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1. Short summaries and contribution to the publications  

1.1 In my doctoral thesis, I will provide insight into the various aspects of self-processing in the 

brain and how it intervenes with emotions and memory. The thesis is divided into five parts. 

Behavioural and experimental neuroimaging studies were performed in Germany, the 

Russian Federation, and the Republic of Korea from 2012 to 2015.  

1.2 The first part (ZAYTSEVA Y. et al. (2014). ‘’Self-processing in the brain: a paradigmatic 

fMRI case study with a professional singer’’ // Brain and Cognition, V. 87C, P. 104-108) 

tests the hypothesis on the differential involvement of the midline brain structures in self-

referential and self-related processing and how the eminent professional identity may 

highlight the differences and gives the ability to spot both processes in one case. 

Contribution to the paper: I have conceptualized the study results, performed the fMRI 

analysis, wrote the manuscript draft, and proceeded with the submissions and all rounds 

of revision. 

1.3 The second part (Park M. et al. (2015) ‘’Sadness is unique: Neural processing of emotions 

in speech prosody in musicians and non-musicians’’. // Frontiers in Human 

Neuroscience, doi: 10.3389/fnhum.2014.01049) investigates the perception of emotions in 

speech and how professional identity and a musical training affects it. Contribution to the 

paper: I have participated in the study design and interpretation of the study results, revised 

the manuscript, its methods, and results, and added the points to the discussion. 

1.4 The third part (Silveira S. et al. (2015) ‘’Does a bishop pray when he prays? And does his 

brain distinguish between different religions?" PsyCh Journal, 4(4):199-207) comprises the 

investigation of the self-referential processing in a catholic bishop while perceiving 

contextual religious texts. Contribution to the paper: I have participated in the study design, 

data acquisition, and interpretation of the results. I have revised the manuscript, its 

methods, and results and added the points to the discussion. 

1.5 In the fourth part (ZAYTSEVA Y. et al. (2015) ‘’A disembodied man: A case of soma-to-

psychic depersonalization in schizotypal disorder’’. // PsyCh Journal, 2015, 4(4):186-98), a 

case of the soma-to-psychic depersonalization is presented, and the relation between the 

self-processing in tactile perception is discussed. Contribution to the paper: I have 

designed the study and performed the clinical, neuropsychological, and behavioural 

assessment. I have designed and performed the fMRI experimental paradigm. I analysed 
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the behavioural and fMRI data and performed the statistical analysis. I have written the 

draft of the manuscript and proceeded with submissions and revisions of the paper. 

1.6 In the fifth part (Han K.H., ZAYTSEVA Y. (2014) ‘’Impairment of vocal expression of 

negative emotions in patients with Alzheimer's disease’’. // Frontiers in Aging 

Neuroscience, 26:6 doi: 10.3389/fnagi.2014.00101), the impairment of vocal expression in 

Alzheimer's disease and possible effects on the identity are highlighted. Contribution to the 

paper: I have performed the statistical analysis, wrote the paper draft, and proceeded with 

the submissions of manuscript revisions. The first authorship was divided between Dr. 

Kyung-Hun Han. Dr. Han collected the data in the Republic of Korea; further analysis and 

manuscript drafting was performed in Munich. 
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2. Introduction 
What if the Self is likened to a flock of birds? They soar through the sky,  

maintaining harmonious synchrony with the shifts in the air. However, when communication 

between the birds is disrupted, so too is the unity of the flock. At a certain point,  

we can no longer refer to it as a flock. Similarly, the Self implies an inner organizing principle. 

2.1. Concepts of the Self 
The conceptualization of the self has been one of the most prominent issues in the fields of 

philosophy, psychology, and neuroscience. Esteemed scholars such as Popper (1977), 

Damasio (1999), Gallagher (2000), Gallagher & Frith (2003), Metzinger & Gallese (2003), 

and Northoff (2004) have extensively explored this subject. Despite the long theoretical 

discourse and many experimental studies, no settled terminological system in the 

neurocognitive research of the self has been established. Terms such as self-processing, 

self-related, self-referential, self-relevant, and self-reflective processing are used 

interchangeably across published papers. Moreover, to distinguish different aspects of the 

processing of self, more recent terms have been proposed, such as self-specifying 

processing. Here we will shed some light on the similarities and differences between these 

terms and define the terms used in the thesis. 

Drawing from theoretical assumptions and empirical evidence, scholars have identified two 

distinct subtypes of the self. One subtype is known as the "mental self" (James, 1890), 

"narrative self" (Gallagher, 2000), or "autonoetic consciousness" (Keenan et al., 2000), 

encompassing higher-order cognitive processes and representing an external point of view. 

The narrative self is viewed as a self that encompasses an “individual identity” (Gallagher, 

2000) with a variety of specific experiences and values and ‘’personal and interpersonal 

forms of narrative activity’’ that are integrated into the coherent self-concept (Zahavi, 2007. 

In this context, episodic memory serves to synchronize the past and present "selves," thereby 

creating a coherent and subjectively continuous self-identity over the course of one's life(Bao 

et al., 2015).  

Alternatively, a different concept of the self has been advocated that focuses not on higher-

order cognitive but basic somatic and affective functions. This concept aligns more closely 

with an internal point of view of oneself. This lower-order concept of the self is often referred 

to as the "corporeal self" or "bodily self" (Pribram, 1999) or "proto-self" (Panksepp, 1998). 

Additionally, the minimal self is defined as a sense of self intrinsic to any conscious state 

(Gallagher & Zahavi, 2012; Zahavi, 2016). 

A primitive form of self-reference, known as a "sense of mineness," makes our experiences 

conscious by allowing us to recognize that the experience belongs to us personally. This 

concept is often associated with the notion of pre-reflective self-consciousness, which 
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indicates an inherent awareness of the self before any reflective thought. Within this 

framework, the existence of a minimal self is independent of linguistic and conceptual 

abilities, being realized primarily through sensory and motor domains. This concept 

underscores that the minimal self emerges from basic, non-verbal interactions with the 

environment, highlighting its fundamental nature. 

Regarding the relationship between the two types of the self, this perspective asserts that 

the minimal and narrative selves are complementary but distinct aspects of selfhood. Self-

awareness is considered a prerequisite for the emergence of the narrative self. While these 

two aspects are typically integrated, in clinical cases involving a significant deficit in the 

narrative self, such as the advanced stages of Alzheimer’s disease, only the minimal self 

may remain. In such instances, without the ability to reference the past within the present, a 

patient may lose their sense of identity, as they can no longer recognize their personal 

narrative reflected in episodic memory. Consequently, the synchronization of past 

experiences within a present time frame might be considered a neural foundation for personal 

identity. 

 

2.1.1. Self-referential and self-related processing  
The terms "self-referential" and "self-related," introduced by Northoff et al. (2006), have 

served as a framework for building up experimental paradigms using brain imaging.   

Self-referential processing involves the cognitive handling of stimuli that are perceived as 

being closely related to one’s own identity and personal experiences. Typical examples 

include how we perceive images of ourselves or close friends compared to pictures of 

strangers, or how we respond to images of the houses where we spent our childhood versus 

pictures of unfamiliar houses. These comparisons can be observed across various sensory 

modalities (Northoff et al., 2006), highlighting the profound impact of personal relevance on 

our perception and cognition. In this case, the strength of a stimulus's relationship to the self 

unifies and categorizes inputs, not their sensory origin (as Kircher and David, 2003). The 

concept of "mineness" regarding self-stimulus depends heavily on the specific context, 

encompassing autobiographical, social, spatial, and a myriad of other pertinent factors. This 

term encapsulates how individuals perceive and assert their identity and experiences. 

