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Through a set of experimental studies with EEG recording, we investigated neural dynamics 

of social emotion processing in alexithymia. Chapter 2 developed a Chinese psychometric 

tool to measure the cognitive and affective dimensions of alexithymia. Chapter 3 provided 

evidence for impaired emotion processing (indexed by higher P2 amplitudes) and additionally 

revealed intact emotional multisensory integration in alexithymia (accompanied by intact N1 

and N2 responses). Chapter 4 revealed social-specific impairments of emotion processing in 

alexithymia, which were accompanied by higher N2 amplitudes and stronger alpha 

oscillations. Chapter 5 showed perceptive and affective impairments for emotive eye-region 

processing in alexithymia, underlying by abnormalities of N1 and frontal alpha asymmetry 

(FAA) processing. Chapter 6 suggested intact emotion-cognition integration in alexithymia in 

a nonsocial context and revealed the oscillatory dynamics underlying emotion-cognition 

integration. Chapter 7 indicated that the interference of fear with adaptation to volatility 

learning was stronger the more alexithymic individuals were in a social context. Taken 

together, these results converge toward impairments of social-emotional processing in 

alexithymia, indicating that deficient emotion processing in alexithymia is more pronounced 

for social stimuli. Moreover, these studies suggest that aberrant social emotion processing in 

alexithymia occurs at all processing stages: initial perceptual processing, further affective 

processing, and emotion-related downstream processing, which is necessary for decision 

making. Interestingly, emotional multisensory integration in alexithymia remains intact, at 

least to the extent that stimuli used in Chapter 3 were processed. These findings shed light 

onto how abnormal social-emotional processing unfolds at different time scales in alexithymia. 

Finally, by embedding these results into the previous literature on alexithymia, we propose a 

social-specific model of emotion processing in alexithymia - with implications for 

alexithymia-related disorders - and argue for an important role of social contexts on 

difficulties in emotion processing in alexithymia. 
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Social-specific impairments of emotion processing in alexithymia 

Our findings consistently show impairments of social-emotional processing in alexithymia. 

Note that this thesis regarded social stimuli as emotional pictures depicting people (e.g., facial 

expressions), whereas nonsocial stimuli concerned scenes without people (e.g., animals, 

landscapes, food; Britton et al., 2006). Given that facial expressions are social stimuli (Britton 

et al., 2006), these findings are consistent with previous findings in alexithymia using facial 

expressions as stimuli (Franz et al., 2004; van der Velde et al., 2013). Although a large body 

of research revealed aberrant social emotion processing in alexithymia (Bird et al., 2010; 

Donges & Suslow, 2017; Moriguchi et al., 2007; van der Velde et al., 2013), the definition of 

alexithymia did not include a social component.  Behavioral and electrophysiological results 

in Chapter 4 support social-specific impairments of emotion processing in alexithymia. 

Specifically, we systematically manipulated valence and sociality in an orthogonal design 

with EEG recording. We found that individuals with high alexithymia levels exhibited lower 

accuracy, larger N2 [localized at the dorsal anterior cingulate cortex (ACC)] and stronger 

alpha power in the face of social but not nonsocial negative scenes. Given the tight link 

between attention and N2/alpha power (Jensen & Mazaheri, 2010; Luo et al., 2010), these 

results suggest stronger attentional modulation of social-specific emotion processing in 

alexithymia. Moreover, the social-specific hypothesis can be supported by the findings from 

Chapters 6 and 7. In Chapter 6, we used nonsocial stimuli (e.g., parts of the human body) to 

examine emotion-cognition integration in relation to alexithymia. Results showed no 

associations of behavioral and electrophysiological indices of emotion-cognition integration 

with alexithymia. In Chapter 7, we found that social fear (fearful facial expressions) interfered 

with adaptation to volatility learning. Importantly, such suppressive effects of fear were 

associated with alexithymia in social contexts. As these studies suggest that emotion 
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processing difficulties in alexithymia may be social-specific, we propose to include a social 

component in the definition of alexithymia. 

