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Mr. Cogito and the Imagination 

 

Mr. Cogito never trusted 

tricks of the imagination 
 

the piano at the top of the Alps 

played false concerts for him 
 

he didn't appreciate labyrinths 

the Sphinx filled him with loathing 
 

he lived in a house with no basement 

without mirrors of dialectics 
 

jungles of tangled images 

were not his home 
 

he would rarely soar 

on the wings of metaphor 

and then he fell like Icarus 

into the embrace of the Great Mother 
 

he adored tautologies 

explanations 

idem per idem 
 

that a bird is a bird 

slavery means slavery 

a knife is a knife 

death remains death 
 

he loved 

the flat horizon 

a straight line 

the gravity of the earth 

 

 

Zbigniew Herbert 

(1924 – 1998, Lvov/Ukraine) 
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INTRODUCTION 

The aim of this thesis is to elucidate the neural basis of alexithymia, and to shed light onto 

the nature of disordered emotion processing symptomatic of alexithymia. The term 

‘alexithymia’ derives from the Greek (a – lack, lexis – word, thymos – emotion) and means, 

when literally translated, “no words for feelings”. It was coined by Peter Emanuel Sifneos 

in 1973 to describe patients with psychosomatic illnesses who exhibited marked 

difficulties identifying and verbalizing their feelings, and distinguishing them from bodily 

sensations of arousal. Constricted imagery, as evidenced by a paucity of fantasies, and a 

stimulus-bound, externally oriented cognitive style with avoidance of a focus on inner 

experiences were further defined as characteristic features of this personality construct. 

Additional ideosyncrasies of the multifaceted alexithymia construct include an 

exaggerated tendency toward social conformity, an infrequent recollection of dreams, a 

somewhat stiff wooden posture, and a paucity of facial expressions of emotion (e.g., 

Krystal, 1979), giving rise to alexithymic individuals sometimes being labeled as 

emotional illiterates or, with some exaggeration, “human robots”. As Taylor and 

colleagues put it: “At the extreme, alexithymic individuals are virtually organismic 

automatons functioning in a one- to two-dimensional world, one that is deprived of the 

fullness of feelings” (Taylor et al., 1997, p. xii). 

With a prevalence rate of approximately ten percent (e.g., Salminen et al., 1999), 

alexithymia has been recognized as a major risk factor for a variety of psychiatric and 

medical disorders, such as somatization, hypertension, chronic pain, anxiety, panic 

disorder, and depression (Taylor et al., 1997). Moreover, alexithymia shows high 

comorbidity with disorders of the Autism spectrum (e.g., Bird et al., 2010). 

Two dimensions of alexithymia 

The most widely used measure to assess alexithymia is the 20-item Toronto Alexithymia 

Scale (TAS-20), a self-report questionnaire with a demonstrated validity, reliability, and 

stability. The TAS-20 comprises three subscales: (1) difficulty identifying feelings (e.g., “I 
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often don’t know why I’m angry”), (2) difficulty describing feelings (e.g., “I find it hard to 

describe how I feel about people”), and (3) externally oriented thinking (e.g., “I prefer 

talking to people about their daily activities rather than their feelings”). This 

questionnaire assesses the cognitive dimension of alexithymia. 

However, the original definition of the alexithymia concept (Sifneos & Nemiah, 1970; 

Sifneos, 1972) included not only deficits at the cognitive level (i.e., reduced capacities in 

identifying, verbalizing, and analyzing emotions), but also at the level of emotional 

experience (i.e., reduced capacities in emotionalizing and fantasizing), the affective 

dimension of alexithymia. With the aim to take into account both alexithymia 

dimensions, the Bermond-Vorst Alexithymia Questionnaire (BVAQ, Vorst & Bermond, 

2001) has recently been developed. This self-report questionnaire comprises five subscales, 

three of which assess the cognitive alexithymia dimension: (1) difficulty verbalizing 

feelings, (2) difficulty identifying feelings, and (3) difficulty analyzing feelings. The sum 

score of these three cognitive subscales correlates highly with the total score of the TAS-

20 (r = .80, Vorst & Bermond, 2001; see also Berthoz et al., 2000), indicating that the 

cognitive BVAQ subscales and the TAS-20 questionnaire measure the same features. In 

addition, the BVAQ contains two subscales assessing also the affective alexithymia 

dimension: (4) difficulty fantasizing (the degree to which someone is inclined to imagine, 

day-dream, etc.), and (5) difficulty emotionalizing (the degree to which someone is 

emotionally aroused by emotion-inducing events). This two-factor structure of a cognitive 

and an affective alexithymia dimension has been validated in six languages and seven 

populations (Bermond et al., 2007). 

The criterion validity of the BVAQ in clinical samples has been confirmed in several 

studies, e.g. for eating disorders (Deborde et al., 2008), alcoholics (Sauvage & Loas, 2006), 

autism spectrum disorders (Berthoz & Hill, 2005a, b), schizophrenia (Van’t Wout et al., 

2007) and high-risk for schizophrenia (Van Rijn et al., 2011). Like the TAS-20, the BVAQ 

includes self-assessment, which may be compromised in certain clinical samples, although 

its feasibility in schizophrenia and autism spectrum disorders has been confirmed. In our 

studies with nonclinical participants this is not a confounding factor. 
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Alexithymia subtypes 

Despite four decades of research on alexithymia, there is a conspicuous equivocality as to 

whether alexithymia is associated with a primary dysfunction of the perception and 

experience of emotions, or with deficient processing of emotional information at the 

cognitive level. The inconsistencies characterizing the alexithymia literature may have 

been in part caused by a tendency to conceive alexithymia as a unitary phenomenon, 

without further differentiation between the cognitive level of emotional processing and 

the level of actual emotional experience, the affective level. Recently, this conception of 

alexithymia as a unitary construct has been scrutinized, and two related, but distinct 

subtypes of alexithymia have been proposed instead, which are based on the cognitive and 

affective two-factor structure of the BVAQ (Vorst & Bermond, 2001; see also Moormann et 

al., 2008). 

Type I alexithymia is characterized by a low level of emotional experience and a poor 

fantasy life in combination with poorly developed cognitions accompanying the emotions. 

Individuals of this alexithymia type are emotional cold and distant, which can be 

advantageous in professions requiring rational thinking devoid of emotional interference, 

but may lead to problems in personal and intimate relations. In contrast, individuals with 

type II alexithymia experience emotions to a normal or even heightened degree, but have 

a poorly developed ability to cognitively regulate and verbalize their feelings. Individuals 

of type II alexithymia are emotionally unstable and prone to develop anxiety, depression, 

and dissociative tendencies. The type II alexithymia profile may also be characteristic 

for individuals with Borderline Personality disorder (Moormann et al., 2008) and 

schizophrenia (Van’t Wout et al. 2007). 

As most previous studies used the TAS-20 scale that assesses cognitive alexithymia 

only, previously found variance in findings such as increased versus decreased 

physiological responses to emotional stimuli and differences in the structural correlates of 

alexithymia as outlined below may be due to varying levels on the affective alexithymia 

dimension not controlled for in these studies. 
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Neuroimaging alexithymia 

Since the definition of alexithymia, early clinical observations of impaired emotional 

processing have been corroborated by experimental research. Studies using behavioral 

paradigms confirmed that alexithymic individuals have difficulty identifying facial 

expressions of emotion (Prkachin et al., 2009; Swart et al., 2009), matching verbal with 

nonverbal emotional stimuli (Lane et al., 1996), and remembering words with emotional 

connotations (Luminet et al., 2006). 

The past decades have witnessed a rapid increase of scientific interest in the 

processing and regulation of emotions and the impact of affective dysregulation on 

mental and physical health. Within this framework, a growing body of research has been 

dedicated to investigations of the neurobiological substrates underlying disordered 

emotional processing in alexithymia. Identification of the neural basis of alexithymia 

could not only aid the diagnostic process but could also benefit the treatment of affective 

disorders associated with alexithymia. 

Electrophysiology 

Autonomic reactivity 

Overt impairments during the processing of emotional stimuli such as those mentioned 

above seem to be preceded by altered affective processing at pre-attentive, automatic 

processing stages, as the results of electrophysiological studies suggest. Based on 

preliminary findings in the mid-1980s, a hyperarousal model of alexithymia was put 

forward, stating that alexithymia is related to somatic illness because it produces 

prolonged physiological hyperarousal to situational stressors (Papckiak et al., 1985; Martin 

& Pihl, 1986). 

In contrast, later  investigations on autonomic physiological reactivity indicated that 

alexithymic individuals produce lower specific skin conductance, an index of sympathetic 

nervous response, during the processing of emotional pictures and film clips (Franz et al., 

1999; Linden et al., 1996; Pollatos et al., 2008; Newton & Contrada, 1994; Roedema & 

Simons, 1999; Wehmer et al., 1995), accompanied by lower self-reported arousal. These 
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findings support a hypoarousal model of alexithymia, which posits that alexithymia is 

associated with lower sympathetic nervous system activation and limited affective 

reactivity (Neumann et al., 2004). However, other studies failed to find different levels of 

self-reported arousal as a function of alexithymia (Franz et al, 1999; Linden et al., 1996). 

Taken together, results on autonomic reactivity and self-reported arousal in 

response to emotional stimuli in alexithymia remain ambiguous, which led some 

researchers to favor a decoupling hypothesis of alexithymia, which states that individuals 

with this personality trait are characterized by a decoupling of physiological and 

subjectively perceived arousal (Franz et al., 1999; Stone & Nielson, 2001). It should be kept 

in mind that the majority of these studies used the TAS-20 scale that assesses alexithymia 

only at a cognitive level. Therefore, scores on the affective alexithymia dimension, 

assessing the extent to which the alexithymic individuals participating in those studies 

experienced emotions, were not controlled for in those studies, though the degree to 

which individuals feel aroused by emotional events appears likely to be associated with 

physiological reactivity to emotion-inducing stimuli. 

Event-related potentials 

Event-related potentials (ERPs) are small changes in electrical potentials (in the range of 

microvolts) occurring in response to a stimulus (e.g., an emotional image) that are 

measured with the electroencephalogram (EEG). Due to their excellent temporal 

resolution, ERPs make it possible to characterize the time course of, for instance, 

emotional processing in the range of milliseconds. 

Studies measuring ERPs in response to visual emotional stimuli in alexithymia have 

reported differences during early as well as late processing stages as a function of this 

personality construct. A recent ERP study on the processing of emotional pictures in 

alexithymia, for instance, found that the early P1 component (occurring 100 ms after 

stimulus onset) was reduced for positive pictures in alexithymia, while the N2 component 

(occurring 200 ms after stimulus onset) was larger in response to negative pictures in 

alexithymia (Pollatos & Gramann, 2011). The later occurring P3 (a longer-lasting positive 
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component starting 300 ms after picture onset), indicative of conscious stimulus 

evaluation and classification, was reduced for negative pictures, confirming findings of a 

previous study that likewise presented alexithymics with emotional pictures (Bermond et 

al., 2008). 

Generally, ERP studies have provided evidence for an association of alexithymia with 

altered responses to visual emotional information both during early (presumably 

automatic) and late (conscious) processing. Auditory information was only investigated by 

one previous ERP study (Schaefer et al., 2007). This study identified significantly larger 

amplitudes of the P1-N1 complex (40 – 200 ms post stimulus onset) in alexithymics 

compared to non-alexithymics in response to aversive white noise, whereas intensity and 

pleasantness of the aversive stimuli were rated equally by the two groups. These results 

were interpreted as indicative of a hypersensitivity to unpleasant external stimulation. 

 

Functional Magnetic Resonance Imaging 

Magnetic Resonance Imaging (MRI) has an excellent spatial resolution and is therefore 

used for attempts to localize behavior (function) to brain structure, that is, to identify 

brain areas that are active during, for instance, the processing of emotions. MRI measures 

the Blood Oxygenation Level Dependency (BOLD) effect (i.e., changes in the ratio of 

oxygen bound to hemoglobin molecules in venous blood), which is thought to reflect 

neuronal activity (Logothetis, 2002). 

Starting in the year 2002, studies using functional MRI have begun to shed light onto 

the neural basis of abnormalities in the processing of emotions associated with 

alexithymia. Lane and colleagues (Lane et al., 1997a) had conceptualized alexithymia as 

the emotion equivalent of blindsight (“blindfeel”) and suggested that the core deficit of 

this personality trait lies in an impairment of conscious awareness and experience of 

emotion, mediated by the anterior cingulate cortex (ACC). Indeed, altered activation of 

the ACC was observed in several subsequent studies using functional MRI or Positron 

Emission Tomography (PET) to investigate emotional processing in alexithymia (Kano et 
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al., 2003; Berthoz et al., 2002; Mantani et al., 2005; Moriguchi et al., 2006, 2007; Karlsson 

et al., 2008). 

In addition to the ACC, several other emotion-related regions have been suggested 

to contribute to the emotion processing deficit in alexithymia, such as the posterior 

cingulate cortex (Mantani et al., 2005), medio-frontal gyrus (Berthoz et al., 2002; Mantani 

et al., 2005; Mériau et al., 2006; Moriguchi et al., 2006), parietal and premotor cortex 

(Karlsson et al., 2008; Moriguchi et al., 2008; Reker et al., 2009), amygdala (Kugel et al., 

2008; Reker et al., 2010), insula (Bird et al., 2010; Kano et al., 2003; Karlsson et al., 2008; 

Moriguchi et al., 2007; Reker et al., 2010), and a deficient interaction between amygdala 

and hippocampus (Aleman, 2005), 

 

Structural Magnetic Resonance Imaging 

While a number of neuroimaging studies has been devoted to the identification of brain 

regions that show aberrant functioning during emotion processing in alexithymia, only a 

few studies have attempted to determine how alexithymia manifests at the structural 

brain level. To date, studies investigating volume and density of emotion-related brain 

regions as a function of alexithymia have provided equivocal results. 

Volumes of the anterior cingulate, for instance, were found to correlate positively 

with levels of alexithymia in a study by Gündel and colleagues (Gündel et al., 2004), 

whereas smaller volumes of this region were observed in alexithymic versus non-

alexithymic women in a study by Borsci and coworkers (Borsci et al., 2009). In contrast, 

three subsequent studies on the structural correlates of alexithymia failed to observe 

differences in anterior cingulate structure. Instead, these studies reported volumetric 

differences in the bilateral ventral striatum, the left ventral premotor cortex, the left 

supramarginal gyrus (Kubota et al., 2011) and differences in left insula density (Zhang et 

al., 2011) as a function of alexithymia. On the other hand, Heinzel and coworkers did not 

observe any differences in gray and white matter volumes in healthy men in relation to 

alexithymia (Heinzel et al., 2011). 
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In sum, the existing literature on the structural correlates of alexithymia has produced 

inconsistent findings. This may in part be due to differences in alexithymia scores 

between the study samples: in three out of the five previous studies (Gündel et al., 2004; 

Kubota et al., 2011; Zhang et al., 2011), no participant reached the clinical cut-off score on 

the TAS-20 indicating actual alexithymia (> 61) as defined by Taylor and colleagues 

(1994a,b). Further, all of the previous studies used the TAS-20 scale, which assesses 

cognitive alexithymia only. Consequently, scores on the affective alexithymia dimension 

were not controlled for, which could contribute to the reported differences in findings. 

Outline of the thesis 

As described above, the literature on alexithymia is characterized by a conspicuous 

inconsistency regarding the nature of deficits in emotion processing and their underlying 

electrophysiological and neural correlates. In addition, there are several aspects of 

emotion processing fundamental to human experience which have not been addressed by 

previous studies, including, for instance, the impact of alexithymia on the processing of 

emotions conveyed by speech, and on the ability to predict the emotional responses of 

others. 

The aim of this thesis is to shed more light onto how alexithymia affects the 

processing of emotions and how deficits in emotional processing associated with this 

personality trait manifest at the electrophysiological and neural level. To this end, we 

employ behavioral measures, event-related potentials (ERPs), and functional as well as 

structural MRI to test emotional stimuli and paradigms that have not, or barely, studied 

before in the context of research on alexithymia. This includes the use of auditory 

emotional material (music and speech prosody) in ERP studies presented in Chapter 2, 3, 

and 4, the use of an affective mentalizing paradigm in a functional MRI study in Chapter 

5 as well as the application of Voxel-Based Morphometry (VBM) in a structural MRI study 

in Chapter 6.  

In Chapter 2, an auditory oddball paradigm is employed using emotional speech 

prosody, while early and late ERP components are measured. The aim of this study is to 
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test the impact of the cognitive and the affective dimension of alexithymia on the 

conscious as well as subconscious processing of emotions conveyed by speech. 

In Chapter 3, a cross-modal affective priming paradigm between music, speech prosody, 

and words with emotional connotations is employed, while the EEG is concurrently 

measured. The aim of this study is to investigate the impact of alexithymia on affective 

priming effects at the behavioral level, and on amplitudes of the N400 ERP component, an 

indicator of the brain’s processing of mismatches in affective meaning. 

In Chapter 4, we go on an excursus to a systematic investigation of the underlying 

mechanisms of affective priming effects and negativities in the N400 time-window in 

affective categorization tasks such as employed in Chapter 3. The aim of this study is to 

test the contribution of spreading activation versus response competition mechanisms to 

affective priming. 

In Chapter 5, we investigate affective mentalizing skills in high-scorers and low-

scorers on alexithymia in a functional MRI study. The aim of this study is to investigate 

the impact of alexithymia on the recognition and prediction of other’s emotional 

responses, and the brain regions associated with differences in affective mentalizing in 

relation to the cognitive and the affective dimension of alexithymia. 

In Chapter 6, voxel-based morphometry (VBM) is applied in a structural MRI study. 

The aim of this study is to detect regional differences in whole-brain gray matter volume 

between high-scorers and low-scorers on alexithymia, and to investigate whether the 

cognitive and the affective alexithymia dimension show a discriminable impact on brain 

volume. 

In Chapter 7, I summarize the results of the present studies and embed them into 

the previous literature on alexithymia. Further, I illustrate the novelty of the present 

findings and discuss their relevance for future research as well as their clinical 

implications.
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ABSTRACT 

 

Background: Alexithymia is a personality construct characterized by difficulties in the 

cognitive processing of emotions (cognitive alexithymia dimension) and in the experience 

of emotions (affective alexithymia dimension). Previous research mainly focused on visual 

emotional processing in cognitive alexithymia. We investigated the impact of both 

alexithymia dimensions on electrophysiological responses to emotional speech in 60 

female subjects. 

 

Methods: During unattended processing, subjects watched a movie while an emotional 

prosody oddball paradigm was presented in the background. During attended processing, 

subjects detected deviants in emotional prosody. 

 

Results: Cognitive alexithymia was associated with a strong left-hemisphere bias during 

early stages of unattended and attended processing of emotional speech, in part 

accompanied a by slower right-hemispheric response, and generally reduced amplitudes 

of the late P3 component, indicative of reduced sensitivity to emotional prosody. Affective 

alexithymia was associated with reduced global processing of unattended emotional 

speech and with reduced P3 amplitudes particularly to emotional prosody spoken in high 

intensity. 

 

Conclusions: In conclusion, our results provide evidence for a dissociable impact of 

cognitive and affective alexithymia on electrophysiological responses during attended and 

unattended processing of emotional speech. The observed modulations of 

electrophysiological responses to emotional speech could contribute to problems in 

interpersonal communication associated with alexithymia. 
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INTRODUCTION 

Alexithymia is a personality trait characterized by difficulties in the cognitive processing 

and experience of emotions. With a prevalence rate of up to 10 percent (Salminen et al., 

1999), alexithymia has been recognized as a risk factor for a variety of psychiatric and 

medical disorders, including somatization, anxiety, depression, hypertension, chronic 

pain (Taylor et al., 1997). In addition, alexithymia exhibits high comorbidity with 

disorders of the Autism spectrum (Berthoz & Hill, 2005a, b; Bird et al., 2010; Frith, 2004; 

Hill et al., 2004). 

The term alexithymia (‘no words for feelings’) was coined by Sifneos (1973) to 

describe individuals who exhibited difficulty identifying, analyzing, and verbalizing their 

feelings. In addition to these cognitive impairments in emotional processing (cognitive 

dimension), alexithymia is defined by difficulty emotionalizing (the degree to which 

someone is emotionally aroused by emotion-inducing events) and fantasizing (the degree 

to which someone is inclined to imagine, day-dream, etc.). These latter two characteristics 

refer to the level of emotional experience (affective dimension). While the majority of 

research on alexithymia has focused on its cognitive dimension, the importance of its 

affective dimension has recently been pointed out (Vorst & Bermond, 2001), and the two 

dimensions have been suggested to exert a dissociable impact on emotional processing 

(Bermond et al., 2010; Moormann et al., 2008). 

Individuals with alexithymia show a paucity of facial emotional expressions and a 

somewhat stiff wooden posture (Taylor et al., 1997), are described as cold and distant (e.g., 

Spitzer et al., 2005) and interpersonally indifferent (Vanheule et al., 2007), leading to 

problems in social communication. Behavioral studies demonstrated that alexithymia is 

associated with impairment identifying facial expressions of emotion (e.g., Parker et al., 

2005; Prkachin et al., 2009; Swart et al., 2009), matching verbal with non-verbal emotional 

stimuli (Lane et al., 1996), and remembering words with emotional connotations (Luminet 

at al., 2006). Electrophysiology with its extremely high temporal resolution in the range of 

milliseconds is an excellent means to investigate how emotional prosody processing 
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unfolds in time and can give information about whether alexithymia primarily affects 

overt, attended emotional processing or whether it affects already the early, more 

automatic stages of emotional processing. The findings of studies employing event-related 

potentials (ERPs) to address this question will be summarized below. However, it should 

be kept in mind that with one exception (Bermond et al., 2008) previous ERP studies 

relied on the 20-item Toronto Alexithymia Scale (TAS-20) to assess levels of alexithymia. 

This scale assesses only the cognitive dimension of alexithymia (difficulty identifying, 

analyzing, and verbalizing feelings). Therefore, previous findings of ERP studies on 

alexithymia primarily refer to cognitive deficits in emotional processing, whereas the 

impact of disturbances in emotional experience (affective alexithymia) on the 

electrophysiological basis of emotional processing has remained elusive. 

Franz et al. (2004) presented high- and low-scorers on the TAS-20 alexithymia scale 

with aversive versus neutral pictures and observed that high-scorers on alexithymia 

exhibited elevated amplitudes of the P2 component in response to aversive pictures. The 

authors interpreted this finding to reflect higher effort and recruitment of additional 

cognitive resources to process emotional stimuli in individuals with alexithymia. Bermond 

et al. (2008) assessed alexithymia using the Bermond-Vorst Alexithymia Questionnaire 

(BVAQ, Vorst & Bermond, 2001), which covers both the cognitive and the affective 

alexithymia dimension, and divided participants into two groups with either high or low 

scores on the sum score of both dimensions. The authors reported reduced P3 amplitudes 

during negative picture processing in female, but not male high-scorers on alexithymia, 

compared to low-scorers. No impact of alexithymia on latencies of the P3 was observed. 

Using morphed angry and disgusted facial expressions in an emotion categorization task, 

Vermeulen et al. (2008) specifically focused on ERP latencies. Latencies of the P3 did not 

differ as a function of alexithymia, but the N2b/P3a complex showed delayed latencies in 

high-scorers on the TAS-20 alexithymia scale compared to low-scorers, indicating delayed 

categorical perception of angry, but not disgusted faces in alexithymia. 

Pollatos & Gramann (2011) specifically investigated early electrophysiological 

responses to emotional pictures and tested whether early processing deficits contribute to 

deficits at later processing stages in alexithymia. The authors observed that amplitudes of 
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the early component P1 were reduced in high-scorers on the TAS-20 alexithymia scale 

during the processing of positive and neutral pictures, predicted by the alexithymia facet 

“difficulty describing feelings”. The same facet predicted larger amplitudes of the N2 for 

negative and neutral pictures in high-scorers. In line with Bermond et al. (2008), 

amplitudes of the later occurring P3 were reduced at posterior regions in response to 

negative pictures in high-scorers on alexithymia. Further, P1 amplitudes were found to co-

vary with P3 amplitudes, suggesting that early processing deficits indeed contribute to 

deficits during later emotional processing in alexithymia. Confirming the observation of 

an impact of alexithymia on both early and late electrophysiological processing of 

emotions, Walker and colleagues found reduced N2 and larger P2 amplitudes during the 

suppression of emotion elicited by negative images in low–scorers, but not high-scorers 

on the TAS-20 alexithymia scale. Further, they identified reduced amplitudes of the late 

positive potential (LPP) in a time-window of 400 – 600 ms post picture onset with 

increasing scores on alexithymia during negative emotion suppression (Walker et al., 

2011), indicating that alexithymia was inversely related to the magnitude of emotion-

related ERP activity during emotion suppression. 

Taken together, ERP studies investigating visual emotional processing suggested 

that alexithymia influences both early (< 300 ms) and late (> 300 ms) emotional 

processing. At late processing stages, thought to reflect more cognitive based operations 

in response to a stimulus, there is converging evidence for reduced emotional processing 

as a function of alexithymia as reflected in diminished amplitudes of the later occurring P3 

component (Bermond et al., 2008; Pollatos et al., 2011; but see Vermeulen et al., 2008) and 

the LPP (Walker et al., 2011). Findings of differences in early components in relation to 

alexithymia, thought to reflect more automatic processing, are less consistent with respect 

to directionality as both increased (P2, Franz et al., 2004; N2, Pollatos & Gramann, 2011) 

and decreased (P1, Pollatos & Gramann, 2011) amplitudes of early ERP components have 

been reported. 

In an auditory ERP study, Schäfer and colleagues presented alexithymic versus non-

alexithymic participants with aversive white noise (Schäfer et al., 2007). They identified 
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significantly larger amplitudes of the P1-N1 complex (40 – 200 ms post stimulus onset) in 

alexithymics compared to non-alexithymics in response to aversive white noise, whereas 

intensity and pleasantness of the aversive stimuli were rated equally by the two groups. 

These results were interpreted as indicative of a hypersensitivity to unpleasant external 

stimulation and provide further evidence for a modulation of early ERP components by 

alexithymia. 

Emotional prosody, the ‘melody of speech’, is an important means to understand the 

emotional state and intention of others in social communication. How alexithymia affects 

the processing of the emotional qualities of speech has only been investigated by two 

previous studies. In a behavioral study, Swart and coworkers (Swart et al., 2009) presented 

high- and low-scorers on the verbalizing subscale of the BVAQ with sentences conveying 

an emotional content (e.g., sad) spoken in incongruous (e.g., happy) emotional prosody. 

No statistically significant differences in emotional prosody identification were observed 

as a function of alexithymia. Nevertheless, it is conceivable that alexithymia affects 

emotional prosody comprehension in a more subtle manner evading detection by 

behavioral measures. ERPs with their measurement sensitivity in the range of milliseconds 

are potentially more suited to detect such subtle processing impairments. Following this 

rationale, we conducted a previous ERP study (Goerlich et al., 2011) using emotional 

prosody, music, and words with emotional connotations in order to test the impact of 

TAS-20 alexithymia scores on cross-modal affective priming as well as on amplitudes of 

the N400, an indicator of the perception of mismatches in affective meaning (for a review, 

see Kutas & Federmeier, 2011). In line with Swart and colleagues, no behavioral differences 

were observed. However, alexithymia correlated negatively with N400 amplitudes during 

affective categorization of happy and sad prosody and music targets, confirming our 

hypothesis of a reduced sensitivity during the perception of mismatches in the emotional 

qualities of speech and music with increasing alexithymia scores.  

The present study was designed to investigate the impact of alexithymia on the 

processing of emotional speech qualities at early and late attended processing stages 

(participants detected deviants in emotional prosody) as well as during early unattended 

processing (participants focused on watching a movie while emotional prosodic stimuli 
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were played in the background). Both tasks (attended and unattended processing) 

employed an auditory oddball paradigm in which occasional deviant stimuli (20 %) were 

presented in a sequence of frequent standard stimuli (80 %). The relation between 

alexithymia and abilities to identify emotions conveyed by speech was further tested in a 

behavioral (off-line) task. 

ERP components of interest during attended emotional prosody processing (deviant 

detection) are the early components N1 and P2 as well as the late component P3 (see Kotz 

& Paulmann, 2011 for a recent review of the electrophysiology of emotional prosody). The 

N1 is a negative deflection with a central maximum peaking 100 ms after the onset of a 

prosodic stimulus. It is generated in bilateral secondary auditory cortex (Engelien et al., 

2000) and reflects the extraction of acoustic cues (e.g., stimulus frequency and intensity) 

during early acoustic processing. The amplitude of the N1 increases with the amount of 

attention devoted to an acoustic stimulus (e.g., Alho et al., 1994). The P2 is a positive 

deflection occurring 200 ms after stimulus onset with an anterior maximum. It is thought 

to reflect the initial detection of emotional salience in auditory material (i.e., early 

emotional appraisal) independent of whether the stimuli contain semantic emotional 

information (Paulmann & Kotz, 2008a, b). The P3 is a longer-lasting later occurring 

positivity with a centroparietal maximum starting at 300 ms after the prosodic stimulus. It 

reflects the cognitive evaluation and classification of task-relevant targets and is therefore 

related to the decisional, response-related processing stage. The P3 is highly dependent on 

stimulus context and levels of attention and arousal (Polich and Kok, 1995). Reduced 

amplitudes and prolonged latencies of the P3 are often used as indicators of cognitive 

impairment in psychopathology (for a review, see Linden, 2005), reflecting reduced 

cognitive resource allocation to task-relevant stimuli and a slowing down of cognitive 

processes. 