The self-referential aspect typically involves a heightened emotional subjectivity, wherein 

stimuli are imbued with significant personal value. When perceived through the lens of the 

self, these stimuli cease to be mere objective elements of the universe; instead, they take on 

emotional hues and become deeply intertwined with one's sense of identity. Additionally, the 

self is shaped by both physical and psychological stimuli. Physical stimuli include sensory 

inputs from the body like facial expressions, sensations, and internal bodily processes. In 

contrast, psychological stimuli encompass one's conceptual understanding of oneself, such 
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as episodic memories, and complex evaluations like body image and self-worth (Gillihan and 

Farah, 2005). 

A key distinction between self-referential and non-self-referential attitudes, as highlighted in 

the literature, is encapsulated by the idea that "the emotional stance towards an object or 

thought defines the boundary between self and non-self" (Newen, 2018). This emphasizes 

that personal emotional engagement plays a pivotal role in delineating what is perceived as 

part of one's self versus external to it. 

In their later works, Northoff et al. (2011) add a concept of self-related processing which 

refers to a fundamental process that creates a relationship between the organism and 

stimulus. Self-related processing cannot be equated either with the self as subject or with the 

self as the object (subjective/phenomenological, objective/neuroscientific concepts of self); 

it also cannot be equated with any different contents (neither with self-specific nor with non-

self-specific; neither with subjective/experiential nor with objective/observational); self-

related processing makes these distinctions first and foremost possible (Me). It differs from 

its cognitive counterpart, self-referential processing, which regards the contents—whether 

bodily, mental, or autobiographical—as given and pre-existing (Northoff, Qin, & Feinberg, 

2011). 

 

2.1.2. Neural correlates of the self-processing 
Various studies aimed to localize the self's neurobiological correlates by applying various 

approaches (Northoff, G. & Bermpohl, F, 2004). The findings have been identified mainly in 

the medial frontal and posterior limbic areas, called cortical midline structures (CMS) 

(Northoff et al., 2006). CMS are parts of the default-mode network (Gusnard et al., 2001; 

Raichle et al., 2001, 2007), which itself has been linked to various self-related processes 

such as self-projection (Buckner et al., 2007), episodic memory (Spreng et al., 2009), or self-

generated thought (Andrews-Hanna et al., 2014). Anterior CMS involvement is documented 

in various studies of attribution of personal trait adjectives to oneself (Araujo et al., 2013; 

Fossati et al., 2003; Johnson et al., 2002), also with a distinction for emotional and cognitive 

aspects (Moran et al., 2009) and emotional valence (Williamson et al., 2019). Self-recognition 

studies focus on the representations of own body and underscore different areas, such as 

right-lateralized networks of inferior parietal and occipital regions, for visual self-recognition 

(Deveu et al., 2007; Sigiura et al., 2005; Uddin et al., 2005), superior temporal cortex in voice-

recognition (Fu et al., 2005), or inferior frontal cortex for both (Kaplan et al., 2008). The 

inferior frontal and parietal areas are essential hubs in the mirror-neuron system (MNS) that 

unifies the perception and execution of actions and forms a platform for understanding 

observed actions of others from within by their internal simulation (Iacoboni & Dapretto, 2006; 

Keysers et al., 2010). Central self-processes are subserved by the activity of (at least) these 
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two main networks- the default mode network and, more precisely, CMS linked to conceptual 

self-processes and by mirror neuron system (MNS) constituting perception-action grounding. 

The interaction of both networks is probably in play in self-relevant processing and can be 

crucial depending on the task employed, as observed in self-other recognition studies 

(Justen et al., 2014; Qin et al., 2011; Sandrone et al., 2013). However, another line of thought 

encompassing theories based on the free-energy principle suggests that multimodal bodily 

representations are not tied to a specific brain area (Apps et al., 2014). The unity and 

integration of different brain regions are important for providing contextual information that 

can directly influence how a unimodal signal is experienced (Limanowski et al., 2013).  

When examining stimuli specific to self versus non-self, brain imaging research has identified 

alterations in neural activity within several medial cortical areas, such as the pregenual 

anterior cingulate cortex (pgACC), dorsomedial prefrontal cortex (dmPFC), and posterior 

cingulate cortex (PCC) (see reviews by Northoff et al., 2009; Feinberg, 2011). These findings 

underscore the distinct patterns of brain activation associated with processing information 

related to one's self versus external entities. 

Moreover, numerous studies have consistently shown that the anterior cingulate cortex 

(ACC), among other regions in the medial cortex (detailed below), plays a significant role in 

processing stimuli specific to the self (D'Argembeau et al., 2005, 2007; Feinberg & Mallat, 

2016; Feinberg, 2011; Gusnard & Raichle, 2001; Han et al., 2009; Modinos et al., 2009; 

Ochsner et al., 2005; Zhu et al., 2007). Beyond these medial cortex regions, additional brain 

areas such as the ventrolateral prefrontal cortex (vlPFC), dorsolateral prefrontal cortex 

(dlPFC), lateral parietal cortex (lPC), bilateral temporal poles, insula, and subcortical regions 

including the brainstem, colliculi, periaqueductal gray (PAG), and hypothalamus/hypophysis, 

have also been observed to be active during tasks involving self-referential processing 

(Northoff et al., 2006).  

 

2.1.3. Self-processing and memory  
The process of memorizing, involving the encoding and retrieval of self-referential stimuli, is 

intricately linked to episodic and autobiographical memory. Studies that approach the 

connection between self-processing and memory can be divided into two groups. The first 

group of studies investigated the encoding and retrieval of visually presented self- and non-

self-related adjectives describing personality traits. Macrae et al. (2004) studied the retrieval 

of trait adjectives associated with dorsomedial prefrontal cortex (dmPFC). In Fossati et al. 

(2003), similar activation in the dmPFC was observed during the encoding and retrieval of 

positive and negative self-relevant personality traits. The study indicated that both 

processes—encoding personal traits and successfully retrieving them—involved activation 

in the right dmPFC. According to the authors, this recruitment of the dmPFC suggests that 
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self-referential processing is pivotal in connecting personality descriptors to one's self during 

both the initial encoding and subsequent retrieval phases. To better understand the retrieval 

of trait adjectives relevant to oneself, Lou et al. (2004) conducted a task-related and 

connectivity analysis (the best friend, the Danish queen). 
They found the activations in DMPFC, PCC/precuneus, right and left inferior paracentral 

lobule (ParC), left vlPFC, and middle temporal cortex (incl. hippocampus). In addition, 

connectivity analysis has identified the following connections: dmPFC – mParC, PCC, 

precuneus; anterior CMS – inferior frontal cortex, inferior paracentral lobule, middle temporal 

cortex. Drawing from a complementary TMS study, the authors propose that the MPC serves 

as a central region facilitating interaction between the CMS and other lateral cortical areas 

during the episodic retrieval of self-referential adjectives. This suggests a pivotal role for the 

MPC in integrating cognitive and memory processes related to self-relevant information. The 

second group of studies used the autobiographical memory task (Fink, 1996; Maddock, 

1999, 2003; Piefke et al., 2003; Gilboa, 2004), and all identified similar activation in dmPFC 

and vmPFC. 