 

Recently, the Self to Other model of empathy (SOME) has been proposed to account for 

aberrant social emotion processing in alexithymia (Bird & Viding, 2014). The authors argued 

that the affective representation system, with key roles of the insula and ACC, appears to be 

primarily impaired in alexithymia, and that impairments in this system further results in 

deficient emotion-related downstream processing, including empathetic decisions. Our results 

complement this model. First, our findings of social-specific impairments of emotion 

processing highlight the uniqueness of the social processing system, though we agree with the 

important role of the affective representation system in alexithymia-related emotion 

processing difficulties.  Similar to the affective representation system, the social processing 

system has been observed to be related to activation in the ACC (Adolphs, 2009; also 

including our source reconstruction of N2; see Chapter 4). Indeed, these brain systems are 

highly overlapping (Gilam & Hendler, 2016). Nevertheless, the orthogonality of sociality and 

valence contradicts the assertion that social processing may be part of the affective 

representation system. Second, results from Chapter 6 and 7 jointly suggest social-specific 

impairments of emotion-related downstream processing in alexithymia, a further refinement 

of this model. Note that this thesis defined the impact of emotion on cognitive activities and 

decision-making as emotion-related downstream processing. Therefore, we argue for an 

important role of social contexts on the affective representation system in alexithymia. Such 

social influences occur at all three stages of emotion processing. Consequently, difficulties in 

social emotion processing should be added to the construct of alexithymia.  

 

Neural dynamics underlying social emotion processing in alexithymia 
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An intriguing question regards what we talk about when we talk about social emotion. 

Compared to nonsocial emotion, social emotion is more complex with additional 

consideration of the social component at least (Britton et al., 2006). From the psychological 

constructionist view, which is supported by meta-analytic evidence (Lindquist et al., 2012; Xu 

et al., 2021), the processing of emotion can be decomposed into some basic mental operations, 

including core affect, executive attention, and emotion words, or the combination of them 

(Lindquist et al., 2012; also see General Introduction for definitions). We believe that emotion 

processing in the social domain can additionally consider social processing among these 

operations. Therefore, our questions regarding neural dynamics of social emotion processing 

in alexithymia can be transformed into how these mental operations, especially social 

processing, independently or interdependently unfold in the alexithymic brain, which can be 

well captured by high temporal resolution EEG.   

 

This thesis first used EEG to reveal oscillatory dynamics underlying emotion-cognition 

integration regardless of alexithymia levels (Chapter 6). Specifically, EEG results showed that 

i) emotion processing (valence) occurred first in the theta band from 144 to 372 ms; ii) 

cognitive processing (laterality) took place in the theta band from 332 to 608 ms; iii) 

emotional and cognitive processes were integrated in the alpha band from 268 ms and lasted 

to 800 ms. Consequently, initial perceptive processing and further affective processing should 

approximately occur before 372 ms, while emotion-related downstream processing should 

start from approximately 268 ms. These results suggest partially overlapping stages of 

emotion processing consistent with previous findings (Calvo & Nummenmaa, 2016) and 

provide basic timing ranges for emotion processing (approximately 144 to 372 ms here). 
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A rich EEG literature on social emotion processing in alexithymia has shown aberrant 

emotion processing at different stages (see General Introduction; for a review, see Goerlich, 

2018).  Chapters 3-5 used EEG to examine different profiles of social emotion processing in 

alexithymia. Chapter 3 revealed higher P2 amplitudes between 165 ms and 215 ms following 

human voice in alexithymia. Chapter 4 showed distinct differentiating N1 responses (110-160 

ms after stimuli onsets) between intact and eyeless faces to anger and sadness in non-

alexithymia, but an absence of those in alexithymia. In this chapter, we also found smaller 

differences in the FAA (100-200 ms after stimuli onsets) in response to sadness between 

intact and eyeless faces in alexithymia. In Chapter 5, we observed larger N2 (280-330 ms 

after stimuli onsets) and stronger alpha power (1-1000 ms after stimuli onsets) in alexithymia 

in response to social negative stimuli. Although many ERP components have been considered 

to link to attentional processing (Luck et al., 2000), there are slight differences between 

different stages of ERPs. Early components, such as N1, are responsible for selective attention 

(Klasen et al., 2012; Luck et al., 2000). The visual N1 has been also involved in the 

processing of perceptive discrimination (Vogel & Luck, 2000).  Middle components, such as 

P2 and N2, are linked to the deployment of attentional resources (Franz et al., 2004; Nittono 

et al., 2007). In line with the perceptive and affective model of emotion processing (Calvo & 

Nummenmaa, 2016), our results reflect impairments of initial perceptive processing and 

further affective processing of social emotion in alexithymia. Specifically, these findings 

together imply that people with alexithymia might selectively decrease attention to the 

emotive eye-region and exhibit abnormal perceptive processing in the early stage, followed by 

higher, probably compensatory, recruitment of attentional resources to social emotion stimuli 

in the middle stage. Although we did not conduct EEG studies to examine late-stage 

components in the emotion-related downstream processing in alexithymia in social contexts, 

previous research indeed found abnormal late-stage processing in alexithymia, which was 
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preceded and predicted by early processing abnormalities (Pollatos & Gramann, 2012). 

