorders of Affect 

Regulation: Alexithymia in Medical and Psychiatric Illness (pp. 46–66). Cambridge: 

Cambridge University Press. 

Bagby, R. M., Parker, J. D. A., & Taylor, G. J. (1994a). The twenty-item Toronto 

Alexithymia scale—I. Item selection and cross-validation of the factor structure. Journal 

of Psychosomatic Research, 38(1), 23–32. https://doi.org/10.1016/0022-3999(94)90005-

1 

Bagby, R. M., Taylor, G. J., & Parker, J. D. A. (1994b). The twenty-item Toronto 

Alexithymia scale-II. Convergent, discriminant, and concurrent validity. Journal of 

Psychosomatic Research, 38(1), 33–40. https://doi.org/10.1016/0022-3999(94)90006-X 

Baltazar, M., Hazem, N., Vilarem, E., Beaucousin, V., Picq, J. L., & Conty, L. (2014). Eye 

contact elicits bodily self-awareness in human adults. Cognition, 133(1), 120–127. 

https://doi.org/10.1016/j.cognition.2014.06.009 

Baron-Cohen, S. (1997). How to build a baby that can read minds: Cognitive mechanisms in 

mindreading. In The maladapted mind: Classic readings in evolutionary 

psychopathology (pp. 207–239). 

Baron-Cohen, S., Leslie, A. M., & Frith, U. (1985). Does the autistic child have a “theory of 

mind”? Cognition, 21(1), 37–46. https://doi.org/10.1088/1751-8113/44/8/085201 

Baron-Cohen, S., Wheelwright, S., Skinner, R., Martin, J., & Clubley, E. (2001). The 

Autism-Spectrum Quotient (AQ): Evidence from Asperger Syndrome/High-Functioning 

Autism, Males and Females, Scientists and Mathematicians. Journal of Autism and 

Developmental Disorders, 31(1), 5–17. https://doi.org/10.1023/A:1005653411471 



163 

 

Barrett, S. E., & O’Toole, A. J. (2009). Face adaptation to gender: Does adaptation transfer 

across age categories? Visual Cognition, 17(5), 700–715. 

https://doi.org/10.1080/13506280802332197 

Bartlett, J. C., & Searcy, J. (1993). Inversion and Configuration of Faces. Cognitive 

Psychology, 25(3), 281–316. https://doi.org/10.1006/cogp.1993.1007 

Barton, J. J. S., Radcliffe, N., Cherkasova, M. V., Edelman, J., & Intriligator, J. M. (2006). 

Information processing during face recognition: The effects of familiarity, inversion, and 

morphing on scanning fixations. Perception, 35(8), 1089–1105. 

https://doi.org/10.1068/p5547 

Bayliss, A. P., Frischen, A., Fenske, M. J., & Tipper, S. P. (2007). Affective evaluations of 

objects are influenced by observed gaze direction and emotional expression. Cognition, 

104(3), 644–653. https://doi.org/10.1016/j.cognition.2006.07.012 

Bayliss, A. P., Schuch, S., & Tipper, S. P. (2010). Gaze cueing elicited by emotional faces is 

influenced by affective context. Visual Cognition, 18(8), 1214–1232. 

https://doi.org/10.1080/13506285.2010.484657 

Beltrán, D., & Calvo, M. G. (2015). Brain signatures of perceiving a smile: Time course and 

source localization. Human Brain Mapping, 36(11), 4287–4303. 

https://doi.org/10.1002/hbm.22917 

Benikos, N., Johnstone, S. J., & Roodenrys, S. J. (2013). Varying task difficulty in the 

Go/Nogo task: The effects of inhibitory control, arousal, and perceived effort on ERP 

components. International Journal of Psychophysiology, 87(3), 262–272. 

https://doi.org/10.1016/j.ijpsycho.2012.08.005 

Benoit, R. G., Gilbert, S. J., Volle, E., & Burgess, P. W. (2010). When I think about me and 



164 

 

simulate you: Medial rostral prefrontal cortex and self-referential processes. 

NeuroImage, 50(3), 1340–1349. https://doi.org/10.1016/j.neuroimage.2009.12.091 

Berenbaum, H., & Prince, J. D. (1994). Alexithymia and the Interpretation of Emotion-

relevant Information. Cognition and Emotion, 8(3), 231–244. 

https://doi.org/10.1080/02699939408408939 

Bernhardt, B. C., Valk, S. L., Silani, G., Bird, G., Frith, U., & Singer, T. (2014). Selective 

disruption of sociocognitive structural brain networks in autism and alexithymia. 

Cerebral Cortex, 24(12), 3258–3267. https://doi.org/10.1093/cercor/bht182 

Berthoz, S., Consoli, S., Perez-Diaz, F., & Jouvent, R. (1999). Alexithymia and anxiety: 

Compounded relationships? A psychometric study. European Psychiatry, 14(7), 372–

378. https://doi.org/10.1016/S0924-9338(99)00233-3 

Berthoz, S., & Hill, E. L. (2005). The validity of using self-reports to assess emotion 

regulation abilities in adults with autism spectrum disorder. European Psychiatry, 20(3), 

291–298. https://doi.org/10.1016/j.eurpsy.2004.06.013 

Bird, G., & Cook, R. (2013). Mixed emotions: The contribution of alexithymia to the 

emotional symptoms of autism. Translational Psychiatry, 3(7), e285-8. 

https://doi.org/10.1038/tp.2013.61 

Bird, G., Press, C., & Richardson, D. C. (2011). The role of alexithymia in reduced eye-

fixation in autism spectrum conditions. Journal of Autism and Developmental Disorders, 

41(11), 1556–1564. https://doi.org/10.1007/s10803-011-1183-3 

Bird, G., Silani, G., Brindley, R., White, S., Frith, U., & Singer, T. (2010). Empathic brain 

responses in insula are modulated by levels of alexithymia but not autism. Brain, 133(5), 

1515–1525. https://doi.org/10.1093/brain/awq060 



165 

 

Blais, C., Jack, R. E., Scheepers, C., Fiset, D., & Caldara, R. (2008). Culture shapes how we 

look at faces. PLoS ONE, 3(8). https://doi.org/10.1371/journal.pone.0003022 

Blechert, J., Sheppes, G., Tella, C., Williams, H., & Gross, J. J. (2012). See What You Think: 

Reappraisal Modulates Behavioral and Neural Responses to Social Stimuli. 

Psychological Science, 23(4), 346–353. https://doi.org/10.1177/0956797612438559 

Böckler, A., van der Wel, R. P. R. D., & Welsh, T. N. (2014). Catching Eyes: Effects of 

Social and Nonsocial Cues on Attention Capture. Psychological Science, 25(3), 720–

727. https://doi.org/10.1177/0956797613516147 

Bocquillon, P., Bourriez, J. L., Palmero-Soler, E., Molaee-Ardekani, B., Derambure, P., & 

Dujardin, K. (2014). The spatiotemporal dynamics of early attention processes: A high-

resolution electroencephalographic study of N2 subcomponent sources. Neuroscience, 

271, 9–22. https://doi.org/10.1016/j.neuroscience.2014.04.014 

Bombari, D., Schmid, P. C., Schmid Mast, M., Birri, S., Mast, F. W., & Lobmaier, J. S. 

(2013). Emotion recognition: The role of featural and configural face information. 

Quarterly Journal of Experimental Psychology, 66(12), 2426–2442. 

https://doi.org/10.1080/17470218.2013.789065 

Borod, J. C., Cicero, B. A., Obler, L. K., Welkowitz, J., Erhan, H. M., Santschi, C., … 

Whalen, J. R. (1998). Right hemisphere emotional perception: Evidence across multiple 

channels. Neuropsychology, 12(3), 446–458. https://doi.org/10.1037/0894-

4105.12.3.446 

Bradbury, T. N., & Fincham, F. D. (1987). Affect and Cognition in Close Relationships: 

Towards an Integrative Model. Cognition and Emotion, 1(1), 59–87. 

https://doi.org/10.1080/02699938708408364 



166 

 

Bradley, B. P., Mogg, K., Falla, S. J., & Hamilton, L. R. (1998). Attentional Bias for 

Threatening Facial Expressions in Anxiety: Manipulation of Stimulus Duration. 

Cognition and Emotion, 12(6), 737–753. https://doi.org/10.1080/026999398379411 

Brainard, D. H. (1997). The Psychophysics Toolbox. Spatial Vision, 10(4), 433–436. 

https://doi.org/10.1163/156856897X00357 

Brewer, R., Cook, R., & Bird, G. (2016). Alexithymia: A general deficit of interoception. 

Royal Society Open Science, 3(10). https://doi.org/10.1098/rsos.150664 

Brewer, R., Cook, R., Cardi, V., Treasure, J., & Bird, G. (2015a). Emotion recognition 

deficits in eating disorders are explained by co-occurring alexithymia. Royal Society 

Open Science, 2(1). https://doi.org/10.1098/rsos.140382 

Brewer, R., Marsh, A. A., Catmur, C., Cardinale, E. M., Stoycos, S., Cook, R., & Bird, G. 

(2015b). The impact of autism spectrum disorder and alexithymia on judgments of 

moral acceptability. Journal of Abnormal Psychology, 124(3), 589–595. Retrieved from 

http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=prem&NEWS=N&A

N=26375827%0Ahttp://www.apa.org/journals/abn.html%0Ahttp://ovidsp.ovid.com/ovid

web.cgi?T=JS&PAGE=reference&D=emed17&NEWS=N&AN=605591648 

Burra, N., Baker, S., & George, N. (2017). Processing of gaze direction within the 

N170/M170 time window: A combined EEG/MEG study. Neuropsychologia, 

100(April), 207–219. https://doi.org/10.1016/j.neuropsychologia.2017.04.028 

Burra, N., Hervais-Adelman, A., Kerzel, D., Tamietto, M., de Gelder, B., & Pegna, A. J. 

(2013). Amygdala Activation for Eye Contact Despite Complete Cortical Blindness. 

Journal of Neuroscience, 33(25), 10483–10489. https://doi.org/10.1523/jneurosci.3994-

12.2013 



167 

 

Calder, A. J., Beaver, J. D., Winston, J. S., Dolan, R. J., Jenkins, R., Eger, E., & Henson, R. 

N. A. (2007). Separate Coding of Different Gaze Directions in the Superior Temporal 

Sulcus and Inferior Parietal Lobule. Current Biology, 17(1), 20–25. 

https://doi.org/10.1016/j.cub.2006.10.052 

Calder, A. J., & Jansen, J. (2005). Configural coding of facial expressions: The impact of 

inversion and photographic negative. Visual Cognition, 12(3), 495–518. 

https://doi.org/10.1080/13506280444000418 

Calder, A. J., Keane, J., Young, A. W., & Dean, M. (2000). Configural information in facial 

expression perception. Journal of Experimental Psychology: Human Perception and 

Performance, 26(2), 527–551. https://doi.org/10.1037/0096-1523.26.2.527 

Calder, A. J., Lawrence, A. D., Keane, J., Scott, S. K., Owen, A. M., Christoffels, I., & 

Young, A. W. (2002). Reading the mind from eye gaze. Neuropsychologia, 40(8), 1129–

1138. https://doi.org/10.1016/S0028-3932(02)00008-8 

Calvo, M. G., & Beltrán, D. (2014). Brain lateralization of holistic versus analytic processing 

of emotional facial expressions. NeuroImage, 92, 237–247. 

https://doi.org/10.1016/j.neuroimage.2014.01.048 

Calvo, M. G., Fernández-Martín, A., & Nummenmaa, L. (2014a). Facial expression 

recognition in peripheral versus central vision: Role of the eyes and the mouth. 

Psychological Research, 78(2), 180–195. https://doi.org/10.1007/s00426-013-0492-x 

Calvo, M. G., Gutiérrez-García, A., Fernández-Martín, A., & Nummenmaa, L. (2014b). 

Recognition of Facial Expressions of Emotion is Related to their Frequency in Everyday 

Life. Journal of Nonverbal Behavior, 38(4), 549–567. https://doi.org/10.1007/s10919-

014-0191-3 



168 

 

Calvo, M. G., & Nummenmaa, L. (2008). Detection of Emotional Faces: Salient Physical 

Features Guide Effective Visual Search. Journal of Experimental Psychology: General, 

137(3), 471–494. https://doi.org/10.1037/a0012771 

Calvo, M. G., & Nummenmaa, L. (2016). Perceptual and affective mechanisms in facial 

expression recognition: An integrative review. Cognition and Emotion, 30(6), 1081–

1106. https://doi.org/10.1080/02699931.2015.1049124 

Campanella, S., Falbo, L., Rossignol, M., Grynberg, D., Balconi, M., Verbanck, P., & 

Maurage, P. (2012). Sex differences on emotional processing are modulated by 

subclinical levels of alexithymia and depression: A preliminary assessment using event-

related potentials. Psychiatry Research, 197(1–2), 145–153. 

https://doi.org/10.1016/j.psychres.2011.12.026 

Carlin, J. D., Calder, A. J., Kriegeskorte, N., Nili, H., & Rowe, J. B. (2011). A head view-

invariant representation of gaze direction in anterior superior temporal sulcus. Current 

Biology, 21(21), 1817–1821. https://doi.org/10.1016/j.cub.2011.09.025 

Carver, C. S., & Harmon-Jones, E. (2009). Anger Is an Approach-Related Affect: Evidence 

and Implications. Psychological Bulletin, 135(2), 183–204. 

https://doi.org/10.1037/a0013965 

Chawarska, K., & Shic, F. (2009). Looking but not seeing: Atypical visual scanning and 

recognition of faces in 2 and 4-Year-old children with Autism spectrum disorder. 

Journal of Autism and Developmental Disorders, 39(12), 1663–1672. 

https://doi.org/10.1007/s10803-009-0803-7 

Chen, N., & Wei, P. (2019). Reward association alters brain responses to emotional stimuli: 

ERP evidence. International Journal of Psychophysiology, 135(December), 21–32. 



169 

 

https://doi.org/10.1016/j.ijpsycho.2018.11.001 

Chen, Y. C., & Yeh, S. L. (2012). Look into my eyes and I will see you: Unconscious 

processing of human gaze. Consciousness and Cognition, 21(4), 1703–1710. 

https://doi.org/10.1016/j.concog.2012.10.001 

Christoff, K., Prabhakaran, V., Dorfman, J., Zhao, Z., Kroger, J. K., Holyoak, K. J., & 

Gabrieli, J. D. E. (2001). Rostrolateral prefrontal cortex involvement in relational 

integration during reasoning. NeuroImage, 14(5), 1136–1149. 

https://doi.org/10.1006/nimg.2001.0922 

Clayson, P. E., Baldwin, S. A., & Larson, M. J. (2013). How does noise affect amplitude and 

latency measurement of event-related potentials (ERPs)? A methodological critique and 

simulation study. Psychophysiology, 50(2), 174–186. 

https://doi.org/10.1111/psyp.12001 

Cloutier, J., Mason, M. F., & Macrae, C. N. (2005). The perceptual determinants of person 

construal: Reopening the social-cognitive toolbox. Journal of Personality and Social 

Psychology, 88(6), 885–894. https://doi.org/10.1037/0022-3514.88.6.885 

Coffey, E., Berenbaum, H., & Kerns, J. G. (2003). The dimensions of emotional intelligence, 

alexithymia, and mood awareness: Associations with personality and performance on an 

emotional stroop task. Cognition and Emotion, 17(4), 671–679. 

https://doi.org/10.1080/02699930302304 

Conty, L., Dezecache, G., Hugueville, L., & Grezes, J. (2012). Early Binding of Gaze, 

Gesture, and Emotion: Neural Time Course and Correlates. Journal of Neuroscience, 

32(13), 4531–4539. https://doi.org/10.1523/jneurosci.5636-11.2012 

Conty, L., George, N., & Hietanen, J. K. (2016). Watching Eyes effects: When others meet 



170 

 

the self. Consciousness and Cognition, 45, 184–197. 

https://doi.org/10.1016/j.concog.2016.08.016 

Conty, L., N’Diaye, K., Tijus, C., & George, N. (2007). When eye creates the contact! ERP 

evidence for early dissociation between direct and averted gaze motion processing. 