 
2.1.4. Self-processing and emotions 
Self-processing is tightly bound to emotions. Several research studies exploring emotions 

have shown activation of the VMPFC, ACC, and DMPFC in the anterior CMS (see Phan et 

al., 2002 for an overview). This involvement of anterior CMS during emotion processing might 

indicate simultaneous self-referential processing. Some studies looked at the dissociation 

between emotion and self-referential processing to address this question. Phan et al. (2002) 

aimed to appraise the extent of personal association with emotionally salient pictures. Self-

referential processing was associated with the activation of CMS (including VMPFC, PACC, 

and DMPFC), insula, and nucleus accumbens. Regions specifically activated to subjective 

emotional intensity ratings included the amygdala, the nucleus accumbens, and the insula; 

these regions differ from those associated with self-relatedness appraisal (see above). In 

their experiment, Fossati et al. (2003) asked the participants to judge whether positive and 

negative trait adjectives described themselves adequately. They identified the activations in 

dmPFC and PCC as related to self-referential processing. Ochsner et al. (2004) compared 

self-focus and situation-focus of visually presented negative emotional pictures; judged the 

valence of their emotional responses to pictures or the emotion expressed by the person in 

a picture. The neural processing of the self-focus was comprised of the activity of PCC/ACC, 

whereas the situation focus was associated with the activation of the right and left LPFC 

(VLPFC, DLPFC). These findings are in line with earlier studies (Gusnard & Raichle, 2001) 

where attention to self-referent emotional conditions induced neural activity in PCC/ACC, 

VMPFC, and DMPFC when compared to externally cued attention. The activation of mPFC 
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was connected to the processing of one’s own emotions, and the emotional reaction of the 

person in the picture was related to the activation of lPFC (see Wicker et al., 2003). The 

authors observed overlap between feeling and seeing of disgust in ACC and insula). Another 

study indicated that self-referential processing in the emotional domain especially involved 

the anterior CMS (Northoff et al., 2006). 

Thus, there is an intertwining of emotional processing and self-referential processing. While 

self-referential processing is linked with the default mode network (CMS), emotional 

processing predominantly occurs in subcortical and other cortical regions, such as the insula, 

amygdala, brainstem, colliculi, and periaqueductal gray (PAG) (see also LeDoux, 1996, 

2012; Panksepp, 1998, 2005; Damasio, 1999; from Northoff et al., 2006). The observed 

activation in the anterior CMS during emotional processing across different types of emotions 

and various induction methods (Phan et al., 2002; Murphy et al., 2003) indicates a strong 

association with self-referentiality that transcends intrinsic emotion processing. This is further 

supported by findings showing a significant correlation between neural activity in the anterior 

CMS and emotional valence (Anderson et al., 2003; Small et al., 2003; Heinzel et al., 2005), 

suggesting that the evaluation of emotional content inherently involves self-reference 

(Northoff et al., 2006). 

2.2. Self-processing in schizophrenia and schizophrenia spectrum 
disorders  

Schizophrenia is a complex disorder that evades a simple definition because it has 

various facets and expressions. Some patients describe hallucinations, some report only 

delusions, while other forms of schizophrenia manifest solely by negative symptoms. In many 

foundational texts (Kraepelin E. (1896), Schneider K. (1947), Mayer-Gross W. (1932)), the 

core unifying attribute of the disorder was described as self-disturbances (SDs, Bleuler, 

1950). Kraepelin (1896) characterized schizophrenia as a "loss of the unity of 

consciousness" or an "orchestra without a conductor." German psychiatrists like W. Mayer-

Gross (1932), H. Gruhle (1932), and K. Schneider used the term Ichstörungen referring to 

"splitting and weakening of the I is binding of self-components" (Mishara, 2014). Other 

concepts stressed the role disparity between (splitting of) cognitive and emotional domains 

(Gruhle, 1932). Kurt Schneider (1947) had a pragmatic approach to using the term 

Ichstörungen. For him, it referred to the disturbance of "me," "I," and "mine" that is reflected 

in the first-rank symptoms depicting the aberrant changes of experiencing oneself and own 

agency. His notion was an extension of Jaspers' criteria of the conscious "I" as having the 

following properties: demarcation between self (me) and non-self (not me); unity of 

experience at a given moment and also during time; experience of mine-ness and own 

existence (Spitzer,1988). Wolfgang Blankenburg (1969) proposed that in Ichstörungen, a 
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feeling of a change of relationship to self and others emerges. The experience of both oneself 

and others is disrupted because of a collapse of reference frames, and this disruption is 

reflective, involving a higher-level thinking process. A person with schizophrenia cannot 

change one's perspective and take someone else's perspective, similar to being immersed 

in ongoing processes in a dreaming state. The self is based on the binding of components, 

a point of intersection (Mishara,2013). 

We have described various conditions in which alternations of the experiences on the 

level of the minimal self are probably present. However, these are indirect indications of SDs 

since they have not been addressed directly. Their common theme is a destabilizing loss of 

homeostatic control; the subjective experience of self-disturbances might express a tag of 

such disintegration. The homeostatic imbalance concerns the prefrontal cortex regions 

playing a role in cognitive control and more reflexive subcortical areas, as in stress disorders 

or during adolescence. Similarly, in psychedelic intoxication, we see changes in brain entropy 

linked to an attenuation of control of the default mode network freeing the activation in other 

areas that were previously suppressed. It seems that, as well as in schizophrenia, in the 

psychedelic state, the Ego and structure of perception-action schemes are disturbed more 

profoundly, accompanied by a misperception of the external world. Self-disturbances reflect 

the scope of the instability of schemes linked by brain entropy. On the other hand, we see 

indications of SDs also in, for instance, depression, where the entropy should be low. Does 

that mean that SDs would be connected to deviation from a balanced state, whichever 

direction it would be? 

In attempts to delineate SDs, the difference between the minimal and narrative self is often 

underlined (Nelson et al., 2014). The Ipseity disturbances model (Sass, Parnas, 2003; 

Nelson, 2014) supposes that in schizophrenia, the immediate level of self-experience is 

affected primarily. The notion of the double dissociation between the minimal and the 

narrative self is supported by an example of patients with a dissociative personality disorder, 

who lack the continuity of the narrative self but, simultaneously, their minimal self-experience 

is usually intact. However, this separation might not genuinely reflect what is going on. Many 

aberrant processes related to self-experience can occur in the grey zone between these two 

counterparts. As A. Mishara and M. Schwartz (2013) put forwards, in schizophrenia, both 

levels are intertwined. Patients often manifest disturbances in the narrative self, as if the I is 

impaired (also) on the reflective level of binding information. What is lacking is the ability to 

form a perspective, either one's own or someone else's perspective. We can speak about 

the minimal and narrative self for a more detailed demarcation of concepts. However, these 

levels are just endpoints of neural hierarchy, and the mutual influence between these levels 

is complex. Sass and Parnas' example (2003) of dissociative personality disorder shows that 

separating the minimal and narrative self is possible but does not pertain to schizophrenia. 
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Typically, we would imagine that in schizophrenia, the primary perceptual processes are 

disrupted first, possibly preceding the full onset of the disorder as in prodromal states. 