The ERP component of interest during early unattended processing of emotional 

prosody (movie watching with prosodic stimuli played in the background) is the 

Mismatch Negativity (MMN). The MMN, elicited without the participant’s attention, 

occurs between 100 and 200 ms after the onset of a prosodic stimulus and is generated in 
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secondary auditory cortex and inferior frontal cortex (Kircher et al., 2004). It reflects the 

formation of memory traces and the detection of differences between auditory stimuli 

(Näätänen, 1992; 1995), and its amplitude varies with the amount of personal significance 

assigned to the deviating event. The MMN is thought to reflect higher-order perceptual 

processes underlying stimulus discrimination rather than only the encoding of simple 

physical differences between stimuli (Pulvermüller & Shtyrov, 2006). Complex stimuli 

may elicited an MMN with two peaks, with the early peak (eMMN) reflecting the 

detection of differences based on acoustic stimulus features and the later peak (lMMN), 

sometimes termed ‘late discriminative negativity’ reflecting higher-order integrative 

processes in auditory perception and a more global, ‘gestalt-based’ processing of auditory 

stimuli (Korpilahti et al., 2001; 2007). 

Early components (< 300 ms) such as the N1 and the P2 have been suggested before 

to differ as a function of alexithymia by studies on visual emotional processing (e.g., Franz 

et al., 2004; Pollatos & Gramann, 2011) and a study on the processing of aversive auditory 

information (Schäfer et al., 2007). Later components (> 300 ms) such as the P3, LPP, and 

N400 have been found to be reduced during visual (Bermond et al., 2008; Pollatos & 

Gramann, 2011; Walker et al., 2011) and visual-auditory emotional processing in 

alexithymia (Goerlich et al., 2011). Though not investigated in relation to alexithymia, the 

MMN has been reported to differ in individuals with Asperger’s syndrome (e.g., Kujala et 

al., 2005; Korpilahti et al., 2007), part of the Autism Spectrum with which alexithymia 

exhibits high comorbidity (e.g., Berthoz & Hill, 2005a, b; Bird et al., 2010). 

In light of the existing evidence, we hypothesized a modulation of the early N1 and 

P2 components by alexithymia during the detection of deviants in emotional prosody, as 

well as of the MMN during unattended emotional speech processing. We further 

predicted a reduced sensitivity during overt processing of emotional speech qualities, 

reflected in reduced amplitudes of the P3 with increasing alexithymia scores. In addition, 

we wished to determine whether the cognitive and the affective dimension of alexithymia 

exert a dissociable impact on the attended and unattended processing of emotional 

prosody and on the ability to identify emotions conveyed by speech. 
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A purely female sample of participants was chosen taking into account previously 

demonstrated gender differences in emotional prosody perception at the behavioral as 

well as at the electrophysiological level (e.g., Ross & Monnot, 2011; Schirmer et al., 2002, 

2003, 2005; Wildgruber et al., 2002; for a review, see Besson et al., 2002). For instance, in 

an oddball paradigm using emotional and neutral prosody, larger amplitudes of the 

mismatch negativity (MMN), an event-related potential (ERP) also used in the present 

study occurred in female, but not male participants during unattended perception of 

deviants in emotional prosody (Schirmer et al, 2005). 

 

METHODS 

Participants 

The 20-item Toronto Alexithymia Scale (TAS-20) was used as a brief assessment tool of 

alexithymia scores in a total sample of 1039 female students from the University of 

Groningen. From this total sample, twenty students with high TAS-20 scores (57-72, mean 

62.9, SD 4.7) and 20 students with low TAS-20 scores (20-35, mean 28.9, SD 3.6) were 

selected and invited to the EEG session, along with 20 students with average scores on the 

TAS-20 (40-48, mean 43.7, SD 2.7). This procedure was employed in order to ensure a 

broad and continuous spectrum of alexithymia scores on the Bermond-Vorst Alexithymia 

Questionnaire (BVAQ), which was to be filled out directly after the EEG session. Scores on 

the affective and the cognitive dimension of the BVAQ were then used to analyze 

differential effects of the two alexithymia dimensions on the attended and unattended 

processing of emotional prosody. 

All participants were healthy female native speakers of Dutch (age range 18-25 

years), with no neurological or psychiatric disorders in present or past, normal hearing, 

and normal or corrected-to-normal vision. Participants received €20 for their participation 

in the study. 
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Toronto Alexithymia Scale (TAS-20) 

The TAS-20 is the most widely used measure of alexithymia with a demonstrated validity, 

reliability, and stability. A validated Dutch translation of the scale was used for the 

present study. The scale consists of 20 self-report items rated on a 5-point Likert scale (1: 

strongly disagree, 5: strongly agree), with five negatively keyed items. 

The TAS-20 comprises three subscales assessing alexithymia at a cognitive level: (1) 

difficulty identifying feelings (e.g., “I often don’t know why I’m angry”), (2) difficulty 

describing feelings (e.g., “I find it hard to describe how I feel about people”), and (3) 

externally oriented thinking (e.g., “I prefer talking to people about their daily activities 

rather than their feelings”). Possible scores range from 20 to 100, higher scores indicate 

higher degrees of alexithymia. 

Bermond-Vorst Alexithymia Questionnaire (BVAQ) 

The BVAQ is a 40-item self-report scale, which consists of five subscales with eight items 

per scale. The five subscales are: 1) (Difficulty) Verbalizing one’s own emotional states, (2) 

(Difficulty) Identifying the nature of one’s own emotions, (3) (Difficulty) Analyzing one’s 

own emotional states, (4) (Difficulty) Fantasizing: the degree to which someone is 

inclined to imagine, day-dream, etc., and (5) (Difficulty) Emotionalizing: the degree to 

which someone is emotionally aroused by emotion-inducing events (Vorst & Bermond, 

2001). Answers are scored on a 5-point Likert scale (1 = certainly does not apply to me, 5 = 

certainly applies to me). 

The five-subscale structure of the BVAQ corresponds to the original description of 

alexithymia by Nemiah and Sifneos (1970) and Sifneos (1973), who had defined the 

alexithymia concept by the following features: reduced capacities in emotionalizing, 

fantasizing, identifying emotions, verbalizing emotions, and pensé opératoire (externally 

oriented thinking) or analyzing emotions. The three subscales identifying, analyzing, and 

verbalizing feelings assess the cognitive alexithymia dimension. There is substantial 

overlap between the cognitive subscales of the BVAQ and the TAS-20, reflected in a high 

correlation between the sum scores on these three BVAQ subscales and the TAS-20 sum 
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score (r = .80, Vorst & Bermond, 2001; see also Berthoz et al., 2000), indicating that these 

scales measure the same features (Vorst & Bermond, 2001). The two BVAQ subscales 

emotionalizing and fantasizing assess the affective dimension of alexithymia. The validity 

of this two-factor structure of the BVAQ with an affective dimension versus a cognitive 

dimension of alexithymia has been demonstrated by factor-analyses in six languages and 

seven populations (Bermond et al., 2007; see also Bailey et al., 2008; Bekker et al., 2007). 

High scores on cognitive alexithymia indicate low abilities to identify, analyze, and 

verbalize feelings. High scores on affective alexithymia indicate low abilities to 

emotionalize and fantasize. 

Materials 

An auditory oddball paradigm with 80% standards and 20% deviants was created for the 

present study. Nonsense syllables (baba, dada, gaga) spoken in neutral, happy, angry, sad, 

and disgusted intonation in low (e.g., a bit sad) and high (e.g., very angry) intensity 

constituted the stimuli of this paradigm. Nonsense syllables were chosen in order to 

exclude interference by semantic processing and to specifically measure 

electrophysiological responses to variations in emotional prosody. The syllables “baba”, 

“dada”, “gaga” were chosen because they have the same consonant (C) - vowel (V) 

structure (CVCV), employ the same vowel and contain only voiced consonants, keeping 

acoustic features of the stimuli constant across conditions. 

The stimuli were recorded with the help of a semiprofessional actress, who 

pronounced the syllables in neutral, happy, angry, sad, and disgusted prosody with low 

and high emotional intensity. The recorded stimuli were cut to a length of approximately 

600 ms and amplitude normalized using the Praat speech processing software (Boersma & 

Penink, 1996). The procedure amplified every stimulus item such that the digitalized 

sample with the maximum amplitude was set at the maximum positive or negative value 

of the converter range, and all other samples were scaled proportionally. As a result, all 

stimuli had about equal volume. 
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The stimuli were validated in two pilot studies with 13 independent raters each. The raters 

were asked to indicate which emotion was conveyed by the respective stimulus (neutral, 

happy, angry, sad, disgusted, other emotion) and which emotional intensity the stimuli 

were spoken in (low intensity, high intensity, other). Only stimuli that were rated by 10 

out of 13 raters to convey the correct emotion in the intended intensity were included in 

the study. 

The oddball paradigm was presented in E-Prime version 1.2 (Schneider et al., 2002) 

with an interstimulus interval of 600 ms in task 1 (passive task, no response required) and 

with an interstimulus interval of 1000 ms in task 2 (active task, response required) in order 

to give participants a sufficient time window for their responses. Each task was initiated 

by a habituation phase consisting of 20 standards and was presented in a pseudo-

randomized manner (different for each participant) with the constraint of two deviants 

never occurring in succession. The probability of a deviant to occur was the same (20%) in 

tasks 1 and 2. 

Procedure 

The study was approved by the local medical-ethical committee. Participants filled out an 

informed consent form prior to the EEG session. EEG activity was recorded from 64 tin 

electrodes mounted in an elastic electro cap organized according to the international 

10/20 system. EEG data were recorded with a linked mastoid physical reference and were 

re-referenced by using an average reference. Electrooculogram (EOG) was recorded for 

artifact rejection purposes from electrodes placed on the supraorbital and ridges of the 

left eye. The ground electrode was applied to the sternum. Impedance of all electrodes 

was kept below 5 kΩ for each participant. EEG was continuously recorded with a sampling 

rate of 500 Hz, amplified, and off-line digitally low-pass filtered with a cut-off frequency of 

30 Hz. 

Participants were seated in front of a monitor at a distance of approximately 50 cm 

in a dimly lit, electrically shielded and sound-attenuated cabin. The auditory oddball 



The sound of feelings 

33 

 

paradigm was presented via loudspeakers placed at the left and right side of the monitor 

at approximately 70dB, while the EEG was recorded. 

In task 1, participants watched the first 20 minutes of a silent cartoon movie and 

were instructed to focus on the story in the movie while ignoring the sounds. In the 

oddball paradigm used in task 1, neutral prosody served as standards (960 trials), while 

happy, angry, sad, and disgusted emotional prosody spoken in low intensity served as 

deviants (60 trials each). Only stimuli of lower salience (low emotional intensity) were 

used in this task to prevent participants from directing their attention to the auditory 

stimuli, which enabled us to measure electrophysiological responses to subtle prosodic 

changes during unattended processing. The ERP component of interest in this task was 

the MMN. 

In task 2, participants were instructed to press a button as fast as possible whenever 

they heard an emotion different from the standard emotion (irrespective of intensity). 

They were asked to look at a fixation point in the center of the screen to prevent eye 

movements. In this oddball paradigm, sad emotional prosody spoken with low and high 

intensity represented the standards (960 trials), whereas happy, angry, and disgusted 

emotional prosody (60 trials each) in both intensities served as deviants. Sad emotional 

prosody instead of neutral intonation was used as standard in this task because the aim of 

this task was to record ERP responses to actual changes in the perception of one 

emotional intonation to another, rather than the change from a neutral to an emotional 

intonation. The total duration of task 2 was 32 minutes, and participants could take a 

break after the first 16 minutes, if needed. The ERP components of interest in this task 

were the early components N1 and P2, and the late component P3. 

Task 3 was an off-line task, in which participants were given a list to identify both 

the emotion a nonsense syllable was spoken in as well as the intensity of the emotion. 

Fifty-four stimuli were presented at an interstimulus rate of five seconds to give 

participants sufficient time to mark the identified emotion and intensity on the list. 
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ERP data analysis 

EEG data were analyzed with Brain Vision Analyzer (version 1.05) by means of peak 

analyses. Prior to averaging, trials with eye-movement and blink artifacts were excluded 

from analysis. Criteria for artifact rejection were a maximal voltage step of 50 µV, a 

maximal difference between two values in a segment of 100 µV, and a minimal and 

maximal amplitude of -100 µV and 100 µV, respectively. All averages were aligned to a 100 

ms pre-stimulus baseline. In accordance with the MMN literature, MMN parameters were 

calculated from a difference waveform obtained by subtracting the standard-stimulus 

ERPs from the deviant-stimulus ERPs. 

For task 1, a total mean number of 229.5 deviant trials (SD 6.6) in emotional prosody 

were recorded for each of the 60 participants, with a mean number of 57.4 trials for happy, 

angry, sad, and disgusted prosodic deviants, respectively. Artifact rejection excluded a 

mean percentage of 12.2 percent of all trials, leaving a total mean of 201.5 (SD 8.8) deviant 

trials for analysis, with a mean number of 50.4 trials per condition (happy, angry, sad, and 

disgusted deviants in emotional prosody). For task 2, a total mean number of 172.9 (SD 

5.8) deviant trials in emotional prosody were recorded, with a mean number of 57.6 trials 

for happy, angry, and disgusted prosodic deviants, respectively. Artifact rejection excluded 

a mean percentage of 10.6 percent of all trials, leaving a total mean of 154.6 deviant trials 

(SD 8.5) for analysis, with a mean number of 51.5 trials per condition (happy, angry, and 

disgusted deviants in emotional prosody) for each of the 60 participants. 

Time-windows for peak detection were time-locked to the onset of standards and 

deviants. The time-windows were chosen in agreement with the existing literature on the 

respective ERP component and based on visual inspection of the data. The latter revealed 

that the MMN during unattended processing of emotional prosody consistently exhibited 

a double-peak across participants. Thus, two MMN peaks were identified in a time-

windows of 50 – 130 ms post-onset for the first peak (in the following referred to as 

eMMN) and 130 – 250 ms post-onset for the second peak (in the following referred to as 

lMMN). Consequently, separate statistical analyses were conducted for amplitudes and 

latencies of the detected peaks in the eMMN and the lMMN time-windows. 
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During attended processing of emotional prosody (task 2), peaks were identified in the 

following time-windows: 90 – 140 ms post-onset for the N1, 150 – 250 ms post-onset for the 

P2, and 310 – 550 ms post-onset for the P3. Because the P3 does not always exhibit a clear 

peak, results of the peak detection procedure were inspected in each subject and trials 

that did not show a clear peak in the defined time-window (due to multiple peaks) were 

excluded. Statistical analyses were conducted for amplitudes and latencies of the detected 

peaks in the N1, P2, and P3 time-windows. In order to obtain symmetrical coverage of the 

scalp during statistical analysis, five midline electrodes were chosen covering frontal 

through parietal areas (Fz, FCz, Cz, CPz, Pz) along with their corresponding left (F3, FC3, 

C3, CP3 and P3) and right (F4, FC4, C4, CP4, P4) counterparts (see figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As the results of task 1 showed, alexithymia scores were found to modulate ERP responses 

to sad prosody. Sad prosody served as standards in task 2. To exclude the possibility that 

Figure 1. Electrode map with electrodes used for analysis identified. Factors included in analysis: 
laterality (left hemisphere, midline, right hemisphere), and region (frontal, frontocentral, central, 
centroparietal, and parietal). 
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differences in ERP responses to sad standards confounded ERP responses to deviants in 

task 2, peak amplitudes in response to deviants were subtracted by peak amplitudes in 

response to standards taking intensity difference into account (i.e. low intensity standards 

were subtracted from low intensity deviants, high intensity standards were subtracted 

from high intensity deviants). This procedure ensured that voltage changes elicited by 

deviants were measured relative to voltage changes elicited by standards. This procedure 

further led to better comparability of the results of task 1 and 2, as in both tasks standard-

related activity was subtracted from activity elicited by deviants and the resulting 

difference waves were used in subsequent statistical analyses. 

Statistical data analysis 

Behavioral data 

Statistical analyses were performed in SPSS version 17.0 (SPSS Inc; Chicago, Illinois). 

Behavioral data were available from 57 (out of 60) subjects. Two subjects did not complete 

the behavioral task due to time restrictions as a consequence of technical difficulties at 

the beginning of the session. One subject with an outlier score (67) on the affective 

dimension of alexithymia was excluded to ensure continuity of scores. Scores of the 

remaining 57 subjects ranged from 20 to 55 on affective alexithymia (median: 35, SD: 9.7) 

and from 27 to 93 on cognitive alexithymia (median: 52, SD: 17.1). 

A median split divided affective and cognitive alexithymia scores into two groups 

(low-scorers and high-scorers) on each dimension. Independent samples t-tests were then 

performed between the two affective groups and the two cognitive groups. 

 

ERP data 

During unattended processing of emotional prosody (task 1), eMMN and lMMN peak 

amplitudes and latencies elicited by happy, angry, sad, and disgusted prosodic deviants 

were analyzed. From the 60 subjects, the data of four subjects had to be discarded due to 

large amounts of eye blink and motion artifacts leaving an insufficient number of target 
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trials for analysis. The same procedure as during the behavioral data analysis was applied: 

Affective and cognitive scores of the remaining 56 subjects were divided by a median split 

in order to form two groups (low-scorers and high-scorers) on each alexithymia 

dimension. Four (emotion: happy vs. angry vs. sad vs. disgusted) by 3 (laterality: left 

hemisphere vs. midline vs. right hemisphere) by 5 (region: frontal vs. frontocentral vs. 

central vs. centroparietal vs. parietal) repeated-measures multivariate analyses of variance 

(RM-MANOVA) were then performed with group as a between-subjects factor. In case of 

significant interactions with the group factor, post hoc RM-MANOVAs were conducted 

for each level of the respective factor in order to identify the sources of the effect. 

During attended processing of emotional prosody (task 2), peak amplitudes and 

latencies of the N1, P2, and P3 elicited by happy, angry, and disgusted prosodic deviants 

spoken in low (e.g. a bit angry) and high (e.g., very angry) intensity were analyzed in 57 

subjects. The data of three subjects were discarded due to high amounts of eye blink and 

motion artifacts. Only trials of correctly detected prosodic deviants were included in the 

analysis. Affective scores of subjects in task 2 ranged from 20 to 55 (median: 35, SD: 9.7), 

cognitive scores ranged from 27 to 93 (median: 53, SD: 17.4). A median split divided 

affective and cognitive scores into two groups each (low-scorers and high-scorers). Two 

(intensity: low vs. high) by 3 (emotion: happy vs. angry vs. disgusted) by 3 (laterality: left 

vs. middle vs. right) by 3 (region) RM-MANOVAs were conducted with groups as 

between-subjects factors. 

The three levels of the factor region varied for the N1, P2 and P3 in accordance with 

the known topographic distributions of these components when elicited in the auditory 

modality: The N1 has a central maximum and was therefore analyzed at frontocentral, 

central, and centroparietal regions. The P2 is maximal over anterior regions, the analysis 

therefore comprised anterior electrode sites (frontal, frontocentral, and central). The P3 is 

known to have a centroparietal-parietal maximum, thus central, centroparietal, and 

parietal regions were included in the P3 analysis. 

In case of sphericity violations, Greenhouse-Geisser corrected p-values are reported. 

A Sidak correction of p-values was used in pairwise comparisons between the levels of 
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factors. Results are reported with a focus on main effects of alexithymia groups and 

interactions with the group factor. 
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RESULTS 

Behavioral data 

Pearson’s correlation confirmed a high correlation between the cognitive dimension of 

alexithymia as assessed by the three cognitive BVAQ subscales (identifying, verbalizing, 

and analyzing feelings) and the TAS-20 total score (r = 0.85, p < 0.01). Independent 

samples t-tests showed that the alexithymia groups (low vs. high) formed by a median 

split of affective and cognitive BVAQ scores in our sample were significantly different 

from one another (affective alexithymia groups: t(51) = -13.25, p < 0.01; cognitive 

alexithymia groups: t(55) = -12.23, p < 0.01). 

Behavioral data of task 2 (detection of prosodic deviants) showed no significant 

differences in accuracy (ACC) and reaction time (RT) between high-scorers and low-

scorers on the affective dimension (ACC: t(55) = -0.72, p = 0.47; RT: t(55) = -0.20, p = 0.84) 

and the cognitive dimension of alexithymia (ACC: t(55) = -1.43, p = 0.18; RT: t(55) = 0.97, p 

= 0.34). 

As shown in figure 2, behavioral data of the more difficult identification of emotional 

prosody and emotional intensity in task 3 revealed a significantly worse performance in 

cognitive high-scorers versus low-scorers on alexithymia during the identification of 

emotional prosody (t(55) = -2.47, p = 0.02), resulting from trends to make more errors 

during angry and disgusted prosody identification. The same difference was marginally 

significant in affective high-scorers versus low-scorers on alexithymia (t(55) = -1.94, p = 

0.06), resulting from worse performance specifically during the identification of disgusted 

prosody. 

Neither affective nor cognitive alexithymia impaired the identification of happy, sad, 

and neutral prosody at the behavioral level. No alexithymia-related differences with 

respect to emotional intensity identification were found, suggesting that emotional 

intensity perception was comparable across groups. 
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ERP data: Unattended processing of emotional prosody 

Figure 3 (left panel) shows the eMMN and lMMN elicited by deviants in emotional 

prosody (happy, angry, sad, and disgusted deviants averaged) versus neutral standards 

during unattended processing in task 1 (top panel: grand average across all subjects at the 

frontal electrode site Fz, bottom panel: comparison between high and low-scorers on 

affective and cognitive alexithymia at electrode F3). Main effects and interactions that 

were unrelated to the alexithymia group factor are summarized in table A1 (affective 

alexithymia) and table A2 (cognitive alexithymia). 

 

EMMN 

Amplitude 

EMMN amplitudes did not differ between high- and low-scorers on cognitive alexithymia. 

For affective alexithymia, a significant interaction affective group × emotion × laterality 

was found [F(6,312) = 2.07, p = .05] for eMMN amplitudes during very early (50 - 130 ms) 

unattended processing of emotional prosody. Follow-up ANOVAs on each emotion 

revealed a significant interaction of affective group with laterality for disgusted prosody 

Figure 2. Behavioral results of emotional prosody identification (task 3). Left: low-scorers versus high-
scorers on affective alexithymia, right: low-scorers versus high-scorers on cognitive alexithymia. Error 
bars depict standard error. 
* p < .05, (*) p < .10. 
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[F(2,104) = 4.43, p = .01], suggesting that affective high-scorers showed larger left-

hemispheric eMMN amplitudes in response to unattended perception of disgusted 

prosody than low-scorers (mean difference: 0.8 µV). This result indicates a left-

hemisphere bias for enhanced acoustic encoding of disgusted prosody in high-scorers 

compared to low-scorers on affective alexithymia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. ERP results for task 1 (left, unattended processing) and task 2 (right, attended processing). 
Top panel: grand averages of all subjects at electrode site Fz for the eMMN and lMMN and at electrode 
site Pz for the P3, corresponding to the topographic distribution of these components. Standards versus 
deviants, with ERP components used for analysis identified. 
Bottom panel: group comparisons between low and high-scorers on affective and cognitive alexithymia. 
‘EMMN’ and ‘lMMN’: depicted are the actual ERPs elicited by deviants in emotional prosody. For statistical 
analysis, difference waves were calculated for the eMMN and lMMN in correspondence with the common 
procedure by subtracting ERPs elicited by standards from ERPs elicited by deviants. 
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Latency 

For cognitive alexithymia, a significant interaction cognitive group × laterality [F(2,108) = 

4.86, p = .01] showed shorter left-hemispheric eMMN latencies in high-scorers compared 

to low-scorers (mean difference: 4.9 ms). This suggested that cognitive alexithymia is 

associated with faster left-hemispheric responses during early acoustic encoding of happy, 

angry, sad, and disgusted prosody. In addition, an interaction cognitive group × emotion × 

region [F(12,648) = 2.23, p = .05]  was observed, which was further qualified by the factor 

laterality, as suggested by a three-way interaction cognitive group × emotion × laterality × 

region [F(24,1296) = 1.92, p = .02]. 

Follow-up ANOVAs on each emotion revealed a significant effect for disgusted 

prosody. The interaction cognitive group × laterality [F(2,108) = 3.72, p = .03] indicated a 

hemispheric dissociation during unattended processing of disgusted prosody, with the left 

hemisphere responding earlier (mean difference: 5.6 ms) and right hemispheric eMMN 

latencies being delayed (mean difference: 5.9 ms) in high- versus low-scorers on cognitive 

alexithymia. A marginally significant interaction cognitive group × region [F(4,116) = 2.58, 

p = .09] further revealed a trend toward shorter eMMN latencies for disgusted prosody in 

cognitive high-scorers versus low-scorers at frontal (mean difference: 7.8 ms) and 

frontocentral (mean difference: 6.9 ms) regions. The three-way interaction cognitive 

group × laterality × region, combining these effects, was marginally significant [F(8,432) = 

1.93, p = .08]. 

Follow-up ANOVAs on each emotion further revealed a significant effect for angry 

prosody. The interaction cognitive group × region [F(4,216) = 3.25, p = .04] indicated that 

eMMN latencies to angry prosody were delayed in cognitive high-scorers at frontal (mean 

difference: 13.5 ms) and frontocentral (mean difference: 12.3 ms) regions. A marginally 

significant interaction cognitive group × laterality [F(2,108) = 2.72, p = .08] further 

suggested that the right-hemispheric eMMN to angry prosody occurred with a delay 

(mean difference: 6.7 ms) in high- versus low-scorers on cognitive alexithymia.  

For affective alexithymia, a marginally significant interaction affective group × 

emotion × laterality [F(6,312) = 2.12, p = .07] was found, which indicated that left-
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hemispheric eMMN latencies tended to be shorter to disgusted prosody, but delayed to 

happy prosody at midline electrodes in high- versus low-scorers on affective alexithymia. 

 

LMMN 

Amplitude 

LMMN amplitudes did not differ between low- and high-scorers on cognitive alexithymia. 

For affective alexithymia, RM-MANOVA revealed a significant interaction affective group 

× region [F(4,208) = 4.72, p = .02], indicating that frontal lMMN amplitudes were reduced 

for all emotions (happy, angry, sad, and disgusted) in affective high-scorers compared to 

low-scorers (mean difference: 0.5 µV). 

Latency 

A marginally significant interaction cognitive group × emotion [F(3,162) = 2.46, p = .06] 

was found for latencies of the lMMN, indicative of a trend toward faster lMMN responses 

to disgusted prosody in high-scorers versus low-scorers on cognitive alexithymia. No 

differences in lMMN latency were observed for affective alexithymia. 

ERP data: Attended processing of emotional prosody 

N1 

Amplitude 

For cognitive alexithymia, a significant interaction cognitive group × region [F(2,110) = 

4.05, p = .04] was found for amplitudes of the N1. Follow-up ANOVAs on each region 

showed a significant main effect of cognitive group [F(1,55) = 3.94, p = .05] at frontocentral 

regions, indicating that high-scorers on cognitive alexithymia showed a smaller 

frontocentral N1 to happy, angry, and disgusted prosody spoken in low and high intensity 
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(mean difference: 0.6 µV), compared to low-scorers. No main effect or interactions were 

found for affective alexithymia. 

Latency 

Neither affective alexithymia nor cognitive alexithymia were found to influence N1 

latencies in response to emotional prosody. 

 

P2 

Amplitude 

For cognitive alexithymia, a significant interaction cognitive group × laterality [F(2,110) = 

2.95, p = .05] revealed that high-scorers showed a larger left-hemispheric P2 to happy as 

well as angry and disgusted prosody spoken in low and high intensity (mean difference: 

0.3 µV) than low-scorers on cognitive alexithymia. P2 amplitudes did not differ between 

the two affective alexithymia groups. 

Latency 

For cognitive alexithymia, a significant interaction cognitive group × laterality [F(2,110) = 

3.99, p = .03] indicated that the P2 peaked later in the right hemisphere (mean difference: 

4.1 ms) of cognitive high-scorers compared to low-scorers for all emotions (happy, angry, 

disgusted) in both intensities. These results indicate a hemispheric dissociation in P2 

responses to emotional prosody in high-scorers on cognitive alexithymia, with a larger 

left-hemispheric P2 and a delayed right-hemispheric P2. 

For affective alexithymia, a marginally significant main effect of affective group 

[F(1,51) = 3.56, p = .06] suggested that the P2 tended to occur with a delay (mean 

difference: 6.9 ms) in response to deviants in emotional prosody in high- versus low-

scorers on affective alexithymia. 
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P3 

Amplitude 

For cognitive alexithymia, we observed a significant cognitive group × region interaction 

[F(2,108) = 8.67, p < .01], which suggested that P3 amplitudes were significantly reduced in 

cognitive high-scorers versus low-scorers at centroparietal (mean difference: 0.9 µV) and 

parietal (mean difference: 1.4 µV) regions. In addition, there was a significant interaction 

cognitive group × emotion × region [F(4,216) = 2.97, p = .05], indicating that this reduction 

in centroparietal and parietal P3 amplitudes was stronger for angry and disgusted than for 

happy deviants. 

For affective alexithymia, RM-MANOVA revealed a significant interaction affective 

group × intensity [F(1,50) = 4.35, p = .04], indicating that P3 amplitudes were even more 

reduced for emotional prosody spoken in high emotional intensity in affective high-

scorers versus low-scorers (mean difference: 0.5 µV). A marginally significant interaction 

affective group × intensity × region [F(2,100) = 3.76, p = .06] suggested that the P3 

amplitude reduction tended to be strongest at parietal (mean difference: 0.6 µV) and 

centroparietal regions (mean difference: 0.5 µV). 

Figure 3 (right panel) depicts the P3 elicited by deviants in emotional prosody 

(happy, angry, and disgusted) versus sad standards during attended processing in task 2 

(top panel: grand average across all subjects at the parietal electrode site Pz, bottom 

panel: comparison between high and low-scorers on affective and cognitive alexithymia at 

electrode P3). 