Neuropsychologia, 45(13), 3024–3037. 

https://doi.org/10.1016/j.neuropsychologia.2007.05.017 

Conway, M. A., Pothos, E. M., & Turk, D. J. (2016). The self-relevance system? Cognitive 

Neuroscience, 7(1–4), 20–21. https://doi.org/10.1080/17588928.2015.1075484 

Cook, R., Brewer, R., Shah, P., & Bird, G. (2013). Alexithymia, Not Autism, Predicts Poor 

Recognition of Emotional Facial Expressions. Psychological Science, 24(5), 723–732. 

https://doi.org/10.1177/0956797612463582 

Corden, B., Chilvers, R., & Skuse, D. (2008). Avoidance of emotionally arousing stimuli 

predicts social-perceptual impairment in Asperger’s syndrome. Neuropsychologia, 

46(1), 137–147. https://doi.org/10.1016/j.neuropsychologia.2007.08.005 

Cornelissen, F. W., Peters, E. M., & Palmer, J. (2002). The Eyelink Toolbox: Eye tracking 

with MATLAB and the Psychophysics Toolbox. Behavior Research Methods, 

Instruments, and Computers, 34(4), 613–617. https://doi.org/10.3758/BF03195489 

Costa, A. P., Steffgen, G., & Samson, A. C. (2017). Expressive incoherence and alexithymia 

in autism spectrum disorder. Journal of Autism and Developmental Disorders, 47(6), 

1659–1672. https://doi.org/10.1007/s10803-017-3073-9 

Craig, A. D. (2002). How do you feel? Interoception: the sense of the physiological condition 

of the body. Nature Reviews Neuroscience, 3(8), 655–666. 

https://doi.org/10.1038/nrn894 



171 

 

Craig, A. D. (2009). How do you feel — now? The anterior insula and human awareness. 

Nature Reviews Neuroscience, 10(1), 59–70. https://doi.org/10.1038/nrn2555 

Cremers, H. R., Demenescu, L. R., Aleman, A., Renken, R., van Tol, M. J., van der Wee, N. 

J. A., … Roelofs, K. (2010). Neuroticism modulates amygdala-prefrontal connectivity in 

response to negative emotional facial expressions. NeuroImage, 49(1), 963–970. 

https://doi.org/10.1016/j.neuroimage.2009.08.023 

Cristinzio, C., N’Diaye, K., Seeck, M., Vuilleumier, P., & Sander, D. (2010). Integration of 

gaze direction and facial expression in patients with unilateral amygdala damage. Brain, 

133(1), 248–261. https://doi.org/10.1093/brain/awp255 

Culhane, S. E., Morera, O. F., Watson, P. J., & Millsap, R. E. (2009). Assessing measurement 

and predictive invariance of the toronto alexithymia scale-20 in U.S. Anglo and U.S. 

hispanic student samples. Journal of Personality Assessment, 91(4), 387–395. 

https://doi.org/10.1080/00223890902936264 

Cuve, H. C., Gao, Y., & Fuse, A. (2018). Is it avoidance or hypoarousal? A systematic review 

of emotion recognition, eye-tracking, and psychophysiological studies in young adults 

with autism spectrum conditions. Research in Autism Spectrum Disorders, 55(July), 1–

13. https://doi.org/10.1016/j.rasd.2018.07.002 

Cygan, H. B., Tacikowski, P., Ostaszewski, P., Chojnicka, I., & Nowicka, A. (2014). Neural 

correlates of own name and own face detection in autism spectrum disorder. PLoS ONE, 

9(1). https://doi.org/10.1371/journal.pone.0086020 

D’Argembeau, A. (2013). On the Role of the Ventromedial Prefrontal Cortex in Self-

Processing: The Valuation Hypothesis. Frontiers in Human Neuroscience, 7(July), 1–

13. https://doi.org/10.3389/fnhum.2013.00372 



172 

 

Dalton, K. M., Nacewicz, B. M., Johnstone, T., Schaefer, H. S., Gernsbacher, M. A., 

Goldsmith, H. H., … Davidson, R. J. (2005). Gaze fixation and the neural circuitry of 

face processing in autism. Nature Neuroscience, 8(4), 519–526. 

https://doi.org/10.1038/nn1421 

Davis, M., & Whalen, P. J. (2001). The amygdala: Vigilance and emotion. Molecular 

Psychiatry, 6(1), 13–34. https://doi.org/10.1038/sj.mp.4000812 

Dawson, G., Webb, S. J., & Mcpartland, J. (2005). Understanding the Nature of Face 

Processing Impairment in Autism: Insights From Behavioral and Electrophysiological 

Studies. DEVELOPMENTAL NEUROPSYCHOLOGY, 27(3), 403–424. 

https://doi.org/10.1207/s15326942dn2703 

de Timary, P., Roy, E., Luminet, O., Fillée, C., & Mikolajczak, M. (2008). Relationship 

between alexithymia, alexithymia factors and salivary cortisol in men exposed to a 

social stress test. Psychoneuroendocrinology, 33(8), 1160–1164. 

https://doi.org/10.1016/j.psyneuen.2008.06.005 

Delorme, A., & Makeig, S. (2004). EEGLAB: an open sorce toolbox for analysis of single-

trail EEG dynamics including independent component anlaysis. Journal of Neuroscience 

Methods, 134, 9–21. https://doi.org/10.1016/j.jneumeth.2003.10.009 

Deng, Y., Ma, X., & Tang, Q. (2013). Brain response during visual emotional processing: An 

fMRI study of alexithymia. Psychiatry Research - Neuroimaging, 213(3), 225–229. 

https://doi.org/10.1016/j.pscychresns.2013.03.007 

Dennis, T. A., & Chen, C. C. (2009). Trait anxiety and conflict monitoring following threat: 

An ERP study. Psychophysiology, 46(1), 122–131. https://doi.org/10.1111/j.1469-

8986.2008.00758.x 



173 

 

Denny, B. T., Kober, H., Wager, T. D., & Ochsner, K. N. (2012). A meta-analysis of 

functional neuroimaging studies of self- and other judgments reveals a spatial gradient 

for mentalizing in medial prefrontal cortex. Journal of Cognitive Neuroscience, 24(8), 

1742–1752. https://doi.org/10.1162/jocn_a_00233 

Dere, J., Falk, C. F., & Ryder, A. G. (2012). Unpacking cultural differences in Alexithymia: 

The role of cultural values among Euro-Canadian and Chinese-Canadian students. 

Journal of Cross-Cultural Psychology, 43(8), 1297–1312. 

https://doi.org/10.1177/0022022111430254 

Diano, M., Celeghin, A., Bagnis, A., & Tamietto, M. (2017). Amygdala response to 

emotional stimuli without awareness: Facts and interpretations. Frontiers in Psychology, 

7(JAN), 1–13. https://doi.org/10.3389/fpsyg.2016.02029 

Dion, K. L. (1996). Ethnolinguistic correlates of alexithymia: Toward a cultural perspective. 

Journal of Psychosomatic Research, 41(6), 531–539. https://doi.org/10.1016/S0022-

3999(96)00295-4 

Dobbs, J. L., Sloan, D. M., & Karpinski, A. (2007). A psychometric investigation of two self-

report measures of emotional expressivity. Personality and Individual Differences, 

43(4), 693–702. https://doi.org/10.1016/j.paid.2007.01.010 

Doi, H., Ueda, K., & Shinohara, K. (2009). Neural correlates of the stare-in-the-crowd effect. 

Neuropsychologia, 47(4), 1053–1060. 

https://doi.org/10.1016/j.neuropsychologia.2008.11.004 

Donges, U.-S., & Suslow, T. (2017). Alexithymia and automatic processing of emotional 

stimuli: a systematic review. Reviews in the Neurosciences, 28(3), 247–264. 

Duchaine, B., & Yovel, G. (2015). A Revised Neural Framework for Face Processing. 



174 

 

Annual Review of Vision Science, 1(1), 393–416. https://doi.org/10.1146/annurev-vision-

082114-035518 

Eastabrook, J. M., Lanteigne, D. M., & Hollenstein, T. (2013). Decoupling between 

physiological, self-reported, and expressed emotional responses in alexithymia. 

Personality and Individual Differences, 55(8), 978–982. 

https://doi.org/10.1016/j.paid.2013.08.001 

Eastwood, J. D., Smilek, D., & Merikle, P. M. (2003). Negative facial expression captures 

attention and disrupts performance. Perception & Psychophysics, 65(3), 352–358. 

Eimer, M., Kiss, M., & Holmes, A. (2008). Links between rapid ERP responses to fearful 

faces and conscious awareness. Journal of Neuropsychology, 2(1), 165–181. 

https://doi.org/10.1348/174866407X245411 

Eisenbarth, H., & Alpers, G. W. (2011). Happy Mouth and Sad Eyes: Scanning Emotional 

Facial Expressions. Emotion, 11(4), 860–865. https://doi.org/10.1037/a0022758 

Eizaguirre, A. E., de Cabezón, A. O. S., de Alda, I. O., Olariaga, L. J., & Juaniz, M. (2004). 

Alexithymia and its relationships with anxiety and depression in eating disorders. 

Personality and Individual Differences, 36(2), 321–331. https://doi.org/10.1016/S0191-

8869(03)00099-0 

Emery, N. J. (2000). The eyes have it: The neuroethology, function and evolution of social 

gaze. Neuroscience and Biobehavioral Reviews. Neuroscience and Biobehavioral 

Reviews, 25, 581–604. 

Engell, A. D., & Haxby, J. V. (2007). Facial expression and gaze-direction in human superior 

temporal sulcus. Neuropsychologia, 45(14), 3234–3241. 

https://doi.org/10.1016/j.neuropsychologia.2007.06.022 



175 

 

Epley, N., Keysar, B., Van Boven, L., & Gilovich, T. (2004). Perspective taking as egocentric 

anchoring and adjustment. Journal of Personality and Social Psychology, 87(3), 327–

339. https://doi.org/10.1037/0022-3514.87.3.327 

Ethofer, T., Gschwind, M., & Vuilleumier, P. (2011). Processing social aspects of human 

gaze: A combined fMRI-DTI study. NeuroImage, 55(1), 411–419. 

https://doi.org/10.1016/j.neuroimage.2010.11.033 

Etkin, A., Egner, T., & Kalisch, R. (2011). Emotional processing in anterior cingulate and 

medial prefrontal cortex. Trends in Cognitive Sciences, 15(2), 85–93. 

https://doi.org/10.1016/j.tics.2010.11.004 

Ewbank, M. P., Fox, E., & Calder, A. J. (2010). The interaction between gaze and facial 

expression in the amygdala and extended amygdala is modulated by anxiety. Frontiers 

in Human Neuroscience, 4(July), 1–11. https://doi.org/10.3389/fnhum.2010.00056 

Farah, M. J., Wilson, K. D., Drain, M., & Tanaka, J. N. (1998). What is “special” about face 

perception? Psychological Review, 105(3), 482–498. https://doi.org/10.1037/0033-

295X.105.3.482 

Fareri, D. S., & Delgado, M. R. (2014). Social rewards and social networks in the human 

brain. Neuroscientist, 20(4), 387–402. https://doi.org/10.1177/1073858414521869 

Fichtenholtz, H. M., Hopfinger, J. B., Graham, R., Detwiler, J. M., & Labar, K. S. (2007). 

Happy and fearful emotion in cues and targets modulate event-related potential indices 

of gaze-directed attentional orienting. Social Cognitive and Affective Neuroscience, 2(4), 

323–333. https://doi.org/10.1093/scan/nsm026 

Fletcher-Watson, S., Leekam, S. R., Benson, V., Frank, M. C., & Findlay, J. M. (2009). Eye-

movements reveal attention to social information in autism spectrum disorder. 



176 

 

Neuropsychologia, 47(1), 248–257. 

https://doi.org/10.1016/j.neuropsychologia.2008.07.016 

Folstein, J. R., & Van Petten, C. (2008). Influence of cognitive control and mismatch on the 

N2 component of the ERP: A review. Psychophysiology, 45(1), 152–170. 

https://doi.org/10.1111/j.1469-8986.2007.00602.x 

Foulkes, L., Bird, G., Gökçen, E., McCrory, E., & Viding, E. (2015). Common and distinct 

impacts of autistic traits and alexithymia on social reward. PLoS ONE, 10(4), 1–12. 

https://doi.org/10.1371/journal.pone.0121018 

Fox, E., Mathews, A., Calder, A. J., & Yiend, J. (2007). Anxiety and Sensitivity to Gaze 

Direction in Emotionally Expressive Faces. Emotion, 7(3), 478–486. 

https://doi.org/10.1037/1528-3542.7.3.478 

Fox, E., Russo, R., & Dutton, K. (2002). Attentional bias for threat: Evidence for delayed 

disengagement from emotional faces. Cognition and Emotion, 16(3), 355–379. 

https://doi.org/10.1080/02699930143000527 

Fox, J. (1991). Regression diagnostics. Newbury Park, Calif.: SAGE Publications Ltd. 

Franz, M., Popp, K., Schaefer, R., Sitte, W., Schneider, C., Hardt, J., … Braehler, E. (2008). 

Alexithymia in the German general population. Social Psychiatry and Psychiatric 

Epidemiology, 43(1), 54–62. https://doi.org/10.1007/s00127-007-0265-1 

Franz, M., Schaefer, R., Schneider, C., Sitte, W., & Bachor, J. (2004). Visual Event-Related 

Potentials in Subjects with Alexithymia: Modified Processing of Emotional Aversive 

Information? American Journal of Psychiatry, 161(4), 728–735. 

https://doi.org/10.1176/appi.ajp.161.4.728 



177 

 

Freire, A., Lee, K., & Symons, L. A. (2000). The face-inversion effect as a deficit in the 

encoding of configurai information: Direct evidence. Perception, 29(2), 159–170. 

https://doi.org/10.1068/p3012 

Frith, C. D., & Frith, U. (2006). The Neural Basis of Mentalizing. Neuron, 50(4), 531–534. 

https://doi.org/10.1016/j.neuron.2006.05.001 

Fujiwara, E., Kube, V. L., Rochman, D., Macrae-Korobkov, A. K., & Peynenburg, V. (2017). 

Visual Attention to Ambiguous Emotional Faces in Eating Disorders: Role of 

Alexithymia. European Eating Disorders Review, 25(6), 451–460. 

https://doi.org/10.1002/erv.2535 

Fukunishi, I., Berger, D., Wogan, J., & Kuboki, T. (1999). Alexithyia Traits as Predictors of 

Difficulties with adjustment in an outpatient cohort of expatriates in Tokyo. 

Psychological Reports, 85, 67–77. 

Fusar-Poli, P., Placentino, A., Carletti, F., Allen, P., Landi, P., Abbamonte, M., … Politi, P. 

L. (2009). Laterality effect on emotional faces processing: ALE meta-analysis of 

evidence. Neuroscience Letters, 452(3), 262–267. 

https://doi.org/10.1016/j.neulet.2009.01.065 

Gao, C., Conte, S., Richards, J. E., Xie, W., & Hanayik, T. (2019). The neural sources of 

N170: Understanding timing of activation in face-selective areas. Psychophysiology, 

56(6), 1–19. https://doi.org/10.1111/psyp.13336 

Ge, L., Wang, Z., McCleery, J. P., & Lee, K. (2006). Activation of face expertise and the 

inversion effect. Psychological Science, 17(1), 12–16. https://doi.org/10.1111/j.1467-

9280.2005.01658.x 

George, N., Driver, J., & Dolan, R. J. (2001). Seen gaze-direction modulates fusiform activity 



178 

 

and its coupling with other brain areas during face processing. NeuroImage, 13(6), 

1102–1112. https://doi.org/10.1006/nimg.2001.0769 

Ghorbani, F., Khosravani, V., Sharifi Bastan, F., & Jamaati Ardakani, R. (2017). The 

alexithymia, emotion regulation, emotion regulation difficulties, positive and negative 

affects, and suicidal risk in alcohol-dependent outpatients. Psychiatry Research, 

252(January), 223–230. https://doi.org/10.1016/j.psychres.2017.03.005 

Gignac, G. E., Palmer, B. R., & Stough, C. (2007). A confirmatory factor analytic 

investigation of the TAS-20: Corroboration of a five-factor model and suggestions for 

improvement. Journal of Personality Assessment, 89(3), 247–257. 

https://doi.org/10.1080/00223890701629730 

Goel, V., & Dolan, R. J. (2004). Differential involvement of left prefrontal cortexin inductive 

and deductive reasoning. Cognition, 93(3). 

https://doi.org/10.1016/j.cognition.2004.03.001 

Goerlich, K. S., Votinov, M., Lammertz, S. E., Winkler, L., Spreckelmeyer, K. N., Habel, 

U., … Gossen, A. (2017). Effects of alexithymia and empathy on the neural processing 

of social and monetary rewards. Brain Structure and Function, 222(5), 2235–2250. 

https://doi.org/10.1007/s00429-016-1339-1 

Graham, R., Friesen, C. K., Fichtenholtz, H. M., & Labar, K. S. (2010). Modulation of 

reflexive orienting to gaze direction by facial expressions. Visual Cognition, 18(3), 331–

368. https://doi.org/10.1080/13506280802689281 

Grelotti, D. J., Gauthier, I., & Schultz, R. T. (2002). Social interest and the development of 

cortical face specialization: What autism teaches us about face processing. 