Consequently, the sense of identity and self-narrative is eroded. The neural correlates are 

probably linked to long-term neural changes (excessive pruning, thinning of cortices, neural 

connectivity changes) that influence the immediate sensory experiences and thus create 

perceptual ambiguity that might also be experienced on the subjective level as a self-

disturbance and be metacognitively evaluated.  

The schizotypal disorder does not seem to differ from schizophrenia in SDs (Raballo et al., 

2011). However, subclinical individuals who scored in schizotypal traits have higher SDs than 

individuals with no such traits, supported by similar studies (Raballo et al., 2011). Also, non-

psychotic family members of schizophrenia patients score higher on SDs. Importantly, SDs 

are present not only during the acute phase of schizophrenia but also in remission, and this 

long-term change should be the disease's hallmark (Parnas et al., 2003). Therefore, such 

results support the notion of SDs being linked to the whole schizophrenia spectrum having a 

trait-like character.   

Depersonalization disorder resembles self-disturbances found in schizophrenia, most 

importantly diminished self-affection and changes in the experience of the world and 

meaning (Sass, 2014). However, it has been pointed out that the symptoms of the 

Schneiderian first-rank type are experienced less intensively ("as if") (Sass, 2014). According 

to another study (Varnes et al., 2013), anomalous self-experiences in depersonalization 

disorder might reflect somewhat compensatory secondary mechanisms, whereas, in 

schizophrenia, they are more profound with earlier onset.  

 

2.3. Self-processing through the prism of art  
A deeper exploration of the self and personal identity can be achieved through the lens of 

artworks. Art has been proposed to engage specific brain networks associated with various 

aspects of aesthetic experience. The pleasure and positive emotions evoked by artistic 

encounters are linked to the brain's reward circuitry, which includes both cortical and 

subcortical regions. Key areas involved in this process include the orbitofrontal cortex and 

ventromedial prefrontal cortex, known for their roles in reward processing and the 

assessment of beauty and aesthetic appeal. The anterior cingulate cortex is implicated in 

preferences and liking across different artistic domains, reflecting an individual's subjective 

feelings. The insular cortex, long associated with self-referential processes and emotional 

experiences, also plays a significant role in artistic appreciation. Additionally, the nucleus 

accumbens contributes to the generation of positive emotional responses and is involved in 

evaluating the emotional significance of artworks (Cela-Conde et al., 2013; Cinzia & Vittorio, 
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2009; Ishizu & Zeki, 2011; Jacobsen et al., 2006; Kawabata & Zeki, 2004; Nadal, 2013; 

Vartanian & Goel, 2004).  

According to Vessel and colleagues (2012), specific regions within the default mode network 

(DMN) play a critical role in aesthetic experiences, especially during intense emotional 

responses. While activity in areas like the striatum showed a linear correlation with 

participants' subjective ratings of aesthetic appeal (indicating how deeply they were affected 

by the artwork), DMN activity increased in a stepwise manner only in response to artworks 

rated highest in an fMRI study (Vessel et al., 2012). The researchers suggest that these 

activations indicate that highly impactful aesthetic experiences involve self-referential 

processes that are strongly influenced by the personal significance of the artworks. Overall, 

these studies underscore that aesthetic experiences are driven by stimuli and are subjective 

processes characterized by powerful emotional reactions, prominently featuring self-related 

and mind-wandering processing. 

Exploring self-processing through the prism of art in neuroscience reveals how 

artistic experiences engage neural mechanisms associated with self-reflection, 

emotion, and subjective meaning-making. This intersection offers insights into how 

the brain integrates aesthetic encounters to shape personal identity and emotional 

responses. 

 

3.Summary 

The self is studied in depth in psychology and neuroscience, yet there is no universally 

recognized definition of what the self is or could be. A new integrative theoretical model of 

neural mechanisms of the self was introduced based on empirical findings: cortical midline 

structures (parts of the default mode network) of the brain are involved in the processing of 

stimuli that refer or relate to the self. Specifically, "self-referential" represents an external 

point of view while "self-related" means an internal point of view. It is assumed that the 

components of the self should be viewed as constituents and functions of complex networks 

rather than as distinct identities.  

In a series of studies, we aimed to link self-referential and self-related processing with neural 

activity. We employed both single studies and group designs. Individuals whose professional 

identity was notable and distinctive (a famous opera singer, a catholic bishop) represented 

single cases. In contrast, the clinical case illustrated an example of disordered basic self-

processing (depersonalization case). Using a single case approach, we avoided the inter-

subject heterogeneity in a group, allowing us to focus on the intricacies deriving from that 

individual's unique background and epigenetic influences. The focus of the group studies 

was on the role of emotional processing in individuals with Alzheimer's disease who had a 

memory impairment that compromised their identity, as well as how musical training could 
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intensify emotions by engaging in self-referential processing (neural processing in musicians 

vs. non-musicians). 

 We identified the cortical midline structures as being involved in self-referential and self-

related processing in diverse ways. Specifically, self-referential processing was associated 

with activations in cortical midline structures (DLPFC, ACC, OFC) in the case of an eminent 

opera singer. The activation of the precuneus and subcortical structures drove the self-

related activity. At the same time, the role of the default mode network was highlighted as 

being disinhibited in a depersonalization case or during praying in a religious case. The 

association between self-referential processing, emotions, and memory was demonstrated 

in group studies. Thus, emotional expression deficit in Alzheimer's patients was closely linked 

with a decline in autobiographical memory, consequently affecting personal identity. In 

musicians, the emotional perception was intensified and presumably became more self-

referential as the frontal midline structures were more activated in contrast to non-musicians. 

Art and pathology can provide insight into the neural processing of the self as the cases allow 

us to naturally model self-processing relying either on protrusive or diminutive features. 
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4.Zusammenfassung 
Das Selbst wird in Psychologie und Neurowissenschaften intensiv untersucht, doch es 

existiert noch keine allgemein gültige Definition, was das Selbst ist oder sein könnte. Es wird 

ein neues integratives theoretisches Modell für neuronale Mechanismen des Selbst auf der 

Basis von empirischen Befunden vorgeschlagen: Kortikale Mittellinienstrukturen des Gehirns 

(Teile des Ruhenetzwerks) sind an der Verarbeitung von Reizen beteiligt, die in einer 

Referenz („self-referential“) zu oder in einer engen Verknüpfung („self-related) mit dem 

Selbst stehen; „self-referential“ bezeichnet eher einen externen Standpunkt zu sich selbst; 

„self-related“ bezeichnet einen eher internen Standpunkt. Es wird davon ausgegangen, dass 

Komponenten des Selbst als Bestandteile und Funktionen komplexer Netzwerke und nicht 

als eigenständige Entitäten zu verstehen sind. In mehreren Studien war das Ziel, die 

Verarbeitung der beiden Selbst-Modi in einen Zusammenhang mit neuronalen Aktivitätem 

zu bringen. Es wurden sowohl Einzel- als auch Gruppendesigns genutzt, und Personen mit 

einer akzentuierten Identität aufgrund des Berufs oder der Beschäftigung oder auch mit 