Further, Chapter 7 showed abnormal fear-biased adaptation to environmental volatility, 

reflecting aberrant learning/decision making in late-stage processing in alexithymia. With 

regard to neural oscillations, deficient motivational processing in alexithymia during the early 

stage, as indexed by the FAA in Chapter 5, suggested impaired core affect system, because 

motivation is an important dimension of the core affect system. In Chapter 4, the lasting 

influence of alpha power was found to modulate social emotion processing (induced by 

affective pictures depicting people) in alexithymia. Given that alpha power has been widely 

implicated in attentional modulation (Jensen & Mazaheri, 2010), this result may imply a 

lasting abnormal engagement of attention during social emotion processing in alexithymia.  In 

sum, our results support impairments of initial perceptive processing, further affective 

processing, and emotion-related downstream processing to social emotion in people with 

alexithymia. Importantly, all these abnormal processes seem to be modulated by attention.  

 

An important question concerns the relationship between alexithymia and autism spectrum 

disorders (ASD) in social emotion processing. Atypical social interaction is one of the 

defining symptoms of ASD (Senju & Johnson, 2009). Importantly, recent evidence attributed 

social-emotional problems in patients with ASD to alexithymia, which is highly comorbid 

with ASD. That is, alexithymia, rather than autism, accounts for social-emotional processing 

difficulties (e.g. deficient eye-region processing) in patients with ASD (G Bird & Cook, 2013; 

Geoffrey Bird et al., 2010; Cook et al., 2013). Note that many studies in this thesis controlled 

for the potential confounding effect of ASD by adding autism scores as covariate in statistical 

analyses. Therefore, alexithymia is associated with social cue processing deficiencies, 

independently of autism.  
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Social-specific model of emotion processing in alexithymia 

By integrating our findings with previous research on emotion processing in alexithymia 

(Donges & Suslow, 2017; Goerlich, 2018a; Lindquist et al., 2012; Luminet et al., 2021a, 

2021b), we propose a social-specific model of emotion processing in alexithymia (Figure 1). 

This model attempts to unify different emotion theories and is mainly inspired by the 

psychological constructionist approach (Lindquist et al., 2012). We propose impairments of 

initial perceptive processing (early stage; <200 ms), further affective processing (middle stage; 

200~350 ms) and emotion-related downstream processing (late stage; >300 ms). Notably, we 

acknowledge that initial affective processing (e.g., appraisal) may occur before or concurrent 

with perceptual processing (Russell, 2003). Impairments in these three stages are related to 

executive attention, with slightly different attentional operations in different stages. Regarding 

initial perceptual processing, the visual system perceives the visual input. After detecting the 

dimension of sociality (“social detector”; accompanied by early ERP components and the 

dACC) and confirming the social nature of the input (e.g., the facial expression), the 

perceptual system makes discriminations and then motor-related regions may automatically 

mimic the perceived facial expression (Wood et al., 2016). This model highlights the 

important role of eye-region processing in alexithymia in the perceptive stage. The processing 

of the emotive eye-region was evidenced to be abnormal in alexithymia (Cook et al., 2013; 

Franz et al., 2021; also including our results). These abnormalities may stem from decreased 

selective modulation of attention to social features in alexithymia (social detector). However, 

whether the abnormality of selective attention in alexithymia is social-specific remains lack of 

evidence. In addition, it has been shown that increased fixation to the eye-region in 

alexithymia did not improve their performance but in fact increased their errors (in contrast to 

non-alexithymic individuals; Fujiwara, 2018), suggesting that decreased selective modulation 

of attention to sociality in alexithymia is at the trait, but not the state, level. In sum, we 
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propose that an impairment of the social detector, accompanied by the dACC and early ERP 

components, is an important contributor to abnormalities of initial perceptive processing in 

the early stage (approximately before 200 ms) in alexithymia.  

 

Figure 1. Social-specific model of emotion processing in alexithymia. Arrows in red 

represent the decrease, while in blue the increase. 

 

Affective signals have been considered to originate from the registration of one’s own body 

state (e.g., facial muscles; for a review, see Critchley & Garfinkel, 2017). The affective 

representation system processes the received body signals by interoception to produce core 

affect. Abnormal interoceptive processing may contribute to impairments of the affective 

representation system (Brewer et al., 2016; Mul et al., 2018; Murphy et al., 2018; Shah et al., 

2016). However, a large body of research, as well as our results (Chapters 4-7), show that 

affective representations system may be impaired when processing social information. 