Developmental Psychobiology, 40(3), 213–225. https://doi.org/10.1002/dev.10028 



179 

 

Grill-Spector, K., & Kanwisher, N. (2005). Visual Recognition: As Soon as You Know It Is 

There, You Know What It Is. Psychological Science, 16(2), 152–160. 

https://doi.org/10.1111/j.0956-7976.2005.00796.x 

Gross, J. J., & John, O. P. (1995). Facets of emotional Expressivity: Three self-report factors 

and their correlates. Personality and Individual Differences, 19(4), 555–568. 

https://doi.org/10.1016/0191-8869(95)00055-B 

Gross, J. J., & John, O. P. (1997). Revealing feelings: Facets of emotional expressivity in 

self-reports, peer ratings, and behavior. Journal of Personality and Social Psychology, 

72(2), 435–448. https://doi.org/10.1037/0022-3514.72.2.435 

Grossmann, T. (2017). The Eyes as Windows Into Other Minds. Perspectives on 

Psychological Science, 12(1), 107–121. https://doi.org/10.1177/1745691616654457 

Grynberg, D., Chang, B., Corneille, O., Maurage, P., Vermeulen, N., Berthoz, S., & Luminet, 

O. (2012). Alexithymia and the processing of emotional facial expressions (EFEs): 

Systematic review, unanswered questions and further perspectives. PLoS ONE, 7(8). 

https://doi.org/10.1371/journal.pone.0042429 

Grynberg, D., Luminet, O., Corneille, O., Grèzes, J., & Berthoz, S. (2010). Alexithymia in 

the interpersonal domain: A general deficit of empathy? Personality and Individual 

Differences, 49(8), 845–850. https://doi.org/10.1016/j.paid.2010.07.013 

Grynberg, D., Vermeulen, N., & Luminet, O. (2014). Amplification of attentional blink by 

distress-related facial expressions: Relationships with alexithymia and affectivity. 

International Journal of Psychology, 49(5), 371–380. https://doi.org/10.1002/ijop.12006 

Gu, X., Hof, P. R., Friston, K. J., & Fan, J. (2013). Anterior insular cortex and emotional 

awareness. Journal of Comparative Neurology, 521(15), 3371–3388. 



180 

 

https://doi.org/10.1002/cne.23368 

Güleç, M. Y., Altintaş, M., Inanç, L., Bezgin, Ç. H., Koca, E. K., & Güleç, H. (2013). Effects 

of childhood trauma on somatization in major depressive disorder: The role of 

alexithymia. Journal of Affective Disorders, 146(1), 137–141. 

https://doi.org/10.1016/j.jad.2012.06.033 

Gusnard, D. A., Akbudak, E., Shulman, G. L., & Raichle, M. E. (2001). Medial prefrontal 

cortex and self-referential mental activity: Relation to a default mode of brain function. 

Proceedings of the National Academy of Sciences of the United States of America, 98(7), 

4259–4264. https://doi.org/10.1073/pnas.071043098 

Hampshire, A., Thompson, R., Duncan, J., & Owen, A. M. (2011). Lateral prefrontal cortex 

subregions make dissociable contributions during fluid reasoning. Cerebral Cortex, 

21(1), 1–10. https://doi.org/10.1093/cercor/bhq085 

Harmon-Jones, E., Harmon-Jones, C., & Price, T. F. (2013). What is approach motivation? 

Emotion Review, 5(3), 291–295. https://doi.org/10.1177/1754073913477509 

Harris, L. T., McClure, S. M., Van Den Bos, W., Cohen, J. D., & Fiske, S. T. (2007). Regions 

of the MPFC differentially tuned to social and nonsocial affective evaluation. Cognitive, 

Affective and Behavioral Neuroscience, 7(4), 309–316. 

https://doi.org/10.3758/CABN.7.4.309 

Haviland, M. G., & Reise, S. P. (1996). Structure of the Twenty-Item Toronto Alexithymia 

Scale. Journal of Personality Assessment, 66(1), 116–125. 

https://doi.org/10.1207/s15327752jpa6601_9 

Haxby, J. V, Hoffman, E. A., & Gobbini, M. I. (2000). The distributed human neural system 

for face perception. Trends Cogn Sci, 4(6), 223–233. https://doi.org/10.1016/S1364-



181 

 

6613(00)01482-0 

Heaton, P., Reichenbacher, L., Sauter, D., Allen, R., Scott, S., & Hill, E. (2012). Measuring 

the effects of alexithymia on perception of emotional vocalizations in autistic spectrum 

disorder and typical development. Psychological Medicine, 42(11), 2453–2459. 

https://doi.org/10.1017/S0033291712000621 

Herbert, B. M., Herbert, C., & Pollatos, O. (2011). On the relationship between interoceptive 

awareness and alexithymia: Is interoceptive awareness related to emotional awareness? 

Journal of Personality, 79(5), 1149–1175. https://doi.org/10.1111/j.1467-

6494.2011.00717.x 

Hermans, D., Spruyt, A., De Houwer, J., & Eelen, P. (2003). Affective priming with 

subliminally presented pictures. Canadian Journal of Experimental Psychology, 57(2), 

97–114. https://doi.org/10.1037/h0087416 

Hietanen, J. K. (2018). Affective eye contact: An integrative review. Frontiers in Psychology, 

9(AUG), 1–15. https://doi.org/10.3389/fpsyg.2018.01587 

Hietanen, J. K., Leppänen, J. M., Peltola, M. J., Linna-aho, K., & Ruuhiala, H. J. (2008). 

Seeing direct and averted gaze activates the approach-avoidance motivational brain 

systems. Neuropsychologia, 46(9), 2423–2430. 

https://doi.org/10.1016/j.neuropsychologia.2008.02.029 

Hill, E. L., Berthoz, S., & Frith, U. (2004). Brief Report : Cognitive Processing of Own 

Emotions in Individuals with Autistic Spectrum Disorder and in Their Relatives Brief 

Report : Cognitive Processing of Own Emotions in Individuals with Autistic Spectrum 

Disorder and in Their Relatives. Journal of Autism and Developmental Disorders, 34(2). 

Hillyard, S. A., & Anllo-Vento, L. (1998). Event-related brain potentials in the study of 



182 

 

visual selective attention. Proceedings of the National Academy of Sciences, 95(3), 781–

787. https://doi.org/10.1073/pnas.95.3.781 

Hintikka, J., Honkalampi, K., Koivumaa-Honkanen, H., Antikainen, R., Tanskanen, A., 

Haatainen, K., & Viinamäki, H. (2004). Alexithymia and suicidal ideation: A 12-month 

follow-up study in a general population. Comprehensive Psychiatry, 45(5), 340–345. 

https://doi.org/10.1016/j.comppsych.2004.06.008 

Hoehl, S., Reid, V. M., Parise, E., Handl, A., Palumbo, L., & Striano, T. (2009). Looking at 

Eye Gaze Processing and Its Neural Correlates in Infancy-Implications for Social 

Development and Autism Spectrum Disorder. Child Development, 80(4), 968–985. 

https://doi.org/10.1111/j.1467-8624.2009.01311.x 

Hoekstra, R. A., Vinkhuyzen, A. A. E., Wheelwright, S., Bartels, M., Boomsma, D. I., Baron-

Cohen, S., … Van Der Sluis, S. (2011). The construction and validation of an abridged 

version of the autism-spectrum quotient (AQ-short). Journal of Autism and 

Developmental Disorders, 41(5), 589–596. https://doi.org/10.1007/s10803-010-1073-0 

Hoppe, K. D., & Bogen, J. E. (1977). Alexithymia in Twelve Commissurotomized Patients. 

Psychotherapy and Psychosomatics, 28(1–4), 148–155. 

https://doi.org/10.1159/000287057 

Hornsveld, R. H. J., & Kraaimaat, F. W. (2012). Alexithymia in Dutch violent forensic 

psychiatric outpatients. Psychology, Crime and Law, 18(9), 833–846. 

https://doi.org/10.1080/1068316X.2011.568416 

Hornung, J., Kogler, L., Wolpert, S., Freiherr, J., & Derntl, B. (2017). The human body odor 

compound androstadienone leads to anger-dependent effects in an emotional Stroop but 

not dotprobe task using human faces. PLoS ONE, 12(4), 1–19. 



183 

 

https://doi.org/10.1371/journal.pone.0175055 

Hsiao, J. H. W., & Cottrell, G. (2008). Two fixations suffice in face recognition. 

Psychological Science, 19(10), 998–1006. https://doi.org/10.1111/j.1467-

9280.2008.02191.x 

Hu, C., Di, X., Eickhoff, S. B., Zhang, M., Peng, K., Guo, H., & Sui, J. (2016). Distinct and 

common aspects of physical and psychological self-representation in the brain: A meta-

analysis of self-bias in facial and self-referential judgements. Neuroscience and 

Biobehavioral Reviews, 61, 197–207. https://doi.org/10.1016/j.neubiorev.2015.12.003 

Ihme, K., Sacher, J., Lichev, V., Rosenberg, N., Kugel, H., Rufer, M., … Suslow, T. (2014a). 

Alexithymia and the labeling of facial emotions: Response slowing and increased motor 

and somatosensory processing. BMC Neuroscience, 15, 1–10. 

https://doi.org/10.1186/1471-2202-15-40 

Ihme, K., Sacher, J., Lichev, V., Rosenberg, N., Kugel, H., Rufer, M., … Suslow, T. (2014b). 

Alexithymic features and the labeling of brief emotional facial expressions - An fMRI 

study. Neuropsychologia, 64, 289–299. 

https://doi.org/10.1016/j.neuropsychologia.2014.09.044 

Itier, R. J., Alain, C., Kovacevic, N., & McIntosh, A. R. (2007). Explicit versus implicit gaze 

processing assessed by ERPs. Brain Research, 1177(1), 79–89. 

https://doi.org/10.1016/j.brainres.2007.07.094 

Ito, T. A., & Urland, G. R. (2003). Race and Gender on the Brain: Electrocortical Measures 

of Attention to the Race and Gender of Multiply Categorizable Individuals. Journal of 

Personality and Social Psychology, 85(4), 616–626. https://doi.org/10.1037/0022-

3514.85.4.616 



184 

 

Jack, R. E., Blais, C., Scheepers, C., Schyns, P. G., & Caldara, R. (2009). Cultural 

Confusions Show that Facial Expressions Are Not Universal. Current Biology, 19(18), 

1543–1548. https://doi.org/10.1016/j.cub.2009.07.051 

Jack, R. E., Garrod, O. G. B., & Schyns, P. G. (2014). Dynamic facial expressions of emotion 

transmit an evolving hierarchy of signals over time. Current Biology, 24(2), 187–192. 

https://doi.org/10.1016/j.cub.2013.11.064 

Janak, P. H., & Tye, K. M. (2015). From circuits to behaviour in the amygdala. Nature, 

517(7534), 284–292. https://doi.org/10.1038/nature14188 

Jenkins, A. C., Macrae, C. N., & Mitchell, J. P. (2008). Repetition suppression of 

ventromedial prefrontal activity during judgments of self and others. Proceedings of the 

National Academy of Sciences, 105(11), 4507–4512. 

https://doi.org/10.1073/pnas.0708785105 

Jessimer, M., & Markham, R. (1997). Alexithymia: A right hemisphere dysfunction specific 

to recognition of certain facial expressions? Brain and Cognition, 34(2), 246–258. 

https://doi.org/10.1006/brcg.1997.0900 

Jiang, Z., Li, W., Recio, G., Liu, Y., Luo, W., Zhang, D., & Sun, D. (2014). Time pressure 

inhibits dynamic advantage in the classification of facial expressions of emotion. PLoS 

ONE, 9(6), 1–7. https://doi.org/10.1371/journal.pone.0100162 

Johnson, M. H., Senju, A., & Tomalski, P. (2015). The two-process theory of face 

processing: Modifications based on two decades of data from infants and adults. 

Neuroscience and Biobehavioral Reviews, 50, 169–179. 

https://doi.org/10.1016/j.neubiorev.2014.10.009 

Jones, W., Carr, K., & Klin, A. (2008). Absence of preferential looking to the eyes of 



185 

 

approaching adults predicts level of social disability in 2-year-old toddlers with autism 

spectrum disorder. Archives of General Psychiatry, 65(8), 946–954. 

https://doi.org/http://dx.doi.org/10.1001/archpsyc.65.8.946 

Jongen, S., Axmacher, N., Kremers, N. A. W., Hoffmann, H., Limbrecht-Ecklundt, K., Traue, 

H. C., & Kessler, H. (2014). An investigation of facial emotion recognition impairments 

in alexithymia and its neural correlates. Behavioural Brain Research, 271, 129–139. 

https://doi.org/10.1016/j.bbr.2014.05.069 

Joseph, R. M., Ehrman, K., McNally, R., & Keehn, B. (2008). Affective response to eye 

contact and face recognition ability in children with ASD. Journal of the International 

Neuropsychological Society, 14(6), 947–955. 

https://doi.org/10.1017/S1355617708081344 

Jung, T., Makeig, S., Lee, T., Mckeown, M. J., Brown, G., Bell, A. J., & Sejnowski, T. J. 

(2000). Independent Component Analysis of Biomedical Signals. Proceedings of the 

2nd International Workshop on Independent Component Analysis and Blind Signal 

Separation, (1), 633–644. 

Kalbe, E., Schlegel, M., Sack, A. T., Nowak, D. A., Dafotakis, M., Bangard, C., … Kessler, 

J. (2010). Dissociating cognitive from affective theory of mind: A TMS study. Cortex, 

46(6), 769–780. https://doi.org/10.1016/j.cortex.2009.07.010 

Kano, M., Fukudo, S., Gyoba, J., Kamachi, M., Tagawa, M., Mochizuki, H., … Yanai, K. 

(2003). Specific brain processing of facial expressions in people with alexithymia: An 

H215O-PET study. Brain, 126(6), 1474–1484. https://doi.org/10.1093/brain/awg131 

Karlsson, H., Näätänen, P., & Stenman, H. (2008). Cortical activation in alexithymia as a 

response to emotional stimuli. British Journal of Psychiatry, 192(1), 32–38. 



186 

 

https://doi.org/10.1192/bjp.bp.106.034728 

Karukivi, M. (2014). Development of alexithymic personality features. World Journal of 

Psychiatry, 4(4), 91. https://doi.org/10.5498/wjp.v4.i4.91 

Karukivi, M., Joukamaa, M., Hautala, L., Kaleva, O., Haapasalo-Pesu, K. M., Liuksila, P. R., 

& Saarijärvi, S. (2011). Does perceived social support and parental attitude relate to 

alexithymia? A study in Finnish late adolescents. Psychiatry Research, 187(1–2), 254–

260. https://doi.org/10.1016/j.psychres.2010.11.028 

Karukivi, M., Joukamaa, M., Hautala, L., Kaleva, O., Haapasalo-Pesu, K. M., Liuksila, P. R., 

& Saarijärvi, S. (2012). Deficit in speech development at the age of 5 years predicts 

alexithymia in late-adolescent males. Comprehensive Psychiatry, 53(1), 54–62. 

https://doi.org/10.1016/j.comppsych.2011.01.012 

Kato, T., Kawashima, R., Fukuda, H., Nakamura, K., Sugiura, M., Kojima, S., … Nakamura, 

A. (1999). The human amygdala plays an important role in gaze monitoring. A PET 

study. Brain, 122(4), 779–783. 

Kätsyri, J., Saalasti, S., Tiippana, K., von Wendt, L., & Sams, M. (2008). Impaired 

recognition of facial emotions from low-spatial frequencies in Asperger syndrome. 

Neuropsychologia, 46(7), 1888–1897. 

https://doi.org/10.1016/j.neuropsychologia.2008.01.005 

Kelley, W. M., Macrae, C. N., Wyland, C. L., Caglar, S., Inati, S., & Heatherton, T. F. 