Störungen des Selbst aufgrund klinischer Pathologie (Schizophrenie, Morbus Alzheimer) 

wurden eingeschlossen. Personen mit bemerkenswerter und ausgeprägter beruflicher 

Identität (eine berühmte Opernsängerin, ein katholischer Bischof) stellten Einzelfälle dar, und 

ein klinischer Fall diente als Beispiel für eine grundlegend gestörte Selbstverarbeitung 

(Depersonalisation). Durch die Verwendung des Einzelfallansatzes wurde eine 

interindividuelle Heterogenität der Gruppe vermieden, was ermöglichte, sich auf besondere 

Feinheiten zu konzentrieren, die sich aus der einmaligen Beschaffenheit und epigenetischen 

Einflüssen eines Individuums ergaben. Der Fokus in den Gruppenstudien lag auf der Rolle 

der Emotionsverarbeitung bei Personen mit Morbus Alzheimer mit einer Gedächtnisstörung, 

die ihre Identität beeinträchtigte, sowie darauf, wie ein musikalisches Training Emotionen 

intensivieren kann, indem es selbst-referentielle Verarbeitung nutzt. Es wurde festgestellt, 

dass kortikale Mittellinienstrukturen auf verschiedene Weise bei den beiden Selbst-Modi 

beteiligt sind. Insbesondere war die „self-referential” Verarbeitung mit Aktivierungen in 

kortikalen Mittellinienstrukturen (DLPFC, ACC, OFC) bei der berühmten Opernsängerin 

verbunden. Die „self-related“ Aktivität wurde durch Aktivierungen im Precuneus und 

subkortikalen Strukturen beobachtet. Gleichzeitig wurde die Rolle des enthemmten 

Ruhenetzwerks bei einer Depersonalisation oder während eines religiösen Gebets 

festgestellt. Ein Zusammenhang zwischen „self-referential“ Verarbeitung, Emotionen und 

Gedächtnis wurde in den Gruppenstudien nachgewiesen. Das emotionale Ausdrucksdefizit 

bei bei Morbus Alzheimer war eng mit dem Nachlassen des autobiografischen 

Gedächtnisses verbunden, was sich auf die persönliche Identität auswirkte. Bei den 

Musikern war die emotionale Wahrnehmung intensiviert und wurde vermutlich stärker „self-
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referential“, da die frontalen Mittellinienstrukturen im Gegensatz zu Nichtmusikern stärker 

aktiviert waren. Insgesamt läßt sich sagen, daß Kunst und Pathologie besondere Einblicke 

in die neuronale Verarbeitung des Selbst erschließen; in solchen Fällen ist es möglich, auf 

eine besondere Weise die Selbstverarbeitung zu untersuchen und zu modellieren. 

Summary of paper I 
The first part of the thesis, published as Zaytseva et al (2014), was intended to 

demonstrate cortical midline regions' differential role in self-processing. E.M., a 69-year-

old professional soprano singer with over 35 years of experience, is now a professor of 

singing. The professional Self is a one-of-a-kind self, and the sound of a voice is a one-

of-a-kind self that firmly determines her social identity. Her professional specialty has an 

impact on her identity. An eminent vocalist with extensive long-term professional 

experience and a solid social identity is a good illustration of how to show how self-

oriented processes are interconnected. We expected that self-related and self-referential 

processing would assemble the hierarchy in the Self's constitution. 

The distinction between Self and Other (self-related activity) is aided by activating the 

precuneus and subcortical structures, which maintain sensory integration of stimuli to the 

personal context and conform to low-order bodily functions. High-order cognitive processes 

(frontal midline structures) such as the representation of self-related stimuli, assessment 

(emotional and moral judgment), and performance monitoring generate self-referential 

activity. The fact that EM has a solid professional identity aided self-recognition, appraisal, 

monitoring procedures, and the discovery of internal self-related processing. Self-

processing is variably implicated in cortical midline regions, presumably hierarchically 

related. 

We also offer the assumption of the hierarchy of self-processing by using active and 

passive conditions. The active and passive involvement of the ‘’lower- and higher-order 

notions’’ of the Self can likewise be separated experimentally. The ‘’lower-order Self’’ is 

regarded as more passive because it does not necessitate an explicit representation of the 

selfless; it is thus ‘’presumably related to sensory and motor functions’’, or ‘’more broadly 

to more bodily functions rather than cognitive processes’’, and is regarded as internally-

oriented self-relatedness. The higher-order self is called an "active self" since it 

necessitates ‘’evaluation and judgment, and explicit conscious awareness’’. 
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3. Summary of paper II 

In the second part of this thesis, published by Park et al. (2015), the effects of ‘’musical 

training on the neural processing of emotions’’ conveyed in speech prosody were 

investigated. Musical training has been found to influence the neural processing of 

music, likely due to structural and functional brain changes in the musicians, influencing 

their professional identity. In the experiment, ‘’both musicians and non-musicians 

listened to sentences with three different emotional intonations communicating 

happiness, sadness, and fear, as well as neutral sentences spoken with a neutral 

intonation’’, as part of an fMRI task-related study. The findings revealed that musicians' 

emotional processing was more sensitive to grief portrayed in speech. On a neurological 

level, musicians showed increased activation in sections of the default mode network 

(DMN) in the middle frontal gyrus of the dorsolateral prefrontal cortex. The DMN has 

been linked to emotion induction, self-processing, affective saliency, and social 

processing, including attributing mental states to self and others.  
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4. Summary of paper III 
It may also be argued in the third part of this thesis, published by Silveira et al. (2015), that 

religion and its contents constitute a basis for a sense of identity, especially among very religious 

people. Social identity theory posits the inclusion motive in human behavior and attitude. As a 

result, belonging to a religious group may give people a sense of self. Furthermore, religious belief 

has previously been claimed to affect self-referential processing on a neurological level. What role 

does religion have in influencing belief-related decisions and brain processing? 

In a single case study, we used functional magnetic resonance imaging (fMRI) to infer about brain 

processing while a famous bishop of the Catholic Church in Germany was passively reading short 

lines from the Christian Bible, the Islamic Quran, and the Daodejing attributed to Laozi. 

‘’Continuous praying was compared to resting state activities in a second trial’’. We found no 

difference in neural activation when the bishop read statements from the Bible and the Quran, in 

contrast to explicit statements of agreeing and disagreeing with different statements from the Bible 

and the Quran. However, ‘’reading statements from the Daodejing led to significantly higher 

activation in the left inferior and middle frontal cortices and the left middle temporal gyrus 

compared to the Bible’’. The functional connectivity of the brain during continuous praying and 

relaxing was not different in the second trial. 