Latency 

Neither affective nor cognitive alexithymia scores were associated with differences in P3 

peak latency. 
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DISCUSSION 

The present study investigated the impact of cognitive and affective alexithymia on the 

electrophysiological processing of attended and unattended emotional prosody. At 

unattended processing levels, cognitive alexithymia was associated with a strong left-

hemisphere bias during the early acoustic encoding of emotional prosody, as reflected in 

shorter left-hemispheric eMMN latencies. Affective alexithymia, on the other hand, was 

primarily associated with reduced global processing of emotional prosody, as evidenced 

by generally diminished lMMN amplitudes. At attended processing levels, cognitive 

alexithymia modulated both early and late ERP components, reflected in smaller N1 

amplitudes and larger left-hemispheric P2 amplitudes as well as reduced amplitudes of 

the late P3 component to deviants in emotional prosody. In contrast, affective alexithymia 

did not significantly modulate early components, but was linked to reduced P3 amplitudes 

particularly for emotional prosody spoken in high intensity. These results suggest that 

alexithymia modulates electrophysiological responses to emotional speech at attended as 

well as unattended processing levels, and provide evidence for a dissociable impact of the 

cognitive versus the affective alexithymia dimension on the processing of emotional 

prosody. 

Behavioral performance 

Behavioral data of the present study show that the mere detection of deviants in 

emotional prosody (task 2) was not affected by either alexithymia dimension. This is in 

line with the two previous studies on the relation between alexithymia and emotional 

prosody which did not observe behavioral differences as a function of alexithymia during 

emotional prosody identification at the sentence level (Swart et al., 2009) and during 

cross-modal affective priming (Goerlich et al., 2011). However, our findings indicate that 

when participants were asked to specifically identify the emotion conveyed by brief vocal 

stimuli (task 3), deficits during the identification of disgusted and angry prosody did 

become apparent, as evidenced by worse performance on disgusted prosody identification 

in high-scorers on affective alexithymia and a trend toward lower accuracy in identifying 
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disgusted and angry prosody in high-scorers on cognitive alexithymia. The identification 

of happy and sad prosody was unaffected. This could explain why behavioral differences 

were not observed in our previous study (Goerlich et al., 2011), which employed only 

happy and sad prosody. Furthermore, the current study asked subjects to identify the 

emotional prosody of brief vocal stimuli (600 ms), whereas the previous behavioral study 

on emotional prosody identification (Swart et al., 2009) employed full sentences, possibly 

explaining the absence of alexithymia-related differences. 

Taken together, our behavioral findings are in line with previous reports of difficulty 

in the identification of visually displayed emotion in alexithymia (Parker et al., 2005; 

Prkachin et al., 2009; Swart et al., 2009) and indicate that such emotion identification 

problems extend to the auditory domain. However, our findings of affective alexithymia 

being associated with lower performance only on disgusted emotion recognition and 

trends toward less accurate identification of angry and disgusted prosody point toward a 

rather subtle deficit in emotional prosody identification. This seems not surprising 

considering that individuals scoring high on alexithymia are despite their interpersonal 

problems generally high-functioning, socially adapted individuals. The pursuit of social 

conformity is a characteristic feature of alexithymia (Taylor et al., 1997) and implies 

learning to interpret emotional signals during social communication to the best of one’s 

ability. 

Unattended processing of emotional prosody 

Alexithymia was found to affect amplitudes and latencies of the MMN during unattended 

processing of emotional prosody (task 1). We observed a strong left-hemisphere bias 

during early acoustic encoding (as indexed by a faster left-hemispheric eMMN) in high-

scorers on cognitive alexithymia for all deviants in emotional prosody (happy, angry, sad, 

and disgusted), which was additionally paired with a delayed response of the right 

hemisphere for disgusted prosody. This finding is particularly interesting considering that 

amplitudes of the neuromagnetic equivalent of the MMN in response to changes in 
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emotional prosody have recently been found to be larger in the right hemisphere in 

healthy individuals (Thönnessen et al., 2010), and that the right hemisphere has long been 

assumed to play an important role in processing emotional prosody (e.g., Pell & Baum, 

1997; Pell, 1998; Wunderlich et al., 2003). However, the question of right hemisphere 

predominance for emotional aspects of speech is still under debate and may constitute a 

relative rather than absolute dominance (Pihan et al., 2000; Pell, 2006). In any case, our 

finding of a left-hemisphere bias during early acoustic processing of emotional prosody in 

cognitive alexithymia is in line with the hypothesis of a hyperactive left hemisphere 

during emotional processing in this personality trait (e.g., Bermond et al., 2005) and 

suggests that decreased abilities in identifying, analyzing, and verbalizing one’s feelings 

are linked to a hyper-reliance on the left hemisphere, normally specialized for cognitive 

analyses rather than emotional processing (Gazzaniga, 1995).  

A left-hemisphere bias was also observed in high-scorers on affective alexithymia 

during early acoustic encoding, reflected in larger left-hemispheric eMMN amplitudes 

specifically to disgusted prosody, which was further accompanied by a trend toward a 

faster left-hemispheric eMMN during unattended processing of disgusted prosody. Given 

that high-scorers on affective alexithymia exhibited difficulty identifying disgusted 

prosody at the behavioral level, enhanced left-hemispheric acoustic processing of 

disgusted prosody as reflected in larger eMMN amplitudes could reflect a hyper-reliance 

on the left hemisphere during early attempts to encode disgusted prosody. Atypically 

large amplitudes of the eMMN during emotional prosody processing have also been 

reported in Asperger’s syndrome (Korpilahti et al., 2001; 2007), with which alexithymia 

exhibits high comorbidity (e.g., Berthoz & Hill, 2005a, b; Bird et al., 2010; for discussions 

on the overlap between alexithymia and Asperger’s syndrome see also Fitzgerald & 

Molyneux, 2004; Fitzgerald & Bellgrove, 2006; Hill & Berthoz, 2006). Korpilahti and 

coworkers suggested that such enlarged eMMN amplitudes may reflect the fact that the 

way emotional prosody is processed in Asperger’s syndrome is based on acoustic features 

of the stimuli (Korpilahti et al., 2001; 2007), which could also be true for individuals 

scoring high on affective alexithymia. In contrast to cognitive alexithymia, affective 

alexithymia was predominantly associated with reduced global, ‘gestalt-based’ processing 
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of emotional prosody, as evidenced by generally reduced lMMN amplitudes for all 

prosodic deviants. This suggests higher-order impairment during the detection of 

unattended variations in emotional speech in individuals with low abilities to 

emotionalize and fantasize. Note, however, that the impact of alexithymia on the MMN 

during emotional speech processing has not been studied before and that our findings 

should therefore be considered preliminary. 

Attended processing of emotional prosody 

Early processing 

During attended processing of emotional speech (task 2), cognitive but not affective 

alexithymia was found to modulate early (< 300 ms) electrophysiological responses to 

deviants in emotional prosody. High-scorers on cognitive alexithymia exhibited overall 

smaller N1 amplitudes in response to detected deviants. This corresponds to the finding of 

reduced P1 amplitudes for affective pictures in the study by Pollatos and Gramann (2011), 

who concluded that alexithymia is associated with attenuated basic emotional processing 

starting already at 120 ms of affective processing. Cognitive alexithymia was further found 

to be associated with larger left-hemispheric amplitudes of the P2 in response to deviants 

in emotional prosody. The P2 has previously been shown to be sensitive to the emotional 

qualities of speech and is thought to reflect initial emotional salience detection 

(Paulmann & Kotz, 2008a,b). Our finding of larger P2 amplitudes is in accordance with 

the results of Franz and colleagues (2004), who reported increased P2 amplitudes in high-

scorers on alexithymia versus low-scorers during aversive picture processing. 

Interestingly, we found cognitive alexithymia to be not only associated with generally 

larger left-hemispheric P2 amplitudes to emotional prosody, but also with delayed 

latencies of the P2 in the right hemisphere. These findings correspond to our observation 

of a left-hemisphere bias during early acoustic processing of unattended emotional speech 

in cognitive alexithymia, which was additionally accompanied by a delayed right-

hemispheric response to disgusted prosody. 
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Taken together, our results are in line with the hypotheses of a left hemisphere preference 

during emotional processing (Bermond et al., 2005; for a review see Larsen et al., 2003) 

and a hypoactive right hemisphere associated with alexithymia (Jessimer et al., 1997; 

Parker et al., 1993). However, according to our findings such a left-hemisphere bias and 

hemispheric dissociation seems predominantly evident in cognitive alexithymia, whereas 

a left-hemisphere bias as a function of affective alexithymia was only observed in eMMN 

amplitudes during the unattended processing of disgusted prosody. It would be 

worthwhile to investigate in future studies whether a left-hemisphere preference and right 

hemisphere hypoactivity during emotional processing may be characteristic of cognitive 

alexithymia or whether it is also evident in affective alexithymia. 

 

Late processing 

Our results further demonstrated that alexithymia is associated with reduced amplitudes 

of the later (> 300 ms) occurring P3, a component reflecting attended stimulus evaluation. 

Amplitudes of this component have been shown to be sensitive to the ascribed 

importance to a stimulus (the higher the importance, the higher the P3 amplitude). The 

P3 is also related to the emotional valence assigned to a stimulus in such a way that higher 

emotional valence is reflected in larger P3 amplitudes (Cuthbert et al., 2000; Schupp et al., 

2000). Our finding of reduced P3 amplitudes in response to emotional prosody 

corroborates and extends the findings of previous studies, which reported a reduction in 

P3 amplitudes during negative picture processing in alexithymia (Bermond et al., 2008; 

Pollatos & Gramann, 2011). 

In addition, our results indicate differential effects of cognitive versus affective 

alexithymia on P3 amplitudes to emotional prosody. Cognitive alexithymia was related to 

smaller P3 amplitudes particularly in response to angry and disgusted prosody, whereas 

high-scorers on affective alexithymia showed an even stronger reduction of P3 amplitudes 

for intonations spoken in high emotional intensity. This may suggest that during attended 

processing, individuals with cognitive alexithymia may be particularly impaired in the 

processing of negative emotional information. The findings of Pollatos and Gramann, who 
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reported reduced P3 amplitudes for negative, but not positive pictures in individuals 

scoring high on the TAS-20 (i.e., cognitive alexithymia) support this hypothesis. In 

contrast, emotion processing deficits in individuals with affective alexithymia may be 

particularly prominent for stimuli with high emotional intensity. 

A specific role for disgusted prosody? 

Differences in electrophysiological responses during early attended processing as a 

function of alexithymia dimensions were not specific for certain emotions but occurred 

for happy, angry as well as disgusted emotional prosody. During late attended processing, 

reductions in P3 amplitudes were found to be more prominent in response to angry and 

disgusted than to happy prosody in cognitive alexithymia, corresponding to our finding of 

a trend toward lower accuracy in behavioral identification of angry and disgusted emotion 

as a function of cognitive alexithymia. This may suggest that emotion processing deficits 

in high-scorers on cognitive alexithymia are stronger for negative than for positive 

emotions. In addition, we found some indication for a specific role of disgusted prosody.  

In cognitive alexithymia, this was only observed during early unattended processing: 

In addition to a faster left-hemispheric eMMN occurring for all deviants in emotional 

prosody, the right-hemispheric eMMN was delayed only for disgusted prosody. In 

affective alexithymia, greater amplitudes of the eMMN were found only for disgusted 

prosody, indicative of enhanced early acoustic processing, and behavioral identification of 

emotional prosody showed significantly worse performance only on identifying disgusted 

emotion in high-scorers on affective alexithymia. These results may indicate a specific role 

of disgusted prosody during emotional speech processing in alexithymia. However, 

previous findings on facial emotion recognition do not argue for a specific role of 

disgusted emotion but indicate a more general deficit in emotion recognition associated 

with alexithymia (e.g., Lane et al., 2000; Parker et al., 1993; Vermeulen & Luminet, 2009). 

As disgusted emotional prosody has not been investigated before in relation to 
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alexithymia, it may be worthwhile to test the possibility of a specific deficit in the 

processing of disgusted prosody in future studies. 

Summary 

In summary, the present finding hint toward a dissociable impact of cognitive and 

affective alexithymia on the processing of emotional prosody during attended as well as 

during unattended processing, supporting the notion that the two dimensions of 

alexithymia may be differentially linked to emotional processing (Bermond et al., 2010; 

Moormann et al., 2008). Based on the distinction between a cognitive and an affective 

alexithymia dimension, the existence of two different types of alexithymics has been 

proposed (Bermond & Vorst, 2001, Bermond et al., 2006). Individuals with type I 

alexithymia are thought to be characterized by a general lack of responsiveness to 

emotion at both the cognitive level and the level of emotional experience, whereas 

individuals with type II alexithymia experience feelings in a normal or even heightened 

degree, whereas their ability to cognitively access and verbalize feelings is impaired. 

Future studies could attempt to differentiate between different types of alexithymia taking 

into account the affective alexithymia dimension in addition to its cognitive dimension, 

rather than considering alexithymia as a unitary construct. Such a differentiation could be 

beneficial to a better understanding of the neurophysiological basis of emotional 

processing deficits associated with alexithymia. 

Limitations 

It should be kept in mind that the sample of the present study comprised only female 

participants, and that our results may therefore not be generalizable to male individuals 

with alexithymia. Further, the range of affective alexithymia scores in our sample was 

relatively small compared to the range of scores on the cognitive alexithymia dimension. 

Future studies should try to overcome these limitations by testing a sufficient number of 

female and male individuals with a broad range of scores on both the affective and the 

cognitive dimension of alexithymia. I addition, we used sad prosody as standards during 
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attended processing in task 2 as we were interested in measuring changes between 

emotional intonations instead of changes from a neutral to an emotional intonation. 

However, since neutral prosody served as standards during unattended processing in task 

1, the results of the two tasks are not directly comparable. Future studies could attempt to 

keep paradigms and stimuli constant during unattended and attended processing if 

specific effects of attention on emotional prosody processing in relation to alexithymia are 

of interest. In addition, the valence of our emotional prosody stimulus was not balanced 

as we used one positive and three negative emotions. Future studies could use the same 

proportion of positive and negative emotions in order to exclude possible effects of this 

imbalance in valence. 

Conclusions 

In conclusion, alexithymia seems to modulate electrophysiological responses to emotional 

speech during attended as well as unattended processing. The two alexithymia 

dimensions appear to exert a dissociable impact on emotional prosody processing, with a 

strong left-hemisphere bias characteristic of high scores on cognitive alexithymia during 

early stages of unattended and attended processing, in part accompanied by slower right-

hemispheric responses. Affective alexithymia seems to be associated with a more general 

reduction in electrophysiological responses during unattended and late attended 

processing of emotional speech, which appears to be even more prominent for stimuli of 

high emotional intensity. These results suggest that alexithymia indeed affects the way 

emotional speech is processed in the brain, which could be a contributing factor to 

problems in interpersonal communication associated with this personality trait. 

 

Acknowledgements 

We thank Michelle Servaas for her support in participant recruitment and EEG 

recordings, and Peter Albronda for technical support during the EEG sessions. 

 



Chapter 2 

 

 



The sound of feelings 

55 

 

 

  
Main effects and interactions 
 

 
Post hoc tests 

 
EMMN 
Amplitude 
 
 
 
 
 
 
 
 
 
Latency 

 
 
Laterality F(2,104) = 18.70, p < .001 

 
Region F (4,70) = 98.41, p < .001 
 
Laterality × Region F (8,197) = 29.09, p < .001 

 
Affective Group × Emotion × Laterality F (6,312) = 2.07, p 
= .05 
 
 
Emotion F (3,156) = 4.26, p < .01 
 
Region F (4,99) = 12.31, p < .001 
 
Affective Group × Emotion × Laterality × F (6,312) = 2.12, 
p = .07 

 
 
 
 
 
 
 
 
High- vs. low-scorers: larger left-
hemispheric eMMN for disgusted prosody 
 
 
 
 
 
High- vs. low-scorers: trend toward 
delayed eMMN latency at midline regions 
for happy prosody 
Trend toward shorter left-hemispheric 
eMMN latency for disgusted prosody 

 
LMMN 
Amplitude 
 
 
 
 
 
 
 
 
 
 
Latency 

 
 
Emotion F (3,156) = 4.63, p < .01 
 
Laterality F (2,104) = 28.95, p < .001 
 
Region F (4,72) = 33.33, p < .001 
 
Affective Group × Region F (4,72) = 4.72, p = .02 
 
Emotion × Region F (12,199) = 3.30, p = .01 
 
 
Laterality × Region F (8,195) = 19.23, p < .001 
 
Emotion F (3,156) = 19.91, p < .001 

 
Laterality F (2,104) = 6.49, p < .01 
 
Region F(4,95) = 9.65, p < .001 

 
Emotion × Region F (12,267) = 2.23, p = .05 
 

 
 
 
 
 
 
 
 
High- vs. low-scorers: reduced frontal 
lMMN amplitude 

 
N1 
Amplitude 
 
 
Latency 

 
 
No significant effects 
 
 
Emotion F (2,102) = 3.16, p < .05 

 
Region F (2,75) = 13.99, p < .001 

 

 
P2 
Amplitude 
 

 
 
Emotion F (2,102) = 6.78, p < .01 
 

 
 
 
 

Table A.1. Statistical results of the ERP data analysis for the affective dimension of alexithymia. Post 
hoc tests are significant at p < .05 (Sidak-corrected) unless otherwise specified. 
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Latency 

Region F (2,65) = 48.39, p < .001 

 
Laterality × Region F (4,131) = 8.87, p < .001 
 
Emotion × Laterality × Region F (8,318) = 2.36, p = .02 

 
Affective Group F (1,51) = 3.56, p = .06 
 
 
Laterality F (2,102) = 21.34, p < .001 
 
Region F (2,72) = 6.98, p < .01 

 
 
 
 
 
 
High- vs. low-scorers: trend toward 
delayed P2 latency 

 
P3 
Amplitude 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Latency 

 
 
Emotion F (2,100) = 20.70, p < .001 
 
Region F(2,57) = 28.55, p < .001 

 
Laterality F (2,100) = 59.02, p < .001 
 
Affective Group × Intensity F (1,50) = 4.35, p = .04 

 
Affective Group × Intensity × Region F (2,52) = 3.76, p = 
.06 
 
Laterality × Region F (4,134) = 13.01, p < .001 

 
Emotion × Laterality × Region F (8,264) = 2.23, p < .05 
 
 
Region F (2,75) = 81.77, p < .001 

 
 
 
 
 
 
 
 
High- vs. low-scorers: P3 amplitudes are 
reduced more strongly for high vs. low 
intensity deviants 
High- vs. low-scorers: trend toward 
strongest reduction of P3 amplitudes at 
centroparietal and parietal regions 
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Main effects and interactions 
 

 
Post hoc tests 

 
EMMN 
Amplitude 
 
 
 
 
 
 
Latency 

 
 
Laterality F (2,108) = 9.74, p < .001 

 
Region F (4,72) = 103.41, p < .001 
 
Laterality × Region F (8,209) = 28.43, p < .001 

 
 
Emotion F (3,162) = 3.83, p < .05 
 
Region F (4,104) = 14.10, p < .001 

 
Cognitive Group × Laterality F (2,108) = 4.86, p = .01 
 
Cognitive Group × Emotion × Region F (12,278) = 2.23, p 

= .05 
 
Emotion × Laterality × Region F (24,760) = 1.71, p = .05 

 
 
 
 
 
 
 
 
 
 
 
 
 
High- vs. low-scorers: shorter left-
hemispheric eMMN latencies 
High- vs. low-scorers: delayed eMMN 
latency at frontal and frontocentral regions 
for angry prosody 
Trend toward delayed eMMN latency in 
right hemisphere (p = .08) 
Shorter left-hemispheric but delayed right-
hemispheric eMMN latency for disgusted 
prosody 

 
LMMN 
Amplitude 
 
 
 
 
 
 
 
 
 
 
Latency 

 
 
Emotion F (3,162) = 4.63, p < .01 
 
Laterality F (2,108) = 29.14, p < .001 

 
Region F (4,74) = 30.80, p < .001 
 
Emotion × Region F (12,208) = 3.34, p = .01 

 
Laterality × Region F (8,202) = 18.98, p < .001 
 
 
Emotion F (3,162) = 21.46, p < .001 
 
Laterality F (2,108) = 5.84, p < .01 
 
Region F (4,102) = 10.35, p < .001 
 
Emotion × Region F (12,270) = 2.71, p < .05 

 
 
 
 
 
 
 
 
 

 
N1 
Amplitude 
 
 
 
 
Latency 

 
 
Cognitive Group × Region F (2,62) = 4.05, p < .05 
 
Emotion × Region F (4,116) = 3.24, p < .05 
 
 
Emotion F (2,110) = 3.02, p = .05 
 
Region F (2,82) = 18.88, p < .001 

 

 

   

Table A.2. Statistical results of the ERP data analysis for the cognitive dimension of alexithymia. Post 
hoc tests are significant at p < .05 (Sidak-corrected) unless otherwise specified. 
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P2 
Amplitude 
 
 
 
 
 
 
 
 
 
Latency 

 
Emotion F (2,110) = 7.61, p = .001 
 
Region F (2,70) = 50.49, p < .001 
 
Cognitive Group × Laterality F (2,110) = 2.95, p = .05 
 
Laterality × Region F (4,145) = 9.38, p < .001 
 
Emotion × Laterality × Region F (8,352) = 2.65, p = .01 
 
Laterality F (2,95) = 23.02, p < .001 
 
Cognitive Group × Laterality F (2,95) = 3.99, p = .02 
 
Region F (2,77) = 7.44, p < .01` 
 

 
 
 
 
 
High- vs. low-scorers: larger left-
hemispheric P2 amplitudes 
 
 
 
 
 
 

 
P3 
Amplitude 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Latency 

 
 
Emotion F (2,102) = 23.63, p = .001 
 
Laterality F (2,108) = 62.42, p < .001 
 
Region F (2,60) = 34.43, p < .001 
 
Cognitive Group × Region F (2,60) = 8.66, p = .004 

 
Cognitive Group × Emotion × Region F (4,116) = 2.97, p = 
.05 
 
Emotion × Region F (4,116) = 5.08, p < .01 
 
Laterality × Region F (4,148) = 14.08, p < .001 
 
 
Laterality F (2,108) = 3.63, p < .05 
 
Region F (2,80) = 85.04, p < .001 

 
 
 
 
 
 
 
 
High- vs. low-scorers: reduced P3 
amplitudes at centroparietal and parietal 
regions 
High- vs. low-scorers: centroparietal and 
parietal P3 amplitudes are reduced more 
strongly for disgusted and angry prosody 
than for happy prosody 
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ABSTRACT 

 

Background: Alexithymia, a personality construct characterized by deficits in 

interpreting and regulating feelings, is a risk factor for a variety of psychiatric conditions. 

Little is known about how alexithymia influences the processing of emotions in music and 

speech. Appreciation of such emotional qualities in auditory material is fundamental to 

human experience and has profound consequences for functioning in daily life. We 

investigated the neural signature of such emotional processing in alexithymia by means of 

event-related potentials. 

 

Methods: Affective music and speech prosody were presented as targets following 

affectively congruent or incongruent visual word primes in two conditions. In two further 

conditions, affective music and speech prosody served as primes and visually presented 

words with affective connotations were presented as targets. Thirty-two participants (16 

male) judged the affective valence of the targets. We tested the influence of alexithymia 

on cross-modal affective priming and on N400 amplitudes, indicative of individual 

sensitivity to an affective mismatch between words, prosody, and music. 

 

Results: Our results indicate that the affective priming effect for prosody targets tended 

to be reduced with increasing scores on alexithymia, while no behavioral differences were 

observed for music and word targets. At the electrophysiological level, alexithymia was 

associated with significantly smaller N400 amplitudes in response to affectively 

incongruent music and speech targets, but not to incongruent word targets. 

 

Conclusions: These results suggest a reduced sensitivity for the emotional qualities of 

speech and music in alexithymia during affective categorization. This deficit becomes 

evident primarily in situations in which a verbalization of emotional information is 

required. 
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INTRODUCTION 

Alexithymia (literally translated “no words for feelings”) has been recognized as a major 

risk factor for a variety of psychopathological and medical conditions, including chronic 

pain, somatization, depression, and anxiety (Taylor et al., 1997). This personality construct 

is characterized by deficits in the identification and verbalization of one’s feelings and the 

cognitive processing and regulation of emotions (Larsen et al., 2003). 

Previous research has shown that alexithymic individuals have difficulty identifying 

emotional facial expressions (Prkachin et al., 2009; Swart et al., 2009), matching verbal 

and non-verbal emotional stimuli (Lane et al., 1996), and remembering words with 

emotional connotations (Luminet et al., 2006). Neuroimaging studies have provided 

additional evidence for an association of alexithymia with differences in brain activation 

for a variety of tasks that involve emotional processing, such as the processing of 

emotional pictures (Berthoz et al., 2002) and the processing of facial expressions of 

emotion (Mériau et al., 2006), the imagery of autobiographical emotional events (Mantani 

et al., 2005), the observation of fearful body expressions (Pouga et al., 2010), and during 

empathy for pain (Bird et al., 2010). 

 Since such impairment during the conscious processing of emotional information 

may be dependent upon dysfunctions at earlier processing stages, the investigation of 

automatic sensitivity to affective stimuli is of great importance to understanding the 

emotion processing deficits individuals with alexithymia exhibit. Recent studies have 

suggested impaired processing of emotions even at pre-attentive, automatic processing 

stages in alexithymia. When presented with emotionally aversive videos, for instance, 

individuals scoring high on alexithymia did not show an increase in electrodermal activity 

as low-scorers on alexithymia did, while no difference in self-reported arousal between 

high- and low-alexithymics was found (Franz et al.,2004). Smaller electrodermal responses 

were also found in a study using negative masked pictures, likewise suggesting a deficit in 

early emotional reactivity associated with alexithymia (Pollatos et al., 2008). Other 

studies, however, report higher autonomic baseline levels in alexithymia (e.g., Gündel et 
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al., 2004, see Lumley et al., 2007 for a review). Aftanas and Varlamov measured event-

related synchronization (ERS) in participants watching emotional film clips. Results 

indicated greater emotional reactivity in the right hemisphere in high-scorers on 

alexithymia, suggesting enhanced negative affect and autonomous arousal associated with 

this personality construct (Aftanas & Varlamov, 2004). 

Three recent studies using functional magnetic resonance imaging (Duan et al., 2010; 

Kugel et al., 2008; Reker et al., 2010) further support the view that individuals with 

alexithymia show impairment during the subconscious processing of emotions. All of 

these studies assessed the influence of alexithymia on the automatic processing of masked 

facial expressions of emotions. Sad faces were found to be associated with lower 

responsiveness of the left (Reker et al., 2010) and right amygdala (Kugel et al., 2008) as a 

function of alexithymia. Additionally, Reker and colleagues found reduced activations of 

the insula, superior temporal gyrus, middle occipital and parahippocampal gyrus in 

response to sad and happy facial expressions with increasing scores on alexithymia (Reker 

et al., 2010). Masked surprised faces elicited decreased activation of the parahippocampal 

gyrus and fusiform gyrus as a function of alexithymia (Duan et al.. 2010). In sum, these 

studies providence evidence for a hypoactivation of brain areas related to the 

subconscious processing of facial emotions, suggesting that alexithymia is associated with 

reduced processing of automatic emotional information. 

Affective priming 

A powerful technique to assess automatic processing of emotions is the affective priming 

paradigm. The affective priming effect refers to the observation that the affective 

connotation of a target stimulus, e.g., ‘ugly’ will be judged faster when preceded by an 

affectively related prime, e.g., ‘hate’ as compared to an affectively unrelated prime, e.g., 

‘love’ (Fazio et al., 1986). The effect is thought to be an early, fast-acting, automatic 

process that can occur outside of conscious awareness (Fazio, 2001; Klauer & Musch, 

2003). It has been demonstrated for a variety of stimuli, such as pictures, prosody 

(“melody of speech”), music, and even odors. 



Hearing feelings 

63 

 

Few studies have employed the affective priming paradigm in alexithymia.  The first study 

to examine affective priming effects as a function of alexithymia was conducted by Suslow 

(Suslow, 1998). Positive and negative word targets (adjectives) primed by positive or 

negative words (nouns) were to be pronounced (pronunciation task) or evaluated as 

positive or negative as quickly as possible (evaluation task). Pearson’s correlations 

revealed no influence of alexithymia on affective word priming during target 

pronunciation. During affective evaluation, however, alexithymia correlated positively 

with the affective priming effect for positive word targets, whereas the correlation with 

negative word targets failed to reach significance (Suslow, 1998). 

In a follow-up study, the same word evaluation task as in the previous study (word – 

word prime – target pairs) was employed, and in addition a face evaluation task (face – 

face prime – target pairs) including happy and sad faces. The positive correlation of 

alexithymia with affective priming for positive word targets could not be replicated: In 

both the word evaluation task and the face evaluation task alexithymia did not correlate 

with the affective priming effect, neither for positive nor for negative targets (Suslow et 

al., 2001). In 2002, Suslow and Junghanns employed a lexical decision task on neutral or 

emotional target words and non-words primed by sentences with congruent or 

incongruent emotional content (Suslow & Junghanns, 2002). High scorers on alexithymia 

showed a negative situation priming effect, indicated by faster lexical decisions for targets 

preceded by affectively incongruent primes. 

Vermeulen and colleagues used verbal (positive and negative words) and non-verbal 

(happy and sad schematic faces) as primes and targets to investigate affective priming 

effects in alexithymia (Vermeulen et al., 2006). Regression analyses on the effect of prime 

type (happy and angry faces, positive and negative words) showed reduced affective 

priming with increasing alexithymia scores only for angry face primes, indicative of 

reduced emotion processing at an automatic level in alexithymia. Based on these findings, 

the authors suggest a specific impairment during the automatic processing of threatening 

stimuli (as represented by angry faces) associated with alexithymia. 
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Taken together, previous studies using affective priming paradigms in alexithymia provide 

preliminary evidence for an impact of alexithymia on the automatic processing of visual 

emotional stimuli. However, no consistent picture has emerged with respect to the 

question of whether alexithymia is associated with reduced or increased affective priming 

effects during the automatic processing of emotions. 