(2002). Finding the Self? An Event-Related fMRI Study. Journal of Cognitive 

Neuroscience, 14(5), 785–794. https://doi.org/10.1162/08989290260138672 

Killgore, W. D. S., & Yurgelun-Todd, D. A. (2007). The right-hemisphere and valence 

hypotheses: Could they both be right (and sometimes left)? Social Cognitive and 



187 

 

Affective Neuroscience, 2(3), 240–250. https://doi.org/10.1093/scan/nsm020 

Kim, M. J., Loucks, R. A., Palmer, A. L., Brown, A. C., Solomon, K. M., Marchante, A. N., 

& Whalen, P. J. (2011). The structural and functional connectivity of the amygdala: 

From normal emotion to pathological anxiety. Behavioural Brain Research, 223(2), 

403–410. https://doi.org/10.1016/j.bbr.2011.04.025 

Kinnaird, E., Stewart, C., & Tchanturia, K. (2019). Investigating alexithymia in autism: A 

systematic review and meta-analysis. European Psychiatry, 55, 80–89. 

https://doi.org/10.1016/j.eurpsy.2018.09.004 

Kircher, T. T. ., Senior, C., Phillips, M. L., Rabe-Hesketh, S., Benson, P. J., Bullmore, E. 

T., … David, A. S. (2001). Recognizing one’s own face. Cognition, 78(1), B1–B15. 

https://doi.org/10.1016/S0010-0277(00)00104-9 

Kircher, T. T., Seiferth, N. Y., Plewnia, C., Baar, S., & Schwabe, R. (2007). Self-face 

recognition in schizophrenia. Schizophrenia Research, 94(1–3), 264–272. 

https://doi.org/10.1016/j.schres.2007.04.029 

Klassen, R. M. (2004). A cross-cultural investigation of the efficacy beliefs of South Asian 

immigrant and Anglo Canadian nonimmigrant early adolescents. Journal of Educational 

Psychology, 96(4), 731–742. https://doi.org/10.1037/0022-0663.96.4.731 

Kleberg, J. L., Högström, J., Nord, M., Bölte, S., Serlachius, E., & Falck-Ytter, T. (2017). 

Autistic Traits and Symptoms of Social Anxiety are Differentially Related to Attention 

to Others’ Eyes in Social Anxiety Disorder. Journal of Autism and Developmental 

Disorders, 47(12), 3814–3821. https://doi.org/10.1007/s10803-016-2978-z 

Kleiman, A., Kramer, K. A., Wegener, I., Koch, A. S., Geiser, F., Imbierowicz, K., … 

Conrad, R. (2016). Psychophysiological decoupling in alexithymic pain disorder 



188 

 

patients. Psychiatry Research, 237(2016), 316–322. 

https://doi.org/10.1016/j.psychres.2016.01.021 

Kleiner, M., Brainard, D., & Pelli, D. (2007). What’s new in Psychtoolbox-3? Perception, 

36(ECVP Abstract Supplement). 

Kloth, N., Itier, R. J., & Schweinberger, S. R. (2013). Combined effects of inversion and 

feature removal on N170 responses elicited by faces and car fronts. Brain and 

Cognition, 81(3), 321–328. https://doi.org/10.1016/j.bandc.2013.01.002 

Klucharev, V., & Sams, M. (2004). Interaction of gaze direction and facial expressions 

processing: ERP study. NeuroReport, 15(4), 621–625. 

https://doi.org/10.1097/00001756-200403220-00010 

Kock;, N., & Lynn, G. S. (2012). Lateral Collinearity and Misleading Results in Variance-

Based SEM: An Illustration and Recommendations. Journal of the Association for 

Information System, 13(7), 546–580. 

Kokkonen, P., Veijola, J., Karvonen, J. T., Läksy, K., Jokelainen, J., Järvelin, M. R., & 

Joukamaa, M. (2003). Ability to speak at the age of 1 year and alexithymia 30 years 

later. Journal of Psychosomatic Research, 54(5), 491–495. 

https://doi.org/10.1016/S0022-3999(02)00465-8 

Kuenssberg, R., Murray, A. L., Booth, T., & McKenzie, K. (2014). Structural validation of 

the abridged Autism Spectrum Quotient-Short Form in a clinical sample of people with 

autism spectrum disorders. Autism, 18(2), 69–75. 

https://doi.org/10.1177/1362361312467708 

Kugel, H., Eichmann, M., Dannlowski, U., Ohrmann, P., Bauer, J., Arolt, V., … Suslow, T. 

(2008). Alexithymic features and automatic amygdala reactivity to facial emotion. 



189 

 

Neuroscience Letters, 435(1), 40–44. https://doi.org/10.1016/j.neulet.2008.02.005 

Kuldkepp, N., Kreegipuu, K., Raidvee, A., Näätänen, R., & Allik, J. (2013). Unattended and 

attended visual change detection of motion as indexed by event-related potentials and its 

behavioral correlates. Frontiers in Human Neuroscience, 7(August), 1–9. 

https://doi.org/10.3389/fnhum.2013.00476 

Kupferberg, A., Bicks, L., & Hasler, G. (2016). Social functioning in major depressive 

disorder. Neuroscience and Biobehavioral Reviews, 69, 313–332. 

https://doi.org/10.1016/j.neubiorev.2016.07.002 

LaBar, K. S., Crupain, M. J., Voyvodic, J. T., & McCarthy, G. (2003). Dynamic perception 

of facial affect and identity in the human brain. Cerebral Cortex, 13(10), 1023–1033. 

https://doi.org/10.1093/cercor/13.10.1023 

Lamport, D., & Turner, L. A. (2014). Romantic attachment, empathy, and the broader autism 

phenotype among college students. Journal of Genetic Psychology, 175(3), 202–213. 

https://doi.org/10.1080/00221325.2013.856838 

Lane, R. D., Ahern, G. L., Schwartz, G. E., & Kaszniak, A. W. (1997). Is alexithymia the 

emotional equivalent of blindsight? Biological Psychiatry, 42(9), 834–844. 

https://doi.org/10.1016/S0006-3223(97)00050-4 

Lane, R. D., Hsu, C. H., Locke, D. E. C., Ritenbaugh, C., & Stonnington, C. M. (2015). Role 

of theory of mind in emotional awareness and alexithymia: Implications for 

conceptualization and measurement. Consciousness and Cognition, 33, 398–405. 

https://doi.org/10.1016/j.concog.2015.02.004 

Langton, S. R. H., Law, A. S., Burton, A. M., & Schweinberger, S. R. (2008). Attention 

capture by faces. Cognition, 107(1), 330–342. 



190 

 

https://doi.org/10.1016/j.cognition.2007.07.012 

Langton, S. R. H., Watt, R. J., & Bruce, V. (2000). Do the eyes have it? Cues to the direction 

of social attention. Trends in Cognitive Sciences, 4(2), 50–59. 

https://doi.org/10.1016/S1364-6613(99)01436-9 

Larsen, J. K., Brand, N., Bermond, B., & Hijman, R. (2003). Cognitive and emotional 

characteristics of alexithymia: A review of neurobiological studies. Journal of 

Psychosomatic Research, 54(6), 533–541. https://doi.org/10.1016/S0022-

3999(02)00466-X 

Lassalle, A., & Itier, R. J. (2013). Fearful, surprised, happy, and angry facial expressions 

modulate gaze-oriented attention: Behavioral and ERP evidence. Social Neuroscience, 

8(6), 583–600. https://doi.org/10.1080/17470919.2013.835750 

Lassalle, A., Zürcher, N. R., Porro, C. A., Benuzzi, F., Hippolyte, L., Lemonnier, E., … 

Hadjikhani, N. (2018). Influence of anxiety and alexithymia on brain activations 

associated with the perception of others’ pain in autism. Social Neuroscience, 00(00), 1–

19. https://doi.org/10.1080/17470919.2018.1468358 

Latinus, M., Love, S. A., Rossi, A., Parada, F. J., Huang, L., Conty, L., … Puce, A. (2014). 

Social decisions affect neural activity to perceived dynamic gaze. Social Cognitive and 

Affective Neuroscience, 10(11), 1557–1567. https://doi.org/10.1093/scan/nsv049 

Latinus, M., & Taylor, M. J. (2006). Face processing stages: Impact of difficulty and the 

separation of effects. Brain Research, 1123(1), 179–187. 

https://doi.org/10.1016/j.brainres.2006.09.031 

Lazarus, R. S. (1991). Emotion and Adaptation. New York, NY: Oxford University Press. 

Retrieved from 



191 

 

https://elibrary.fatih.edu.tr/login?url=http://search.ebscohost.com/login.aspx?direct=true

&db=bth&AN=7396712&lang=tr&site=eds-live 

Le, H. N., Berenbaum, H., & Raghavan, C. (2002). Culture and Alexithymia : Mean Levels, 

Correlates, and the Role of Parental Socialization of Emotions. Emotion, 2(4), 341–360. 

https://doi.org/10.1037/1528-3542.2.4.341 

Leder, H., & Bruce, V. (2000). When Inverted Faces are Recognized: The Role of Configural 

Information in Face Recognition. The Quarterly Journal of Experimental Psychology 

Section A, 53(2), 513–536. https://doi.org/10.1080/713755889 

Leopold, D. A., Rhodes, G., Muller, K.-M., & Jeffery, L. (2005). The dynamics of visual 

adaptation to faces. Proceedings of the Royal Society B: Biological Sciences, 272(1566), 

897–904. https://doi.org/10.1098/rspb.2004.3022 

Lesser, I. M. (1981). A review of the alexithymia concept. Psychosomatic Medicine, 43(6), 

531–543. https://doi.org/10.1097/00006842-198112000-00009 

Lever, A. G., & Geurts, H. M. (2016). Age-related differences in cognition across the adult 

lifespan in autism spectrum disorder. Autism Research, 9(6), 666–676. 

https://doi.org/10.1002/aur.1545 

Li, D., Yu, F., Ye, R., Chen, X., Xie, X., Zhu, C., & Wang, K. (2017). How does gaze 

direction affect facial processing in social anxiety? —An ERP study. Psychiatry 

Research, 251(February), 155–161. https://doi.org/10.1016/j.psychres.2017.02.018 

Li, S., Zhang, B., Guo, Y., & Zhang, J. (2015). The association between alexithymia as 

assessed by the 20-item Toronto Alexithymia Scale and depression: A meta-analysis. 

Psychiatry Research, 227(1), 1–9. https://doi.org/10.1016/j.psychres.2015.02.006 



192 

 

Liemburg, E. J., Swart, M., Bruggeman, R., Kortekaas, R., Knegtering, H., Ćurčić-Blake, B., 

& Aleman, A. (2012). Altered resting state connectivity of the default mode network in 

alexithymia. Social Cognitive and Affective Neuroscience, 7(6), 660–666. 

https://doi.org/10.1093/scan/nss048 

Lin, H., Schulz, C., & Straube, T. (2016). Effects of expectation congruency on event-related 

potentials (ERPs) to facial expressions depend on cognitive load during the expectation 

phase. Biological Psychology, 120(September 2017), 126–136. 

https://doi.org/10.1016/j.biopsycho.2016.09.006 

Liu, J., Harris, A., & Kanwisher, N. (2010). Perception of face parts and face configurations: 

An fMRI study. Journal of Cognitive Neuroscience, 22(1), 203–211. 

https://doi.org/10.1162/jocn.2009.21203 

Livingston, L. A., & Happé, F. (2017). Conceptualising compensation in neurodevelopmental 

disorders: Reflections from autism spectrum disorder. Neuroscience and Biobehavioral 

Reviews, 80(May), 729–742. https://doi.org/10.1016/j.neubiorev.2017.06.005 

Lo, C. (2014). Cultural values and Alexithymia. SAGE Open, 4(4). 

https://doi.org/10.1177/2158244014555117 

Lockwood, P. L., Apps, M. A. J., Roiser, J. P., & Viding, E. (2015). Encoding of Vicarious 

Reward Prediction in Anterior Cingulate Cortex and Relationship with Trait Empathy. 

The Journal of Neuroscience, 35(40), 13720–13727. 

https://doi.org/10.1523/jneurosci.1703-15.2015 

Loiselle, C. G., & Cossette, S. (2001). Cross-Cultural Validation of the Toronto Alexithymia 

Scale (TAS-20) in U.S. and Peruvian Populations. Transcultural Psychiatry, 38(3), 348–

362. https://doi.org/10.1177/136346150103800305 



193 

 

Lopes, P. N., Salovey, P., Côté, S., & Beers, M. (2005). Emotion regulation abilities and the 

quality of social interaction. Emotion, 5(1), 113–118. https://doi.org/10.1037/1528-

3542.5.1.113 

Lopez-Calderon, J., & Luck, S. J. (2014). ERPLAB: an open-source toolbox for the analysis 

of event-related potentials. Frontiers in Human Neuroscience, 8(April), 1–14. 

https://doi.org/10.3389/fnhum.2014.00213 

Losh, M., Adolphs, R., Poe, M. D., Couture, S., Penn, D., Baranek, G. T., & Piven, J. (2009). 

Neuropsychological profile of autism and the broad autism phenotype. Archives of 

General Psychiatry, 66(5), 518–526. https://doi.org/10.1001/archgenpsychiatry.2009.34 

Lovibond, S. H., & Lovibond, P. F. (1995). Manual for the Depression Anxiety Stress Scales 

(2nd ed.). Sydney: Psychology Foundation. 

Luck, S. J. (2014). Quantifying ERP amplitudes and latencies. In An introduction to the 

event-related potential technique (2nd ed., pp. 283–307). Cambridge, Massachusetts: 

The MIT Press. https://doi.org/10.1017/CBO9781107415324.004 

Luck, S. J., & Kappenman, E. S. (2012). ERP Components and Selective Attention. The 

Oxford Handbook of Event-Related Potential Components. 

https://doi.org/10.1093/oxfordhb/9780195374148.013.0144 

Luminet, O., Rimé, B., Bagby, M. R., & Taylor, G. J. (2004). A multimodal investigation of 

emotional responding in alexithymia. Cognition and Emotion, 18(6), 741–766. 

https://doi.org/10.1080/02699930341000275 

Lundström, S., Chang, Z., Råstam, M., Gillberg, C., Larsson, H., Anckarsäter, H., & 

Lichtenstein, P. (2012). Autism spectrum disorders and autisticlike traits: similar 

etiology in the extreme end and the normal variation. Archives of General Psychiatry, 



194 

 

69(1), 46. https://doi.org/10.1001/archgenpsychiatry.2011.144 

Luyten, P., & Fonagy, P. (2015). The Neurobiology of Mentalizing. Personality Disorders: 

Theory, Research, and Treatment, 6(4), 366–379. https://doi.org/10.1037/per0000117 

MacLean, P. D. (1949). Psychosomatic Disease and the “Visceral Brain.” Psychosomatic 

Medicine, 11(6), 338–353. https://doi.org/10.1097/00006842-194911000-00003 

Maratos, F. A., Mogg, K., & Bradley, B. P. (2008). Identification of angry faces in the 

attentional blink. Cognition and Emotion, 22(7), 1340–1352. 

https://doi.org/10.1080/02699930701774218 

Marchesi, C., Brusamonti, E., & Maggini, C. (2000). Are alexithymia, depression, and 

anxiety distinct constructs in affective disorders? Journal of Psychosomatic Research, 

49(1), 43–49. https://doi.org/10.1016/S0022-3999(00)00084-2 

Marini, F., Marzi, T., & Viggiano, M. P. (2011). “Wanted!” the effects of reward on face 

recognition: Electrophysiological correlates. Cognitive, Affective and Behavioral 

Neuroscience, 11(4), 627–643. https://doi.org/10.3758/s13415-011-0057-7 

Marschner, L., Pannasch, S., Schulz, J., & Graupner, S. T. (2015). Social communication 

with virtual agents: The effects of body and gaze direction on attention and emotional 

responding in human observers. International Journal of Psychophysiology, 97(2), 85–

92. https://doi.org/10.1016/j.ijpsycho.2015.05.007 

Martínez-Velázquez, E. S., Honoré, J., Zorzi, L. de, Ramos-Loyo, J., & Sequeira, H. (2017). 