Neuroimaging evidence suggests that individuals with high alexithymia levels need to recruit 

more attentional resources to adequately process emotional information, especially those of 

social nature. Indeed, aberrant operations of core affect have been documented in people with 

alexithymia, such as motivational processing (Flasbeck et al., 2017), valence encoding 

(Larwood et al., 2021; van der Velde et al., 2013) and arousal (Pollatos & Gramann, 2012). In 
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addition, deficits in transformation from emotional picture to emotional words in alexithymia 

may hamper the affective representation system (Gong, 2009). In sum, impairments in the 

deployment of attentional resources to social-related information, in the social-specific 

representation of interoceptive processing and in the emotion words formation together 

contribute to alexithymia. Our model also proposes the great contribution of social detector, 

accompanied by the dACC and middle-stage ERP responses, to further affective processing in 

the second stage of emotion processing in alexithymia. Finally, on the basis of impairments of 

initial perceptive and further affective processing for social information, individuals with 

alexithymia fail to benefit from socio-emotional signals to guide cognitive performance and 

decision making in the late stage. 

 

Our model attempts to visualize key findings from the existing literature on social emotion 

processing in alexithymia. First, our model extends difficulties in emotion processing in 

alexithymia to the social domain. We suggest that the social component is highly important to 

be considered in the definition of alexithymia and that it deserves systematic investigation in 

future research. Second, we summarized the existing findings based on various emotion 

theories. From the perspective of the psychological constructionist approach, we propose 

aberrant neural timing and mechanisms underlying social emotion processing in alexithymia. 

Finally, different from a previous social-emotional processing model in alexithymia (Bird & 

Viding, 2014), which focused on complex empathetic processes, our model addresses basic 

perceptual emotion processing from visual stimuli (pictures or movie clips), or the other-to-

self model. We also extend the SOME model by emphasizing the social component during 

emotion processing in alexithymia.  

  

Clinical implications 
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This thesis helps to better understand the neural dynamics of social-emotional processing in 

alexithymia. By building associations between alexithymia and electrophysiological indices 

during social emotion processing, this thesis may aid the management and treatment of 

alexithymia-related mental disorders, given that alexithymia has been considered as a 

transdiagnostic risk factor for various psychiatric disorders. First, decoding techniques from 

neuroimaging data have been widely used to test inter-individual variability and may be 

helpful in assessing clinical phenomena at the individual level, which had been likened to 

fingerprinting, in the context of prediction (Shen et al., 2017; Wang et al., 2021). This may be 

relevant for alexithymic individuals, who have difficulty expressing their own feelings 

(Luminet et al., 2018). Use of electrophysiology-related features summarized in this thesis 

may aid the objective assessment of alexithymia, but needs further development and testing. 

Second, noninvasive brain stimulation (NBS), including transcranial alternating current 

stimulation (tACS) and transcranial magnetic stimulation (TMS), are valuable in research on 

cognitive neuroscience and clinical intervention (Wagner et al., 2007). Our 

electrophysiological findings may provide important insights into the potential targets for the 

NBS technique to improve alexithymia. For example, stimulating alpha power by tACS or 

using the ACC as a seed region for network-guided TMS (Fox et al., 2012) may contribute to 

improvements in social-emotional processing in alexithymia. An important observation in the 

studies reported in this thesis was that emotional multisensory integration may remain intact, 

at least to the extent that stimuli were processed. This may yield relevant leads for the 

development of emotion-focused therapies that take advantage of this seemingly intact 

integrative process. Psychotherapeutic approaches for reducing alexithymia have recently 

been proposed (Nunes da Silva, 2021), including the Collaborative for Academic, Social, and 

Emotional Learning’s (CASEL) Framework for Systemic Social and Emotional Learning, to 

enhance social-emotional skills. CASEL’s model addresses 5 broad and inter-related areas of 



Chapter 8 

242 
 

competence and highlights illustrative examples for each: self-awareness, self-management, 

social awareness, relationship skills, and responsible decision-making. Future research should 

unveil the gain that could be obtained for people with alexithymia by implementing such 

interventions. 