Music and speech prosody 

An adequate processing of emotional qualities in auditory material such as emotional 

prosody (“melody of speech”) and music is fundamental to human experience and has 

profound consequences for functioning in daily life. Both music and speech prosody have 

been shown to be capable of influencing the processing of visual emotional material (for 

prosody, see Bostanov & Kotchoubey, 2004; Koelsch et al., 2004; Kotz & Paulmann, 2007; 

Schirmer & Kotz, 2003; Schirmer et al., 2002, 2005; for music, see Chen et al., 2008; 

Daltrozzo & Schön, 2008; Logeswaran & Bhattacharya, 2009; Sollberger et al., 2003; 

Steinbeis & Koelsch, 2008; see Marin & Bhattacharya, 2010  for a review). To the best of 

our knowledge, only two previous studies have addressed the impact of alexithymia on the 

processing of emotions conveyed by speech prosody and music. Swart and colleagues 

observed no behavioral differences for spoken sentences with incongruent semantics and 

affective prosody in individuals with alexithymia as compared to controls (Swart et al.. 

2009). Vermeulen and colleagues found that during the presentation of angry, but not 

happy background music, high scorers on alexithymia recognized fewer anger and joy 

words than low scorers, indicating hampered memory performance during angry music 

perception associated with alexithymia (Vermeulen et al., 2010). 

In sum, the literature on the emotion processing deficit in alexithymic individuals 

demonstrates that alexithymia influences not only the conscious processing of emotion, 

but that aberrant emotion processing is evident already at very early, automatic 

processing stages. However, there is no consensus as to whether alexithymia is associated 

with decreased or increased automatic processing of emotions. In particular, little is 

known about the manifestation of this automatic processing deficit at the auditory 
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processing level. We investigated the neural signature of automatic affective priming of 

words, speech prosody, and music as a function of alexithymia by means of event-related 

potentials (ERPs). 

The present study is the first ERP study to investigate the neural signature of 

auditory emotional processing in alexithymia using affective speech prosody and music in 

a cross-modal priming paradigm. We hypothesized reduced affective priming effects with 

increasing scores on alexithymia at the behavioral level. Given the difficulty to identify 

emotions in alexithymia, we further hypothesized a reduced sensitivity to affective 

mismatches in alexithymia, reflected in diminished N400 amplitudes in response to 

affectively incongruent compared to congruent conditions as a function of alexithymia. 

The results of this study show that alexithymia was indeed associated with diminished 

N400 amplitudes for affective prosody and music. 

 

METHODS 

Participants 

Thirty-two students (16 male, mean age 23.8, SD 4.4) from the University of Groningen 

participated in the experiment. All participants were right-handed native speakers of 

Dutch, had normal or corrected-to-normal vision, no hearing impairment and no 

psychiatric condition in present or past. Participants received €20 for their participation in 

the two-hour EEG session. The Neuroimaging Center Institutional Review Board approved 

the experimental protocol and written informed consent was obtained from all 

participants prior to the study. 

Toronto Alexithymia Scale (TAS-20) 

The TAS-20 is the most widely used measure of alexithymia (41,42) with a demonstrated 

validity, reliability, and stability (see 43). A validated Dutch translation of the scale (44) 
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was used for the present study. The scale consists of 20 self-report items rated on a 5-

point Likert scale (1: strongly disagree, 5: strongly agree), with five negatively keyed items. 

The TAS-20 comprises the subscales: (1) difficulty identifying feelings (e.g., “I often don’t 

know why I’m angry”), (2) difficulty describing feelings (e.g., “I find it hard to describe 

how I feel about people”), and (3) externally oriented thinking (e.g., “I prefer talking to 

people about their daily activities rather than their feelings”). Possible scores range from 

20 to 100, higher scores indicate higher degrees of alexithymia. 

It has been suggested that alexithymia comprises two related, but distinct types 

(Vorst & Bermond, 2001; but see Bagby et al., 2009), which can be assessed with another 

self-report questionnaire, the BVAQ [Bermond-Vorst Alexithymia Questionnaire (Vorst & 

Bermond, 2001)]. Type I alexithymia is thought to be characterized by a general lack of 

responsiveness to emotion at any level, whereas in type II alexithymia, basic responses to 

affective stimuli are assumed to be intact, whereas the ability to cognitively access and 

verbalize them is impaired. Note that the TAS-20 assesses only type II alexithymia. Thus, 

the findings presented here allow conclusions with regard to type II alexithymia but might 

not be applicable to type I alexithymia. 

Individuals with TAS-20 scores lower or equal to 51 are considered non-alexithymic, 

a score from 52 to 60 indicates moderate alexithymia. The clinical threshold for 

alexithymia is a score of 61 (Taylor et al., 1997). Alexithymia scores of our study sample 

ranged from 31 to 68 (mean: 43.25, SD: 9.89, median: 41.5, skewness: 0.98). 

Materials 

The stimulus set consisted of 48 words for visual presentation (24 positive, 24 negative), 

48 pseudo-words spoken in happy (24) and sad (24) prosody, and 48 music segments 

expressing happy (24) or sad (24) emotion. All stimuli were validated in three separate 

pilot studies prior to the experiment. 

In the visual word pilot, ten independent raters of Leiden University judged  the words 

with emotional connotations on a 9-point Likert scale (-4 = very negative, 0 = neutral, 4 = 

very positive). Only words rated 3 or higher by 9 out of 10 raters were included as positive 
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word stimuli, only words rated -3 or lower by 9 out of 10 raters were included as negative 

word stimuli (see table A1). 

For the prosody pilot, bisyllabic pseudo-words that obeyed Dutch phonotactics were 

recorded with the help of an actress, cut to a length of approximately 600 ms and 

amplitude normalized using the Praat speech processing software (Boersma & Weenink, 

1996). The normalization procedure amplified every stimulus item such that the 

digitalized sample with the maximum amplitude was set at the maximum positive or 

negative value of the converter range, and all other samples were scaled proportionally. As 

a result, all stimuli had about equal intensity. Ten independent raters at Leiden University 

judged the pseudo-words on a 9-point Likert scale (-4 = very sad, 0 = neutral, 4 = very 

happy). Only pseudo-words rated 3 or higher for happy prosody and -3 or lower for sad 

prosody by 9 out of 10 raters were included in the study. 

Music segments were created from a number of piano pieces by composers of 

Western classical music (e.g., Bach, Beethoven, Chopin). Segments with a length of 600 

ms were excerpted in Praat (cut at zero-crossings), amplitude normalized and judged by 13 

independent raters at the University of Groningen on a 9-point Likert scale (-4 = very sad, 

0 = neutral, 4 = very happy). Only music segments rated 3 or higher for happy music and -

3 or lower for sad music by 11 out of 13 raters were included in the study. 

Procedure 

The cross-modal affective priming paradigm included four main conditions (see figure 1): 

MusicTarget (music targets preceded by visual word prime), ProsodyTarget (prosody 

target preceded by visual word prime), MusicPrime (visual word target preceded by music 

prime), and ProsodyPrime (visual word target preceded by prosody prime). Each main 

condition comprised two congruent and two incongruent sub-conditions (congruent: 

positive prime – positive target, negative prime, negative target, incongruent: positive 

prime – negative target, negative prime – positive target). Each of the four main 

conditions (MusicTarget, ProsodyTarget, MusicPrime, ProsodyPrime) consisted of 96 
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trials. Overall, each word, prosody and music stimulus was presented twice, once 

congruent and once incongruent, eliminating stimulus characteristics as an explanation of 

priming effects. All stimuli (primes as well as targets) were presented for 600 ms. Prime – 

target pairs were created and presented in a randomized fashion. The four main 

conditions were presented in four separate blocks, the order of which was presented 

counterbalanced according to a Latin square. 

 

 

 

 

 

 

 

 

 

 

 

 

Stimulus presentation was controlled using E-Prime version 1.2 (Schneider et al., 2002). 

Each trial started with a black fixation cross in the middle of the screen (1500 ms), 

followed by a red fixation cross (500 ms) signaling the occurrence of the prime. When the 

red fixation cross disappeared, the prime was presented. Two hundred ms after prime 

onset, the target was presented. An SOA of 200 ms was chosen based on findings that the 

affective priming effect dissipates after 300 ms (Hermans et al., 2001). Reaction time was 

recorded from the onset of the target. To reduce blink artifacts, participants were 

instructed to blink when the fixation cross was black, and not to blink anymore when it 

turned red. 

The task of the participants was to judge the valence of the word targets (positive or 

negative) and music and prosody targets (happy or sad) as fast and accurately as possible 

Figure 1. Design of the cross-modal affective priming paradigm. 
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(affective categorization). Directly after the EEG session, participants completed the TAS-

20 questionnaire. 

ERP recordings 

Electroencephalogram (EEG) was recorded from 64 tin electrodes mounted in an elastic 

electro cap organized according to the international 10/20 system. EEG data were 

recorded with a linked mastoid physical reference and were re-referenced by using an 

average reference. Bipolar vertical and horizontal electrooculograms (EOGs) were 

recorded for artifact rejection purposes. 

The ground electrode was applied to the sternum. Impedance of all electrodes was 

kept below 5 k for each participant. EEG was continuously recorded with a sampling rate 

of 500 Hz, amplified, and off-line digitally low-pass filtered with a cut-off frequency of 30 

Hz. Participants were seated in front of a monitor at a distance of approximately 50 cm in 

a dimly lit, electrically shielded and sound-attenuated cabin. Music and speech stimuli 

were presented via loudspeakers placed at the left and right side of the participant at 

approximately 70dB. 

Behavioral data analysis 

First, we aimed to establish the occurrence of cross-modal affective priming in each of the 

four experimental conditions. To this end, behavioral data were analyzed in a 2 

(congruence: congruent vs. incongruent) by 2 (valence: positive vs. negative) repeated-

measures analysis of variance (RM-MANOVA) with sex as a between-subjects factor. The 

analysis of accuracy showed that performance was higher than 90 percent in all 

conditions, indicating ceiling effects. Therefore, only the results of the reaction time (RT) 

analyses on correctly identified targets are reported (see figure 3). 

Secondly, the impact of alexithymia on affective priming was tested in a 2 (congruence: 

congruent vs. incongruent) by 2 (valence: positive vs. negative) repeated-measures 
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analysis of covariance (RM-MANCOVA) with alexithymia as a covariate and sex as a 

between-subjects factor. 

Lastly, Pearson’s correlations were conducted to test the impact of alexithymia on 

differences in reaction time between affectively congruent and incongruent targets. In 

order to test for an effect of valence, alexithymia scores were further correlated with 

differences in reaction time for positive and negative targets separately. 

ERP data analysis 

The EEG data were analysed with Brain Vision Analyzer (version 1.05). Prior to averaging, 

trials with eye-movement and blink artifacts were excluded from analysis. Criteria for 

artifact rejection within an epoch were a maximal voltage step of 50 µV, a maximal 

difference between two values in a segment of 100 µV, and a minimal and maximal 

amplitude of -100 µV and 100 µV, respectively. A total mean number of 360.1 trials (SD 

21.8) was recorded for each of the 32 participants (mean 89.2, SD 5.2 per experimental 

condition). Artifact rejection excluded a mean percentage of 3.4 percent of all trials 

(ranging from 0.3 percent to 23.3 percent across participants), leaving a total mean 

number of 343.7 trials (SD 27.1) for analysis, with a mean number of 85.7 trials (SD 6.7) per 

experimental condition. 

ERP epochs for each subject were computed in a 1000 ms time-window following the 

onset of the targets, which were aligned to a 100 ms pre-target baseline. Visual inspection 

of the data revealed negativities in response to affectively incongruent compared to 

congruent targets between 400 and 500 ms following the onset of the targets. These 

negativities were found consistently between 400 and 500 ms for music and prosody 

targets as well as for visual word targets, indicating that regardless of modality, affectively 

incongruent targets elicited N400 effects in a time-window of 400 – 500 ms following 

target onset. Based on this observation and previous N400 literature, the time-window 

400 – 500 ms post-target onset was chosen for statistical analysis. Mean amplitudes for 

positive and negative music, speech, and word targets were computed at the N400 time-

window (400 – 500 ms after target-onset) in each participant, beginning at the onset of 
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the targets.RM-MANOVA) was conducted in SPSS (17.0) using a total of 30 electrodes in 

six topographic regions (anterior, central, posterior) in the left and right hemisphere (see 

figure 2). The left anterior region included electrodes F3, F5, F7, FC3, and FC5, the right 

anterior region electrodes F4, F6, F8, FC4, and FC6. The left central region included 

electrodes C3, C5, CP3, CP5, and T7, the right central region electrodes C4, C6, CP4, CP6, 

and T8. The left posterior region included electrodes P3, P5, P7, PO3, and PO7, the right 

posterior region electrodes P4, P6, P8, PO4, and PO8.To test for an effect of affective 

congruence (i.e., affective priming) between primes and targets as well as for effects of 

valence, congruence and valence were entered into the analysis as separate factors. 

Topographic region and hemisphere were additionally included as within-subject factors. 

Based on previous findings of sex differences in emotional prosody processing (Schirmer & 

Kotz, 2003; Schirmer et al., 2002, 2005) and the processing of emotions conveyed by music 

(Altenmüller et al., 2002; Flores-Gutiérrez et al., 2009; Nater et al., 2006), sex was included 

as a between-subjects factor. In case of sphericity violations, Greenhouse-Geisser 

corrected p-values are reported. A Sidak correction of p-values was used in pairwise 

comparisons between the levels of factors. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Electrode map. Left and right anterior, central, and posterior regions identified. 
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Secondly, in order to test for the impact of alexithymia on affective priming and valence of 

primes and targets, RM-MANCOVA was carried out using the same factors as above and 

additionally including scores on the alexithymia questionnaire TAS-20 as a covariate. 

Lastly, as in previous studies on affective priming in alexithymia (Suslow, 1998; 

Suslow et al., 2001; Vermeulen et al., 2006), correlation analyses were conducted to test 

the impact of alexithymia on N400 amplitudes in response to an affective mismatch 

between primes and targets. Given that the N400 reflects the processing and integration 

of meaning (for a recent review, see Kutas & Federmeier, 2011), its amplitude can be used 

as an indicator of individual sensitivity to mismatches in affective meaning between 

stimuli such as music, prosody, and words. To obtain an index of the relative increase in 

N400 amplitudes in affectively incongruent compared to congruent conditions, N400 

mean voltages following congruent target onsets were subtracted from N400 mean 

voltages following incongruent target onsets at each electrode site. In order to reduce the 

number of comparisons and thereby the probability of false positives, correlations were 

not carried out at the 30 electrode sites separately, but N400 means of the five electrodes 

contained in each of the six topographic regions (left anterior, central, posterior; right 

anterior, central, posterior) were collapsed. The resulting N400 amplitude means for the 

six regions were used in subsequent correlation analyses. 

 Standardized alexithymia scores (31 – 68, mean: 43.25, SD: 9.89) were then 

correlated with the absolute difference in N400 amplitude means between affectively 

incongruent and congruent conditions. In order to test for effects of valence, Pearson’s 

correlations with alexithymia were further conducted separately for positive and negative 

targets. For this purpose, separate N400 means for positive and negative targets (indexes 

of valence effects) were obtained by subtracting N400 means for positive (negative) 

targets in congruent conditions from N400 means for positive (negative) targets in 

incongruent conditions. 
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Behavioral results 

MusicTarget 

RM-MANOVA revealed a significant affective priming effect for music targets primed by 

words with affective connotations. Participants evaluated music segments preceded by 

affectively congruent visual word primes significantly faster than music segments 

preceded by affectively incongruent word primes, as indicated by a main effect of 

congruence [F(1,30) = 27, p < 0.01]. A main effect of valence [F(1,30) = 11.1, p < 0.05] revealed 

faster categorization of happy music targets compared to sad music targets (608 ms vs. 

630 ms). Further, a main effect of sex was found [F(1,30) = 4.2, p = 0.05], indicating that 

female participants categorized affective music targets significantly faster than male 

participants (590 ms vs. 647 ms). 

After controlling for alexithymia in RM-MANCOVA, the effect of congruence 

[F(1,29) = 6.6, p < 0.05] and sex [F(1,29) = 4.2, p = 0.05] remained significant. However, the 

effect of valence failed to reach significance [F(1,29) = 2.2, p = 0.15]. Alexithymia as a 

between-subjects effect was not significant [F(1,29) < 1], and no interactions with 

alexithymia were observed. 

Pearson’s correlations revealed no significant impact of alexithymia on the 

behavioral affective priming effect for music targets preceded by visual word primes (r = -

.24, p = 0.19). There was no effect of valence (r = -.15, p = 0.42). 

ProsodyTarget 

RM-MANOVA demonstrated a significant affective priming effect for prosody targets 

primed by words with affective connotations. Prosody targets were evaluated significantly 

faster when preceded by affectively congruent as opposed to affectively incongruent visual 

word primes, as indicated by a main effect of congruence for reaction time [F(1,30) = 13.1, p 

< 0.01]. No main effect of valence was observed [F(1,30) < 1]. A significant two-way 

interaction between congruence and valence showed that sad prosody was categorized 
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significantly faster than happy prosody in affectively incongruent, but not congruent 

conditions (716 ms vs. 737 ms, p < 0.01). 

Including alexithymia as a covariate in RM-MANCOVA showed that the effect of 

congruence remained significant [F(1,29) = 6.7, p < 0.05]. A trend toward an alexithymia × 

congruence interaction [F(1,29) = 3.3, p = 0.08] suggested that this affective priming effect 

tended to be reduced in individuals with higher alexithymia scores. As between-subjects 

effect, alexithymia was not significant [F(1,29) < 1]. No main effect of valence was observed 

[F(1,29) = 1.6, p = 0.21], and the alexithymia × valence interaction failed to reach 

significance [F(1,29) = 1.3, p = 0.27]. 

Correlation analyses confirmed a trend toward a negative correlation between 

alexithymia and reaction times for prosody targets preceded by visual word primes (r = -

.30, p = 0.09), suggesting a trend toward reduced affective priming with increasing 

alexithymia scores. No correlation between alexithymia and the valence of prosodic 

targets was found (r = -.22, p = 0.23). 

Figure 3. Behavioral affective priming effects during affective categorization of the targets. MusicTarget, 
p < 0.01, ProsodyTarget, p < 0.01, MusicPrime, p = 0.07, ProsodyPrime, p < 0.01. Error bars indicate 
95% confidence intervals. 
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MusicPrime 

RM-MANOVA showed a trend to categorize affective word targets faster when preceded 

by affectively congruent vs. incongruent music primes (i.e., affective priming effect) as 

suggested by a marginally significant effect of congruence [F(1,30) = 3.4, p = .07]. A main 

effect of valence was not observed [F(1,30) < 1]; however, a significant interaction between 

valence and congruence [F(1,30) = 12.9, p < 0.01] suggested that affective priming by music 

on words was stronger for positive word targets. The effect of sex was not significant 

[F(1,30) < 1]. 

RM-MANCOVA including alexithymia as a covariate showed no significant main 

effects or interactions for word targets preceded by music primes. 

Correlation analyses confirmed the absence of an effect of alexithymia on affective 

priming in this condition: no significant correlations were observed between alexithymia 

and affective congruence (r = -.08, p = 0.66) and the valence of affective words (r = -.23, p 

= 0.21). 

ProsodyPrime 

RM-MANOVA revealed a significant affective priming effect for word targets primed by 

emotional prosody. Words with emotional connotations were evaluated significantly 

faster when preceded by affectively congruent as opposed to affectively incongruent 

prosody primes, as indicated by a main effect of congruence [F(1,30) = 14.6, p < 0.01]. There 

was no main effect of valence [F(1,30) < 1] and sex [F(1,30) = 1.5, p = 0.23]. A significant 

congruence × valence interaction F(1,30) = 12.4, p < 0.01] showed that the affective priming 

effect was stronger for positive than for negative words. This effect tended to be qualified 

by sex differences: a marginally significant three-way congruence × valence × sex 

interaction [F(1,30) = 3.8, p = 0.06] suggested that in female participants, affective priming 

of words was evident regardless of valence, whereas male participants showed affective 

priming only for positive word targets.  

When including alexithymia as a covariate (RM-MANCOVA), the affective priming 

effect was only marginally significant [congruence: F(1,30) = 3.8, p = 0.06]. No further main 
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effects were observed in this condition. Alexithymia did not reach significance as 

between-subjects effect [F(1,30) < 1] and did not interact with congruence [F(1,30) = 1.3, p = 

0.27] or valence F(1,30) < 1]. The three-way interaction congruence × valence × sex 

remained marginally significant [F(1,30) = 3.8, p = 0.06]. 

Correlation analyses confirmed the absence of an effect of alexithymia on words 

primed by emotional prosody: no significant correlations were observed between 

alexithymia and affective congruence (r = -.22, p = 0.24) and the valence of affective words 

(r = .04, p = 0.84). 

ERP results 

MusicTarget 

RM-MANOVA revealed a main effect of congruence at the N400 time-window [F(1,30) = 

4.8, p = 0.04], indicating a larger N400 for incongruent compared to congruent music 

targets (see figure 4 for all conditions). There was no main effect of valence [F(1,30) < 1]. A 

significant congruence × sex interaction [F(1,30) = 7.5, p = 0.01] indicated that N400 

amplitudes were larger in female than in male participants. Further, a significant three-

way interaction of congruence × valence × sex [F(1,30) = 7.6, p = 0.01] suggested that in 

female participants, affectively incongruent music targets elicited larger N400 amplitudes 

regardless of valence, whereas in male participants the N400 occurred only for happy 

music targets. Sex as a between-subject factor did not reach significance [F(1,30) < 1]. 

Further, a main effect of region [F(1,60) = 96.6, p < 0.01] showed that negativities 

were largest at anterior regions. A significant interaction between region and hemisphere 

[F(1,60) = 14.8, p < 0.01] further suggested more negative voltages at left anterior and 

central regions (compared to their right counterparts) and more negative voltages at the 

right posterior region (compared to its left counterpart). 

After controlling for alexithymia, RM-MANCOVA yielded no main effect of 

congruence [F(1,29) < 1]. However, a significant congruence × sex interaction [F(1,29) = 7.4, 

p = 0.01] revealed that the N400 for emotional music occurred only in female participants. 

The main effect of region remained [F(1,58) = 12.1, p < 0.01]. No further main effects were 
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observed. The two-way interaction region × hemisphere [F(1,60) = 14.8, p < 0.01] remained 

significant. Alexithymia showed a marginally significant interaction with hemisphere 

[F(1,29) = 4.0, p = 0.06], indicating a trend toward larger negativities in the left 

hemisphere in individuals with higher alexithymia scores. 

Pearson’s correlations confirmed an association of alexithymia with N400 

amplitudes for affectively incongruent compared to congruent music targets (figure 5). 

This effect was found to be left-lateralized. For affectively incongruent music irrespective 

of valence, alexithymia correlated negatively with N400 amplitudes at the left central 

region (r = -.36, p = 0.04), and tended to correlate negatively with N400 amplitudes at the 

left posterior region (r = -.33, p = 0.07). For happy music targets only, alexithymia also 

correlated negatively with N400 amplitudes in the left anterior region (r = -.40, p = 0.02). 

Figure 4. N400 in response to affectively incongruent targets (grey) versus affectively congruent targets 
(black) during affective categorization. Grand averages of 32 subjects are shown for A: MusicTarget, B: 
ProsodyTarget, C: MusicPrime, D: ProsodyPrime. 
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ProsodyTarget 

A main effect of congruence was observed for prosody targets at the N400 time-window 

[F(1,30) = 7.1, p = 0.01], indicating a larger N400 for affectively incongruent compared to 

congruent targets. No main effect of valence was found [F(1,30) < 1]. A main effect of 

region [F(1,30) = 7.9, p < 0.01] suggested that most negative voltages occurred at anterior 

regions. No further main effects or interactions reached significance. 

After controlling for alexithymia, the effect of congruence for prosody targets failed 

to reach significance [F(1,29) < 1]. RM-MANCOVA revealed no significant main effects. 

There was a trend toward a congruence × hemisphere interaction [F(1,29) = 3.1, p < 0.09], 

indicating that the N400 for affectively incongruent prosody tended to be larger in the left 

hemisphere compared to the right hemisphere. This lateralization effect tended to be 

stronger in individuals with high scores on alexithymia, as indicated by a marginally 

significant three-way congruence × hemisphere × alexithymia interaction [F(1,29) = 3.5, p < 

0.07]. 

Pearson’s correlations confirmed an association of alexithymia with N400 

amplitudes in response to affectively incongruent prosody (see figure 5). This effect was 

found to be located at the posterior region in the left hemisphere. Alexithmia showed a 

significant negative correlation with N400 amplitudes in response to happy prosody (r = -

.35, p = 0.05), and tended to correlate negatively with N400 amplitudes to sad prosody (r = 

-.30, p = 0.09). 

MusicPrime 

For words primed by affective music, RM-MANOVA revealed no significant effect of 

congruence [F(1,30) < 1] or of valence [F(1,30) < 1]. No significant interactions with 

congruence were found. Thus, the occurrence of an N400 effect to affectively incongruent 

words primed by music could not be established. 

The effect of alexithymia when included as a covariate was not significant [F(1,29) < 

1]. Congruence [F(1,29) = 1.8, p = 0.18] and valence [F(1,29) < 1] remained insignificant. 
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As RM-MANOVA and RM-MANCOVA showed that there was no N400 in response to 

affectively incongruent words primed by music, Pearson’s correlations between 

alexithymia and N400 amplitudes could not be conducted in this condition. 

 

 

 

 

 

 

 

 

ProsodyPrime 

A main effect of congruence was observed for visual word targets preceded by prosody 

primes at the N400 time-window [F(1,30) = 6.6, p = 0.02], indicating a larger N400 for 

affectively incongruent compared to congruent target words. No main effect of valence 

was found [F(1,30) < 1]. The congruence effect was qualified by a three-way congruence × 

valence × hemisphere interaction [F(1,30) = 4.6, p = 0.04], which indicated that in the left 

hemisphere, the N400 was elicited by both positive and negative words, while in the right 

hemisphere this was only true for negative words. 

A main effect of region [F(1,60) = 50.7, p < 0.01] suggested more negative voltages at 

anterior (mean: -1.9 µV) and central regions (mean: -1.0 µV)  compared to posterior 

regions (mean: 2.5 µV). The effect of sex reached significance [F(1,30) = 4.8, p = 0.04], 

indicating more negative voltages in females as compared to male participants. A 

significant region × hemisphere interaction [F(1,60) = 14.3, p < 0.01] showed more negative 

Figure 5. Correlation of alexithymia with the N400. Panel A: Negative correlation of alexithymia with 
amplitudes of the N400 in response to happy music (MusicTarget: r = -.40, p = 0.02) at the left anterior 
region. Panel B: Negative correlation of alexithymia with amplitudes of the N400 in response to happy 
prosody (ProsodyTarget: r = -.35, p = 0.05) at the left posterior region. 
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voltages in the left anterior region, but more negative voltages at central and posterior 

regions in the right hemisphere. This interaction was further qualified by a three-way 

interaction region × hemisphere × sex [F(1,60) = 6.7, p < 0.01], suggesting more negative 

voltages at right central and posterior regions in both genders, and more negative voltages 

in the left anterior region in females but no anterior lateralization in male participants. 

Including alexithymia as a covariate in RM-MANCOVA, the congruence effect 

became insignificant [F(1,29) < 1], instead a main effect of valence was observed [F(1,29) = 

4.5, p = 0.04], indicative of more negative voltages in response to negative compared to 

positive target words. Alexithymia interacted with this valence effect [F(1,29) = 4.7, p = 

0.04]: for negative targets the difference in voltages did not vary as a function of 

alexithymia, whereas positive words elicited more negative voltages with increasing 

alexithymia scores. However, the interaction congruence × valence × alexithymia was 

insignificant [F(1,29) < 1], indicating that the interaction between alexithymia and valence 

did not qualify the N400 effect to incongruent vs. congruent conditions. As a between-

subjects effect, alexithymia was not significant [F(1,29) < 1]. The effect of region remained 

significant [F(1,58) = 8.4, p < 0.01], and so did the effect of sex [F(1,29) = 4.4, p = 0.04]. 

Lastly, the three-way interaction region × hemisphere × sex was still significant [F(1,58) = 

6.3, p < 0.01]. 

Pearson’s correlations confirmed that there was no significant impact of alexithymia 

on N400 amplitudes in response to affective words primed by prosody (p > 0.1). No effect 

of alexithymia on the valence of the word targets was observed (p > 0.1). 

 

DISCUSSION 

The results of the present study indicate that alexithymia is associated with impairment in 

the automatic processing of emotion conveyed by music and speech prosody during 

affective categorization. At the electrophysiological level, alexithymia scores correlated 

negatively with amplitudes of the N400, an ERP component indicative of individual 

sensitivity to affective incongruence. This correlation was observed in the left hemisphere 

in response to affectively incongruent music and speech prosody. For prosodic targets, the 
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effect had a posterior locus; for music targets, differences in N400 amplitudes were more 

broadly distributed over central and posterior regions for happy and sad music, and 

additionally included the left anterior region for happy music targets only. No difference 

was found during affective categorization of word targets. At the behavioral level, we 

observed a trend toward a reduced affective priming effect with increasing alexithymia 

scores for prosodic targets (irrespective of valence), and no impact of alexithymia on 

affective priming for music and word targets. 