Autonomic reactivity to arousing stimuli with social and non-social relevance in 

alexithymia. Frontiers in Psychology, 8(MAR), 1–10. 

https://doi.org/10.3389/fpsyg.2017.00361 



195 

 

Mason, O., Tyson, M., Jones, C., & Potts, S. (2005). Alexithymia: Its prevalence and 

correlates in a British undergraduate sample. Psychology and Psychotherapy: Theory, 

Research and Practice, 78(1), 113–125. https://doi.org/10.1348/147608304X21374 

Mathews, A., Fox, E., Yiend, J., & Calder, A. (2003). The face of fear: Effects of eye gaze 

and emotion on visual attention. Visual Cognition, 10(7), 823–835. 

https://doi.org/10.1080/13506280344000095 

McCrackin, S. D., & Itier, R. J. (2018). Is it about me? Time-course of self-relevance and 

valence effects on the perception of neutral faces with direct and averted gaze. 

Biological Psychology, 135(October 2017), 47–64. 

https://doi.org/10.1016/j.biopsycho.2018.03.003 

McDonald, P. W., & Prkachin, K. M. (1990). The Expression and Perception of Facial 

Emotion in Alexithymia: A Pilot Study. Psychosomatic Medicine, 52(2), 199–210. 

https://doi.org/10.1097/00006842 

McGillivray, L., Becerra, R., & Harms, C. (2017). Prevalence and Demographic Correlates of 

Alexithymia: A Comparison Between Australian Psychiatric and Community Samples. 

Journal of Clinical Psychology, 73(1), 76–87. https://doi.org/10.1002/jclp.22314 

McKelvie, S. J. (1995). Emotional expression in upside‐down faces: Evidence for 

configurational and componential processing. British Journal of Social Psychology, 

34(3), 325–334. https://doi.org/10.1111/j.2044-8309.1995.tb01067.x 

McPartland, J., Cheung, C. H. M., Perszyk, D., & Mayes, L. C. (2010). Face-related ERPs are 

modulated by point of gaze. Neuropsychologia, 48(12), 3657–3660. 

https://doi.org/10.1016/j.neuropsychologia.2010.07.020 

Mercure, E., Dick, F., & Johnson, M. H. (2008). Featural and configural face processing 



196 

 

differentially modulate ERP components. Brain Research, 1239, 162–170. 

https://doi.org/10.1016/j.brainres.2008.07.098 

Mériau, K., Wartenburger, I., Kazzer, P., Prehn, K., Lammers, C. H., van der Meer, E., … 

Heekeren, H. R. (2006). A neural network reflecting individual differences in cognitive 

processing of emotions during perceptual decision making. NeuroImage, 33(3), 1016–

1027. https://doi.org/10.1016/j.neuroimage.2006.07.031 

Mesquita, B., & Albert, D. (2007). The cultural regulation of emotions. In J. J. Gross (Ed.), 

Handbook of emotion regulation (pp. 486–503). Guilford Publications. 

Michel, C., Corneille, O., Rossion, B. D., Stefanucci, J. K., & Proffitt, D. R. (2009). Holistic 

face encoding is modulated by perceived face race: evidence from perceptual 

adaptation\rThe roles of altitude and fear in the perception of height. Visual Cognition, 

18, 434–455. 

Midi, H., Sarkar, S. K., & Rana, S. (2010). Collinearity diagnostics of binary logistic 

regression model. Journal of Interdisciplinary Mathematics, 13(3), 253–267. 

https://doi.org/10.1080/09720502.2010.10700699 

Milosavljevic, B., Carter Leno, V., Simonoff, E., Baird, G., Pickles, A., Jones, C. R. G. 

G., … Happé, F. (2016). Alexithymia in Adolescents with Autism Spectrum Disorder: 

Its Relationship to Internalising Difficulties, Sensory Modulation and Social Cognition. 

Journal of Autism and Developmental Disorders, 46(4), 1354–1367. 

https://doi.org/10.1007/s10803-015-2670-8 

Ministry of Finance, S. (2019). Building a Strong, United Singapore - Budget in Brief 2019. 

https://doi.org/.1037//0033-2909.I26.1.78 

Miyazawa, S., & Iwasaki, S. (2010). Do Happy Faces Capture Attention? The Happiness 



197 

 

Superiority Effect in Attentional Blink. Emotion, 10(5), 712–716. 

https://doi.org/10.1037/a0019348 

Moeller, S. J., & Goldstein, R. Z. (2014). Impaired self-awareness in human addiction: 

Deficient attribution of personal relevance. Trends in Cognitive Sciences, 18(12), 635–

641. https://doi.org/10.1016/j.tics.2014.09.003 

Monk, C. S., Nelson, E. E., McClure, E. B., Mogg, K., Bradley, B. P., Ellen Leibenluft, M. 

D., … Pine, D. S. (2006). Ventrolateral Prefrontal Cortex Activation and Attentional 

Bias in Response to Angry Faces in Adolescents With Generalized Anxiety Disorder. 

American Journal of Psychiatry, 65(5), 568–576. Retrieved from 

http://ajp.psychiatryonline.org/doi/abs/10.1176/ajp.2006.163.6.1091 

Monroe, L. (2015). This is How I Feel: Diary of Alexithymia. CreateSpace Independent 

Publishing Platform. 

Moors, A., Ellsworth, P. C., Scherer, K. R., & Frijda, N. H. (2013). Appraisal theories of 

emotion: State of the art and future development. Emotion Review, 5(2), 119–124. 

https://doi.org/10.1177/1754073912468165 

Moors, A., & Scherer, K. R. (2013). Role of appraisal in emotion. In M. D. Robinson, E. R. 

Watkins, & E. Harmon-Jones (Eds.), Handbook of cognition and emotion (pp. 135–155). 

The Guilford Press. 

Morel, S., Ponz, A., Mercier, M., Vuilleumier, P., & George, N. (2009). EEG-MEG evidence 

for early differential repetition effects for fearful, happy and neutral faces. Brain 

Research, 1254, 84–98. https://doi.org/10.1016/j.brainres.2008.11.079 

Moriguchi, Y., Decety, J., Ohnishi, T., Maeda, M., Mori, T., Nemoto, K., … Komaki, G. 

(2007a). Empathy and judging other’s pain: An fMRI study of alexithymia. Cerebral 



198 

 

Cortex, 17(9), 2223–2234. https://doi.org/10.1093/cercor/bhl130 

Moriguchi, Y., Maeda, M., Igarashi, T., Ishikawa, T., Shoji, M., Kubo, C., & Komaki, G. 

(2007b). Age and gender effect on ’alexithymia in large, Japanese community and 

clinical samples: A cross-validation study of the Toronto Alexithymia Scale (TAS-20). 

BioPsychoSocial Medicine, 1. https://doi.org/10.1186/1751-0759-1-7 

Moriguchi, Y., Ohnishi, T., Decety, J., Hirakata, M., Maeda, M., Matsuda, H., & Komaki, G. 

(2009). The human mirror neuron system in a population with deficient self-awareness: 

An fMRI study in alexithymia. Human Brain Mapping, 30(7), 2063–2076. 

https://doi.org/10.1002/hbm.20653 

Morita, T., Kosaka, H., Saito, D. N., Ishitobi, M., Munesue, T., Itakura, S., … Sadato, N. 

(2012). Emotional responses associated with self-face processing in individuals with 

autism spectrum disorders: An fMRI study. Social Neuroscience, 7(3), 223–239. 

https://doi.org/10.1080/17470919.2011.598945 

Morris, J. S., Öhman, A., & Dolan, R. J. (1998). Conscious and unconscious emotional 

learning in the human amygdala. Nature, 393(6684), 467–470. 

https://doi.org/10.1038/30976 

Mul, C. lène, Stagg, S. D., Herbelin, B., & Aspell, J. E. (2018). The Feeling of Me Feeling 

for You: Interoception, Alexithymia and Empathy in Autism. Journal of Autism and 

Developmental Disorders, 48(9), 2953–2967. https://doi.org/10.1007/s10803-018-3564-

3 

Mulert, C., Seifert, C., Leicht, G., Kirsch, V., Ertl, M., Karch, S., … Jäger, L. (2008). Single-

trial coupling of EEG and fMRI reveals the involvement of early anterior cingulate 

cortex activation in effortful decision making. NeuroImage, 42(1), 158–168. 



199 

 

https://doi.org/10.1016/j.neuroimage.2008.04.236 

Müller, J., Bühner, M., & Ellgring, H. (2004). The assessment of alexithymia: Psychometric 

properties and validity of the Bermond-Vorst alexithymia questionnaire. Personality and 

Individual Differences, 37(2), 373–391. https://doi.org/10.1016/j.paid.2003.09.010 

Murphy, S. T., & Zajonc, R. B. (1993). Affect, Cognition, and Awareness: Affective Priming 

With Optimal and Suboptimal Stimulus Exposures. Journal of Personality and Social 

Psychology, 64(5), 723–739. https://doi.org/10.1037/0022-3514.64.5.723 

N’Diaye, K., Sander, D., & Vuilleumier, P. (2009). Self-Relevance Processing in the Human 

Amygdala: Gaze Direction, Facial Expression, and Emotion Intensity. Emotion, 9(6), 

798–806. https://doi.org/10.1037/a0017845 

Neath, K., Nilsen, E. S., Gittsovich, K., & Itier, R. J. (2013). Attention orienting by gaze and 

facial expressions across development. Emotion, 13(3), 397–408. 

https://doi.org/10.1037/a0030463 

Nemiah, J. C. (1977). Alexithymia. Theoretical considerations. Psychotherapy and 

Psychosomatics, 28(1–4), 199–206. https://doi.org/10.1159/000287064 

Nemrodov, D., Anderson, T., Preston, F. F., & Itier, R. J. (2014). Early sensitivity for eyes 

within faces: A new neuronal account of holistic and featural processing. NeuroImage, 

97, 81–94. https://doi.org/10.1016/j.neuroimage.2014.04.042 

Neumann, D., Spezio, M. L., Piven, J., & Adolphs, R. (2006). Looking you in the mouth: 

abnormal gaze in autism resulting from impaired top-down modulation of visual 

attention. Social Cognitive and Affective Neuroscience, 1(3), 194–202. 

https://doi.org/10.1093/scan/nsl030 



200 

 

Nguyen, V. T., & Cunnington, R. (2014). The superior temporal sulcus and the N170 during 

face processing: Single trial analysis of concurrent EEG-fMRI. NeuroImage, 86, 492–

502. https://doi.org/10.1016/j.neuroimage.2013.10.047 

Nicolò, G., Semerari, A., Lysaker, P. H., Dimaggio, G., Conti, L., D’Angerio, S., … 

Carcione, A. (2011). Alexithymia in personality disorders: Correlations with symptoms 

and interpersonal functioning. Psychiatry Research, 190(1), 37–42. 

https://doi.org/10.1016/j.psychres.2010.07.046 

Nomi, J. S., Frances, C., Nguyen, M. T., Bastidas, S., & Troup, L. J. (2013). Interaction of 

threat expressions and eye gaze: An event-related potential study. NeuroReport, 24(14), 

813–817. https://doi.org/10.1097/WNR.0b013e3283647682 

Nomura, M., Ohira, H., Haneda, K., Iidaka, T., Sadato, N., Okada, T., & Yonekura, Y. 

(2004). Functional association of the amygdala and ventral prefrontal cortex during 

cognitive evaluation of facial expressions primed by masked angry faces: an event-

related fMRI study. NeuroImage, 21(1), 352–363. 

https://doi.org/10.1016/j.neuroimage.2003.09.021 

Northoff, G., Heinzel, A., de Greck, M., Bermpohl, F., Dobrowolny, H., & Panksepp, J. 

(2006). Self-referential processing in our brain-A meta-analysis of imaging studies on 

the self. NeuroImage, 31(1), 440–457. https://doi.org/10.1016/j.neuroimage.2005.12.002 

Nyklíček, I., & Vingerhoets, A. J. J. M. (2000). Alexithymia is associated with low tolerance 

to experimental painful stimulation. Pain, 85(3), 471–475. 

https://doi.org/10.1016/S0304-3959(99)00295-X 

Ochsner, K. N., Ray, R. D., Cooper, J. C., Robertson, E. R., Chopra, S., Gabrieli, J. D. E., & 

Gross, J. J. (2004). For better or for worse: Neural systems supporting the cognitive 



201 

 

down- and up-regulation of negative emotion. NeuroImage, 23(2), 483–499. 

https://doi.org/10.1016/j.neuroimage.2004.06.030 

Oei, T. P. S., Sawang, S., Goh, Y. W., & Mukhtar, F. (2013). Using the Depression Anxiety 

Stress Scale 21 (DASS-21) across cultures. International Journal of Psychology. Taylor 

& Francis. https://doi.org/10.1080/00207594.2012.755535 

Olson, I. R., & Marshuetz, C. (2005). Facial attractiveness is appraised in a glance. Emotion, 

5(4), 498–502. https://doi.org/10.1037/1528-3542.5.4.498 

Oosterhof, N. N., & Todorov, A. (2009). Shared Perceptual Basis of Emotional Expressions 

and Trustworthiness Impressions From Faces. Emotion, 9(1), 128–133. 

https://doi.org/10.1037/a0014520 

Or, C. C.-F. C. F., Peterson, M. F., & Eckstein, M. P. (2015). Initial eye movements during 

face identification are optimal and similar across cultures. Journal of Vision, 15(13), 1–

25. https://doi.org/10.1167/15.13.12 

Pageler, N. M., Menon, V., Merin, N. M., Eliez, S., Brown, W. E., & Reiss, A. L. (2003). 

Effect of head orientation on gaze processing in fusiform gyrus and superior temporal 

sulcus. NeuroImage, 20(1), 318–329. https://doi.org/10.1016/S1053-8119(03)00229-5 

Pandey, R., Mandal, M. K., Taylor, G. J., & Parker, J. D. A. (1996). Cross-cultural 

alexithymia: Development and validation of a Hindi translation of the 20-item Toronto 

alexithymia scale. Journal of Clinical Psychology, 52(2), 173–176. 

https://doi.org/10.1002/(SICI)1097-4679(199603)52:2<173::AID-JCLP8>3.0.CO;2-V 

Papagiannopoulou, E. A., Chitty, K. M., Hermens, D. F., Hickie, I. B., & Lagopoulos, J. 

(2014). A systematic review and meta-analysis of eye-tracking studies in children with 

autism spectrum disorders. Social Neuroscience, 9(6), 610–632. 



202 

 

https://doi.org/10.1080/17470919.2014.934966 

Parker, J. D. A., Eastabrook, J. M., Keefer, K. V., & Wood, L. M. (2010). Can Alexithymia 

Be Assessed in Adolescents? Psychometric Properties of the 20-Item Toronto 

Alexithymia Scale in Younger, Middle, and Older Adolescents. Psychological 

Assessment, 22(4), 798–808. https://doi.org/10.1037/a0020256 

Parker, J. D. A., Michael Bagby, R., Taylor, G. J., Endler, N. S., & Schmitz, P. (1993a). 

Factorial validity of the 20-item Toronto Alexithymia Scale. European Journal of 

Personality, 7(4), 221–232. https://doi.org/10.1002/per.2410070403 

Parker, J. D. A., Taylor, G. J., & Bagby, M. R. (1993b). Alexithymia and the Recognition of 

Facial Expressions of Emotion. Psychotherapy and Psychosomatics, 59(3–4), 197–202. 

https://doi.org/10.1159/000288664 

Parker, J. D. A., Taylor, G. J., & Bagby, R. M. (1989). The alexithymia construct: 

Relationship with sociodemographic variables and intelligence. Comprehensive 

Psychiatry, 30(5), 434–441. https://doi.org/10.1016/0010-440X(89)90009-6 

Parker, P. D., Prkachin, K. M., & Prkachin, G. C. (2005). Processing of facial expressions of 

negative emotion in alexithymia: The influence of temporal constraint. Journal of 

Personality, 73(4), 1087–1107. https://doi.org/10.1111/j.1467-6494.2005.00339.x 

Parkington, K. B., & Itier, R. J. (2018). One versus two eyes makes a difference! Early face 

perception is modulated by featural fixation and feature context. Cortex, 109, 35–49. 

https://doi.org/10.1016/j.cortex.2018.08.025 

Parsons, L. M. (2001). New Evidence for Distinct Right and Left Brain Systems for 

Deductive versus Probabilistic Reasoning. Cerebral Cortex, 11(10), 954–965. 

https://doi.org/10.1093/cercor/11.10.954 



203 

 

Patil, I., Melsbach, J., Hennig-Fast, K., & Silani, G. (2016). Divergent roles of autistic and 

alexithymic traits in utilitarian moral judgments in adults with autism. Scientific Reports, 

6(March), 1–15. https://doi.org/10.1038/srep23637 

Pecchinenda, A., Pes, M., Ferlazzo, F., & Zoccolotti, P. (2008). The Combined Effect of 

Gaze Direction and Facial Expression on Cueing Spatial Attention. Emotion, 8(5), 628–

634. https://doi.org/10.1037/a0013437 

Pegna, A. J., Darque, A., Berrut, C., & Khateb, A. (2011). Early ERP modulation for task-

irrelevant subliminal faces. Frontiers in Psychology, 2(MAY), 1–10. 

https://doi.org/10.3389/fpsyg.2011.00088 

Pegna, A. J., Landis, T., & Khateb, A. (2008). Electrophysiological evidence for early non-

conscious processing of fearful facial expressions. International Journal of 

Psychophysiology, 70(2), 127–136. https://doi.org/10.1016/j.ijpsycho.2008.08.007 

Pelli, D. G. (1997). The VideoToolbox software for visual psychophysics: transforming 

numbers into movies. Spatial Vision, 10(4), 437–442. 

https://doi.org/10.1163/156856897X00366 

Pelphrey, K. A., Sasson, N. J., Reznick, J. S., Paul, G., Goldman, B. D., & Piven, J. (2002). 