 

Limitations and future directions 

Despite relevant implications for understanding alexithymia, our model may be too 

elementary to take into account all components of contextual influences and other input 

modalities (e.g., auditory input), which are important for our life. The context in which an 

emotional state occurs demonstratedly impacts people’s emotion processing (Aviezer et al., 

2017). However, little is known regarding abnormalities of contextual processing in 

alexithymia. Future studies may benefit from investigating this in more detail. Although most 

studies have focused on the visual domain, alexithymia has been associated with emotion 

recognition deficits in both auditory and visual domains (for reviews, see Goerlich, 2018; 

Luminet et al., 2021; Suslow & Kersting, 2021). In the auditory domain, early-, middle-, and 

late-stage impairments in emotion processing have been identified (Goerlich, 2018a). Visual 

and auditory processing appears to involve different perceptive processing but share the same 

affective processes (for a review, see Schirmer & Adolphs, 2017). From the psychological 

constructionist view, both visual and auditory emotional information transform into emotion 

words before representing affective meaning (Lindquist & Gendron, 2013). Alexithymia 

hampers this process, as evidenced by longer response times for transformation from emotive 

pictures to words (Gong, 2009). However, whether transformation into emotion words from 

the emotional voice is impaired in alexithymia needs further investigation. Another question 

concerns the hierarchical structure among mental operations in alexithymia. Early 

components such as the P1 appear to predict later components (P3) providing an important 
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link between emotion processing in different stages and suggesting a contribution of early 

deficits to late impairments (Pollatos & Gramann, 2011). A review paper from Luminet and 

colleagues summarized associations among different stages in alexithymia, suggesting shared 

and distinct mental operations depending on the type of cognition (e.g., core affect and 

executive attention) in different stages (Luminet et al., 2021). However, little is known about 

the causal relationships between these mental operations. Substantial evidence is still needed 

to gain more insights into social emotion processing in alexithymia. Third, our studies, as a 

rich literature on alexithymia, recruited healthy people as participants and investigated deficits 

in alexithymia by dividing the pool into two groups or by directly correlating with 

alexithymia. Given that the concept of alexithymia originated from observations from 

psychosomatic patients (Sifneos, 1973), crucial differences between people with and without 

a psychiatric diagnosis, both meeting the cutoff score of alexithymia, e.g., larger than 60 in 

the TAS-20 need to be tested. Regarding measurements of alexithymia, two Chinese tools 

(the TAS-20 and BVAQ) are available, where we adapted the Chinese version of the BVAQ 

in this thesis. Due to time limition, this thesis only used the TAS-20 in addition to Chapter 7 

(using the BVAQ for simplicity). Although  the cognitive dimension of the BVAQ  highly 

coresponds to the TAS-20, the tiny difference between these two tools, especially in social 

emotion processing, remains to be tested. Next, this thesis only focused on neural dynamics 

underlying social emotion processing in alexithymia. Although many studies identified the 

temporal dynamics and spatial architecture regarding social emotion processing in 

alexithymia (Goerlich, 2018a; van der Velde et al., 2013; Xu et al., 2018), it remains unclear 

how these results can be integrated. Future studies would benefit from simultaneously 

investigating temporal-spatial architecture in alexithymia by the fusion of EEG-fMRI. Finally, 

although this thesis focused on social emotion processing in alexithymia, some social-related 

issues remain unanswered.  First, static emotional pictures were used, whereas in everyday 
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social life, we recognize social emotion from dynamic information, for example facial 

movements (Kokinous et al., 2015). Future studies would benefit from investigating social 

emotion processing in dynamic settings with higher ecological validity. Second, we used 

emotional stimuli depicting people to induce social emotion, which can be regarded as low-

order social emotion (Britton et al., 2006). It is thus not clear whether our findings would 

extrapolate to high-order social emotion (e.g., shame or guilt). Third, this thesis did not 

address other influences of social contexts (e.g., intergroup influences) on emotions, which 

are highly important for social-emotional functions (Lin et al., 2018). Future studies should 

explore various social impacts on emotion processing in alexithymia.  

 

Concluding remarks 

This thesis systematically examined neural timing and mechanisms underlying social emotion 

processing in alexithymia. Using EEG, we revealed impairments of early-, middle- and late-

stage of social emotion processing in alexithymia. By embedding our findings into previous 

results in alexithymia and the existing emotion theories, we constructed a social-specific 

model of emotion processing in alexithymia-related mental disorders. In this model, we 

highlighted the important role of social processing in alexithymia and argued that deficient 

social emotion processing is at the core of alexithymia. These empirical findings and our 

theoretic model may aid the scientific understanding of neuropsychopathology of alexithymia 

and aid the development of management and treatment strategies of alexithymia and 

alexithymia-related mental disorders.   
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