The results of the present study replicate previous findings of cross-modal affective 

priming effects between speech prosody and visually presented words (Bostanov & 

Kotchoubey, 2004; Koelsch et al., 2004; Kotz & Paulmann, 2007; Schirmer & Kotz, 2003; 

Schirmer et al., 2002, 2005) and between music and linguistic stimuli (Chen et al., 2008; 

Daltrozzo & Schön, 2008; Logeswaran & Bhattacharya, 2009; Marin & Bhattacharya, 2010; 

Sollberger et al., 2003; Steinbeis & Koelsch, 2008). Our results further confirm the 

occurrence of an N400 effect in response to affectively incongruent music, prosody, and 

linguistic stimuli in a cross-modal priming paradigm (Daltrozzo & Schön, 2008; Steinbeis 

& Koelsch, 2008, 2009). However, we failed to replicate the N400 effect for words primed 

by affective music. In contrast to the studies by Steinbeis and colleagues (Steinbeis & 

Koelsch, 2008, 2009), we used short natural music excerpts rated as happy or sad instead 

of music chords. Dissonant chords such as used in those previous studies are perceived as 

unpleasant, which was presumably (though not formally tested) not the case for our sad 

piano music excerpts. This difference in pleasantness of the stimuli used could account for 

the higher potency of chords in priming visual words compared to natural music excerpts 

such as used in the present study. Our finding of an only marginally significant affective 

priming effect for music primes at the behavioral level supports this hypothesis. 

Furthermore, our findings support the notion of sex differences in the perception of 

emotion in music and prosody. Female participants categorized both happy and sad music 

targets faster than men in the present study. This behavioral difference was accompanied 

by significantly larger N400 amplitudes in response to affectively incongruent music in 

women compared to men. In addition, women showed an N400 effect irrespective of 
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music valence, whereas in men this effect was only observed for happy music. These 

differences, indicative of a higher sensitivity to musical emotions in women are in line 

with previous reports of larger brain activation and greater positive attribution to affective 

music in women compared to men (Altenmüller et al., 2002), larger networks of coherent 

brain oscillations in response to pleasant music in female participants (Flores-Gutiérrez et 

al., 2009), and greater psychophysiological reactivity reflected by elevated finger 

temperature and skin conductance level in women compared to men (Nater et al., 2006). 

Sex differences in emotional prosody perception have likewise been reported 

repeatedly: women recognized emotional prosody faster than men (Schirmer et al.,2002), 

and showed an N400 in an emotional prosody Stroop task while no such effect was 

observed in men (Schirmer & Kotz, 2003). Even at pre-attentive processing levels sex 

differences seem to exist: deviants in emotional prosody elicited larger amplitudes of the 

Mismatch Negativity (MMN) in response to prosodic deviants in women, but not in men 

(Schirmer et al., 2005). We did not find significant effects of sex for emotional prosody 

targets, however, when prosody served as a prime women tended to show an affective 

priming effect for word targets irrespective of target valence, whereas this effect occurred 

in men only for positive word targets. This behavioral difference was accompanied by 

generally larger negativities to words primed by emotional prosody in women compared 

to men (an effect not found when the same words were primed by emotional music). The 

absence of a sex difference for prosody as a target in our study could be due to the low 

task difficulty, indicated by a ceiling effect in performance. Low task difficulty may have 

masked possible differences in emotional prosody categorization in our study, and could 

explain why sex differences did occur when emotional prosody functioned as a prime, but 

not as a target. 

The present study is the first to provide electrophysiological evidence for an 

emotional categorization deficit in alexithymia for music and speech prosody. Our finding 

of decreased N400 amplitudes both for emotions conveyed by music and by speech 

prosody seems conceivable given that music and speech prosody have been shown to use 

the same acoustic features to convey emotions (Ilie & Thompson, 2006; Juslin & Laukka, 

2003; Zatorre et al., 2002). In light of this similarity, it seems reasonable to assume that 
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individuals with alexithymia, a personality trait characterized by a difficulty identifying 

emotions, will exhibit comparable differences in brain responses to emotions conveyed by 

both music and speech prosody. Future studies should employ auditory affective material 

to provide further evidence for the generality of the emotion processing deficit in 

alexithymia, which so far has been investigated using almost exclusively visual emotional 

information. 

Our results of reduced N400 amplitudes during affective priming in response to 

emotional music and speech as a function of alexithymia confirm and extend previous 

findings of studies employing electroencephalography (EEG) and functional magnetic 

resonance imaging (fMRI) that have indicated impaired subconscious processing of visual 

affective material in alexithymia. Corresponding to our finding of reduced left-

hemispheric N400 amplitudes for affective music and speech, decreased early theta 

synchronization (brain oscillations related to the cortico-hippocampal-limbic interaction 

during cognitive-emotional processing) was observed in the left hemisphere of 

alexithymic individuals during the processing of emotional pictures. This was interpreted 

as a disruption in automatic affective processing and as an analytical, categorical decoding 

difficulty of emotional stimuli in alexithymia (Aftanas & Varlamov, 2004). Our findings 

are further in line with fMRI studies on the automatic processing of facial expressions of 

emotions in alexithymia. These studies found that alexithymia was associated with 

reduced activation of several brain areas during the automatic processing of masked 

happy, sad, and surprised faces (Duan et al., 2010; Kugel et al., 2008; Reker et al., 2010), 

suggesting that alexithymia is associated with reduced emotional processing at an 

automatic processing level. 

The observed trend toward a negative correlation between alexithymia and affective 

categorization of prosodic targets at the behavioral level is partially in line with a previous 

study (Swart et al., 2009). Although individuals with alexithymia showed lower accuracy 

and longer reaction times during prosody identification of sentences with mismatching 

prosody and semantics in that previous study, these differences did not reach significance. 

Possibly, this was due to the long duration of the sentences presented (20 s), while the 
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current study employed very short prosodic targets with a length of 600 ms, thereby 

increasing task demands. 

We did not find a relationship between alexithymia levels and N400 amplitudes 

during affective categorization of visual word targets following music and prosody primes. 

This finding reveals an asymmetry regarding the effect of alexithymia on the processing of 

emotional music and prosody: During the categorization of word targets primed by 

emotional music and prosody, alexithymia had no significant impact on N400 amplitudes. 

In contrast, when affective music and prosody targets were to be categorized, alexithymia 

scores were associated with significantly decreased N400 amplitudes. This asymmetry for 

affective categorization of music and prosody targets versus word targets could be due to 

the fact that in order to categorize the auditory targets (music and prosody), they had to 

be (internally) verbalized before they could be categorized as happy or sad. In contrast, in 

conditions in which music and prosody served as primes, such verbalization of auditory 

affective information was not necessary as the decision was to be made on the visual word 

targets. 

Difficulties to identify and verbalize emotions are diagnostic criteria of alexithymia 

(Nemiah et al., 1976). Hitherto, the question as to whether alexithymia is associated with 

impairment in verbalizing emotions conveyed by prosody and music has not been 

addressed. However, alexithymia exhibits a high comorbidity with Autism Spectrum 

Disorder (ASD) (Berthoz & Hill., 2005a, b; Hill et al., 2004). In a recent study on the 

experience of music in ASD, Allen and colleagues report that individuals with diagnoses 

on the autism spectrum showed conscious awareness of the emotional arousal induced by 

music, but exhibited limitations in the terms used to describe the emotional effect of 

music (Allen et al., 2009). Such difficulty to verbalize emotions conveyed by music could 

underlie our observation of diminished N400 amplitudes with increasing alexithymia 

levels during the affective categorization of emotional music and prosody targets, but not 

word targets. 

Our finding of unaffected emotional word processing is seemingly at odds with 

previous studies suggesting an impact of alexithymia on affective priming for word targets 

(Suslow, 1998,Vermeulen et al., 2006). However, it should be born in mind that the larger 
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affective priming effect for positive word targets with increasing scores on alexithymia 

(Suslow, 1998) could not be replicated in a follow-up study (Suslow et al., 2001), despite 

the fact that the same word evaluation task was employed in a larger sample of 

participants. Instead, the follow-up study revealed no correlations between alexithymia 

and the affective priming effect, neither for positive word targets nor for negative word 

targets. Our findings confirm these results. Moreover, Suslow and colleagues used an SOA 

of 300 ms, although it has been shown that strategic components can come into effect 

below an SOA of 300 ms (Klauer et al., 1997) and that the affective priming effect 

dissipates already at 300 ms (Hermans et al., 2001). Therefore, an involvement of non-

automatic, strategic processes cannot be ruled out in these studies. 

Vermeulen and colleagues showed that alexithymia correlated negatively with the 

affective priming effect for word targets when these were primed by angry faces 

(Vermeulen et al., 2006). This reduced affective priming effect was not found for happy 

face primes and neither for positive and negative word primes. The authors interpreted 

this finding as an anger/threat-related automatic processing deficit associated with 

alexithymia. This interpretation found further support in findings of hampered memory 

performance during the perception of angry, but not happy background music in 

alexithymia (Vermeulen et al., 2010). The present study used happy and sad prosody and 

music as primes for affective word targets and found that alexithymia did not correlate 

with the affective priming effect for word targets. These results do not contradict the 

findings of Vermeulen and colleagues (Vermeulen et al., 2006), nor can they confirm these 

results as angry emotion was not included in our paradigm. It would be interesting to test 

in future studies whether the hypothesis of an anger-specific processing deficit in 

alexithymia holds when angry speech prosody and anger/threat evoking music are used to 

prime word targets during affective categorization. 
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Limitations 

It should be kept in mind that the alexithymia construct may comprise two related, but 

distinct types, type I and type II alexithymia (Vorst & Bermond, 2001), though a recent 

study failed to find empirical support for this distinction (Bagby et al., 2009). The TAS-20 

questionnaire, used here in agreement with previous studies on affective priming in 

alexithymia (Suslow 1998; Suslow et al., 2001, 2002; Vermeulen et al., 2006, 2010), covers 

only type II alexithymia. This type is characterized by deficits to cognitively access and 

verbalize emotions, while the general emotional responsiveness is thought to be intact. 

Type I alexithymia, characterized by a general lack of emotional responsiveness could not 

be controlled for in the present study. Varying scores on type I alexithymia might have 

confounded the present results and could contribute to the fact that the present findings 

are not in line with previous studies on affective priming in alexithymia, which likewise 

used the TAS-20 and thus did not control for this possible confound. 

Future studies should additionally use the BVAQ questionnaire, which 

distinguishes between the two types of alexithymia and would thus makes it possible to 

control for this possible confound. A further limitation of the present study is the lack of a 

correction for multiple comparisons during product-moment correlations between 

alexithymia and N400 amplitudes in response to affective words, music, and prosody. The 

number of comparisons conducted in the present study was relatively small, however, the 

present findings should be treated as preliminary for this reason. Future studies should 

attempt to overcome these limitations. 

Conclusions 

In sum, the results of this study suggest a reduced sensitivity to emotional qualities of 

speech and music in alexithymia at a neurophysiological level. Our findings of differential 

brain responses to affective categorization of music and speech prosody as compared to 

visual words with emotional connotations indicates that alexithymia impairs the 

categorization of affective stimuli primarily in situations in which a verbalization of the 

emotional information is required. However, this interpretation remains speculative until 
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future research provides further insight into the nature of the emotional processing deficit 

in alexithymia. 
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 Positive Words English Translation Negative Words English Translation 

1 Bloem Flower Beul Hangman 

2 Bonbon Candy Bom Bomb 

3 Cake Cake Braaksel Vomit 

4 Echtpaar Married Couple Dief Thief 

5 Expert Expert Galg Gallows 

6 Genie Genius Graf Grave 

7 Geschenk Present Hoer Whore 

8 Goedzak Good Soul Junk Junk 

9 Held Hero Klootzak Asshole 

10 Honing Honey Monster Monster 

11 Ijsje Ice Cream Pijnbank Rack 

12 Kanjer Hunk Pis Piss 

13 Lieverd Darling Pus Pus 

14 Maatje Buddy Racist Racist 

15 Paleis Palace Sadist Sadist 

16 Parel Perl Schijt Shit 

17 Ross Rose Slet Slut 

18 Satijn Satin Sloerie Slut 

19 Schatje Baby Tiran Tyrant 

20 Snoep Candy Tumor Tumor 

21 Vriend Friend Vandaal Vandal 

22 Vriendin Girlfriend Vergif Poison 

23 Winnaar Winner Vetkwab Fat Roll 

24 Zon Sun Viespeuk Dirt Bag 

 

Table A.1. Affective word stimuli (Dutch originals and English translation). 
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ABSTRACT 

 

Background: The phenomenon of affective priming has caught scientific interest for over 

thirty years, yet the nature of the affective priming effect remains elusive. The present 

study investigated the underlying mechanism of cross-modal affective priming and the 

influence of affective incongruence in music and speech on negativities in the N400 time 

window. 

 

Methods: In experiment 1, participants judged the valence of affective targets (affective 

categorization). In this experiment, both spreading of activation and response 

competition could underlie the affective priming effect. In experiment 2, participants 

categorized the same affective targets based on non-affective characteristics. However, as 

prime valence was irrelevant to the response dimension, affective priming effects could no 

longer be attributable to response competition. 

 

Results: We found that music and speech targets were evaluated faster when preceded by 

affectively congruent visual word primes, and vice versa. This affective priming effect was 

accompanied by a significantly larger N400-like effect following incongruent targets. In 

experiment 2, affective priming effects were observed neither at the behavioral nor at the 

electrophysiological level. 

 

Conclusions: The results of this study indicate that both affective music and speech 

prosody can prime the processing of visual words with emotional connotations, and vice 

versa. Affective incongruence seems to be associated with N400-like effects during 

evaluative categorization. The present data further suggest a role of response competition 

during the affective categorization of music, prosody, and words with emotional 

connotations. 
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INTRODUCTION 

In daily life, the ability to adequately process emotional information from our 

environment is of vital importance. Research on the neural basis of affective processing 

has focused largely on the processing of visual emotional information, such as facial 

expressions of emotions or emotional pictures and scenes, whereas less is known about 

affective processing in the auditory modality and its interaction with affective processing 

in other modalities. 

Music, the “language of the emotions” (Scherer, 1995) and speech prosody, the vocal 

expression of emotions (“melody of speech”), have long been assumed to share a common 

ancestry (Brown, 2000; Dissanayake, 2000; Helmholtz, 1863/1954; Joseph, 1988; Pinker, 

1995; Rousseau, 1761/1986; Spencer, 1857). Recent studies on the expression of emotion 

through music and speech have shown that both involve similar emotion-specific acoustic 

cues (such as pitch, tempo, and intensity) through which emotion is conveyed in similar 

ways (Ilie & Thompson, 2006; Juslin & Laukka, 2003; Zatorre, 2002). Such acoustic 

attributes are thought to be connected with affective connotations that are used to 

communicate discrete emotions in both vocal and musical expression of emotion (Ilie and 

Thompson, 2006; Juslin & Laukka, 2003). Recent studies have suggested that both 

affective speech prosody and music may influence the processing of visual affective 

stimuli (e.g., Bostanov & Kotchoubey, 2004; Schirmer & Kotz, 2003; Schirmer, Kotz, & 

Friederici, 2002, 2005 for prosody; Daltrozzo & Schoen, 2009; Jolij & Meurs, 2011; Koelsch 

et al. 2004; Kotz & Paulmann, 2007; Logeswaran & Bhattacharya, 2009; Sollberger et al., 

2003; Steinbeis & Koelsch, 2008, 2011 for music). Electrophysiological studies employing 

affective priming paradigms found that the N400, an event-related potential (ERP) known 

to be elicited by semantic mismatches (for a review, see Kutas & Federmeier, 2011), also 

occurs for mismatches in affective meaning between speech prosody and visually 

presented words (e.g., Schirmer et al., 2002, 2005; Schirmer & Kotz, 2003). Recently, the 

N400 has additionally been observed for mismatches in affective meaning between music 

and linguistic stimuli (Daltrozzo & Schoen, 2009; Steinbeis & Koelsch, 2008, 2011; see 

Koelsch, 2011 for a review on musical meaning processing). In the present study, we 
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employed both speech prosody and music to compare the capability of both media of 

interacting with the processing of linguistic stimuli in a cross-modal affective priming 

paradigm. 

Central to the affective processing literature is the long standing 'primacy of 

emotion' debate that can be traced back to the founder of experimental psychology 

(Wundt, 1907). The affective primacy hypothesis assumes that humans are endowed with 

an evaluative decision mechanism allowing them to automatically evaluate affective 

stimulus information (e.g., Arnold, 1960; Bartlett, 1932; Zajonc, 1980, 1984). In line with 

this hypothesis, Fazio and colleagues (1986) showed that participants need less time to 

judge the affective valence of a target stimulus (e.g., ‘ugly’) if it is preceded by an 

affectively related prime (e.g., ‘hate’). This affective priming effect is thought to be an 

early, fast-acting, automatic process that can occur outside of conscious awareness (for a 

review, see Fazio, 2001; Klauer & Musch, 2003). Affective priming has been found for a 

variety of stimuli, such as pictures, prosody (i.e., melodic and rhythmic aspects of speech), 

music, and odors. The affective priming effect has caught scientific interest for more than 

three decades, yet the exact nature of the mechanism causing affective priming remains 

unclear. 

Early explanations proposed spreading of activation as the mechanism underlying 

affective priming. The spreading of activation account (e.g., Bargh et al., 1996; De Houwer 

et al., 2001; Spruyt et al., 2002) assumes an associative network of interconnected concept 

nodes, in which affective valence is represented. An affective prime pre-activates the 

representations of affectively related targets at the conceptual level by spreading of 

activation through this network and thereby leads to faster encoding of targets with the 

same valence as the prime. However, a theoretical argument casts doubt on the 

plausibility of spreading of activation: the so-called fanning effect. Stimulus valence is a 

feature that is shared by numerous concept nodes, whereas the amount of available 

activation is typically assumed to be limited (e.g., Anderson, 1983). For a prime to 

facilitate the processing of all other targets with the same valence, the activation caused 

by the prime needs to spread to a large number of concept nodes. Because this activation 

needs to be divided over so many concept nodes, it seems unlikely that the activation 
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received by each node would have much effect on the encoding of the corresponding 

stimulus (Anderson & Bower, 1973; see also Bargh et al., 1996; Ferguson & Bargh, 2003; 

Spruyt et al., 2002, Spruyt et al., 2007b). 

More recently, researchers have begun to conceptualize the affective priming effect 

in terms of conflict at the response stage of processing rather than at the conceptual level 

(e.g., De Houwer et al., 2002; Wentura, 1999, 2000). According to this account, an 

affective prime automatically triggers a response tendency that corresponds to its valence. 

This leads to response facilitation for targets with the same valence as the prime, and to 

response inhibition when the valence of the target is different from the valence of the 

prime (Stroop-like interference process). Note that the two accounts need not be mutually 

exclusive. 

The N400 in response to affectively incongruent prosody and music has generally 

been interpreted to reflect spreading of activation (e.g., Daltrozzo & Schoen, 2009; 

Steinbeis & Koelsch, 2008, 2011). However, studies investigating the underlying 

mechanisms of affective priming have pointed out the importance of response 

competition in such affective evaluation tasks (e.g., Bartholow et al., 2009; Klauer et al., 

1997; Wentura, 1999). One method to test the contribution of response competition to 

affective priming is to have subjects categorize affective stimuli based on non-affective 

characteristics or to name the affective targets. As the prime does not convey response-

relevant information in these situations, conflict at the response level is eliminated, while 

spreading of activation remains as a possible mechanism of affective priming. 

Interestingly, affective priming effects have been observed less reliably in studies using 

non-affective categorization of affective targets and naming paradigms than in the 

affective evaluation paradigm (e.g., De Houwer et al., 1998; De Houwer et al., 2002; Klauer 

& Musch, 2001; Klinger et al., 2000; Spruyt et al., 2004; but see De Houwer & Randell, 

2004; Hermans et al., 2004; Spruyt et al., 2007a, for positive evidence of affective priming 

in such tasks). Taken together, a number of studies using behavioral paradigms have 

provided evidence for a contribution of response competition to affective priming in the 

evaluative categorization task. 
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At the electrophysiological level, two previous studies have investigated the contribution 

of conflict at the response level to affective priming effects during evaluative 

categorization using visual primes and targets. Bartholow and colleagues (2009) showed 

that an important factor in driving affective priming effects between words with positive 

and negative connotations indeed lies in the response system: after prime onset, preferred 

response activation occurred in motor cortex, as the lateralized readiness potential (LRP) 

indicated. In addition, increased N2 amplitudes in affectively incongruent conditions 

suggested that response conflict occurred when the response activated by the prime 

differed from the target response. Eder and coworkers tested the contribution of semantic 

priming versus response priming on affective priming between pictures and words (Eder 

et al., 2011). These authors likewise used the LRP to measure prime-induced response 

activations and further tested the effect of affective incongruence on the P300 and the 

N400. Their findings show an earlier occurring stimulus-locked LRP in affectively 

congruent conditions, and increased amplitudes of the N400 in affectively incongruent 

conditions, whereas the P300 remained unaffected by affective congruence. The authors 

concluded that both semantic priming and response priming are likely to constitute 

affective priming effects in the evaluative categorization task.  

Taken together, the view that affective priming is driven only by spreading of 

activation has recently been challenged by studies employing electrophysiology in 

combination with behavioral measures. Using unimodal visual priming paradigms, these 

studies suggested that conflict at the response level contributes to affective priming in the 

evaluative categorization task. The present study tested for the first time the mechanisms 

contributing to cross-modal affective priming between auditory and visual stimuli by 

systematically varying the possibility of response conflict to occur between two otherwise 

identical experiments. Furthermore, we aimed to compare the capability of speech 

prosody and music of affectively priming visually presented linguistic stimuli. To this end, 

we employed a cross-modal paradigm to test affective priming effects between music, 

speech prosody, and visually presented words with affective connotations at the 

behavioral level as well as the impact of affective congruence on negativities in the N400 

time-window. 
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The study comprised two experiments: Experiment 1 aimed to test the occurrence of 

cross-modal affective priming by emotional music and speech on visually presented word 

targets, and vice versa. Participants judged the affective valence of the targets (affective 

categorization task). In this experiment, spreading of activation as well as response 

competition may cause the affective priming effect. We hypothesized to find a behavioral 

affective priming effect (longer reaction times) for affectively incongruent music, speech, 

and word targets, accompanied by increased negativities in the N400 time-window in 

affectively incongruent compared to congruent conditions. 

Experiment 2 employed the same stimuli as experiment 1. However, participants 

were now asked to categorize the targets based on non-affective characteristics (non-

affective categorization task), excluding response competition to occur while still allowing 

for spreading of activation. If the affective priming effect and N400-like effect in 

experiment 1 were indeed caused by response competition, no affective priming effect and 

no negativities in the N400 range should be found in experiment 2. 

 

METHODS 

Participants 

Thirty-two students (16 male, mean age 23.8, SD 4.4) from the University of Groningen 

participated in experiment 1, 49 different students (24 male, mean age 23.3, SD 4.9) in 

experiment 2. All participants were right-handed native speakers of Dutch, had normal or 

corrected-to-normal vision and no hearing impairment. None of the participants were 

professional musicians. Subjects received € 20 for their participation in the two-hour EEG 

session. Informed consent was obtained from all participants prior to the study. The study 

was approved by the local ethics committee of the BCN-Neuroimaging Center Groningen 

and conducted in accordance with the Declaration of Helsinki. 
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Stimuli 

The stimulus set comprised 48 words for visual presentation (24 positive, 24 negative, 

with 50 % denoting persons and 50 % denoting objects), 48 pseudo-words spoken in 

happy (24) and sad (24) prosody, and 48 music segments expressing happy (24) or sad 

(24) emotion. All stimuli were validated in three separate pilot studies prior to the 

experiment. 

In the visual word pilot, ten independent raters of Leiden University judged the 

words with emotional connotations on a 9-point Likert scale (-4 = very negative, 0 = 

neutral, 4 = very positive). Only words rated 3 or higher by 9 out of 10 raters were included 

as positive word stimuli, only words rated -3 or lower by 9 out of 10 raters were included 

as negative word stimuli. Table 1 shows the positive and negative words used as 

experimental stimuli in both experiments. 

For the prosody pilot, bisyllabic pseudo-words that obeyed Dutch phonotactics were 

recorded with the help of an actress, cut to a length of approximately 600 ms and 

amplitude normalized using the Praat speech processing software (Boersma & Weenink, 

1996). The normalization procedure amplified every stimulus item such that the 

digitalized sample with the maximum amplitude was set at the maximum positive or 

negative value of the converter range, and all other samples were scaled proportionally. As 

a result, all stimuli had about equal intensity. Ten independent raters at Leiden University 

judged the pseudo-words on a 9-point Likert scale (-4 = very sad, 0 = neutral, 4 = very 

happy) with the additional option to choose “other” if another emotion than happy or sad 

was perceived. Only pseudo-words rated 3 or higher for happy prosody and -3 or lower for 

sad prosody by 9 out of 10 raters were included in the study. 

Music excerpts were created from a number of piano and guitar compositions by 

Western classical music composers (e.g., Bach, Beethoven, Chopin, Mendelssohn; for a 

full list of compositions see table 2). From these compositions, segments with a length of 

600 ms were excerpted in Praat (cut at zero-crossings), amplitude normalized and 

subsequently judged by 13 independent raters at the University of Groningen on a 9-point 

Likert scale (-4 = very sad, 0 = neutral, 4 = very happy) with the additional option to 

choose “other” if another emotion than happy or sad was perceived. Only music segments 
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rated 3 or higher for happy music and -3 or lower for sad music by 11 out of 13 raters were 

included in the study. Only piano segments served as experimental stimuli. Guitar 

segments were additionally included as fillers in experiment 2 for the purpose of an 

instrument categorization task (piano vs. guitar). 

 

 

 Positive Words English Translation Negative Words English Translation 

1 Bloem Flower Beul Hangman 

2 Bonbon Candy Bom Bomb 

3 Cake Cake Braaksel Vomit 

4 Echtpaar Married Couple Dief Thief 

5 Expert Expert Galg Gallows 

6 Genie Genius Graf Grave 

7 Geschenk Present Hoer Whore 

8 Goedzak Good Soul Junk Junk 

9 Held Hero Klootzak Asshole 

10 Honing Honey Monster Monster 

11 Ijsje Ice Cream Pijnbank Rack 

12 Kanjer Hunk Pis Piss 

13 Lieverd Darling Pus Pus 

14 Maatje Buddy Racist Racist 

15 Paleis Palace Sadist Sadist 

16 Parel Perl Schijt Shit 

17 Ross Rose Slet Slut 

18 Satijn Satin Sloerie Slut 

19 Schatje Baby Tiran Tyrant 

20 Snoep Candy Tumor Tumor 

21 Vriend Friend Vandaal Vandal 

22 Vriendin Girlfriend Vergif Poison 

23 Winnaar Winner Vetkwab Fat Roll 

24 Zon Sun Viespeuk Dirt Bag 

 

 

 

 

Table 1. Affective word stimuli (Dutch originals and English translation) used in experiment 1 and 2. 
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Instrument Valence Composer Composition 

    

Piano Happy Johann Sebastian Bach 

 
 

Felix Mendelssohn 

 
 

Fryderyk Chopin 
 

Jean Sibelius 

Violin Partita in E major (piano transcription), Suite: Prelude 

Violin Partita in E major (piano transcription), Suite: Gigue 
 

‘A Midsummer Night's Dream’ for Piano, TN iii/7: Scherzo 

Pièces caractéristiques (7), Op. 7: Leicht und Luftig 
 

Etude in G flat major 
 

Five Pieces for Piano, Op. 85: Bellis 

 

Piano Sad Ludwig van Beethoven 

 

 

 
 

Fryderyk Chopin 

 
 

Felix Mendelssohn 

 

Sonata No. 14 in C sharp minor, Op. 27 No. 2 

“Moonlight”: Adagio sostenuto 

Sonata No. 8 in C minor, Op. 13 

“Pathétique”: Adagio cantabile 
 

Nocturne Op. 27 No.1: C sharp Minor 

Nocturne B I 49: C sharp minor 
 

Pièces caractéristiques (7), Op. 6: Sehnsuchtig 

 

Guitar Happy Moreno Torroba 

 

 

 

 
 

Johann Sebastian Bach 

 
 

Isaac Albéniz 
 

Edward Grieg 
 

Ferdinand Sor 
 

Francisco Tárrega 

Sonatina: Allegretto 

Sonatina: Allegro 

Castillos de Espańa: Turégano 

Castillos de Espańa: Olites 

Aires de la Mancha 
 

Sonata in A minor, BWV 1003: Allegro 

Sonata in A minor, BWV 1003: Fuga 
 

Sevilla 
 

Op. 12 No. 6: Norwegian Melody 
 

Aire Venezolano (harmonized by Vicente Emilio Sojo) 
 

Maria 

 

Guitar Sad Frederico Mompou 

 

 
 

Isaac Albéniz 

Johann Sebastian Bach 

Francisco Tárrega 

Robert de Visée 

Suite Compostelana: Canción 

Suite Compostelana: Cuna 

Suite Compostelana: Coral 
 

Mallorca 
 

 

Sonata in A minor, BWV 1003: Grave 
 

Endecha 
 

 

Changing my tune 

Table 2. Piano and guitar compositions used as a basis for the musical stimuli. Excerpts with a length of 600 
ms were extracted from these compositions and validated in pilot studies, resulting in 24 happy and 24 sad 
piano excerpts as well as 24 happy and 24 sad guitar excerpts. Piano excerpts served as experimental stimuli 
in both experiments, guitar excerpts were additionally included in experiment 2. 
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Procedure 

The cross-modal affective priming paradigm used in experiment 1 and 2 included four 

main conditions (see figure 1): MusicTarget (music target preceded by visual word prime), 

ProsodyTarget (prosody target preceded by visual word prime), MusicPrime (visual word 

target preceded by music prime), and ProsodyPrime (word target preceded by prosody 

prime). Each main condition comprised two congruent and two incongruent 

subconditions (congruent: positive prime – positive target, negative prime, negative 

target, incongruent: positive prime – negative target, negative prime – positive target).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Each of the four main conditions (MusicTarget, ProsodyTarget, MusicPrime, 

ProsodyPrime) consisted of 96 trials. Overall, each word, prosody, and music stimulus was 

presented twice, once congruent and once incongruent, eliminating stimulus 

characteristics as an explanation of priming effects. Prime – target pairs were created in a 

randomized fashion. The order in which prime – target pairs were presented was random 

with the restriction that consecutive targets or primes were never the same and no more 

than 3 targets were presented consecutively. The four main conditions were presented in 

Figure 1. Design of the cross-modal affective priming paradigm. Happy or sad speech prosody and music 
segments with a length of 600 ms primed visually presented words with positive or negative connotations, 
presented for 600 ms, in affectively congruent (straight arrows) or affectively incongruent (skewed 
arrows), and vice versa. Stimulus onset asynchrony (SOA) was kept constant at 200 ms in all conditions. 
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four separate blocks, whose order of presentation was counterbalanced according to a 

Latin square. 