Our findings support the distinction between explicit and implicit processing, and they also show 

that a deeply religious individual prays either constantly or infrequently. This finding shows that 

ritualized behaviours may be done during the resting state on a more general level. 
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Abstract: Does a religion shape belief-related decisions and influence neural processing? We investigated an eminent bishop of the
Catholic Church in Germany by using functional magnetic resonance imaging (fMRI) to assess neural processing while he was responding
to short sentences of the Christian Bible, the Islamic Quran, and the Daodejing ascribed to Laozi in Experiment 1. In Experiment 2,
continuous praying was further compared to the resting state activity. In contrast to explicit statements of agreeing or not agreeing to
different statements from the Bible and the Quran, we found in Experiment 1 no difference in neural activation when the bishop was reading
these statements from the two religions. However, compared to reading statements from the Bible, reading statements from the Daodejing
resulted in significantly higher activation in the left inferior and middle frontal cortices and the left middle temporal gyrus, although he
equally agreed to both statements explicitly. In Experiment 2, no difference during continuous praying and the resting state activity was
observed. Our results confirm the difference between explicit and implicit processing, and they suggest that a highly religious person may
pray always—or never. On a more general level this observation suggests that ritualized activities might be subliminally represented in
resting state activities.

Keywords: brain connectivity; explicit judgment; fMRI; implicit knowledge; religious belief; resting state
Correspondence: Dr. Yan Bao, Department of Psychology and Beijing Key Laboratory of Behavior and Mental Health, Peking University,
Beijing 100871, China. Email: baoyan@pku.edu.cn

Received 31 July 2015. Accepted 17 September 2015.

Single case studies have always been a source of insight and
often raise new questions to be addressed (Flyvbjerg, 2006).
With respect to religious belief and contemplation, the pro-
fession of a bishop warrants an intense engagement with
religious content. It might even be argued that, especially in
highly religious persons, religion and its contents form a basis

for a sense of identity. Social identity theory (Tajfel & Turner,
1986) posits an inclusion motive inherent in human behavior
and attitude. Being a part of a religious group might therefore
provide people with identity (Pöppel, 2010). It has previously
been suggested that even on a neural level, religious belief
might modulate self-referential processing (Han et al., 2008).
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of reference. Expertise has consistently been found to modu-
late information processing, concerning perceptual, cogni-
tive, and motor performance (Derbarnot, Sperduti, Di
Rienzo, & Guillot, 2014) as well as aesthetic processes
(Kirk, Skov, Christensen, & Nygaard, 2009). Being profes-
sionally bound to certain religious attitudes, norms, and
beliefs might, thus, significantly shape cognitive, affective,
and sensory processes. We are convinced that single case
studies can be used to set up a prototype for cognitive,
affective, and sensory processes (Flyvbjerg, 2006). This not
only applies to clinical case studies, but also to research
questions that are relevant for understanding basic aspects of
human behavior and identity (e.g., Zaytseva et al., 2014).

A critical methodological remark remains: Our interpre-
tation of the absence of effects is partly based on accepting
the null hypothesis of nonsignificant effects. It remains an

open question as to whether this points to an actual absence
of an effect, as the absence of evidence does not imply the
evidence of absence. In this sense, oftentimes the difference
between significant and nonsignificant simple effects is not
itself significant (Gelman & Stern, 2006). Especially con-
cerning neuroimaging research, this highlights the need for
arithmetical measures that allow for numerically more
concise comparisons of brain activation states.
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5. Summary of paper IV 
Self-disturbances in schizophrenia and the schizophrenia spectrum were explored in the 

case study of a patient with somotopsychic depersonalization in the fourth part of this 

thesis, published by Zaytseva et al. (2015). The patient had a depersonalization 

syndrome, which included a sense of being detached from one's own body and mental 

processes. In order to investigate the neural mechanisms underlying the behavioral 

alterations, a multimodal approach was used that included a clinical assessment, 

neuropsychological assessment, behavioral tests (alexithymia, time perception, empathy, 

autism spectrum quotient), and an fMRI paradigm with a task. Gibson's hypothesis of two 

functional systems of the sensation of touch was used to develop the fMRI task. One can 

infer tactile sensations by using both active and passive touch. 

Several outcomes were obtained. There were no motor or sensory abnormalities 

diagnosed on a neuropsychological level. However, the patient did have an executive 

functioning deficit. On a behavioral level, we discovered a lack of empathy and higher 

autistic spectrum quotient scores. On a neurological level, the direct touch mode condition 

comparisons revealed disinhibition of the default-mode network, hypoactivation of the 

central executive brain networks in the performance of the touch task, and intact perceptual 

touch processing. These findings revealed novel characteristics of the phenomenology of 

somatotopic depersonalization by validating the decisions in high-order processing and 

intact tactile perception. They also back up the theory that the cortical midline regions play 

a role in the attribution of self-awareness in touch processing. 
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Abstract: In the general concept of self-disturbances in schizophrenia and schizophrenia spectrum disorders, somatopsychic deperson-
alization (SPD) occupies a special place as it constitutes a syndrome that comprises feelings of detachment from one’s own body and mental
processes. However, apart from clinical descriptions, to date the pathophysiology of SPD is not fully understood due to the rareness of the
syndrome and a lack of experimental studies. In a case study of one patient with schizotypal disorder, we applied a multimodal approach
to understanding the SPD phenomena. The patient’s clinical profile was identified as disruption of implicit bodily function, accompanied
by depressive symptoms. On a neuropsychological level, the patient exhibited impairment in executive functioning, intact tactile perception
and kinesthetic praxis. Behavioral tests revealed an altered sense of time but unimpaired self-agency. Furthermore, the patient exhibited a
lack of empathy and he had autistic traits, although with a sufficient ability to verbalize his feelings. On the neurobiological level using an
active and passive touch paradigm during functional magnetic resonance imaging (fMRI), we found a hyperconnectivity of the default-mode
network and salience network and a hypoconnectivity of the central executive brain networks in the performance of the touch task as well
as intact perceptual touch processing emerging from the direct comparisons of the touch conditions. Our data provide evidence for the
important role of altered large-brain network functioning in SPD that corresponds to the specific behavioral and neurocognitive phenomena.
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Conceptually, depersonalization is a complex phenomenon,
characterized by recurrent experiences of feeling detached
from one’s mental processes or body, while the reality
testing remains intact (Cattell & Cattell, 1974; American
Psychiatric Association, 1994). Although to date there is no

evidence for the prevalence of depersonalization in schizo-
phrenia and schizophrenia spectrum disorder, abnormal self-
experiences are often met in clinical practice. One of perhaps
the most troubling aspects of self-disturbances is a disem-
bodied self (Fuchs, 2005; Fuchs & Schlimme, 2009;
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Stranghellini, 2009), with a tendency to experience an
increasing distance to one’s body, that is, between subjectiv-
ity and corporeality, a feeling that is termed somatopsychic
depersonalization (SPD; Parnas & Handest, 2003). As
Raballo (2012, p. S307) described, in SPD “[a] disturbing
experiential distance emerges between the self and bodily
experience, so that the body is no more a tacitly ‘inhabited’
aspect of selfhood but a sort of object-like, mechanic entity.”

The biological underpinnings of the SPD phenomena are
not yet clarified. One of the potential mechanisms of the
condition is a sensory processing impairment, so-called per-
ceptual incoherence in schizophrenia (Postmes et al., 2014).
Generally, the discrimination of self and non-self and the
sense of a boundary are created through proprioception and
touch (Ramachandran, Hirstein, & Rogers-Ramachandran,
1998). In essence, proprioception is necessary for updating
the postural body schema, whereas exteroceptive
multimodal information, mainly visual, underpins the
central representation and percept of the body image
(Paillard, 1999). Additionally, interoception informs about
the physiological condition of all tissues of the body (Craig,
2009, 2015). In patients with schizophrenia and schizophre-
nia spectrum disorders, the processing of the proprioceptive
information may be altered as suggested by attenuated beta
and gamma oscillations associated with tactile sensations
(Arnfred, Mørup, Thalbitzer, Jansson, & Parnas, 2011). It
has also been argued that the tacit nature and incoherent
characteristics of self-disturbances are due to sensory disin-
tegration driven by the contradictory sensory inputs or by an
extreme imbalance between different sensory inputs (Ernst
& Bülthoff, 2004; Postmes et al., 2014).