Visual Scanning of Faces in Autism. Journal of Autism and Developmental Disorders, 

32(4), 249–261. https://doi.org/10.1023/A:1016374617369 

Pernet, C. R., Wilcox, R., & Rousselet, G. A. (2013). Robust correlation analyses: False 

positive and power validation using a new open source matlab toolbox. Frontiers in 

Psychology, 3(JAN), 1–18. https://doi.org/10.3389/fpsyg.2012.00606 

Perrett, D. I., & Emery, N. J. (1994). Understanding the intentions of others from visual 

signals: neurophysiological evidence. Cahiers de Psychologie Cognitive, 13, 683–694. 



204 

 

https://doi.org/10.1080/713754324 

Pessoa, L., & Adolphs, R. (2010). Emotion processing and the amygdala: from a “low road” 

to “many roads” of evaluating biological significance. Nature Reviews Neuroscience, 

11(11), 773–782. https://doi.org/10.1038/nrn2920 

Peterson, M. F., & Eckstein, M. P. (2012). Looking just below the eyes is optimal across face 

recognition tasks. Proceedings of the National Academy of Sciences of the United States 

of America, 109(48). https://doi.org/10.1073/pnas.1214269109 

Peterson, M. F., & Eckstein, M. P. (2013). Individual Differences in Eye Movements During 

Face Identification Reflect Observer-Specific Optimal Points of Fixation. Psychological 

Science, 24(7), 1216–1225. https://doi.org/10.1177/0956797612471684 

Peterson, M. F., & Eckstein, M. P. (2014). Learning optimal eye movements to unusual faces. 

Vision Research, 99, 57–68. https://doi.org/10.1016/j.visres.2013.11.005 

Petter, S., Straub, D., & Rai, A. (2007). Specifying formative constructs in information 

systems research. MIS Quarterly: Management Information Systems, 31(4), 623–656. 

https://doi.org/10.2307/25148814 

Pluta, A., Kulesza, M., Grzegorzewski, P., & Kucharska, K. (2018). Assessing advanced 

theory of mind and alexithymia in patients suffering from enduring borderline 

personality disorder. Psychiatry Research, 261(November 2017), 436–441. 

https://doi.org/10.1016/j.psychres.2018.01.003 

Pollatos, O., & Gramann, K. (2011). Electrophysiological evidence of early processing 

deficits in alexithymia. Biological Psychology, 87(1), 113–121. 

https://doi.org/10.1016/j.biopsycho.2011.02.016 



205 

 

Pollatos, O., Schubö, A., Herbert, B. M., Matthias, E., & Schandry, R. (2008). Deficits in 

early emotional reactivity in alexithymia. Psychophysiology, 45(5), 839–846. 

https://doi.org/10.1111/j.1469-8986.2008.00674.x 

Pollatos, O., Werner, N. S., Duschek, S., Schandry, R., Matthias, E., Traut-Mattausch, E., & 

Herbert, B. M. (2011). Differential effects of alexithymia subscales on autonomic 

reactivity and anxiety during social stress. Journal of Psychosomatic Research, 70(6), 

525–533. https://doi.org/10.1016/j.jpsychores.2010.12.003 

Pönkänen, L. M., Alhoniemi, A., Leppänen, J. M., & Hietanen, J. K. (2011). Does it make a 

difference if I have an eye contact with you or with your picture? An ERP study. Social 

Cognitive and Affective Neuroscience, 6(4), 486–494. 

https://doi.org/10.1093/scan/nsq068 

Poquérusse, J., Pastore, L., Dellantonio, S., & Esposito, G. (2018). Alexithymia and autism 

spectrum disorder: A complex relationship. Frontiers in Psychology, 9(JUL), 1–10. 

https://doi.org/10.3389/fpsyg.2018.01196 

Pourtois, G., Debatisse, D., Despland, P. A., & De Gelder, B. (2002). Facial expressions 

modulate the time course of long latency auditory brain potentials. Cognitive Brain 

Research, 14(1), 99–105. https://doi.org/10.1016/S0926-6410(02)00064-2 

Preece, D., Becerra, R., Robinson, K., & Dandy, J. (2018). Assessing Alexithymia: 

Psychometric Properties and Factorial Invariance of the 20-Item Toronto Alexithymia 

Scale in Nonclinical and Psychiatric Samples. Journal of Psychopathology and 

Behavioral Assessment, 40(2), 276–287. https://doi.org/10.1007/s10862-017-9634-6 

Premack, D., & Woodruff, G. (1978). Does the chimpanzee have a theory of mind? 

Behavioral and Brain Sciences, 1(04), 515. 



206 

 

https://doi.org/10.1017/S0140525X00076512 

Prete, G., Laeng, B., Fabri, M., Foschi, N., & Tommasi, L. (2015). Right hemisphere or 

valence hypothesis, or both? The processing of hybrid faces in the intact and 

callosotomized brain. Neuropsychologia, 68(January), 94–106. 

https://doi.org/10.1016/j.neuropsychologia.2015.01.002 

Prkachin, G. C. (2003). The effects of orientation on detection and identification of facial 

expressions of emotion. British Journal of Psychology, 94(1), 45–62. 

https://doi.org/10.1348/000712603762842093 

Prkachin, G. C., Casey, C., & Prkachin, K. M. (2009). Alexithymia and perception of facial 

expressions of emotion. Personality and Individual Differences, 46(4), 412–417. 

https://doi.org/10.1016/j.paid.2008.11.010 

Puce, A., Smith, A., & Allison, T. (2000). ERPs evoked by viewing facial movements. 

Cognitive Neuropsychology, 17(1–3), 221–239. 

https://doi.org/10.1080/026432900380580 

Rakover, S. S. (2013). Explaining the face-inversion effect: The face-scheme incompatibility 

(FSI) model. Psychonomic Bulletin and Review, 20(4), 665–692. 

https://doi.org/10.3758/s13423-013-0388-1 

Reker, M., Ohrmann, P., Rauch, A. V., Kugel, H., Bauer, J., Dannlowski, U., … Suslow, T. 

(2010). Individual differences in alexithymia and brain response to masked emotion 

faces. Cortex, 46(5), 658–667. https://doi.org/10.1016/j.cortex.2009.05.008 

Rellecke, J., Sommer, W., & Schacht, A. (2012). Does processing of emotional facial 

expressions depend on intention? Time-resolved evidence from event-related brain 

potentials. Biological Psychology, 90(1), 23–32. 



207 

 

https://doi.org/10.1016/j.biopsycho.2012.02.002 

Rhodes, G., Jeffery, L., Clifford, C. W. G., & Leopold, D. A. (2007). The timecourse of 

higher-level face aftereffects. Vision Research, 47(17), 2291–2296. 

https://doi.org/10.1016/j.visres.2007.05.012 

Rhodes, G., Jeffery, L., Watson, T. L., Clifford, C. W. G., & Nakayama, K. (2003). Fitting 

the mind to the World: Face Adaptation and Attractiveness Aftereffects. Psychological 

Science, 14(6), 558–566. https://doi.org/10.1046/j.0956-7976.2003.psci_1465.x 

Riby, D. M., & Hancock, P. J. B. (2008). Viewing it differently: Social scene perception in 

Williams syndrome and Autism. Neuropsychologia, 46(11), 2855–2860. 

https://doi.org/10.1016/j.neuropsychologia.2008.05.003 

Rolls, E. T. (2006). Emotion explained. Oxford, England: Oxford Univer- sity Press. 

https://doi.org/10.1093/acprof 

Rossi, A., Parada, F. J., Latinus, M., & Puce, A. (2015). Photographic but not line-drawn 

faces show early perceptual neural sensitivity to eye gaze direction. Frontiers in Human 

Neuroscience, 9(April). https://doi.org/10.3389/fnhum.2015.00185 

Rossion, B. (2008). Picture-plane inversion leads to qualitative changes of face perception. 

Acta Psychologica, 128(2), 274–289. https://doi.org/10.1016/j.actpsy.2008.02.003 

Rossion, B., Campanella, S., Gomez, C. ., Delinte, A., Debatisse, D., Liard, L., … Guerit, J.-

M. (1999). Task modulation of brain activity related to familiar and unfamiliar face 

processing: an ERP study. Clinical Neurophysiology, 110(3), 449–462. 

https://doi.org/10.1016/S1388-2457(98)00037-6 

Rossion, B., & Jacques, C. (2012). The N170: Understanding the Time Course of Face 



208 

 

Perception in the Human Brain. The Oxford Handbook of Event-Related Potential 

Components. https://doi.org/10.1093/oxfordhb/9780195374148.013.0064 

Rothkirch, M., Madipakkam, A. R., Rehn, E., & Sterzer, P. (2015). Making eye contact 

without awareness. Cognition, 143, 108–114. 

https://doi.org/10.1016/j.cognition.2015.06.012 

Rotteveel, M., de Groot, P., Geutskens, A., & Phaf, R. H. (2001). Stronger Suboptimal Than 

Optimal Affective Priming? Emotion, 1(4), 348–364. https://doi.org/10.1037/1528-

3542.1.4.348 

Rutherford, M. D., & Towns, A. M. (2008). Scan path differences and similarities during 

emotion perception in those with and without autism spectrum disorders. Journal of 

Autism and Developmental Disorders, 38(7), 1371–1381. 

https://doi.org/10.1007/s10803-007-0525-7 

Ryder, A. G., Yang, J., Zhu, X., Yao, S., Yi, J., Heine, S. J., & Bagby, R. M. (2008). The 

Cultural Shaping of Depression: Somatic Symptoms in China, Psychological Symptoms 

in North America? Journal of Abnormal Psychology, 117(2), 300–313. 

https://doi.org/10.1037/0021-843X.117.2.300 

Said, C. P., Haxby, J. V., & Todorov, A. (2011). Brain systems for assessing the affective 

value of faces. Philosophical Transactions of the Royal Society B: Biological Sciences, 

366(1571), 1660–1670. https://doi.org/10.1098/rstb.2010.0351 

Said, C. P., Moore, C. D., Engell, A. D., Todorov, A., & Haxby, J. V. (2010a). Distributed 

representations of dynamic facial expressions in the superior temporal sulcus. Journal of 

Vision, 10(5), 11. https://doi.org/10.1167/10.5.11 

Said, C. P., Moore, C. D., Norman, K. A., Haxby, J. V., & Todorov, A. (2010b). Graded 



209 

 

representations of emotional expressions in the left superior temporal sulcus. Frontiers 

in Systems Neuroscience, 4(March), 1–8. https://doi.org/10.3389/fnsys.2010.00006 

Salminen, J. K., Saarijärvi, S., Äärelä, E., Toikka, T., & Kauhanen, J. (1999). Prevalence of 

alexithymia and its association with sociodemographic variables in the general 

population of Finland. Journal of Psychosomatic Research, 46(1), 75–82. 

https://doi.org/10.1016/S0022-3999(98)00053-1 

Sander, D., Grafman, J., & Zalla, T. (2003). The Human Amygdala: An Evolved System for 

Relevance Detection. Reviews in the Neurosciences, 14(4), 303–316. 

https://doi.org/10.1515/REVNEURO.2003.14.4.303 

Sander, D., Grandjean, D., Kaiser, S., Wehrle, T., & Scherer, K. R. (2007). Interaction effects 

of perceived gaze direction and dynamic facial expression: Evidence for appraisal 

theories of emotion. European Journal of Cognitive Psychology, 19(3), 470–480. 

https://doi.org/10.1080/09541440600757426 

Sang, S. S., Chung, U. S., Hyo, D. R., & Sung, H. J. (2009). Reliability and validity of the 

20-item Toronto alexithymia scale in Korean adolescents. Psychiatry Investigation, 6(3), 

173–179. https://doi.org/10.4306/pi.2009.6.3.173 

Sato, W., Kochiyama, T., Uono, S., & Yoshikawa, S. (2010). Amygdala integrates emotional 

expression and gaze direction in response to dynamic facial expressions. NeuroImage, 

50(4), 1658–1665. https://doi.org/10.1016/j.neuroimage.2010.01.049 

Sato, W., Kochiyama, T., Uono, S., Yoshikawa, S., & Toichi, M. (2017). Direction of 

Amygdala-Neocortex Interaction During Dynamic Facial Expression Processing. 

Cerebral Cortex, 27(3), 1878–1890. https://doi.org/10.1093/cercor/bhw036 

Sato, W., Kochiyama, T., Yoshikawa, S., Naito, E., & Matsumura, M. (2004a). Enhanced 



210 

 

neural activity in response to dynamic facial expressions of emotion: An fMRI study. 

Cognitive Brain Research, 20(1), 81–91. 

https://doi.org/10.1016/j.cogbrainres.2004.01.008 

Sato, W., Yoshikawa, S., Kochiyama, T., & Matsumura, M. (2004b). The amygdala 

processes the emotional significance of facial expressions: an fMRI investigation using 

the interaction between expression and face direction. NeuroImage, 22(2), 1006–1013. 

https://doi.org/10.1016/j.neuroimage.2004.02.030 

Sauer, A., Mothes-Lasch, M., Miltner, W. H. R., & Straube, T. (2014). Effects of gaze 

direction, head orientation and valence of facial expression on amygdala activity. Social 

Cognitive and Affective Neuroscience, 9(8), 1246–1252. 

https://doi.org/10.1093/scan/nst100 

Saxe, R., & Kanwisher, N. (2003). People thinking about thinking people: The role of the 

temporo-parietal junction in “theory of mind.” NeuroImage, 19, 1935–1842. 

https://doi.org/10.4324/9780203496190 

Scherer, K. R. (2001). Appraisal Considered as a Process of Multilevel Sequential Checking. 

In K. R. Scherer, A. Schorr, & T. Johnstone (Eds.), Appraisal process in emotion: 

Theory, Methods, Research (pp. 92–120). Oxford University Press. 

https://doi.org/10.1007/s10566-008-9057-3 

Schiltz, C., & Rossion, B. (2006). Faces are represented holistically in the human occipito-

temporal cortex. NeuroImage, 32(3), 1385–1394. 

https://doi.org/10.1016/j.neuroimage.2006.05.037 

Schimmenti, A., Passanisi, A., Caretti, V., La Marca, L., Granieri, A., Iacolino, C., … 

Billieux, J. (2017). Traumatic experiences, alexithymia, and Internet addiction 



211 

 

symptoms among late adolescents: A moderated mediation analysis. Addictive 

Behaviors, 64, 314–320. https://doi.org/10.1016/j.addbeh.2015.11.002 

Schmitz, T. W., & Johnson, S. C. (2007). Relevance to self: A brief review and framework of 

neural systems underlying appraisal. Neuroscience and Biobehavioral Reviews, 31(4), 

585–596. https://doi.org/10.1016/j.neubiorev.2006.12.003 

Schmitz, T. W., Kawahara-Baccus, T. N., & Johnson, S. C. (2004). Metacognitive evaluation, 

self-relevance, and the right prefrontal cortex. NeuroImage, 22(2), 941–947. 

https://doi.org/10.1016/j.neuroimage.2004.02.018 

Schneider, W., & Chein, J. M. (2003). Controlled & automatic processing: Behavior, theory, 

and biological mechanisms. Cognitive Science, 27(3), 525–559. 

https://doi.org/10.1016/S0364-0213(03)00011-9 

Schupp, H. T., Flaisch, T., Stockburger, J., & Junghöfer, M. (2006). Emotion and attention: 

event-related brain potential studies. Progress in Brain Research, 156, 31–51. 

https://doi.org/10.1016/S0079-6123(06)56002-9 

Segrin, C. (1996). Interpersonal communication problems associated with depression and 

loneliness. In Handbook of Communication and Emotion (Vol. 160, pp. 215–242). 