Stimulus presentation was controlled using E-Prime (1.2). Each trial started with a 

black fixation cross in the middle of the screen (1500 ms), followed by a red fixation cross 

(500 ms) signaling the occurrence of the prime. To reduce blink artifacts, participants 

were instructed to blink when the fixation cross was black, and not to blink anymore 

when it turned red. When the red fixation cross disappeared, the prime was presented, 

followed by the target after 200 ms. The stimulus onset asynchrony (SOA) of 200 ms was 

chosen based on findings that the affective priming effect dissipates after 300 ms 

(Hermans et al., 2001). Reaction time was recorded from the onset of the target. 

In experiment 1, participants were to judge the pleasantness of the target as fast and 

accurately as possible (affective categorization task). In experiment 2 (non-affective 

semantic/phonological categorization task), participants judged whether a visual target 

word was an object or a person, whether a spoken pseudo-word contained a 

monophthong (pure vowel) or a diphthong (gliding vowel), or whether a music segment 

was played by a piano or a guitar. 

ERP recordings 

Electroencephalogram (EEG) was recorded from 64 tin electrodes mounted in an elastic 

electro cap organized according to the international 10/20 system. EEG data were 

recorded with a linked mastoid physical reference and were re-referenced using an 

average reference. Bipolar vertical and horizontal electrooculograms (EOGs) were 

recorded for artifact rejection purposes. The ground electrode was applied to the sternum. 

Impedance of all electrodes was kept below 5 kΩ for each participant. EEG was 

continuously recorded with a sampling rate of 500 Hz, amplified, and off-line digitally 

low-pass filtered with a cut-off frequency of 30 Hz. Participants were seated in front of a 

monitor at a distance of approximately 50 cm in a dimly lit, electrically shielded and 

sound-attenuated booth. Music and speech stimuli were presented via loudspeakers 

placed at the left and right side of the participant at approximately 70dB. 
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Data analysis 

The EEG data were analysed with Brain Vision Analyzer (version 1.05). Prior to averaging, 

trials with eye-movement and blink artifacts were excluded from analysis. Criteria for 

artifact rejection within an epoch were a maximal voltage step of 50 µV, a maximal 

difference between two values in a segment of 100 µV, and a minimum and maximum 

amplitude of -100  µV and 100  µV, respectively. 

For experiment 1, all 32 subjects (16 male) were included in the analysis. For 

experiment 2, one subject was excluded due to noisy ERP data, leaving a total of 48 

subjects (25 male) for analysis. ERP epochs for each subject were computed in a 1000 ms 

time-window and aligned to a 100 ms pre-stimulus baseline. Mean amplitudes for music, 

speech, and word targets were computed at the N400 time-window (400 to 500 ms after 

target-onset) for affectively congruent and incongruent conditions in each participant. 

This time-window was chosen based on previous N400 literature and on visual inspection 

of the data, which showed consistent differences between conditions for affectively 

congruent and incongruent targets between 400 and 500 ms. 

Regional repeated-measures Analysis of Variance (RM-ANOVA) was conducted in 

SPSS (17.0) using 30 electrodes in six regions (anterior, central, posterior) in the left and 

right hemisphere. The left anterior region included electrodes F3, F5, F7, FC3, and FC5, 

the right anterior region electrodes F4, F6, F8, FC4, and FC6. The left central region 

included electrodes C3, C5, CP3, CP5, and T7, the right central region electrodes C4, C6, 

CP4, CP6, and T8. The left posterior region included electrodes P3, P5, P7, PO3, and PO5, 

the right posterior region electrodes P4, P6, P8, PO4, and PO6. Figure 2 depicts an 

electrode map with the six regions of electrodes used for analysis. 
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To test for the effect of prime valence on target processing, the factors Prime Valence 

(positive vs. negative) and Target Valence (positive vs. negative) were entered into the 

analysis separately. A significant interaction between Prime Valence and Target Valence, 

indicating ERP differences between affectively congruent and incongruent conditions was 

interpreted as an affective priming effect. As the main goal of the present study was to 

examine affective priming effects, only the results of the Prime Valence × Target Valence 

interaction (i.e., the affective priming effect) and factors qualifying this interaction at the 

behavioral and electrophysiological level are presented. In case of sphericity violations, 

Greenhouse-Geisser corrected p-values are reported. 

Figure 2. Electrode map, with left and right anterior, central, and posterior regions identified. 
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RESULTS 

Behavioral results 

Behavioral data analysis showed that performance was higher than 90% in all conditions, 

indicating ceiling effects. Therefore, only the results of the reaction time (RT) analyses on 

correctly identified targets are reported. Table 3 shows the mean reaction times to positive 

and negative targets in affectively congruent and incongruent conditions in both 

experiments. Table 4 provides further information on the percentage of affective priming 

effects in the study sample (N = 32) of experiment 1. Significant interactions between 

prime and target indicate an affective priming effect. 

First, a full ANOVA including the factors Condition (MusicTarget vs. ProsodyTarget 

vs. MusicPrime vs. ProsodyPrime), Prime Valence (positive vs. negative), and Target 

Valence (positive vs. negative) was conducted, with Sex (male vs. female) and Experiment 

(1 vs. 2) as between-subjects factors. Results showed that there were significant prime-

target interactions for RT in experiment 1 (see figure 3) but not in experiment 2 (see figure 

4), indicated by a significant 3-way interaction Prime Valence × Target Valence × 

Experiment, F(1,77) = 24.29, p < 0.001 (see figure 5 for a comparison of the overall affective 

priming effect between the two experiments). Follow-up ANOVAs were subsequently 

performed in each condition for experiment 1 (affective categorization) and experiment 2 

(non-affective categorization). 

 

Experiment 1: Affective categorization 

MusicTarget 

Participants evaluated music segments preceded by affectively congruent visual word 

primes significantly faster than music segments preceded by affectively incongruent word 

primes. RM-ANOVA revealed a significant 2-way Prime Valence × Target Valence 
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interaction [F(1,30) = 27, p < 0.001], indicating a behavioral affective priming effect for 

congruent music targets. 

ProsodyTarget 

Prosody targets were evaluated significantly faster when preceded by affectively congruent 

visual word primes compared to prosody targets preceded by incongruent word primes. 

RM-ANOVA revealed a significant 2-way Prime Valence × Target Valence interaction for 

reaction time [F(1,30) = 13.1, p < 0.001], indicating a behavioral affective priming effect for 

congruent prosody targets. 

MusicPrime 

There was a trend to evaluate visual word targets faster when preceded by affectively 

congruent music primes compared to incongruent music primes. RM-ANOVA revealed a 

trend of the Prime Valence × Target Valence interaction for reaction time [F(1,30) = 3.4, p 

= 0.073]. Music excerpts as primes elicited behavioral affective priming effects in only 56 

% of the participants (N = 32), as shown in table 4. Compared to music as targets 

following word primes (87,5 %) and prosodic stimuli as primes and targets (75 % each), 

music excerpts therefore showed the lowest affective priming potential in this experiment. 

ProsodyPrime 

When preceded by affectively congruent prosody primes, visual words were evaluated 

significantly faster than words preceded by affectively incongruent prosody primes. RM-

ANOVA revealed a significant 2-way Prime Valence × Target Valence interaction for 

reaction time [F(1,30) = 14.6, p < 0.001]. 
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Experiment 1 
 

 Congruent Conditions Incongruent Conditions 

Condition Target Valence Mean (ms) SD (ms) Mean (ms) SD (ms) 

      

MusicTarget Positive 589.39 84.24 625.66 85.31 

 Negative 615.21 80.23 644.66 100.33 

ProsodyTarget Positive 691.13 128.89 736.66 129.28 

 Negative 700.00 140.29 715.99 122.89 

MusicPrime Positive 578.85 63.91 601.08 64.61 

 Negative 591.26 71.13 586.50 53.58 

ProsodyPrime Positive 612.42 94.11 637.85 96.52 

 Negative 628.72 90.34 631.97 96.28 

Experiment 2 

 Congruent Conditions Incongruent Conditions 

Condition Target Valence Mean (ms) SD (ms) Mean (ms) SD (ms) 

      

MusicTarget Positive 707.68 122.03 697.59 116.91 

 Negative 771.69 128.75 780.85 128.68 

ProsodyTarget Positive 903.98 146.82 890.03 155.47 

 Negative 913.24 162.15 919.63 144.12 

MusicPrime Positive 599.98 78.15 606.10 81.65 

 Negative 617.38 81.84 614.21 80.29 

ProsodyPrime Positive 651.00 97.18 650.57 91.87 

 Negative 668.49 94.01 660.45 98.69 

Table 3. Reaction times (means and standard deviations) in response to positive and negative targets in 
congruent compared to incongruent conditions in experiment 1 (affective categorization) and experiment 2 
(non-affective categorization). 
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Experiment 2: Non-Affective categorization 

MusicTarget 

Repeated measures ANOVA revealed that the 2-way Prime Valence × Target Valence 

interaction was not significant for reaction time [F(1,47) < 1], indicating the absence of an 

affective priming effect for music targets preceded by word primes during non-affective 

semantic/phonological categorization. 

ProsodyTarget 

RM-ANOVA revealed a non-significant 2-way Prime Valence × Target Valence interaction 

for RT [F(1,47) < 1], indicating the absence of an affective priming effect for prosody 

targets preceded by word primes during semantic/phonological categorization. 

MusicPrime 

No affective priming effect during semantic/phonological categorization was found for 

word targets preceded by music primes, as a non-significant 2-way Prime Valence × Target 

Valence interaction [F(1,47) < 1] indicated.  

ProsodyPrime 

No affective priming effect was found during semantic/phonological categorization of 

target words preceded by prosody primes. RM-ANOVA revealed a non-significant 2-way 

Prime Valence × Target Valence interaction for RT [F(1,47) = 1.7, p = 0.200]. 

Condition Frequency (%) Mean (ms) SD (ms) 

MusicTarget 87.50 41.31 29.44 

ProsodyTarget 75.00 47.98 42.16 

MusicPrime 56.25 26.56 20.71 

ProsodyPrime 75.00 23.71 13.58 

Table 4. Frequency of affective priming effects in the 32 participants of experiment 1. Mean and standard 
deviations (SD) of the difference in reaction times between affectively congruent and incongruent 
conditions are shown. 
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Figure 3. Affective priming effects during affective categorization in experiment 1. Reaction times for 
happy and sad music and prosody targets and for positive and negative word targets following 
affectively congruent and incongruent primes are depicted. A: MusicTarget, p < 0.001; B: 
ProsodyTarget, p < 0.001; C: MusicPrime, p < 0.073; D: ProsodyPrime, p < 0.001. 

Figure 4. Lack of affective priming effects during non-affective categorization in experiment 2. 
Reaction times for happy and sad music and prosody targets and for positive and negative word 
targets following affectively congruent and incongruent primes are depicted. Panel A: MusicTarget, F 
< 1; Panel B: ProsodyTarget, p < 0.476; Panel C: MusicPrime, F < 1; Panel D: ProsodyPrime, p < 
0.200. 
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ERP results 

First, a full RM-ANOVA was conducted on mean voltages within the N400 time-window 

including the factors Condition (MusicTarget vs. ProsodyTarget vs. MusicPrime vs. 

ProsodyPrime), Prime Valence (positive vs. negative), Target Valence (positive vs. 

negative), Region (anterior vs. central vs. posterior), and Hemisphere (left vs. right), with 

Sex (male vs. female) and Experiment (1 vs. 2) as between-subjects factors. Mean N400 

amplitudes served as the dependent measure. 

Results showed that the prime-target interactions significantly differed between 

Experiment 1 (see figure 6) and experiment 2 (see figure 7) at the N400 time-window, 

indicated by a significant 3-way interaction Prime Valence × Target Valence × Experiment 

[F(1,77) = 11.39, p < 0.001]. This interaction was further qualified by the factor Condition, as 

suggested by a significant 4-way interaction Prime Valence × Target Valence × Experiment 

× Condition [F(3,231) = 3.38, p < 0.02]. Follow-up ANOVAs were subsequently performed 

for each of the four conditions in  experiment 1 (affective categorization) and experiment 2 

(non-affective categorization). 

 

Figure 5. Comparison of the overall effect of affective congruence on reaction times between affective 
categorization in experiment 1 (Panel A) and non-affective categorization in experiment 2 (Panel B) for 
the four experimental conditions. Error bars indicate 95 % confidence intervals. 



The nature of affective priming 

109 

 

Experiment 1: Affective categorization 

MusicTarget 

Repeated measures ANOVA revealed a significant 2-way Prime Valence × Target Valence 

interaction for music targets at the N400 time-window [F(1,30) = 4.8, p = 0.036], 

indicating larger negativities for incongruent compared to congruent music targets. The 

data also showed a significant 3-way interaction Prime Valence × Target Valence × Sex for 

music targets [F(1,30) = 7.6, p = 0.010], suggesting that this effect was stronger in female 

than in male participants. However, sex as between-subject factor did not reach 

significance [F(1,30) < 1]. The Prime Valence × Target Valence interaction was not 

qualified by region or hemisphere, suggesting a global scalp distribution of the N400-like 

effect. See figure 8 for a comparison between topographies of this N400-like effect 

between the four conditions of experiment 1. 

ProsodyTarget 

A significant 2-way Prime Valence × Target Valence interaction was observed for prosody 

targets at the N400 time-window [F(1,30) = 4.8, p = 0.036], indicating larger negativities 

for incongruent compared to congruent prosody targets. The Prime Valence × Target 

Valence interaction was not qualified by region or hemisphere, suggesting a global scalp 

distribution of the N400-like effect. 

MusicPrime 

A significant 3-way interaction Prime Valence × Target Valence× Region was found for 

visual word targets preceded by music primes at the N400 time-window [F(1.1,33.1) = 8.3, p 

= 0.006], accompanied by a main effect of region [F(1.1,33.5) = 45.7, p < 0.001], while the 2-

way interaction Prime Valence × Target Valence did not reach significance [F(1,30) < 1]. 

This indicates significantly larger negativities for word targets following incongruent 

music primes compared to congruent primes only at anterior regions, as separate 

ANOVAs for each region revealed: at anterior regions, the 2-way interaction Prime 
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Valence × Target Valence was significant [F(1,30) = 10.3, p = 0.003], but not at central 

[F(1,30) < 1] and posterior regions [F(1,30) = 2.3, p = 0.137]. 

ProsodyPrime 

A significant 2-way Prime Valence × Target Valence interaction was observed for visual 

word targets preceded by prosody primes at the N400 time-window [F(1,30) = 6.6, p = 

0.015], indicating larger negativities for incongruent compared to congruent targets. The 

Prime Valence × Target Valence interaction was not qualified by region or hemisphere, 

suggesting a global scalp distribution of the N400-like effect. 

 

Experiment 2: Non-Affective categorization 

MusicTarget 

RM-ANOVA revealed a significant 2-way Prime Valence × Target Valence interaction for 

music targets at the N400 time-window [F(1,47) = 6.2, p < 0.001]. In contrast to 

experiment 1, the effect was reversed: larger negativities were found for affectively 

congruent compared to affectively incongruent music targets during semantic 

classification. A significant 3-way interaction Prime Valence × Target Valence × Sex 

[F(2,47) = 6.2, p = 0.004] indicated that this effect was significantly larger in female than 

in male participants. No other interactions qualified the Prime Valence × Target Valence 

interaction. 

ProsodyTarget 

In contrast to experiment 1 (affective categorization), the 2-way Prime Valence × Target 

Valence interaction for prosody targets was not significant at the N400 time-window 

[F(1,47) = 1.1, p = 0.300], indicating that the same affectively incongruent prosody targets 

did not elicit larger negativities during semantic/phonological categorization. 
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Figure 7. Lack of N400-like effect in response to affectively incongruent targets (gray) versus affectively 
congruent targets (black) during non-affective categorization in experiment 2. Grand averages of 48 subjects 
for a 1000 ms time-window post target onset at electrode site P3 are shown for A: MusicTarget, B: 
ProsodyTarget, C: MusicPrime, D: ProsodyPrime. 
 

Figure 6. N400-like effect in response to affectively incongruent targets (gray) versus affectively 
congruent targets (black) during affective categorization in experiment 1. Grand averages of 32 subjects 
for a 1000 ms time-window post target onset at electrode site P3 are shown for A: MusicTarget, B: 
ProsodyTarget, C: MusicPrime, D: ProsodyPrime. 
 



Chapter 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MusicPrime 

The 2-way Prime Valence × Target Valence interaction was not significant at the N400 

time-window during semantic/phonological categorization of word targets preceded by 

music primes [F(1,47) < 1]. 

ProsodyPrime 

In contrast to experiment 1, the 2-way Prime Valence × Target Valence interaction was not 

significant at the N400 time-window [F(1,47) = 1.4, p = 0.241], indicating that the word 

targets preceded by affectively incongruent prosody primes did not elicit larger 

negativities during non-affective categorization. 

Figure 8. Topographic maps of N400-like effects during affective categorization in experiment 1. Scalp 
distributions are shown for the difference waves of affectively incongruent conditions subtracted by 
affectively congruent conditions in the time-window 400 – 500 ms post target onset. N400-like effects 
showed a global scalp distribution for MusicTarget (A), ProsodyTarget (B), and ProsodyPrime (D), and an 
anterior locus of the N400-like effect for MusicPrime (C). 
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DISCUSSION 

The present study was designed to systematically test the mechanisms underlying cross-

modal affective priming between music, speech, and visually presented words. In 

experiment 1, participants categorized music, prosody, and word targets on the basis of 

their valence (affective categorization). In this experiment, both spreading of activation 

and response competition may underlie the affective priming effect. In experiment 2, 

participants categorized the targets based on non-affective characteristics. This design 

rendered affective prime characteristics irrelevant to the response dimension, excluding 

response competition as a possible mechanism of the affective priming effect, while 

leaving the possibility of spreading of activation to occur. 

Our results revealed a consistent pattern at the behavioral and the 

electrophysiological level. During affective categorization (experiment 1), both music and 

prosody targets were evaluated faster when preceded by affectively congruent word 

primes, and vice versa. This affective priming effect was observed for prosodic primes and 

targets as well as for music targets. Significantly larger N400-like effects were observed for 

incongruent compared to congruent targets during affective categorization in each of the 

four conditions of experiment 1. In contrast, during non-affective categorization of the 

same stimuli in experiment 2, an affective priming effect observed neither at the 

behavioral nor at the electrophysiological level in any of the four conditions.  

The results of experiment 1 confirm previous findings of priming effects between 

musical and linguistic stimuli (Daltrozzo & Schoen, 2008, 2009; Sollberger et al., 2002; 

Steinbeis & Koelsch, 2008, 2009). Affective priming effects between music, prosody, and 

visually presented words at the behavioral level were accompanied by significantly larger 

negativities at the N400 time-window for affectively incongruent versus congruent targets 

during affective categorization. Our finding of significant priming effects by prosodic 

stimuli but only marginally significant priming effects by music stimuli further indicates 

that short segments of affective speech prosody were more capable of priming visual 

words than the short natural music excerpts used in the present study. The fact that music 
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primes elicited behavioral affective priming effects in only 56 % of the participants 

supports this conclusion.  

The role of response conflict 

Previous findings of affective priming effects accompanied by negativities at the N400 

time-window have often been interpreted to reflect interference at the conceptual level, 

i.e. in terms of the spreading of activation account (Daltrozzo & Schoen, 2008, 2009; 

Steinbeis & Koelsch, 2008, 2009; Zhang et al., 2006). Indeed, in a previous cross-modal 

affective priming study by Steinbeis and Koelsch (2008) using functional magnetic 

resonance imaging (fMRI), words preceded by affectively incongruent music chords 

elicited activity in the right medial temporal gyrus (MTG), and music chords preceded by 

affectively incongruent words were found to be related to activity in the right posterior 

superior temporal sulcus (STS), areas that are associated with semantic processing and 

which have been found in ERP studies using source localization to identify the locus of 

the N400 (Khateb et al., 2010; Koelsch et al., 2004). In contrast, the N450 observed in ERP 

studies employing Stroop paradigms has been suggested to arise in the anterior cingulate 

cortex, an area related to error processing and conflict monitoring by studies using source 

localization techniques (Hanslmayr et al., 2008; Liotti et al., 2000; Szűcs & Soltész, 2010). 

However, a body of empirical evidence is accumulating that argues against spreading 

of activation to be the sole cause of affective priming effects. The occurrence of affective 

priming seems to depend on the nature of the task employed: when participants are asked 

to evaluate targets based on their valence, affective priming effects are readily observed 

(e.g., De Houwer et al., 2002, Klauer & Musch, 2002, Klinger et al., 2000). When asked to 

evaluate targets based on non-affective features or to pronounce the targets, however, 

affective priming is less reliably found (e.g., De Houwer et al., 1998, Klauer & Musch, 2001, 

Spruyt et al., 2004; but see De Houwer & Randell, 2004; Hermans et al., 2004; Spruyt et al., 

2007a, for positive evidence of affective priming in such tasks). Task-induced modulation 

of affective priming was also reported by Daltrozzo and Schoen (2009) using musical and 

linguistic stimuli. These authors observed that affectively incongruent targets elicited a 
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much smaller N400 effect during a more implicit lexical decision task than during 

affective categorization. 

Taken together, the results of these studies suggest that spreading of activation may 

not be the only mechanism underlying affective priming, but that conflict at the response 

level may contribute to priming effects in the affective evaluation task. Bartholow and 

colleagues (2009) were the first to directly show with electrophysiological measurements 

that response competition contributes to affective priming between words in the 

evaluative categorization task by demonstrating the occurrence of preferred response 

activation after prime onset in motor cortex. Confirming a contribution of response 

competition during evaluative categorization, Eder and coworkers (2011) concluded that 

response priming as well as semantic priming contributes to affective priming effects 

between words and pictures, as indicated by an earlier occurring stimulus-locked LRP in 

affective congruent conditions and a larger N400 in affective incongruent conditions, 

respectively. Our findings of N400-like effects for music, prosody, and word targets in a 

task allowing for response conflict (experiment 1) but not in a task eliminating response 

conflict (experiment 2) are in line with a role of response conflict during affective priming. 

The N400 and the N450 

Affective priming tasks such as used in the present study are quite similar to stimulus-

response compatibility tasks such as the Stroop task, which induces a high level of 

response competition (e.g., De Houwer, 2003; Klauer et al., 1997; for a review, see Klauer 

et al., 2011). In the classical Stroop paradigm, participants are asked to name the color a 

color word is printed in. A mismatch between the color word and the color it is printed in 

slows down reaction times (Stroop effect). Interestingly, a number of ERP studies 

employing Stroop paradigms have also reported negativities at the N400 time-window 

(Rebai et al., 1997; Liotti et al., 2000; Hanslmayr et al., 2008; Szűcs & Soltész, 2007, 2010). 

While those negativities have sometimes been interpreted as N400 effects (e.g., Rebai et 

al., 1997), the authors of these studies tend to interpret them as a different effect, the 

N450, which has been proposed to reflect conflict at the response level (Qiu et al., 2006; 
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Szűcs & Soltész, 2007, 2010; West & Alain, 2000). ERP studies using source localization 

techniques corroborated this conclusion by showing that the source of the N450 is the 

anterior cingulate cortex, an area known to be involved in conflict monitoring and error 

processing (Hanslmayr et al., 2008; Liotti et al., 2000). In sum, even though a contribution 

of conceptual level interaction cannot be excluded in those studies, the results of ERP 

studies employing Stroop paradigms provide indirect evidence for negativities at the N400 

time-window being sensitive to conflict at the response level. This is in line with the 

present finding of N400-like effects in a task allowing for response conflict (experiment 1), 

but an absence of such effects when eliminating response conflict as a contributing factor 

to affective priming (experiment 2). 

Given previous findings of conflict at the response level as a contributor to affective 

priming in the evaluative categorization task (Bartholow et al., 2009; Eder et al., 2011) on 

the one hand and negativities in the N400 time-window elicited by response conflict in 

Stroop tasks on the other hand, the question emerges whether negativities in the N400 

range during affective priming reflect interference at the conceptual level (N400 

interpretation), whether they are caused by conflict at the response level (N450 

interpretation), or whether both mechanims contribute to such negativities. The 

negativities in the N400 range observed in experiment 1 of the current study do not 

correspond to the centro-parietal (sometimes more right-hemispheric) topographic 

distribution of the classical N400 (e.g., Kutas & Federmeier, 2011) but show a global 

topography, indicated by the fact that neither the factor Region nor the factor 

Hemisphere qualified the Prime Valence × Target Valence interaction. For musical 

excerpts presented as primes, however, the N400-like effect had an anterior locus, as 

suggested by a significant 3-way interaction Prime Valence × Target Valence × Region (see 

figure 8 for scalp topographies of the N400-like effects for the four conditions). This 

restriction to anterior regions might reflect the fact that music primes were found to show 

the least affective priming potential in the current study. The current results do not allow 

for an unambiguous classification of the observed negativities in the N400 range 

(experiment 1) as corresponding to the classical N400 effect or to an N450. For this reason, 

we refer to the negativities observed here as an ‘N400-like effect’. 
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Reversed priming effects 

The only condition in experiment 2 that elicited significant differences at the N400 time-

window was MusicTarget. In contrast to the negativities observed during affective 

categorization in experiment 1, this negativity pattern was reversed: larger negativities 

were found in response to affectively congruent conditions as compared to incongruent 

ones. This effect was found to be larger in female participants and did not surface at the 

behavioral level. Reversed N400-like priming effects such as observed in experiment 2 of 

the current study have been reported previously (Bermeitinger et al., 2008; Paulmann & 

Pell, 2010). These effects have been interpreted in the light of the center-surround 

inhibition theory (Carr & Dagenbach, 1990), arguing that briefly presented primes only 

weakly activate the concept associated with the prime; in order to increase activation of 

the prime concept surrounding concepts become inhibited, which leads to hampered 

access of the related targets, reversing the priming effect. 

However, considering that the reversed N400-like effect in the present study 

occurred only during non-affective categorization (experiment 2) of music instruments 

(participants decided whether a music excerpt was played on the piano or with the 

guitar), and that the effect was significantly larger in female than in male participants, 

another explanation appears to be more plausible. Gender differences have been 

frequently observed in semantic tasks such as object decision or semantic fluency tasks 

(e.g., Barbarotto et al., 2002 for biological versus man-made objects; Capitani et al., 1999 

for naming fruits versus tools; Laws, 2004 for tools and vehicles). Specifically, females 

seem to have a processing advantage for natural objects, whereas males show an 

advantage for artifactual objects (e.g., Laws, 1999; Laws & Hunter, 2006). Bermeitinger 

and colleagues (2008) tested this gender difference for natural versus artifactual objects in 

a semantic priming paradigm. In two experiments, they found that female participants 

showed positive priming effects for natural categories but reversed priming effects for 

artifactual categories. Males, however, showed positive priming for both natural and 

artifactual categories. A third experiment further showed that this priming pattern in 

females could be manipulated by focusing their attention on perceptual versus functional 



Chapter 4 

 

features. The authors interpreted these results as evidence for specific default processing 

modes that differ between females and males. Such a difference in processing modes 

could account for the reversed N400-like priming effects during the categorization of 

music instruments (= artifactual categories) observed in experiment 2 of the present 

study, which we found to be significantly larger in female compared to male participants. 

However, this interpretation remains speculative until future research replicates such 

reversed priming effects in the different genders during the processing of music. 

Limitations 

An important limitation of the current study is that the presence of response competition 

was confounded by attention directed to the affective dimension of the targets. Therefore, 

we cannot exclude the possibility that in experiment 2, the absence of attention to the 

affective dimension prevented affective processing of the targets, undermining affective 

priming effects to occur (see, for example, Spruyt et al., 2007a, 2009). Future studies 

should attempt to control for the amount of attention devoted to the affective dimension 

to elucidate to what extent attention influences cross-modal affective priming between 

music and language and the accompanying N400-like effects. 

Although our results quite consistently showed effects for experiment 1 but not for 

experiment 2, we inferred a contribution of response competition as a mechanism driving 

affective priming from the absence of an effect, rendering our evidence indirect. Though 

our findings are in line with recent studies that have found direct evidence for response 

competition during evaluative categorization, it may well be the case that both 

interference at the conceptual level and at the response level could contribute to affective 

priming effects. Future studies should investigate the relative contributions of each of the 

two mechisms to affective priming. 

Further, on the basis of the current data it remains unclear whether the observed 

N400-like effect for affective incongruence between music, speech, and words with 

emotional connotations resembles more closely the classical N400 effect or the N450 

effect observed in ERP studies using Stroop paradigms. Future studies should use 

neuroimaging methods that allow localization of the brain regions mediating affective 
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incongruency in music, prosody, and linguistic stimuli. An fMRI study currently 

conducted in our lab will provide more insight into the nature of affective priming 

between music and language. 