Neuroimaging studies are indicative of “body ownership”
being governed by parietal and frontolimbic areas of the
brain. Moreover, the insular cortex is discussed as the
primary interoceptive cortex integrating body signals, that is,
forming the experience of the bodily self (Craig, 2009,
2015). A representation of homeostatic feelings of the body
would thereafter be built in the insula, which generates an
experience of the bodily and emotional self at a given
moment. Recent empirical work points to the decisive factor
regarding schizophrenia in insular cortex dysfunction, which
is additionally related to a reduced cortical connectivity
between insula, dorsolateral frontal cortex, and the default
mode network (DMN; Palaniyappan & Liddle, 2012;
Manoliu et al., 2014).

Furthermore, key brain regions that are involved in self-
processing or midline brain structures, notably the precu-

neus, dorsomedial prefrontal cortex, and anterior cingulate
cortex, were identified (Botzung, Denkova, & Manning,
2008; Northoff & Bermpohl, 2004). These brain structures
are associated with the “narrative self ” including higher-
order cognitive mechanisms linking them to conscious
awareness (Northoff & Bermpohl, 2004). With the method-
ological advantages of functional brain connectivity, studies
on temporal coupling of resting state functional magnetic
resonance imaging (fMRI) have identified that the central
executive network (CEN) is a key hub residing in the dorso-
lateral prefrontal cortex, which is anti-correlated with the
DMN (Fox et al., 2005; van Buuren, Gladwin, Zandbelt,
Kahn, & Vink, 2010). CEN exerts the “top-down” control of
DMN activity and both networks constitute one dynamically
balanced system. Furthermore, a specific role in the regula-
tion of the above-mentioned networks is given to the salience
network (SN) involving the dorsal-anterior cingulate and
anterior insula regions, which mediate the selection of
salient external and interceptive signals (Menon & Uddin,
2010; Sridharan, Levitin, & Menon, 2008).

Given the complexity of the SPD, in a single-case study of
a patient with schizotypal disorder, we were interested in
several aspects that might contribute to the sense of
disembodiment.

Firstly, capitalizing on the methodological power of fMRI,
we assessed the cutaneous and kinesthetic responses from
the active and passive touch paradigms. The paradigm was
based on Gibson’s theory of two functional subsystems of
the sense of touch (1962). The cutaneous sense provides the
receiver with information about the stimulation of the skin
surface, whereas kinesthesis, the sensation of movement,
provides dynamic information about the relative positioning
of the body parts (Gibson, 1962; Loomis & Lederman,
1986). Thus, one can draw a demarcation line between the
two sensory subsystems that can be termed the active and
passive modes of touch. Passive touch is referred to as
“tactile perception.” This perception is based solely upon
stimulation of the cutaneous sense. In addition to the cuta-
neous information, active touch also means a purposeful
exploration of the stimulus field provided by afferent and
efferent kinesthesis as well as the ability to control upcoming
information.

Secondly, as touch may play a peculiar role in the elemen-
tary aspect of self-awareness (Husserl, 1952/1989), we
addressed the recruitment of the large-scale networks that
are involved in self-referential processing. Therefore, we
applied a connectivity analysis of the large-scale networks,
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specifically, the DMN, CEN, and SN, in order to evaluate the
patterns of their integration/disintegration of networks
during the touch task.

Thirdly, self-disturbances in patients with schizophrenia
spectrum disorders are associated with a number of psycho-
logical and physiological phenomena. Thus, neurocognitive
impairment and notably working memory, executive func-
tioning, and psychomotor speed deficits correspond to the
intensity of anomalous self-experiences (Nelson, Whitford,
Lavoie, & Sass, 2014). The study by Maggini, Raballo, and
Salvatore (2002) indicated that depersonalization is deeply
rooted within the difficulty of identifying or verbalizing feel-
ings (alexithymia). Along with the verbal difficulties, self-
disturbances might be connected to the lack of empathy as
empathy obviously relies on “embodied” processes, such as
the generation, representation and perception of feeling
states (Lawrence, Shaw, Baker, Baron-Cohen, & David,
2004). Therefore, we also aimed to test the contribution of
the other factors, such as neurocognitive functioning,
alexithymia, and empathy correlates.

Fourthly, since the subjective sense of time in the seconds-
to-minutes range relies on body feelings (Craig, 2015;
Wittmann, 2013), we furthermore tested the patient’s time
perception capacity. The sense of time seems to be related to
the temporal integration of signals from the interceptive
system. For example, in a historic single-case study of a
female patient with a (most likely) depersonalization syn-
drome, the patient had lost her sense of bodily feelings, she
did not feel emotions, and she had lost any sense of time and
duration (Revault D’Allonnes, 1905). Also in schizophrenia,
subjective time on the level of experience as well as that
assessed in psychophysical tasks is prominently altered
(Martin et al., 2014).

This study was conducted in accordance with the Decla-
ration of Helsinki and approved by the local ethics commit-
tee. Informed consent was provided.

Case history

M. M., a 29-year-old Caucasian man, was diagnosed with
schizotypal disorder (F.21 in the ICD-10: International sta-

tistical classification of diseases and related health prob-

lems; World Health Organization, 1992). He admitted to the
outpatient department after approximately 12 years of
ongoing symptoms. He had a positive history for neurotic
disorders as his mother experienced a unipolar depression
comorbid with depersonalization-derealization syndrome.

There was no past history of substance use/abuse. The
patient’s psychiatric history dates back to the age of 15 when
he was apathetic and distanced from the world and others
and oftentimes experienced episodes of a lack of sensitivity
of his own body. These symptoms began as episodic, and
then periods between episodes decreased and lengths of epi-
sodes increased. Two years later, after a traumatic event (the
death of his grandmother in an accident), the feeling of
numbness of his body substantially increased. Despite these
feelings, he was able to accomplish his school education and
successfully entered the first year of university. At this time,
he analyzed his feelings a lot, describing them as: “Parts of
my body—at times parts of my body don’t seem to be real or
to belong to me, particularly my hand and arm.” Having no
rational explanation for the way he felt, he became religious
and developed esoteric and metaphysical interests. He left
the university and isolated himself in a monastery where he
ruminated and experienced occasional transient quasi-
psychotic episodes with unusual thoughts. He imagined that
his soul and body were captured by demons. Moreover, the
lack of body feeling became constant, and he described it as
if he was a detached observer of himself. He was low in
mood, experienced apathy and anhedonia. At the first outpa-
tient visit, he primarily presented asthenia, anergia, cognitive
impairment, and psychomotor retardation. He had been
taking risperidone (3 mg/day), prescribed by a psychiatrist
with minor improvement. Two years later, symptoms
remained unchanged causing significant distress. The
depressive mood, anxiety and depressive thoughts were pro-
gressing. From time to time he was tearful and had thoughts
about death, but no actual suicide attempts. He was hospi-
talized and during hospitalization, he was often perplexed
and found it very difficult to relate to other people and in
general to the external world. The patient was prescribed a
combination of trifluoperazine, carbamazepine, and amitrip-
tyline, but after 6 months of treatment, the state remained
unchanged. The therapy schema was substantially changed
to Zyprexa (15 mg/day) and paroxetine (40 mg/day). After 6
months of treatment, there was a substantial improvement of
mood; however, the depersonalization symptoms remained
unchanged. In order to refine the remission, the patient was
prescribed aripiprazole (5 mg/day), but no substantial
improvement has been reached.