Elsevier. https://doi.org/10.1016/B978-012057770-5/50010-2 

Senju, A., & Johnson, M. H. (2009). The eye contact effect: mechanisms and development. 

Trends in Cognitive Sciences, 13(3), 127–134. https://doi.org/10.1016/j.tics.2008.11.009 

Senju, A., Southgate, V., White, S., & Frith, U. (2009). Mindblind Eyes: An Absence of 

Spontaneous Theory of Mind in Asperger Syndrome. Science, 325(5942), 883–885. 

https://doi.org/10.1126/science.1176170 



212 

 

Sergent, C., Baillet, S., & Dehaene, S. (2005). Timing of the brain events underlying access 

to consciousness during the attentional blink. Nature Neuroscience, 8(10), 1391–1400. 

https://doi.org/10.1038/nn1549 

Shah, P., Hall, R., Catmur, C., & Bird, G. (2016). Alexithymia, not autism, is associated with 

impaired interoception. Cortex, 81, 215–220. 

https://doi.org/10.1016/j.cortex.2016.03.021 

Shamay-Tsoory, S. G. (2011). The neural bases for empathy. Neuroscientist, 17(1), 18–24. 

https://doi.org/10.1177/1073858410379268 

Shamay-Tsoory, S. G., & Aharon-Peretz, J. (2007). Dissociable prefrontal networks for 

cognitive and affective theory of mind: A lesion study. Neuropsychologia, 45(13), 

3054–3067. https://doi.org/10.1016/j.neuropsychologia.2007.05.021 

Shirama, A. (2012). Stare in the crowd: Frontal face guides overt attention independently of 

its gaze direction. Perception, 41(4), 447–459. https://doi.org/10.1068/p7114 

Sierra, M., & David, A. S. (2011). Depersonalization: A selective impairment of self-

awareness. Consciousness and Cognition, 20(1), 99–108. 

https://doi.org/10.1016/j.concog.2010.10.018 

Sifneos, P. E. (1973). The Prevalence of “Alexithymic” Characteristics in Psychosomatic 

Patients. Psychotherapy and Psychosomatics, 22(2–6), 255–262. 

Simmons, W. K., Avery, J. A., Barcalow, J. C., Bodurka, J., Drevets, W. C., & Bellgowan, P. 

(2013). Keeping the body in mind: Insula functional organization and functional 

connectivity integrate interoceptive, exteroceptive, and emotional awareness. Human 

Brain Mapping, 34(11), 2944–2958. https://doi.org/10.1002/hbm.22113 



213 

 

Skuse, D. (2004). Fear Recognition and the Neural Basis of Social Cognition. Child and 

Adolescent Mental Health, 8(2), 50–60. https://doi.org/10.1111/1475-3588.00047 

Smith, M. L. (2012). Rapid processing of emotional expressions without conscious 

awareness. Cerebral Cortex, 22(8), 1748–1760. https://doi.org/10.1093/cercor/bhr250 

Sou, K. L., & Xu, H. (2019). Brief facial emotion aftereffect occurs earlier for angry than 

happy adaptation. Vision Research, 162, 35–42. 

Speer, L., Cook, A., McMahon, W., & Clark, E. (2007). Face processing in children with 

autism: Effects of stimulus contents and type. Autism, 11(3), 265–277. 

https://doi.org/10.1177/1362361307076925 

Starita, F., Borhani, K., Bertini, C., & Scarpazza, C. (2018). Alexithymia is related to the 

need for more emotional intensity to identify static fearful facial expressions. Frontiers 

in Psychology, 9(JUN), 1–9. https://doi.org/10.3389/fpsyg.2018.00929 

Stein, J. L., Wiedholz, L. M., Bassett, D. S., Weinberger, D. R., Zink, C. F., Mattay, V. S., & 

Meyer-Lindenberg, A. (2007). A validated network of effective amygdala connectivity. 

NeuroImage, 36(3), 736–745. https://doi.org/10.1016/j.neuroimage.2007.03.022 

Stein, T., Senju, A., Peelen, M. V., & Sterzer, P. (2011). Eye contact facilitates awareness of 

faces during interocular suppression. Cognition, 119(2), 307–311. 

https://doi.org/10.1016/j.cognition.2011.01.008 

Stein, T., Zwickel, J., Ritter, J., Kitzmantel, M., & Schneider, W. X. (2009). The effect of 

fearful faces on the attentional blink is task dependent. Psychonomic Bulletin and 

Review, 16(1), 104–109. https://doi.org/10.3758/PBR.16.1.104 

Stephenson, K. G., Luke, S. G., & South, M. (2019). Separate contributions of autistic traits 



214 

 

and anxious apprehension, but not alexithymia, to emotion processing in faces. Autism, 

1–13. https://doi.org/10.1177/1362361319830090 

Stevens, F. L., Hurley, R. A., & Taber, K. H. (2014). Anterior Cingulate Cortex: Unique Role 

in Cognition and Emotion. The Journal of Neuropsychiatry and Clinical Neurosciences, 

23(2), 121–125. https://doi.org/10.1176/jnp.23.2.jnp121 

Stone, V. E., Baron-Cohen, S., & Knight, R. T. (1998). Frontal lobe contributions to theory of 

mind. Journal of Cognitive Neuroscience, 10(5), 640–656. Retrieved from 

http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed4&NEWS=N&

AN=1998358351 

Straube, T., Langohr, B., Schmidt, S., Mentzel, H. J., & Miltner, W. H. R. (2010). Increased 

amygdala activation to averted versus direct gaze in humans is independent of valence 

of facial expression. NeuroImage, 49(3), 2680–2686. 

https://doi.org/10.1016/j.neuroimage.2009.10.074 

Sugiura, M. (2013). Associative Account of Self-Cognition: Extended Forward Model and 

Multi-Layer Structure. Frontiers in Human Neuroscience, 7(August), 1–16. 

https://doi.org/10.3389/fnhum.2013.00535 

Sugiura, M., Sassa, Y., Jeong, H., Wakusawa, K., Horie, K., Sato, S., & Kawashima, R. 

(2012). Self-face recognition in social context. Human Brain Mapping, 33(6), 1364–

1374. https://doi.org/10.1002/hbm.21290 

Sui, J., & Han, S. (2007). Self-construal priming modulates neural substrates of self-

awareness. Psychological Science, 18(10), 861–866. https://doi.org/10.1111/j.1467-

9280.2007.01992.x 

Surtees, A., Apperly, I., & Samson, D. (2013). Similarities and differences in visual and 



215 

 

spatial perspective-taking processes. Cognition, 129(2), 426–438. 

https://doi.org/10.1016/j.cognition.2013.06.008 

Suslow, T., Kugel, H., Rufer, M., Redlich, R., Dohm, K., Grotegerd, D., … Dannlowski, U. 

(2016). Alexithymia is associated with attenuated automatic brain response to facial 

emotion in clinical depression. Progress in Neuro-Psychopharmacology and Biological 

Psychiatry, 65, 194–200. https://doi.org/10.1016/j.pnpbp.2015.10.006 

Swart, M., Kortekaas, R., & Aleman, A. (2009). Dealing with feelings: Characterization of 

trait Alexithymia on emotion regulation strategies and cognitive-emotional processing. 

PLoS ONE, 4(6). https://doi.org/10.1371/journal.pone.0005751 

Sweeny, T. D., Grabowecky, M., Suzuki, S., & Paller, K. A. (2009). Long-lasting effects of 

subliminal affective priming from facial expressions. Consciousness and Cognition, 

18(4), 929–938. https://doi.org/10.1016/j.concog.2009.07.011 

Tabibnia, G., & Zaidel, E. (2005). Alexithymia, interhemispheric transfer, and right 

hemispheric specialization: A critical review. Psychotherapy and Psychosomatics, 

74(2), 81–92. https://doi.org/10.1159/000083166 

Tacikowski, P., Cygan, H. B., & Nowicka, A. (2014). Neural correlates of own and close-

other’s name recognition: ERP evidence. Frontiers in Human Neuroscience, 8(1 APR), 

1–10. https://doi.org/10.3389/fnhum.2014.00194 

Tamietto, M., & De Gelder, B. (2010). Neural bases of the non-conscious perception of 

emotional signals. Nature Reviews Neuroscience, 11(10), 697–709. 

https://doi.org/10.1038/nrn2889 

Tan, S.-A. (2019). Building a caring society with resilient people for Singapore’s future: 

Heng Swee Keat. The Straits Times. 



216 

 

Tanaka, J. W., Kaiser, M. D., Butler, S., & Le Grand, R. (2012). Mixed emotions: Holistic 

and analytic perception of facial expressions. Cognition and Emotion, 26(6), 961–977. 

https://doi.org/10.1080/02699931.2011.630933 

Tanaka, J. W., & Simonyi, D. (2016). The “Parts and Wholes” of Face Recognition: A 

Review of the Literature. Quarterly Journal of Experimental Psychology, 69(10), 1876–

1889. https://doi.org/10.1080/17470218.2016.1146780 

Tanaka, J. W., & Sung, A. (2016). The “Eye Avoidance” Hypothesis of Autism Face 

Processing. Journal of Autism and Developmental Disorders, 46(5), 1538–1552. 

https://doi.org/10.1007/s10803-013-1976-7 

Taylor, G. J., Bagby, M. R., & Parker, J. D. A. (1991). The Alexithymia Construct: A 

Potential Paradigm for Psychosomatic Medicine. Psychosomatics, 32(2), 153–164. 

https://doi.org/10.1016/S0033-3182(91)72086-0 

Taylor, G. J., Bagby, R. M., & Parker, J. D. . (2003). The 20-Item Toronto Alexithymia Scale 

IV. Reliability and factorial validity in different languages and cultures. Journal of 

Psychosomatic Research, 55(3), 277–283. https://doi.org/10.1016/S0022-

3999(02)00601-3 

Thorberg, F. A., Young, R. M., Sullivan, K. A., & Lyvers, M. (2011). Parental bonding and 

alexithymia: A meta-analysis. European Psychiatry, 26(3), 187–193. 

https://doi.org/10.1016/j.eurpsy.2010.09.010 

Todorov, A. (2012). The social perception of faces. In S. T. Fiske & C. N. Macrae (Eds.), The 

SAGE Handbook of Social Cognition (pp. 96–114). SAGE Publications Ltd. 

https://doi.org/10.4135/9781446247631.n6 

Todorov, A., & Duchaine, B. (2008). Reading trustworthiness in faces without recognizing 



217 

 

faces. Cognitive Neuropsychology, 25(3), 395–410. 

https://doi.org/10.1080/02643290802044996 

Todorov, A., Pakrashi, M., & Oosterhof, N. N. (2009). Evaluating Faces on Trustworthiness 

After Minimal Time Exposure. Social Cognition, 27(6), 813–833. 

https://doi.org/10.1521/soco.2009.27.6.813 

Tong, F., Nakayama, K., Vaughan, J. T., & Kanwisher, N. (1998). Binocular rivalry and 

visual awareness in human extrastriate cortex. Neuron, 21(4), 753–759. 

https://doi.org/10.1016/S0896-6273(00)80592-9 

Tottenham, N., Tanaka, J. W., Leon, A. C., McCarry, T., Nurse, M., Hare, T. A., … Nelson, 

C. (2009). The NimStim set of facial expressions: Judgments from untrained research 

participants. Psychiatry Research, 168(3), 242–249. 

https://doi.org/10.1016/j.psychres.2008.05.006 

Trevisan, D. A., Bowering, M., & Birmingham, E. (2016). Alexithymia, but not autism 

spectrum disorder, may be related to the production of emotional facial expressions. 

Molecular Autism, 7(1), 1–12. https://doi.org/10.1186/s13229-016-0108-6 

Triandis, H. C., & Gelfand, M. J. (1998). Converging measurement of horizontal and vertical 

individualism and collectivism. Journal of Personality and Social Psychology, 74(1), 

118–128. 

Tsaousis, I., Taylor, G., Quilty, L., Georgiades, S., Stavrogiannopoulos, M., & Bagby, R. M. 

(2010). Validation of a Greek adaptation of the 20-item Toronto Alexithymia Scale. 

Comprehensive Psychiatry, 51(4), 443–448. 

https://doi.org/10.1016/j.comppsych.2009.09.005 

Uono, S., & Hietanen, J. K. (2015). Eye contact perception in the west and east: A cross-



218 

 

cultural study. PLoS ONE, 10(2), 1–15. https://doi.org/10.1371/journal.pone.0118094 

Valdespino, A., Antezana, L., Ghane, M., & Richey, J. A. (2017). Alexithymia as a 

transdiagnostic precursor to empathy abnormalities: The functional role of the insula. 

Frontiers in Psychology, 8(DEC), 1–7. https://doi.org/10.3389/fpsyg.2017.02234 

Valentine, T. (2001). Face-space models of face recognition. In Computational, geometric, 

and process perspectives on facial cognition: Contexts and challenges. (pp. 83–113). 

https://doi.org/10.1006/jmps.1997.1193 

Valentine, T., Lewis, M. B., & Hills, P. J. (2016). Face-space: A unifying concept in face 

recognition research. Quarterly Journal of Experimental Psychology, 69(10), 1996–

2019. https://doi.org/10.1080/17470218.2014.990392 

Van der Velde, J., Servaas, M. N., Goerlich, K. S., Bruggeman, R., Horton, P., Costafreda, S. 

G., & Aleman, A. (2013). Neural correlates of alexithymia: A meta-analysis of emotion 

processing studies. Neuroscience and Biobehavioral Reviews, 37(8), 1774–1785. 

https://doi.org/10.1016/j.neubiorev.2013.07.008 

Van Dillen, L. F., & Derks, B. (2012). Working memory load reduces facilitated processing 

of threatening faces: An ERP study. Emotion, 12(6), 1340–1349. 

https://doi.org/10.1037/a0028624 

van Peer, J. M., Grandjean, D., & Scherer, K. R. (2014). Sequential unfolding of appraisals: 

EEG evidence for the interaction of novelty and pleasantness. Emotion, 14(1), 51–63. 

https://doi.org/10.1037/a0034566 

Vanheule, S., Desmet, M., Meganck, R., & Bogaerts, S. (2007). Alexithymia and 

interpersonal problems. Journal of Clinical Psychology, 63(1), 109–117. 

https://doi.org/10.1002/jclp 



219 

 

Vassena, E., Krebs, R. M., Silvetti, M., Fias, W., & Verguts, T. (2014). Dissociating 

contributions of ACC and vmPFC in reward prediction, outcome, and choice. 

Neuropsychologia, 59(1), 112–123. 

https://doi.org/10.1016/j.neuropsychologia.2014.04.019 

Vermeulen, N., Luminet, O., de Sousa, M. C., & Campanella, S. (2008). Categorical 

perception of anger is disrupted in alexithymia: Evidence from a visual ERP study. 

Cognition and Emotion, 22(6), 1052–1067. https://doi.org/10.1080/02699930701597635 

von Grünau, M., & Anston, C. (1995). The detection of gaze direction: a stare-in-the-crowd 

effect. Perception, 24(11), 1297–1313. https://doi.org/10.1068/p241297 

Vorst, H. C. M., & Bermond, B. (2001). Validity and reliability of the Bermond-Vorst 

Alexithymia Questionnaire. Personality and Individual Differences, 30(3), 413–434. 

https://doi.org/10.1016/S0191-8869(00)00033-7 

Wagner, J. B., Hirsch, S. B., Vogel-Farley, V. K., Redcay, E., & Nelson, C. A. (2013). Eye-

tracking, autonomic, and electrophysiological correlates of emotional face processing in 

adolescents with autism spectrum disorder. Journal of Autism and Developmental 

Disorders, 43(1), 188–199. https://doi.org/10.1007/s10803-012-1565-1 

Wainer, A. L., Ingersoll, B. R., & Hopwood, C. J. (2011). The structure and nature of the 

broader autism phenotype in a non-clinical sample. Journal of Psychopathology and 

Behavioral Assessment, 33(4), 459–469. https://doi.org/10.1007/s10862-011-9259-0 

Wakabayashi, A., Tojo, Y., Baron-Cohen, S., & Wheelwright, S. (2004). The Autism-

Spectrum Quotient (AQ) Japanese version: Evidence from high-functioning clinical 

group and normal adults. Shinrigaku Kenkyu, 75(1), 78–84. 

https://doi.org/10.4992/jjpsy.75.78 



220 

 

Walter, H. (2012). Social cognitive neuroscience of empathy: Concepts, circuits, and genes. 