Conclusions 

The results of the present study support the notion that affective music and speech 

prosody are capable of interfering with the processing of words with affective 

connotations, and vice versa. Affective incongruence seems to be associated with N400-

like effects during evaluative categorization. Our findings further suggest a role of 

response competition during the affective categorization of music, prosody, and words 

with emotional connotations. 
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ABSTRACT 

 

Background: Alexithymia (‘no words for feelings’) is a subclinical condition characterized 

by cognitive and affective deficits in the processing of one’s own emotions. Though 

conceptualized as a deficit in emotional self-awareness, alexithymia may also be 

associated with deficient awareness of the feelings of others. The aim of this study was to 

investigate the impact of the cognitive alexithymia dimension (low abilities to interpret, 

analyze, and verbalize one’s feelings) and of the affective alexithymia dimension (low 

abilities to emotionalize and fantasize) on the neural correlates of affective mentalizing by 

means of fMRI. 

Methods: Thirty-four (19 female) subjects completed an affective mentalizing task using 

static scenes of social interactions. During emotion recognition, participants decided what 

emotion a person was feeling. During emotion inference, participants indicated what a 

person would feel if they had full knowledge of the situation. Counting the number of 

persons in the same scenes served as control condition. Scores on the cognitive and the 

affective alexithymia dimension were correlated with neural activity during emotion 

recognition and emotion inference while controlling for differences in empathy. 

Results: During emotion prediction, affective alexithymia was linked to hyperactivity in 

middle cingulate cortex, part of the low-level embodied, simulating system of self-

referential processing. Cognitive alexithymia was linked to thalamic hyperactivity and to 

hyperactivity in posterior cingulate cortex and precuneus, part of the higher-level, 

inference-based system of self-referential processing. No differences in brain activity were 

found during emotion recognition. 

Conclusions: Our results suggest that affective alexithymia is associated with a stronger 

reliance on low-level embodied, simulating brain regions, whereas cognitive alexithymia 

seems to be linked to stronger compensatory activity of higher-level, inference-based 

brain regions of self-referential processing during the prediction of other’s feelings. 
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INTRODUCTION 

Alexithymia (‘no words for feelings’) is a personality construct characterized by decficits 

in the cognitive processing and the experience of one’s emotions. Difficulty identifying, 

analyzing, and verbalizing one’s feelings as well as difficulty emotionalizing and 

fantasizing are the five characteristic features of alexithymia (Sifneos, 1973; Bagby & 

Taylor, 1997). The first three characteristics refer to the cognitive dimension of 

alexithymia, the latter two to its affective dimension, the dimension of emotional 

experience (Vorst & Bermond, 2001). The differentiation of the alexithymia construct into 

a cognitive versus an affective dimension has been validated by factor analyses in six 

languages and seven populations (Bermond et al., 2007; see also Bailey et al., 2008; Bekker 

et al., 2007). 

Recently, the two dimensions of alexithymia have been suggested to exert a 

dissociable impact on emotional processing (Bermond et al., 2010; Moormann et al., 

2008). With a prevalence rate of up to 10 percent (Salminen et al., 1999), alexithymia is a 

major risk factor for a variety of psychiatric and medical disorders, including 

somatization, anxiety, depression, hypertension, chronic pain, etc (Taylor et al., 1997). 

Moreover, alexithymia exhibits high comorbidity with disorders of the Autism spectrum 

(Berthoz & Hill, 2005a, b; Bird et al., 2010; Frith, 2004; Hill et al., 2004). 

Alexithymia has been conceptualized as a deficit in emotional self-awareness and 

referred to as the emotional equivalent of blindsight (‘blindfeel hypothesis’, Lane et al., 

1997a). However, previous studies indicate that this personality trait not only affects the 

processing of one’s own emotions, but is also associated with deficient awareness of 

other’s feelings. For instance, individuals with alexithymia showed impaired performance 

on recognizing facial expressions of emotions (Prkachin et al., 2008, Swart et al., 2009), 

and Bydlowski et al. (2005) observed that patients with eating disorders scoring high on 

alexithymia were impaired in their ability to describe emotional experiences of others in 

hypothetical scenarios. At the neural level, alexithymia is associated with aberrant brain 

activity during the processing of facial and bodily emotional expressions (Berthoz et al., 
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2002, Duan et al., 2010; Kugel et al., 2008; Mériau et al., 2006; Pouga et al., 2010, Reker et 

al., 2010), during empathy for pain (Moriguchi et al., 2007), and during the imagery of 

autobiographic emotional events (Mantani et al., 2005). 

Mentalizing (‘Theory of Mind’) is a cognitive skill referring to our ability to 

understand that others have beliefs, intentions, and desires different from the self (Frith & 

Frith, 2003). The ability to mentalize has been shown to be impaired in a number of 

psychiatric disorders alexithymia is associated with, such as Asperger’s syndrome (e.g., 

Baron-Cohen & Lolliffe, 1997; Lombardo et al., 2007), schizophrenia (van’t Wout et al., 

2007; Sprong et al., 2007), and borderline personality disorder (Guttman & Laporte, 2002). 

All of these disorders have in common an ambiguous boundary between the self and 

others, including proneness to adopt the feelings of others paired with an inability to 

decouple one’s own from other’s emotions, leading to poor interpersonal relationships 

and compromised quality of life (e.g., Baron-Cohen, 1995; Brunet-Gouet & Decety, 2006).  

Consequently, elucidating the role of alexithymia in the ability to comprehend the mind 

and emotions of others could significantly contribute to our current understanding of 

psychopathology associated with this personality trait. 

Research on the neural basis of mentalizing has suggested that people use emotion-

related neural mechanisms to simulate other’s emotional experiences in order to best 

understand their thoughts and feelings (simulation theory, Gallese & Goldman, 1998; 

Gallese et al., 2004). Mentalizing about others thus involves self-referential processing, 

and studies investigating self- and other-referential processing have shown that the neural 

circuits subserving these processes are largely identical (for a review, see Lombardo et al., 

2010). This circuitry consists of two systems, a low-level embodied, simulative system 

comprising anterior insula, middle cingulate cortex, frontal operculum/ventral premotor 

cortex, and somatosensory cortex, which is active during the observation of other’s acting 

or experiencing emotional or somatosensory states, and a higher-level inference-based 

system recruited during reflection about oneself and others, comprising the medial 

prefrontal cortex (mPFC), PCC/precuneus, and temporo-parietal junction (TPJ). 

To date, only a few studies have directly investigated the relation between 

alexithymia and mentalizing skills. High-scorers on alexithymia showed no impairment 
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on the False Belief’s task (Wastell & Taylor, 2002), suggesting an intact ability to 

understand other’s beliefs. Similarly, no impairment to recognize other’s beliefs in relation 

to alexithymia was found by Swart and coworkers (Swart et al., 2009). The only 

neuroimaging study on mentalizing in alexithymia to date (Moriguchi et al., 2006) 

presented high- and low-scorers on alexithymia with triangles that either acted like 

humans or moved randomly. The authors reported lower performance on recognizing 

intentionality and appropriateness in high-scorers compared to low-scorers on 

alexithymia, indicative of impairment in understanding other’s intentions. This 

impairment was accompanied by hypoactivity of medial prefrontal cortex. 

How alexithymia, a deficit in emotional self-awareness, specifically relates to 

recognizing the emotional states of others (‘affective mentalizing’) has been addressed 

only by one previous study. Using behavioral measures, this study reported that high-

scoring individuals on the verbalizing subscale of the BVAQ alexithymia questionnaire 

(Vorst & Bermond, 2001) performed significantly worse on recognizing first order 

emotions on the Conflicting Beliefs and Emotions task (Swart et al., 2009). The neural 

correlates of affective mentalizing in alexithymia are hitherto unknown. 

The current study was therefore designed to investigate the neural basis of affective 

mentalizing in alexithymia by means of fMRI. Specifically, we aimed to disentangle the 

impact of the cognitive versus the affective dimension of alexithymia on activity of brain 

areas belonging to the low-level embodied, simulating system (e.g., middle cingulate 

cortex) versus those mediating higher-level, inference-based reflection about self and 

others (e.g., PCC/precuneus) during the recognition and prediction of other’s emotional 

responses. As empathy has been shown to significantly correlate with activity in the 

mentalizing network (e.g., Hooker et al., 2008) and to be negatively related to alexithymia 

(Guttman & Laporte, 2002; Moriguchi et al., 2006; 2007; Swart et al., 2009), empathy 

scores were additionally assessed and controlled for in order to isolate the specific impact 

of cognitive and affective alexithymia on brain activity during affective mentalizing.  
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METHODS 

Participants 

Subjects were recruited via the community-based subject pool run by the Psychology 

Department of Harvard University. The 20-item Toronto Alexithymia Scale (TAS-20, 

Bagby et al., 1994a,b) was used as a brief assessment tool of cognitive alexithymia scores. 

Only right-handed, fluent English speaking subjects aged above 18 years with no 

neurological or psychiatric condition in present or past were invited to the scan session as 

assessed via a phone interview. Further exclusion criteria were: loss of consciousness 

resulting from head injury, psychological problems such as feelings of depression, anxiety 

or any other current or past emotional problems, substance abuse or dependence, and 

significant vision problems. MRI safety screening was further included in the phone 

interview, and repeated prior to the scan session. Subjects gave informed consent before 

the scan session. The study protocol was approved by the International Review Board 

(IRB) of Harvard University. Subjects received compensation for their participation. 

The final study sample comprised 34 subjects, with 19 subjects scoring high on the 

TAS-20 (≥ 61, 8 male, mean age 23.5 years) and 15 subjects scoring low on the TAS-20 (≤ 

30, 7 male, mean age 28.5 years). Prior to the scan session, participants filled out the 40-

item Bermond-Vorst Alexithymia questionnaire (BVAQ, Vorst & Bermond, 2001). The 

resulting scores on the cognitive alexithymia dimension ranged from 20 to 100 (mean: 

61.76 SD: 20.53), scores on the affective alexithymia scores ranged from 20 to 70 (mean: 

46.82 SD: 10.72). Cognitive and affective alexithymia scores were used for behavioral and 

MR data analyses in order to test the hypothesized differential impact of the two 

alexithymia dimensions on brain activity during affective mentalizing. 

Toronto Alexithymia Scale (TAS-20) 

The TAS-20 is the most widely used measure of alexithymia with a demonstrated validity, 

reliability, and stability. The scale consists of 20 self-report items rated on a 5-point Likert 

scale (1: strongly disagree, 5: strongly agree). 
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The TAS-20 comprises three subscales assessing alexithymia at a cognitive level: (1) 

difficulty identifying feelings (e.g., “I often don’t know why I’m angry”), (2) difficulty 

describing feelings (e.g., “I find it hard to describe how I feel about people”), and (3) 

externally oriented thinking (e.g., “I prefer talking to people about their daily activities 

rather than their feelings”). Possible scores range from 20 to 100, higher scores indicate 

higher degrees of alexithymia. Individuals with TAS-20 scores lower or equal to 51 are 

considered non-alexithymic, a score from 52 to 60 indicates moderate alexithymia. The 

clinical threshold for alexithymia is a score of 61. 

The TAS-20 assesses only the cognitive dimension of alexithymia. However, the 

original definition of the alexithymia concept (Nemiah & Sifneos, 1970; Sifneos, 1973) 

included not only deficits at the cognitive level (i.e., reduced capacities in identifying, 

verbalizing, and analyzing emotions), but also at the level of emotional experience (i.e., 

reduced capacities in emotionalizing and fantasizing), the affective dimension of 

alexithymia. With the aim to differentiate between these two alexithymia dimensions, the 

Bermond-Vorst Alexithymia Questionnaire (BVAQ, Vorst & Bermond, 2001) has recently 

been developed. 

Bermond-Vorst Alexithymia Questionnaire (BVAQ) 

The BVAQ is a 40-item self-report scale, which consists of five subscales with eight items 

per scale. The five subscales of the BVAQ are: 1) (Difficulty) Verbalizing one’s own 

emotional states, (2) (Difficulty) Identifying the nature of one’s own emotions, (3) 

(Difficulty) Analyzing one’s own emotional states, (4) (Difficulty) Fantasizing: the degree 

to which someone is inclined to imagine, day-dream, etc., and (5) (Difficulty) 

Emotionalizing: the degree to which someone is emotionally aroused by emotion-

inducing events (Bermond et al., 2001). Answers are scored on a 5-point Likert scale (1 = 

certainly does not apply to me, 5 = certainly applies to me). Higher scores indicate higher 

levels of alexithymia. 
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The three subscales identifying, analyzing, and verbalizing feelings assess the cognitive 

alexithymia dimension. Substantial overlap between the cognitive subscales of the BVAQ 

and the TAS-20, reflected in a high correlation between the sum scores on these three 

BVAQ subscales and the TAS-20 sum score (r = .80, Vorst & Bermond, 2001; see also 

Berthoz et al., 2000), indicating that these scales measure the same features (Vorst & 

Bermond, 2001). The two BVAQ subscales emotionalizing and fantasizing assess the 

affective dimension of alexithymia. The validity of the two-factor structure of the BVAQ 

with an affective dimension versus a cognitive dimension of alexithymia has been 

demonstrated by factor-analyses in six languages and seven populations (Bermond et al., 

2007; see also Bailey et al., 2008; Bekker et al., 2007). A validated English version of the 

BVAQ was used for the present study. 

Task and stimuli 

Forty static scenes of social interactions between multiple characters served as stimuli for 

the affective mentalizing task. In these scenes, each character’s emotional state depends 

on their belief concerning the social situation: one character has full knowledge about the 

situation, that is, a True Belief, whereas the other character has partial knowledge or a 

misperception, that is, a False Belief. These scenes of social interaction were presented in 

two conditions: Emotion Recognition (“What is X feeling?”) and Emotion Inference 

(“What would X feel if they had full knowledge about the situation?”), with X referring to 

either the False Belief Character or the True Belief Character in the scene marked with an 

X (see figure 1 for an example scene). Subjects made an emotion judgement by choosing 

one out of four given emotions by pressing a button. Emotion choices for each scene were 

identical across conditions. Eight emotions were used in total for the task: happy, angry, 

sad, surprised, afraid, annoyed, confused, and embarrassed (see Hooker et al., 2008, for 

further details on task creation and characteristics). 

Subjects completed a pre-scan comprehension task to familiarize them with the scenes of 

social interactions and to ensure that they understood their contents. Subjects could 

inspect each scene for as long as necessary to comprehend its content and then answered 
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three factual multiple choice questions for each scene (e.g., ‘Where is the scene taking 

place? i) outside, ii) in someone’s house, iii) in a supermarket). Subjects were then shown 

an example trial for each condition as it would occur in the scanner. For the Emotion 

Recognition condition, subjects were instructed to respond to the question “What is X 

feeling?” by choosing one out of four emotions presented together with the scene. For the 

Emotion Inference condition, subjects were instructed to respond to the question “What 

would X feel if they had full knowledge about the scene?”. For the Control condition, 

subjects were asked to count the number of characters in the scene and to press the 

respective key on the keyboard during the practice session (/the respective button on the 

button box during the scan session). Subjects could repeat the practice trails as many 

times as needed until they felt sufficiently prepared for the scan session. 

Emotion judgements were made on either the False Belief or the True Belief 

character in either the Emotion Recognition or the Emotion Inference condition. This 

design resulted in a 2  2 design with the following four experimental conditions: 1) 

Emotion Recognition: False Belief (ERFB), 2) Emotion Recognition: True Belief (ERTB), 3) 

Emotion Inference: False Belief (EIFB), 4) Emotion Inference: True Belief (EITB). In the 

Control condition, subjects were presented with the same 40 scenes of social interactions, 

but were asked to indicate how many characters the scene contained (varying from two to 

five). The control condition was designed to exclude emotional processing while keeping 

stimulus characteristics constant between experimental and control conditions. 
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The task was presented in a mixed event-related/block design. Each subject completed 

four runs of 9.54 minutes, resulting in a total task duration of 39.16 minutes. Each run 

consisted of 50 trials blocked into two Emotion Recognition blocks (20 trials), two 

Emotion Inference blocks (20 trials), and one Control block (10 trials). In total, this 

resulted in 80 trials for each of the experimental conditions (ERFB, ERTB, EIFB, EITB) and 

40 control trials. Within each block, trials were presented in a fixed random sequence. 

The sequence of each run was as follows: a task instruction slide presented for 3 s 

indicated an Emotion Recognition (ER), Emotion Inference (EI), or Control (C) block, 

followed by 10 task trials presented for 6 s (including the four emotion answer choices) 

with a jittered inter-trial interval of 2, 4, or 6 s. To prevent order effects, five versions of 

each run were created (version 1: ER 1 – EI 2 – Control – ER 2 – EI 1; version 2: EI 1 – 

Control – ER 2 – EI 2 – ER 1, etc.) which were randomized across subjects. 

Figure 1: Example scene of the four experimental trial types with the correct response underlined. The 
subject is directed either to the True Belief character (woman on the right) or the False Belief character 
(woman in the middle) by the fixation cross. In the Emotion Recognition condition, the subject is asked to 
answer the question ‘What is (+) feeling?’. In the Emotion Inference condition, the subject is asked to 
answer the question ‘What would (+) feel if they had more information?’. 
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Image acquisition 

MR data were acquired with a 3-Tesla Siemens Magnetom Trio Trim scanner at the Center 

for Brain Science (CBS) of Harvard University using a 32-channel RF head coil. Foam 

pillows were used to restrict head motion during MR data acquisition. Stimulus display 

and recording of subject’s responses was controlled using E-Prime software (PST, 

Pittsburgh, PA, USA). Stimuli were projected onto a backlit projection screen within the 

magnet bore. Subjects viewed the stimuli via a mirror mounted in the head coil. 

Functional images were acquired during four fMRI runs which began with four 

dummy scans (with no data acquisition) to ensure steady state magnetization for all data 

used for analysis. During each of the four experimental runs 228 whole brain scans were 

acquired, resulting in a total of 912 whole brain volumes for each subject. Images were 

acquired with parameters used to optimize signal in regions susceptible to drop-out due 

to inhomogeneities of the magnetic field. A high-resolution 3D T1-weighted structural 

scan and an in-plane low-resolution T2-weighted structural scan were acquired for 

anatomical localization. Whole brain functional images were acquired interleaved with a 

fast-gradient echo in 40 3 mm thick slices with a 0.5 mm inter-slice gap and with an 

anterior – posterior slice encoding direction. A one-shot T2*-weighted echo-planar image 

(EPI) sequence (TR = 2.56 s, TE = 30 ms, FoV = 216 mm, contrast flip angle = 85º) was used 

to acquire blood-oxygenation level dependent (BOLD) signal. EPI voxel size at acquisition 

was 3  3  3 mm3. 

fMRI data analysis 

Imaging data were processed and analyzed in SPM8 (www.fil.ion.ucl.ac.uk/spm). EPI 

volumes were realigned in space to the mean of the 228 volumes of each run using a rigid-

body transformation algorithm. After realignment, volumes were normalized into the 

standard space defined by the Montreal Neurological Institute (MNI) template with a 

voxel size of 3  3  3 mm3, and smoothed with a Gaussian filter of 8 mm full width at half 

maximum (FWHM).  
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For each subject, a general linear model (GLM) was created modeling the hemodynamic 

response for each event from the onset of the trial. In order to measure the hemodynamic 

response only during the actual task but to exclude potential additional processing 

occurring after the subject’s responses, mean response times for each condition were 

calculated per subject and defined as trial offset. The canonical hemodynamic response 

function (HRF) was then convolved with brain activity starting at the onset of the trial 

type (ERFB/ERTB/EIFB/EITB/Control) up to the offset (mean response time) for the 

respective condition. Brain activity was high-pass filtered at 128 s, scaled by the global 

mean, and corrected for serial autocorrelation. Residual motion effects were corrected for 

by including the six estimated motion parameters for each subject as regressors of no 

interest. First-level contrast images for the four conditions of interest subtracted by the 

control condition were created in each subject. The resulting first-level contrast images 

(ERFB > C, ERTB > C, EIFB > C, EITB > C) were then taken to the second-level analyses. 

Whole brain images were analyzed in a flexible factorial design including the factors 

gender (female vs. male) and condition (ERFB vs. ERTB vs. EIFB vs. EITB), and 

interactions of cognitive and affective alexithymia scores with each condition as 

regressors. To control for the impact of empathy on brain activity during affective 

mentalizing, the Empathic Concern (EC) and Personal Distress (PD) subscales of the IRI, 

which were found to significantly correlate with alexithymia scores in our sample (see 

behavioral data), were additionally included as covariates of no interest. Because of the 

strong association between EC and PD scores with the cognitive alexithymia dimension, 

scores on the EC and PD subscales were orthogonalized to cognitive alexithymia scores in 

order to maintain orthogonality between columns in this design. 

An initial significance threshold of puncorr < 0.001 and an extent threshold of cluster k 

> 40 voxels was used. Results will be reported with respect to whether or not they survived 

family-wise error correction for multiple comparisons at the cluster threshold pFWE < 0.05. 

Comparisons of interest are the interactions between the cognitive and affective 

alexithymia dimensions and the four affective mentalizing conditions. 
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RESULTS 

Behavioral data 

Cognitive alexithymia scores ranged from 20 to 100 (mean: 61.76 SD: 20.53), affective 

alexithymia scores ranged from 20 to 70 (mean: 46.82 SD: 10.72). Scores on the two 

alexithymia dimensions were not significantly correlated (r = -.108, p = 0.544). Further, 

alexithymia scores did not significantly differ between female and male participants 

(cognitive: t(32) = 0.489, p = 0.629; affective: t(32) = -0.434, p = 0.677), and were unrelated 

to the age of the participants (cognitive: r = -.114, p = 0.521, affective: r = .275, p = 0.115). 

Behavioral data analysis identified two outliers performing > 2 SD below the mean, 

who were thus excluded from the analysis. Repeated-measures ANOVA of the remaining 

32 subjects with the factors Emotion (ER vs. EI) and Belief (FB vs. TB) and sex as between-

subjects factor revealed significant main effects of Emotion and Belief (p < 0.001), 

indicating significantly higher performance accuracy during Emotion Recognition than 

during Emotion Inference (76% vs. 63%), and significantly higher accuracy in True Belief 

as compared to False Belief conditions (72% vs. 67%). A significant main effect of gender 

further showed that female subjects performed significantly better during all mentalizing 

conditions than male subjects (mean difference 10%, p = 0.028 Bonferroni-corrected). 

To test for the impact of alexithymia dimensions on behavioral performance during 

affective mentalizing, Pearson’s correlations were performed between cognitive and 

affective alexithymia scores and accuracy on the four conditions. Results showed that 

neither cognitive nor affective alexithymia correlated with affective mentalizing 

performance (all correlations p > 0.05). 

To further test for the relation between alexithymia dimensions and empathy and a 

possible impact of empathy scores on behavioral affective mentalizing performance, 

additional Pearson’s correlations were performed between the cognitive and affective 

alexithymia dimension and the four IRI subscales Perspective Taking (PT), Empathic 

Concern (EC), Fantasy (FS), and Personal Distress (PD) on 30 participants whose IRI 
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scores were additionally available. Cognitive alexithymia showed a significant negative 

correlation with the EC subscale of the IRI (r = .-509, p = 0.004), and a significant positive 

correlation with the PD subscale (r = .416, p = 0.022), suggesting reduced empathic 

concern and increased personal distress in cognitive alexithymia. Scores on the PT and FS 

subscales were unrelated to the cognitive alexithymia dimension (p > 0.05). Affective 

alexithymia showed a significant negative correlation with the PD subscale (r = -.532, p = 

0.002) and was unrelated to the other three IRI subscales (p > 0.05), indicating an 

association of affective alexithymia with reduced personal distress. When correlated with 

behavioral performance on affective mentalizing, however, neither the EC nor the PD 

subscale was significantly associated with task performance (p > 0.05). 

Imaging data 

Two-sample t-tests (N = 34) controlling for gender showed that each of the four affective 

mentalizing conditions, contrasted to the control condition, elicited activity in a primarily 

right-hemispheric network comprising the superior temporal gyrus (STG) and middle 

temporal gyrus (MTG), temporal pole (TP), the inferior frontal gyrus (IFG), the rolandic 

operculum, pre- and postcentral gyrus, inferior parietal lobule, insula, putamen, and 

hippocampus at a threshold of puncorr < 0.001, with the True Belief conditions during 

Emotion Inference additionally activating the left STG, the left TP, and the left insula. 

These regions have been previously associated with affective aspects of mentalizing (e.g., 

Adolphs, 2003, 2006; Hooker et al., 2008). Figure 2 gives an overview of the brain regions 

active during the four affective mentalizing conditions. 
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Direct contrasts between the four conditions (subtracted by the control condition) 

showed that during Emotion Inference, True Belief conditions compared to False Belief 

conditions elicited significantly more activity in the left middle and superior temporal 

gyrus (left MTG and STG) at a cluster threshold of pFWE < 0.05. In addition, True Belief 

conditions during Emotion Recognition as compared to Emotion Inference were 

associated with significantly more activity in the right rolandic operculum at the same 

threshold (see figure 3). No significantly different activity was found for True versus False 

Figure 2: Brain activity during the four affective mentalizing conditions subtracted by control activity. 
ERTB > C: Emotion Recognition True Belief > Control. ERFB > C: Emotion Recognition False Belief > 
Control. EIFB > C: Emotion Inference False Belief > Control. EITB > C: Emotion Inference True Belief > 
Control. Significance threshold puncorr < 0.001 (peak level). 
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Belief conditions during Emotion Recognition, and for False Belief conditions in Emotion 

Recognition versus Emotion Inference at puncorr < 0.001. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The flexible factorial design testing the impact of cognitive and affective alexithymia on 

brain activity during affective mentalizing showed no main effect of gender for Emotion 

Recognition and Emotion Inference conditions (no significantly activated voxels at puncorr 

Figure 3: Direct contrasts of affective mentalizing activity subtracted by control activity for EITB > EIFB: 
Emotion Inference True Belief > Emotion Inference False Belief (left) and ERTB > EITB: Emotion 
Recognition True Belief > Emotion Inference True Belief (right). Significance threshold pFWE < 0.05 
(cluster level). 
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< 0.001). Correlations between alexithymia dimensions and brain activity were therefore 

conducted across the entire sample of participants. 

 

 

 

 

 

 

 

 

 

 

 

 

Cognitive and affective alexithymia were found to have a differential impact on brain 

activity during the prediction of other’s emotional responses (Emotion Inference) but not 

during the recognition of other’s emotional states (Emotion Recognition). Table 1 

summarizes the brain regions correlating with cognitive and affective alexithymia during 

Emotion Inference. During Emotion Inference (True Belief), cognitive alexithymia was 

associated with significantly increased activity in the left posterior cingulate cortex (PCC) 

extending into the right cerebrum and the middle cingulate gyrus (BA 23 and 31), the 

bilateral precuneus, the thalamus including the left ventral anterior and lateral posterior 

nucleus, and with increased activity in a left-hemispheric cluster in the superior parietal 

and occipital lobe including the cuneus and precuneus (BA 7 and 31) at a family-wise error 

corrected threshold of pFWE < 0.05 (cluster level). Affective alexithymia correlated 

positively with activity in the left middle cingulate cortex during Emotion Inference (True 

Belief) at a threshold of puncorr < 0.001, however this result did not survive correction for 

multiple comparisons. Figure 4 depicts the brain regions correlating with cognitive  

Table 1. Positive correlations between alexithymia dimensions and brain activity during emotion inference. 
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alexithymia, figure 5 the brain regions correlating with affective alexithymia during the 

prediction of other’s emotional responses. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 4: Positive correlations between cognitive alexithymia and brain activity during emotion inference 
controlling for empathy. EITB > C: Emotion Inference True Belief > Control. Depicted are sagittal (upper 
row), coronal (middle row) and axial (lower row) multisclices. Significance threshold pFWE < 0.05 (cluster 
level). 
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DISCUSSION 

The aim of this study was to elucidate the relation between alexithymia and affective 

mentalizing, and to disentangle the impact of the cognitive versus the affective dimension 

of alexithymia on neural activity of brain areas part of the low-level embodied, simulating 

system versus those belonging to the higher-level, inference-based mentalizing system. 

We found that despite unimpaired task performance, alexithymia was associated with 

increased neural activity during the prediction of other’s emotional responses, whereas 

neural activity during emotion recognition did not differ as a function of alexithymia. 

Interestingly, the pattern of neural hyperactivity during emotion prediction indicated a 

dissociation between the two alexithymia dimensions: whereas affective alexithymia was 

Figure 5: Positive correlations between affective alexithymia and brain activity during emotion inference 
controlling for empathy. EITB > C: Emotion Inference True Belief > Control. Depicted are sagittal (upper 
row), coronal (middle row) and axial (lower row) multislices. Significance threshold puncorr < 0.001 (peak 
level). 
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associated with hyperactivity of middle cingulate cortex, part of the low-level simulating 

system, cognitive alexithymia correlated positively with activity of the PCC and 

precuneus, part of the higher-level inference-based mentalizing system, and with thalamic 

activity, an area generally involved in emotion perception, experience, and recall (e.g., 

Lane et al., 1997b; Damasio, et al., 2000). To the best of our knowledge, this is the first 

neuroimaging study on the neural correlates of affective mentalizing in alexithymia. 

Behavioral data 

Predicting a future emotional state was found to be significantly more difficult than 

merely recognizing the emotional state of others, as were false belief conditions as 

compared to true belief conditions. Further, female subjects performed significantly better 

on all affective mentalizing conditions than male subjects in the present study, suggesting 

a generally higher sensitivity to emotions of other’s in women compared to men. The 

absence of alexithymia-related differences in task performance during affective 

mentalizing does not confirm the findings of a previous study using behavioral measures 

to assess affective mentalizing in alexithymia (Swart et al., 2009). This study found that 

individuals scoring high on the verbalizing subscale of the BVAQ, also used in the present 

study, showed poorer understanding of first order emotions (i.e., the emotional state of 

actor A in the Conflicting Beliefs and Emotions task) than low-scorers on the verbalizing 

scale. However, performance on second order emotions (i.e., the understanding of the 

emotional state of actor A as perceived by actor B) did not differ between high- and low-

scorers. The authors ascribe this lack of difference due to the fact that the second order 

emotion questions were difficult to interpret, possibly obscuring alexithymia-related 

differences. Possibly, the same could account for the absence of behavioral alexithymia-

related differences in the present study, which used quite complex scenes of social 

interactions as stimuli. 