Psychiatric status
The patient was oriented with respect to time, location, and
his personal identity. He looked older than his actual age,
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and was shabbily dressed. His psychomotor reactions were
retarded. He appeared to be emotionally flattened with low
mimic expression. He described his state in detail, and was
clearly fixated on his feelings. His formal thinking ability
was normal, although his speech was characterized by
poverty and a lack of expressions. His main complaints were
the numbness of his body, especially in his feet. He described
his feelings as if his tactile feeling, temperature sensitivity,
and tastes were compromised: “I am no longer myself, it is
not my body. I feel like I have been pulled out of my body.
Feeling is coming back only after physical exercise or when
I am in pain. I feel emotionally empty; I do not feel fear
anymore. Sometimes, I feel anxious though without any
reason; I can’t find any place.” He described himself as being
low in mood and feeling anxious and extremely tense when
contacting other people. He reported anhedonia, and there-
fore a lack of interests and a meaning for life. His appetite
was increased but he did not experience the taste of food.
Sleep was sufficient. His total Hamilton Depressive Rating
Scale (Hamilton, 1966) score reached 18 points, indicating a
moderate depression.

Neurological status
Electroencephalography and computed tomography gave no
evidence of brain abnormalities. Cerebral structures were
completely normal for his age. Somatosensory and motor
functions had no deviations from the norm. Thus, organic
(neurological or general medical) causes were excluded from
consideration.

Methods

Part 1: Behavioral measurements
Neuropsychological assessment
The patient underwent standardized neuropsychological
testing based on Luria’s systematic approach, which was
done by a certified neuropsychologist (Y. Z.). The Luria
diagnostic test consists of numerous procedures designed to
isolate dysfunctions as compared to the more global assess-
ment characteristics of other neuropsychological test batter-
ies. It includes 31 tests covering verbal and visual working
memory functions, motor functions, sensory skills (auditory,
visual, tactile), verbal skills (expressive speech, receptive
speech, reading, writing), arithmetic abilities, verbal and
non-verbal reasoning, and problem-solving tasks (Glozman,
1999; Luria, 1973). Each test undergoes qualitative evalua-
tion comprising specific errors and misperformances and

quantitative evaluation on a 4-point scale with a scoring of 0
(no deficits), 1 (weak), 2 (moderate), and 3 (severe; Filatova,
2000). The Luria neuropsychological battery allows for
assessing complex motor and sensory phenomena and pro-
viding a qualitative expression of the disturbance pattern
level of the patient’s performance (Glozman, 1999; Zaytseva
et al., 2014). Referring to this specific case, we were inter-
ested in the evaluation of the kinesthetic praxis (postural
praxis of each wrist, transfer of the positioning of the fingers
from one hand to the other with eyes closed), cutaneous
perception (localization of touch) and stereognosis (recogni-
tion of objects by touch). Handedness was assessed through
the Edinburgh handedness inventory (Oldfield, 1971); the
patient was right-handed.

Results of neuropsychological evaluation: Despite an
average IQ and normal visual, acoustic and cutaneous per-
ception, stereognosis and kinesthetics, the patient’s scores
on dynamic praxis, visuospatial analysis and synthesis,
verbal and visual memory and reasoning tests had fallen by
more than 1 SD. A summary of the performance scores is
depicted in Figure 1.

In the domain of verbal memory (memorizing words,
series of words, stories) the patient exhibited a marked
impulsivity with a decreased productivity in the immediate
recall but with stable dynamics of the learning curve. In the
delayed recall, the patient experienced an increased inhibi-
tion of the stimuli by interference activity. In the tests of
visual memory (memorizing six geometric figures), there

Figure 1. The quantitative results of the neuropsychological assessment.
Each function underwent quantitative evaluation on a 4-point scale with a
scoring of: 0 (no deficits), 1 (weak), 2 (moderate), or 3 (severe; Filatova
et al., 2000).
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executive functioning, unimpaired self-agency, lack of
empathy and autistic traits, sufficient ability to verbalize
one’s own feelings, and noticeable deviations in the estima-
tion of time. On the neurobiological level, we found a dis-
inhibition of the DMN and hypoactivation of the CEN in
performance of the touch task as well as intact perceptual
touch processing as it emerged from the direct touch mode
condition comparisons. From the above discussion concern-
ing the symptoms that the patient is presenting, it is most
likely due to the disintegration of the connectivity of large-
scale networks and frontal lobe dysfunction rather than any
specific and localized neural dysfunction. The role of the
large-scale networks was highlighted in a recent study sug-
gesting that consciousness results from widespread commu-
nication amongst brain networks rather than from localized,
specific brain areas (Heine et al., 2012). With increasing
conscious awareness, the functional connectivity within
these networks increases (Godwin, Barry, & Marois, 2015).

Bodily feeling is essential for creating a sense of the self.
In the particular case of M. M., an increasing subjective
distance to the body and to himself (disembodiment) is illus-
trated by the dissociation between the patient’s subjective
experiences of the symptoms (numbness of the limbs, sub-
jective reports of tactile insensitivity, etc.) and the objective
measures, which did not show deviations. In other words, M.
M. may cognitive-emotionally misinterpret the signals
coming from his body that seem to be intact. Presumably,
such altered perceptions arise rather from impairments in
higher-order cognitive and interpretive functioning related to
a disturbed self than from a sensory deficit.
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6. Summary of paper V 
In the fifth part of this thesis, published by Han et al. (2014), we looked at emotional 

expressions about autobiographical experiences rather than semantic information. The role 

of vocal expression of emotions (EE) was studied in retrieving events from autobiographical 

memory in 21 Alzheimer's disease (AD) patients and 19 healthy controls. The participants 

took part in an autobiographical interview designed to assess four categories of memory 

retrieval: current (yesterday, last week, last month), and distant recollections. Eight 

independent Raters examined the memory reports (tracks with recorded voices) (three 

Europeans familiar with the Korean language and five Koreans). 

The Raters scored the emotional intensity of the subject's voice on a 0–2 rating scale after 

listening to each track, and the evaluation was blind in terms of a group membership. The 

EE in distant memories was well retained in both groups, whereas the EE in recent 

memories was significantly altered. Because cognitive degradation indicated by cognitive 

testing preceded the loss in expression of emotion, the amount of emotional expression 

corresponded to cognitive functioning. The benefit of the applied design was that it made 

an indirect allusion to questions of personal identity, which are closely linked to 

autobiographical memory.  

Self-continuity and personal identity depend on episodic events maintained in 

autobiographical memory. Our findings suggest that alterations in emotional 

expressiveness may have an impact on self-processing. 
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