Emotion Review, 4(1), 9–17. https://doi.org/10.1177/1754073911421379 

Wang, Q., Lu, L., Zhang, Q., Fang, F., Zou, X., & Yi, L. (2018). Eye avoidance in young 

children with autism spectrum disorder is modulated by emotional facial expressions. 

Journal of Abnormal Psychology, 127(7), 722–732. https://doi.org/10.1037/abn0000372 

Wang, Y., Cui, L., Wang, H., Tian, S., & Zhang, X. (2004). The sequential processing of 

visual feature conjunction mismatches in the human brain. Psychophysiology, 41(1), 21–

29. https://doi.org/10.1111/j.1469-8986.2003.00134.x 

Watanabe, S., Miki, K., & Kakigi, R. (2002). Gaze direction affects face perception in 

humans. Neuroscience Letters, 325(3), 163–166. https://doi.org/10.1016/S0304-

3940(02)00257-4 

Watters, A. J., Harris, A. W. F., & Williams, L. M. (2018). Electrocortical reactivity to 

negative and positive facial expressions in individuals with a family history of major 

depression. Biological Psychology, 136(February 2017), 127–135. 

https://doi.org/10.1016/j.biopsycho.2018.05.015 

Wei, M., Vogel, D. L., Ku, T. Y., & Zakalik, R. A. (2005). Adult attachment, affect 

regulation, negative mood, and interpersonal problems: The mediating roles of 

emotional reactivity and emotional cutoff. Journal of Counseling Psychology, 52(1), 14–

24. https://doi.org/10.1037/0022-0167.52.1.14 

Whalen, P. J., Rauch, S. L., Etcoff, N. L., McInerney, S. C., Lee, M. B., & Jenike, M. A. 

(1998). Masked Presentations of Emotional Facial Expressions Modulate Amygdala 

Activity without Explicit Knowledge. The Journal of Neuroscience, 18(1), 411–418. 

https://doi.org/10.1523/JNEUROSCI.18-01-00411.1998 



221 

 

White, S. J., Frith, U., Rellecke, J., Al-Noor, Z., & Gilbert, S. J. (2014). Autistic adolescents 

show atypical activation of the brain’s mentalizing system even without a prior history 

of mentalizing problems. Neuropsychologia, 56(1), 17–25. 

https://doi.org/10.1016/j.neuropsychologia.2013.12.013 

Wicker, B., Michel, F., Henaff, M., & Decety, J. (1998). Brain Regions Involved in the 

Perception of Gaze: A PET Study. NeuroImage, 8(2), 221–227. 

https://doi.org/10.1006/nimg.1998.0357 

Williams, L. M., Palmer, D., Liddell, B. J., Song, L., & Gordon, E. (2006). The “when” and 

“where” of perceiving signals of threat versus non-threat. NeuroImage, 31(1), 458–467. 

https://doi.org/10.1016/j.neuroimage.2005.12.009 

Williams, M. A., Morris, A. P., McGlone, F., Abbott, D. F., & Mattingley, J. B. (2004). 

Amygdala Responses to Fearful and Happy Facial Expressions under Conditions of 

Binocular Suppression. Journal of Neuroscience, 24(12), 2898–2904. 

https://doi.org/10.1523/JNEUROSCI.4977-03.2004 

Williams, M. A., Moss, S. A., Bradshaw, J. L., & Mattingley, J. B. (2005). Look at me, I’m 

smiling: Visual search for threatening and nonthreatening facial expressions. Visual 

Cognition, 12(1), 29–50. https://doi.org/10.1080/13506280444000193 

Wingbermühle, E., Theunissen, H., Verhoeven, W. M. A., Kessels, R. P. C., & Egger, J. I. M. 

(2012). The neurocognition of alexithymia: Evidence from neuropsychological and 

neuroimaging studies. Acta Neuropsychiatrica, 24(2), 67–80. 

https://doi.org/10.1111/j.1601-5215.2011.00613.x 

Wirth, J. H., Sacco, D. F., Hugenberg, K., & Williams, K. D. (2010). Eye gaze as relational 

evaluation: Averted eye gaze leads to feelings of ostracism and relational devaluation. 



222 

 

Personality and Social Psychology Bulletin, 36(7), 869–882. 

https://doi.org/10.1177/0146167210370032 

Wu, L., Müller, H. J., Zhou, X., & Wei, P. (2019). Differential modulations of reward 

expectation on implicit facial emotion processing: ERP evidence. Psychophysiology, 

56(3), 1–15. https://doi.org/10.1111/psyp.13304 

Xu, B., & Tanaka, J. W. (2013). Does face inversion qualitatively change face processing: An 

eye movement study using a face change detection task. Journal of Vision, 13(2), 22–22. 

https://doi.org/10.1167/13.2.22 

Xu, H., Dayan, P., Lipkin, R. M., & Qian, N. (2008). Adaptation across the Cortical 

Hierarchy: Low-Level Curve Adaptation Affects High-Level Facial-Expression 

Judgments. Journal of Neuroscience, 28(13), 3374–3383. 

https://doi.org/10.1523/JNEUROSCI.0182-08.2008 

Xu, H., Liu, P., Dayan, P., & Qian, N. (2012). Multi-level visual adaptation: Dissociating 

curvature and facial-expression aftereffects produced by the same adapting stimuli. 

Vision Research, 72, 42–53. https://doi.org/10.1016/j.visres.2012.09.003 

Xu, Q., Yang, Y., Zhang, E., Qiao, F., Lin, W., & Liang, N. (2015). Emotional conflict in 

facial expression processing during scene viewing: An ERP study. Brain Research, 

1608, 138–146. https://doi.org/10.1016/j.brainres.2015.02.047 

Yap, W. J., Chan, E., & Christopoulos, G. I. (2016). Nanyang Facial Emotional Expression 

[N-FEE] Database - Development and Validation. In 23rd Congress of the International 

Association for Cross-Cultural Psychology. 

Yokoyama, T., Noguchi, Y., & Kita, S. (2013). Unconscious processing of direct gaze: 

Evidence from an ERP study. Neuropsychologia, 51(7), 1161–1168. 



223 

 

https://doi.org/10.1016/j.neuropsychologia.2013.04.002 

Yovel, G. (2016). Neural and cognitive face-selective markers: An integrative review. 

Neuropsychologia, 83(2008), 5–13. 

https://doi.org/10.1016/j.neuropsychologia.2015.09.026 

Yuan, J., Meng, X., Yang, J., Yao, G., Hu, L., & Yuan, H. (2012). The valence strength of 

unpleasant emotion modulates brain processing of behavioral inhibitory control: Neural 

correlates. Biological Psychology, 89(1), 240–251. 

https://doi.org/10.1016/j.biopsycho.2011.10.015 

Yun, J. Y., Hur, J. W., Jung, W. H., Jang, J. H., Youn, T., Kang, D. H., … Kwon, J. S. 

(2014). Dysfunctional role of parietal lobe during self-face recognition in schizophrenia. 

Schizophrenia Research, 152(1), 81–88. https://doi.org/10.1016/j.schres.2013.07.010 

Zaki, J., Davis, J. I., & Ochsner, K. N. (2012). Overlapping activity in anterior insula during 

interoception and emotional experience. NeuroImage, 62(1), 493–499. 

https://doi.org/10.1016/j.neuroimage.2012.05.012 

Zhang, D., Liu, Y., Wang, L., Ai, H., & Luo, Y. (2017). Mechanisms for attentional 

modulation by threatening emotions of fear, anger, and disgust. Cognitive, Affective and 

Behavioral Neuroscience, 17(1), 198–210. https://doi.org/10.3758/s13415-016-0473-9 

Zhang, L., Ye, R., Yu, F., Cao, Z., Zhu, C., Cai, Z., … Wang, K. (2012). How Does 

Emotional Context Modulate Response Inhibition in Alexithymia: Electrophysiological 

Evidence from an ERP Study. PLoS ONE, 7(12). 

https://doi.org/10.1371/journal.pone.0051110 

Zhang, W., & Lu, J. (2012). Time course of automatic emotion regulation during a facial 

Go/Nogo task. Biological Psychology, 89(2), 444–449. 



224 

 

https://doi.org/10.1016/j.biopsycho.2011.12.011 

Zhao, K., Wu, Q., Zimmer, H. D., & Fu, X. (2011). Electrophysiological correlates of 

visually processing subject’s own name. Neuroscience Letters, 491(2), 143–147. 

https://doi.org/10.1016/j.neulet.2011.01.025 

Zhu, X., Yi, J., Yao, S., Ryder, A. G., Taylor, G. J., & Bagby, R. M. (2007). Cross-cultural 

validation of a Chinese translation of the 20-item Toronto Alexithymia Scale. 

Comprehensive Psychiatry, 48(5), 489–496. 

https://doi.org/10.1016/j.comppsych.2007.04.007 

Ziaei, M., Burianová, H., von Hippel, W., Ebner, N. C., Phillips, L. H., & Henry, J. D. 

(2016). The impact of aging on the neural networks involved in gaze and emotional 

processing. Neurobiology of Aging, 48, 182–194. 

https://doi.org/10.1016/j.neurobiolaging.2016.08.026 

Ziaei, M., Ebner, N. C., & Burianová, H. (2017). Functional brain networks involved in gaze 

and emotional processing. European Journal of Neuroscience, 45(2), 312–320. 

https://doi.org/10.1111/ejn.13464 

 

 



201 

 

Appendix I – Correlations among socio-emotional constructs in Survey Study 

n = 202 1 2 3 4 5 6 7 8 9 10 

1. AQ  -.12 .05 .14 -.36*** -.10 .31*** .35*** .34*** .49*** 

2. BEQ   -.08 -.10 .25*** .12 .20** .06 .03 -.17* 

3. HI    .24*** -.08 .12 .08 -.01 .07 -.08 

4. VI     -.18** -.01 .13* .12 .13 .17* 

5. HC      .48*** -.08 -.15* -.21** -.23*** 

6. VC       -.08 -.18* -.19** -.18* 

7. Stress        .73*** .68*** .42*** 

8. Anxiety         .65*** .46*** 

9. Depression          .47*** 

10. TAS           

 

 

 



202 

 

Appendix II – Details on the Behavioral Results of Experiment 3 

“Angry Face?” probe F p Post-hoc pairwise comparisons 

(Holms-Bonferroni-corrected) 

TAS Group 0.42 .522  

Emotion 1017.70 <.001 An (80.91%) > Ne (5.91%) (p 

< .001) 

An (80.91%) > Ha (2.21%) (p 

< .001) 

Ne (5.91%) > Ha (2.21%) (p 

< .01) 

Emotion × TAS Group 0.06 .864  

Gaze Direction  1.28 .266  

Gaze Direction × TAS Group 0.23 .637  

Emotion × Gaze Direction 3.31 .042 Direct: Ne (5.27%) = Ha (2.56%) 

(p =.052) 

Averted: Ne (6.55%) > Ha 

(1.85%) (p < .001) 

Emotion × Gaze Direction × 

TAS Group 

0.58 .563  

Note. Percentage in brackets indicates the average chance for the subjects to choose “Yes” 

as their responses. 
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“Happy Face?” probe F p Post-hoc pairwise comparisons 

(Holms-Bonferroni-corrected) 

TAS Group 0.02 .899  

Emotion 3346.20 <.001 Ha (92.38%) > Ne (2.78%) (p 

< .001) 

Ha (92.38%) > An (1.92%) (p 

< .001) 

Ne (2.78%) = An (1.92%) (p 

= .110) 

Emotion × TAS Group 0.07 .834  

Gaze Direction  10.06 .003 Direct (33.76%) > Averted 

(30.96%) (p = .003) 

Gaze Direction × TAS Group 0.06 .810  

Emotion × Gaze Direction 5.64 .012 Ha: Direct (95.16%) > Averted 

(89.60%) (p = .009) 

An: Direct (2.99%) > Averted 

(0.85%) (p = .010) 

Ne: Direct (3.13%) = Averted 

(2.42%) (p = .453) 

Emotion × Gaze Direction × 

TAS Group 

0.98 .356  

Note. Percentage in brackets indicates the average chance for the subjects to choose “Yes” 

as their responses. 
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“Neutral Face?” probe F p Post-hoc pairwise comparisons 

(Holms-Bonferroni-corrected) 

TAS Group 1.07 .307  

Emotion 667.12 <.001 Ne (79.91%) > An (8.90%) (p 

< .001) 

Ne (79.91%) > Ha (4.13%) (p 

< .001) 

An (8.90%) > Ha (4.13%) (p 

= .002) 

Emotion × TAS Group 0.63 .488  

Gaze Direction  49.27 <.001 Direct (35.33%) > Averted 

(26.64%) (p < .001) 

Gaze Direction × TAS Group 0.05 .828  

Emotion × Gaze Direction 19.25 <.001 Ne Direct (88.60%) vs Ne 

Averted (71.23%) > An Direct 

(11.40%) vs An Averted (6.41%) 

(p < .001) 

Ne Direct (88.60%) vs Ne 

Averted (71.23%) > Ha Direct 

(5.98%) vs Ha Averted (2.28%) 

(p < .001) 

An Direct (11.40%) vs An 

Averted (6.41%)  = Ha Direct 
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(5.98%) vs Ha Averted (2.28%) 

(p = .459) 

Emotion × Gaze Direction × 

TAS Group 

2.28 .123  

Note. Percentage in brackets indicates the average chance for the subjects to choose “Yes” 

as their responses. 

 

“Central Gaze?” probe F p Post-hoc pairwise comparisons 

(Holms-Bonferroni-corrected) 

TAS Group 0.84 .366  

Emotion 15.47 <.001 Ne (51.64%) > An (49.22%) (p 

= .037) 

Ha (55.77%) > Ne (51.64%) (p 

= .001) 

Ha (55.77%) > An (49.22%) (p 

< .001) 

Emotion × TAS Group 0.50 .608  

Gaze Direction  1042.45 <.001 Direct (91.93%) > Averted 

(12.49%) (p < .001) 

Gaze Direction × TAS Group 4.17 .048 LTAS Direct (93.57%) vs 

Averted (8.97%) > HTAS Direct 

(90.37%) vs Averted (15.83%) (p 

= .048) 
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Emotion × Gaze Direction 20.65 <.001 Direct: Ne (95.30%) > An 

(88.89%) (p = .003) 

Direct: Ne (95.30%) > Ha 

(91.60%) (p = .031) 

Direct: An (88.89%) = Ha 

(91.60%) (p = .162) 

Averted: Ne (7.98%) = An 

(9.54%) (p = .270) 

Averted: Ha (19.94%) > Ne 

(7.98%) (p < .001) 

Averted: Ha (19.94%) = An 

(9.54%) (p < .001) 

Emotion × Gaze Direction × 

TAS Group 

0.48 .623  

Note. Percentage in brackets indicates the average chance for the subjects to choose “Yes” 

as their responses. 

 

“Left Gaze?” probe F p Post-hoc pairwise comparisons 

(Holms-Bonferroni-corrected) 

TAS Group 1.36 .250  

Emotion 15.00 <.001 Ne (48.22%) = An (46.58%) (p 

= .120) 

Ne (48.22%) > Ha (42.24%) (p 

< .001) 
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An (46.58%) > Ha (42.24%) (p 

< .001) 

Emotion × TAS Group 0.16 .856  

Gaze Direction  1085.95 <.001 Averted (87.18%) > Direct 

(4.18%) (p < .001) 

Gaze Direction × TAS Group 3.19 .082  

Emotion × Gaze Direction 16.78 <.001 Direct: Ne (3.99%) = An (4.42%) 

(p = .711) 

Direct: Ne (3.99%) = Ha (4.13%) 

(p = .889) 

Direct: An (4.42%) = Ha (4.13%) 

(p = .815) 

Averted: Ne (92.45%) = An 

(88.75%) (p = .076) 

Averted: Ne (92.45%) > Ha 

(80.34%) (p < .001) 

Averted: An (88.75%) > Ha 

(80.34%) (p < .001) 

Emotion × Gaze Direction × 

TAS Group 

0.89 .416  

Note. Percentage in brackets indicates the average chance for the subjects to choose “Yes” 

as their responses. 

 