Empathy was found to be significantly related to alexithymia in the present study. 

Specifically, empathic concern, a measure of mature empathy, decreased with increasing 

scores on cognitive alexithymia, whereas personal distress, a measure of more immature 
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empathy, increased. This indicates that individuals with difficulty identifying, analyzing, 

and verbalizing their feelings show less empathic concern for others and at the same time 

experience more personal distress, confirming previous findings of reduced empathic 

concern and increased personal distress in individuals with high alexithymia scores 

(Guttman & Laporte, 2002; Moriguchi et al., 2006; 2007; Swart et al., 2009). Affective 

alexithymia scores, on the other hand, were not significantly related to empathic concern, 

but showed a negative correlation with personal distress, suggesting that individuals with 

low abilities to emotionalize and fantasize in turn experience less personal distress when 

confronted with other’s feelings. This finding is in line with the ‘cold-blooded’ personality 

of individuals with alexithymia (Taylor et al., 1997). The dissociation in the experience of 

personal distress between cognitive and affective alexithymia suggests that the two 

dimensions of alexithymia are differentially related to the way emotions are experienced, 

which underlines the benefit of differentiating between cognitive and affective 

alexithymia in future research. 

Imaging data 

Scores on empathic concern and personal distress were included as covariates of no 

interest in the analysis of imaging data in order to control for empathy-related differences 

and to isolate the effect of cognitive and affective alexithymia scores on neural activity 

during affective mentalizing. During emotion recognition, shown to be easier than 

emotion inference by the behavioral data, we did not observe alexithymia-related 

differences. During emotion inference, we found that cognitive alexithymia correlated 

positively with activity in posterior cingulate cortex (PCC), precuneus, and thalamus, 

whereas affective alexithymia was associated with significantly increased activity in 

middle cingulate cortex. 

These differences in neural activity in relation to alexithymia were only found in true 

belief conditions, but were absent in false belief conditions in the present study. Given 

that our behavioral results showed that false belief conditions were significantly more 
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difficult than true belief conditions, it is conceivable that task difficulty in false belief 

conditions during emotion inference was too high to reveal alexithymia-related 

differences. This would be in line with the observation of significant alexithymia-related 

differences during first order emotion questions, but no such differences during second 

order emotion questions, interpreted to have been due to too high task difficulty of 

second order emotion questions in the previous study on affective mentalizing in 

alexithymia (Swart et al., 2009). 

Our imaging data suggest on the one hand that alexithymia is related to increased 

neural activity during the prediction of other’s emotional responses. On the other hand, 

they indicate that the cognitive and affective alexithymia dimensions are differentially 

related to neural hyperactivity during emotion prediction. Increased middle cingulate 

cortex activity, as observed here in relation to increasing scores on affective alexithymia, is 

commonly found in response to one’s own social decisions and emotions (Jackson et al., 

2006; Lamm et al., 2007; Singer et al., 2004; Tomlin et al., 2006), and is part of the low-

level embodied, simulating system during self-referential processing. This system has 

been shown to respond both to our own actions, emotions, and sensations, and when we 

observe other’s acting or experiencing similar emotional or somatosensory states (e.g., 

Keysers et al., 2004; Singer et al., 2004; Gazzola & Keysers, 2009). According to the 

simulation theory (Goldman, 2006), we reach an understanding of others by accessing our 

own self-representations. The fact that affective alexithymia significantly correlated with 

activity in middle cingulate cortex may indicate that individuals with low ability to 

emotionalize and fantasize (i.e., high scores on affective alexithymia) compensate for this 

deficit by hyper-engaging the low-level, simulating system when asked to predict other’s 

emotional responses in order to reach the same behavioral outcome as individuals with 

higher abilities to emotionalize and fantasize (i.e., low scores on affective alexithymia). 

In contrast to affective alexithymia, cognitive alexithymia scores significantly correlated 

with activity of the PCC and precuneus, areas of the higher-level, inference-based system 

of self-referential processing, as well as with activity of the thalamus, an area generally 

involved in emotion perception, experience, and recall (e.g., Lane et al., 1997b; Damasio, 

et al., 2000), which has been shown to be integral to the experience of monitoring one’s 
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own internal feeling states (George et al., 1995; Kimbrell et al., 1999; Damasio et al., 2000). 

In a similar line of reasoning as above, these findings may suggest that individuals with 

low abilities to interpret, analyze, and verbalize their feelings (i.e., high scores on 

cognitive alexithymia) compensate for these deficits by hyper-activating areas of the 

higher-level, inference based system (PCC and precuneus), with thalamic hyperactivity 

reflecting increased efforts to generate an emotional response and to monitor one’s own 

feeling states in order to reach similar behavioral outcomes during the prediction of 

other’s feelings, compared to individuals with higher abilities to interpret, analyze, and 

verbalize their emotions (i.e., low scores on cognitive alexithymia). 

Our finding of neural hyperactivity during the prediction of other’s emotional 

responses is seemingly at odds with the results of the previous fMRI study on intention 

mentalizing in alexithymia (Moriguchi et al., 2006), in which hypoactivity of medial 

prefrontal cortex (mPFC) was observed. However, individuals with high alexithymia 

scores performed significantly worse during intention mentalizing at the behavioral level 

in this study, a deficit that was reflected in decreased mPFC activity. This does not 

necessarily contradict the findings of the present study, as the observed increased activity 

of self-referential processing regions was paired with successful behavioral performance 

during affective mentalizing, indicative of compensative neural hyperactivity in the 

subjects of our study. One should keep in mind that no causal inferences can be drawn 

from these data, as fMRI studies are based on a correlational approach which does not 

allow for conclusions as to whether it is neural activity that causes behavioral 

performance, or vice versa. Moreover, the previous neuroimaging literature on 

alexithymia shows mixed results concerning neural hypo- versus hyperactivity during 

emotion processing, as some studies reported increased neural activity related to high 

alexithymia scores (e.g., Berthoz et al., 2002; Kano et al., 2007; Karlsson et al., 2008; 

Mériau et al., 2006; Pouga et al., 2010), whereas others reported decreased activity in 

relation to high alexithymia scores during emotion processing (e.g., Frewen et al., 2008; 

Huber et al., 2002; Kano et al., 2003; Kugel et al., 2008; Mantani et al., 2005; Reker et al., 

2009). 
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Limitations 

The scenes of social interactions used as stimuli in the present study were created using a 

computer graphics program. It is possible that the use of real human characters in future 

research may produce stronger neural responses and could reveal more subtle aspects of 

the relationship between alexithymia and its neural substrates during affective 

mentalizing. Moreover, the social; scenes contained multiple different emotions and 

specific emotions could not be analyzed separately. Since it is possible that alexithymia 

influences the processing of certain emotions more than others, this aspect may be better 

controlled for in future studies. With respect to our imaging data, the findings of neural 

hyperactivity associated with cognitive alexithymia scores were statistically robust, 

whereas our result of middle cingulate hyperactivity correlating with affective alexithymia 

scores did not survive family-wise error correction for multiple comparisons. This result 

should thus be considered preliminary and replicated in future studies investigating the 

affective dimension of alexithymia. 

Conclusions 

The results of the present study suggest that alexithymia is associated with neural 

hyperactivity during the prediction of other’s emotional states. This hyperactivity appears 

to be differentially related to the cognitive and the affective dimension of alexithymia. 

Affective alexithymia was linked to hyperactivity in middle cingulate cortex, suggesting 

stronger reliance on low-level embodied, simulating brain regions of self-referential 

processing during the prediction of other’s feelings. In contrast, cognitive alexithymia was 

associated with hyperactivity of the PCC and precuneus, indicating stronger 

compensatory activity of higher-level, inference-based brain regions in addition to 

thalamic hyperactivity, indicative of higher efforts to monitor one’s own feeling states 

when predicting the emotional responses of others. 
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ABSTRACT 

 

Background: Alexithymia, a personality construct first described in patients with 

psychosomatic disorders, refers to the inability to interpret and verbalize one’s feelings 

and to distinguish them from bodily sensations. Research into the neural basis of 

alexithymia suggests that this personality construct is associated with abnormal brain 

function during the processing of emotions. However, little is known about how 

alexithymia manifests at the structural brain level. 

 

Methods: The present study used voxel-based morphometry (VBM) to investigate 

differences in gray matter volume between 20 individuals scoring high on alexithymia 

compared to 20 individuals with low alexithymia scores on the Toronto Alexithymia Scale 

(TAS-20), reflecting the cognitive alexithymia dimension. In a subset of 32 subjects, we 

further tested the specific impact of the affective alexithymia dimension as assessed with 

the Bermond-Vorst Alexithymia Questionnaire (BVAQ). 

 

Results: Our results reveal significantly larger gray matter volumes of the right posterior 

insula in female and male high-scorers versus low-scorers on the TAS-20 (cognitive 

alexithymia). Affective alexithymia scores were not associated with significant differences 

in gray matter volume in the present sample. 

 

Conclusions: Given the role of the insula in the representation of bodily states and its 

involvement in psychosomatic function with autonomic regulation, we conclude that the 

right insula, particularly its posterior part, may be a key correlate of cognitive alexithymia. 

More specifically, we suggest that a greater relevance of bodily sensations during 

emotional processing in cognitive alexithymia may be associated with enlarged right 

posterior insula volume. 
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INTRODUCTION 

Alexithymia is a personality construct first discovered in patients with psychosomatic 

disorders (Sifneos, 1973). The term is derived from the Greek and when literally translated 

means “no words for feelings”. Over the last four decades, numerous studies have shown 

that with a prevalence rate of up to 10 percent, alexithymia is a major risk factor for a 

variety of psychiatric and medical disorders, such as anxiety, panic disorder, dissociative 

disorders, hypertension, and chronic pain (Taylor, 2000). 

The following five characteristics define alexithymia: difficulty identifying, analyzing, 

and verbalizing one’s feelings, and difficulty emotionalizing and fantasizing (Sifneos, 1973; 

Taylor et al., 1997). The first three characteristics refer to the cognitive dimension of 

alexithymia, the latter two to its affective dimension (Vorst & Bermond, 2001). Though 

alexithymia comprises deficits at both dimensions, the existing alexithymia literature has 

largely focused on its cognitive dimension as most studies used the 20-item Toronto-

Alexithymia Scale (TAS-20) for alexithymia assessment, which comprises only its cognitive 

dimension (difficulty identifying, analyzing, and verbalizing feelings). However, the 

importance of the affective alexithymia dimension (difficulty emotionalizing and 

fantasizing) has recently been pointed out, and preliminary findings indicate that the two 

alexithymia dimensions may be differentially related to emotional processing (Bermond et 

al., 2010; Moormann et al., 2008). 

 Deficits in emotional processing associated with alexithymia comprise difficulty 

identifying facial expressions of emotion (Prkachin et al., 2008; Swart et al., 2009), 

matching verbal and non-verbal emotional stimuli (Lane et al., 1996), an impaired 

memory for emotion words (Luminet et al., 2006), and a reduced sensitivity to emotional 

speech and music (Goerlich et al., 2011). Neuroimaging studies using functional magnetic 

resonance imaging (fMRI) and positron emission tomography (PET) have implicated 

several brain areas in deficient emotion processing associated with this personality 

construct. Lane and colleagues (1997a) suggested that the core deficit of alexithymia lies 

in the conscious awareness and experience of emotion, mediated by the anterior cingulate 
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cortex (ACC). Indeed, altered activation of the ACC was observed in several subsequent 

studies investigating the impact of alexithymia on the processing of facial and bodily 

expressions of emotion (e.g., Berthoz et al., 2002; Kano et al., 2003; Pouga et al., 2010), 

emotional film clips (Karlsson et al., 2008), pain-related images (Moriguchi et al., 2006), 

and during the imagination of autobiographic events (Mantani et al., 2005). In addition to 

the ACC, other emotion-related regions associated with emotion processing deficits in 

alexithymia include the posterior cingulate cortex for autobiographic imagery (Mantani et 

al., 2005), the amygdala for masked emotion faces (Kugel et al., 2008; Reker et al., 2010) 

and fearful bodily expressions (Pouga et al., 2010), and the insula for masked (Reker et al., 

2010) as well as unmasked emotion faces (Kano et al., 2003), emotional film clips (Karlsson 

et al., 2008), pain-related images (Moriguchi et al., 2006), and during empathy for familiar 

others in painful situations (Bird et al., 2010). 

Regarding the question whether alexithymia is linked to neural hypo- or 

hyperactivity during emotional processing, functional imaging studies have provided 

mixed results. Some studies reported an increase of neural activity associated with high 

alexithymia scores (e.g., Berthoz et al., 2002; Kano et al., 2007; Karlsson et al., 2008; 

Mériau et al., 2006; Pouga et al., 2010), whereas others observed decreased neural activity 

as a function of alexithymia (e.g., Huber et al., 2002; Kano et al., 2003; Kugel et al., 2008; 

Mantani et al., 2005; Reker et al., 2009). Taken together, several studies have shown that 

alexithymia is associated with abnormal brain function during emotional processing. 

However, little is known about how alexithymia manifests at the structural brain level. 

Gündel and coworkers were the first to investigate the structural correlates of 

alexithymia. Based on Lane’s hypothesis of a core deficit in the conscious awareness of 

emotions mediated by the anterior cingulate cortex, they tested the association between 

alexithymia and surface areas of the left and right anterior and posterior cingulate gyri 

(Gündel et al., 2004). They found that only the surface of the right anterior cingulate 

gyrus (ACG) correlated with TAS-20 alexithymia scores in male and female subjects, 

indicating a larger surface of the right ACG in alexithymia. However, when controlling for 

scores on the additionally administered Temperament and Character Inventory (TCI) 

questionnaire, this association remained significant only in men. The authors interpreted 
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these results based on findings of strong positive correlations between alexithymia and 

dissociation (Grabe et al., 2000; Zlotnick et al., 1996), which indicate difficulties 

integrating memories and feelings into current awareness common to both alexithymia 

and dissociation. Referring to the role of the ACC in inhibitory control preventing the 

retention of unwanted memories (Andersen & Green, 2001), the authors suggested that 

larger ACG surfaces in alexithymia could represent a dysfunctional organization of a 

neuronal inhibitory system in the allocation of attentional resources to internal and 

external emotional cues, particularly in men. 

The first VBM (voxel-based morphometry study) in alexithymia was conducted by 

Borsci and colleagues (Borsci et al., 2009). In contradiction to the finding by Gündel and 

colleagues, the results of this study indicated that TAS-20 alexithymia scores in female 

participants were associated with smaller ACC volumes. Further, alexithymia correlated 

negatively with volumes of the middle temporal gyrus, the anterior insula, the 

orbitofrontal cortex, and the superior temporal sulcus. Comparing these regions with 

those identified by functional MRI studies on emotion processing in alexithymia, the 

authors concluded that alexithymia is associated with smaller volumes of the same 

anterior brain regions that showed abnormal activation during functional processing of 

emotions. In contrast, a further VBM study failed to identify any differences in gray or 

white matter volume as a function of TAS-20 alexithymia scores in male participants 

(Heinzel et al., 2011). 

Likewise using VBM, Kubota and coworkers observed that TAS-20 alexithymia 

scores correlated negatively with volumes of the bilateral ventral striatum and left ventral 

premotor cortex in healthy controls, and were negatively associated with volumes of the 

left supramarginal gyrus in patients with schizophrenia (Kubota et al., 2011). Different 

findings were presented by Zhang and colleagues, who compared gray matter density as a 

function of alexithymia in smokers and nonsmokers (Zhang et al., 2011). TAS-20 

alexithymia scores were found to correlate significantly with gray matter density in the 

left insula in smokers but not in nonsmokers. The authors suggested the small range of 

TAS-20 scores in the nonsmoker control group (mean: 33.4, SD: 5.6) as a reason for the 
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lack of correlation with insular density in this particular sample. Their finding of increased 

insular density is in line with functional MRI studies reporting increased insular activation 

during the viewing of pain-related images (Moriguchi et al., 2006) and emotional film 

clips (Karlsson et al., 2008). Karlsson and coworkers had speculated that increased activity 

of the insula could be indicative of hyperactive bodily brain regions during emotional 

processing, possibly related to the alexithymic tendency to somatize feelings. In 

agreement with this suggestion, Zhang and colleagues interpreted their finding of 

increased gray matter density in the insula to reflect a greater reliance on bodily 

sensations during the experience of emotion in alexithymia. 

In sum, previous studies on the structural correlates of alexithymia have produced 

equivocal results. This may in part be due to differences in alexithymia scores in the study 

samples: in three out of the five previous studies (Gündel et al., 2004; Kubota et al., 2011; 

Zhang et al., 2011), no participant reached the clinical cut-off score on the TAS-20 

indicating actual alexithymia (> 61) as defined by Taylor and colleagues (1994a,b). The two 

studies that also included participants with alexithymia scores exceeding the clinical cut-

off tested only female (Borsci et al., 2009) or only male participants (Heinzel et al., 2011), 

so that results may not be generalizable across gender. A further limitation of these 

previous studies is that all of them used only the TAS-20 scale, which assesses only the 

cognitive alexithymia dimension. Since there is evidence that difficulty emotionalizing 

and fantasizing (affective alexithymia) may differentially affect the processing of emotions 

(Bermond et al., 2010; Moormann et al., 2008), the lack of controlling for scores on the 

affective alexithymia dimension may have confounded previous findings, and the impact 

of the affective alexithymia dimension of brain structure has remained unknown. 

In the present study, we attempted to overcome these limitations. We used VBM to 

first investigate the impact of the cognitive alexithymia dimension (i.e., difficulty 

identifying, analyzing, and verbalizing feelings) on gray matter volume in 40 female and 

male age- and education-matched individuals with either low scores (< 35, Low ALEX 

group) or scores equal to or higher than the clinical cut-off (≥ 61, High ALEX group) on 

the TAS-20 alexithymia questionnaire. In addition, we tested the impact of the affective 

alexithymia dimension (i.e., difficulty emotionalizing and fantasizing) on gray matter 
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volume as assessed with the BVAQ (Bermond-Vorst Alexithymia Questionnaire, Vorst & 

Bermond, 2001) in a subset of 32 subjects. Based on the existing neuroimaging literature 

on alexithymia, we hypothesized gray matter differences in emotion-related brain areas 

previously suggested to alter in structure and function in alexithymia, such as the anterior 

cingulate cortex, the amygdala, and the insula. We further hypothesized a discriminable 

impact of affective alexithymia on gray matter volume. 

 

METHODS 

Subjects 

Subjects were recruited via the psychology subject pool of Harvard University. Only right-

handed, fluent English speaking subjects aged above 18 years with no neurological or 

psychiatric condition in present or past were invited to the scan session as assessed via a 

phone interview. Further exclusion criteria were: loss of consciousness resulting from 

head injury, psychological problems that caused the student to seek medical attention 

(such as feelings of depression, anxiety or any other current or past emotional problems), 

substance abuse or dependence, and significant vision problems. MRI safety screening was 

further included in the phone interview, and repeated directly before the scan session.  

Forty subjects (19 male) were selected based on their scores on the alexithymia 

questionnaire TAS-20 and were assigned to a group of high-scorers (≥ 61, High ALEX) or 

low-scorers (< 35, Low ALEX) on cognitive alexithymia. The Low ALEX group consisted of 

20 students (9 male) with TAS-20 scores ranging from 20 to 35 (mean 27.65, SD 3.82). 

TAS-20 scores in the High ALEX group (N = 20, 10 male) ranged from 61 to 77 (mean 

67.20, SD 7.48). Subjects gave informed consent before the scan session. The study 

protocol was approved by the International Review Board (IRB) of Harvard University. 

Subjects received a compensation of $25/hour for the scan session. 
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Alexithymia Questionnaires 

Toronto Alexithymia Scale (TAS-20) 

The TAS-20 is the most widely used measure of alexithymia with a demonstrated validity, 

reliability, and stability. The scale consists of 20 self-report items rated on a 5-point Likert 

scale (1: strongly disagree, 5: strongly agree), with five negatively keyed items. 

The TAS-20 comprises three subscales assessing alexithymia at a cognitive level: (1) 

difficulty identifying feelings (e.g., “I often don’t know why I’m angry”), (2) difficulty 

describing feelings (e.g., “I find it hard to describe how I feel about people”), and (3) 

externally oriented thinking (e.g., “I prefer talking to people about their daily activities 

rather than their feelings”). Possible scores range from 20 to 100, higher scores indicate 

higher degrees of alexithymia. Individuals with TAS-20 scores lower or equal to 51 are 

considered non-alexithymic, a score from 52 to 60 indicates moderate alexithymia. The 

clinical threshold for alexithymia is a score of 61. TAS-20 scores, indic 

The main MR data group analysis (High ALEX group vs. Low ALEX group) was based 

on scores on the TAS-20 scale, reflecting the cognitive dimension of alexithymia, in order 

to analyze differences in gray matter volumes between high-scorers and low-scorers on 

cognitive alexithymia. 

 

Bermond-Vorst Alexithymia Questionnaire (BVAQ) 

It has been suggested that alexithymia comprises two related, but distinct types (Bermond 

& Vorst, 2001, Bermond et al., 2006). Type I alexithymia is thought to be characterized by 

a general lack of responsiveness to emotion at both the level of conscious awareness of 

emotion (i.e., high scores on the cognitive alexithymia dimension) and the level of 

emotional experience (i.e., high scores on the affective alexithymia dimension). In 

contrast, in type II alexithymia, the level of emotional experience is assumed to be intact 

or heightened (i.e., low scores on the affective alexithymia dimension), whereas the ability 

to cognitively access and verbalize feelings is impaired (i.e., high scores on the cognitive 

alexithymia dimension). The TAS-20 assesses only the cognitive alexithymia dimension. 
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To assess the affective dimension (i.e., difficulty emotionalizing and fantasizing), we 

included the Bermond-Vorst Alexithymia Questionnaire (BVAQ).  

The BVAQ is a 40-item self-report scale, which consists of five subscales with eight 

items per scale. The five subscales of the BVAQ are: 1) (Difficulty) Verbalizing one’s own 

emotional states, (2) (Difficulty) Identifying the nature of one’s own emotions, (3) 

(Difficulty) Analyzing one’s own emotional states, (4) (Difficulty) Fantasizing: the degree 

to which someone is inclined to imagine, day-dream, etc., and (5) (Difficulty) 

Emotionalizing: the degree to which someone is emotionally aroused by emotion-

inducing events (Vorst & Bermond, 2001). Answers are scored on a 5-point Likert scale (1 = 

certainly does not apply to me, 5 = certainly applies to me). This five-subscale structure of 

the BVAQ corresponds to the original description of alexithymia by Nemiah and Sifneos 

(1970) and Sifneos (1973), who had defined the alexithymia concept by the following 

features: reduced capacities in emotionalizing, fantasizing, identifying emotions, 

verbalizing emotions, and pensé opératoire (externally oriented thinking) or analyzing 

emotions. 

The three subscales identifying, analyzing, and verbalizing feelings assess the 

cognitive alexithymia dimension. Substantial overlap between the cognitive subscales of 

the BVAQ and the TAS-20 – reflected in a high correlation between the sum scores on 

these three BVAQ subscales and the TAS-20 sum score (r = .80, Vorst & Bermond, 2001; 

see also Berthoz et al., 2000) – indicates that these scales measure the same features 

(Vorst & Bermond, 2001). The two BVAQ subscales emotionalizing and fantasizing assess 

the affective dimension of alexithymia. Higher scores on the cognitive alexithymia 

dimension indicate lower abilities to interpret, analyze, and verbalize one’s feelings; 

higher scores on the affective alexithymia dimension indicate lower abilities to 

emotionalize and fantasize. 

The validity of this two-factor structure of the BVAQ with an affective dimension 

versus a cognitive dimension of alexithymia has been demonstrated by factor-analyses in 

six languages and seven populations (Bermond et al., 2007; see also Bailey et al., 2008; 

Bekker et al., 2007). A validated English version of the BVAQ was used to assess scores on 
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the affective alexithymia dimension in the present study, which were then included as a 

regressor in a second MR data analysis testing the impact of affective alexithymia scores 

on gray matter volumes in a subset of 32 subjects. 

Image acquisition and analysis 

MRI data were acquired with a 3-T Siemens Magnetom TrioTim scanner at the Center for 

Brain Science (CBS) of Harvard University. A 32-channel RF head coil was used to acquire 

whole-brain T1-weighted structural images (MPrages) for VBM analyses (1-mm3 isotropic 

voxels, TR = 2.53 s, TE = 10.3 ms, flip angle = 7º, FOV = 256mm, 1mm slice-thickness). 

VBM analysis 

Preprocessing 

Data were preprocessed using the SPM8 software (Wellcome Department of Imaging 

Neuroscience Group, London, UK; http://www.fil.ion.ucl.ac.uk/spm) running under 

MATLAB 2009b (The MathWorks, Natick, MA, USA) and the VBM8 toolbox (Gaser, 

2009). That is, within the same generative model model (Ashburner & Friston, 2005), 

images were reoriented to the intercommissural plane, corrected for field intensity 

inhomogeneities, spatially normalized into standard space, and segmented into gray 

matter (GM), white matter (WM) and cerebrospinal fluid (CSF). The segmented tissue 

was then modulated with Jacobian determinants. Because normalization expands some 

brain regions and contracts others, modulation scales by the amount of expansion or 

contraction. Consequently, the total volume of gray matter in modulated images remains 

the same as the original images. Finally, the modulated gray matter volumes were 

smoothed with a Gaussian kernel of 8 mm full width at half maximum (FWHM). An 8 mm 

smoothing kernel is optimal for detecting morphometric differences in both large and 

small neural structures (White et al., 2001; Honea et al., 2005). Larger smoothing kernels 

(10-12 mm) are likely to miss group differences in small structures, whereas smaller 

kernels (4-6 mm) can produce false positive findings (Honea et al., 2005). Homogeneity 
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check identified one outlier (> 2 SD from the mean), and the corresponding subject was 

excluded from subsequent analyses. The normalized, modulated, and smoothed gray 

matter segments of the remaining 39 (18 male) subjects were used to conduct the 

statistical analyses outlined below. 

 

Statistical analysis 

Whole brain voxel-by-voxel statistical analyses of gray matter volume were performed 

using the VBM8 software in SPM8 implemented in Matlab. The main analysis (cognitive 

alexithymia) was performed using a flexible factorial design with the factors group (Low 

ALEX vs. High ALEX) and gender (female vs. male), with total brain volume (TBV, the 

sum of gray matter and white matter) included as a covariate of no interest. This group 

analysis tested for gray matter volume differences in high-scorers versus low-scorers on 

cognitive alexithymia as assessed by the TAS-20 questionnaire. Results were masked with 

a gray matter mask produced by averaging the GM-segmented anatomical images of the 

39 subjects included in the analysis. 

Scores on the BVAQ (Bermond-Vorst Alexithymia Questionnaire) were additionally 

available for 32 of the 39 subjects, allowing for a further analysis (affective alexithymia) 

specifically testing the impact of the affective alexithymia dimension on gray matter 

volume. Scores on the affective alexithymia dimension as assessed with the BVAQ for this 

subset (N = 32, 13 male) ranged from 20 to 70 (mean: 48.28, SD 10.34). See table 2 for 

demographic characteristics of alexithymia groups in analysis 1 and 2. Both analyses were 

conducted with an initial threshold of puncorr < 0.001 and an extent threshold of k = 20 

voxels. Correction at the cluster level was then applied using a threshold of pFWE < 0.05 

(family-wise error corrected for multiple comparisons).  
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RESULTS 

Behavioral data 

There were no significant between-group differences in total brain volume in the 

cognitive alexithymia analysis (Low ALEX: mean 1522.80, SD 66.05, High ALEX: mean 

1504.78, SD 67.65, t(37) = 0.85 , p = 0.39) and the affective alexithymia analysis (Low ALEX: 

mean 1520.29, SD 78.45, High ALEX: mean 1514.54, SD 56.45, t(29) = 0.24 , p = 0.81). 

Further, age did not significantly differ between groups in the cognitive alexithymia 

analysis (Low ALEX: mean 26.75, SD 7.48, High ALEX: mean 23.70, SD 5.48, t(37) = 1.47, p 

= 0.15) and the affective alexithymia analysis (Low ALEX: mean 28.00, SD 7.88, High 

ALEX: mean 23.44, SD 5.56, t(29) = 1.84, p = 0.08). 

T-tests further revealed that scores on the affective subscale of the BVAQ differed 

significantly between groups (Low ALEX: mean 54.71, SD 7.23, High ALEX: mean 43.29, SD 

9.72), revealing significantly lower scores at the level of emotional experience, indicative 

of higher abilities to emotionalize and fantasize, in the High ALEX compared to the Low 

ALEX group (t(29) = 3.68, p < 0.001). This result was confirmed by Pearson’s correlations 

showing a significant negative correlation between TAS-20 scores (cognitive alexithymia) 

and the affective alexithymia BVAQ subscale (r = -.55, p = 0.002), suggesting that high-

scorers on cognitive alexithymia (High ALEX) experienced emotions significantly stronger 

than low-scorers (Low ALEX). This indicates a selection bias toward type II alexithymia in 

our sample, defined to be characterized by a low degree of conscious awareness of 

emotions accompanied by a normal or heightened degree of emotional experience 

(Bermond et al., 2006). Note that this selection bias poses a limitation to the 

generalizability of the results reported here, in that the present results can only account 

for type II alexithymia. 

As TAS-20 cognitive alexithymia scores and BVAQ affective alexithymia scores 

correlated negatively and were thus not orthogonal in our sample, the Gram-Schmidt 

Orthogonalization procedure (Wilf, 1962) was used to orthogonalize affective with 

cognitive alexithymia scores. This procedure ensured that covariance between the two 
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alexithymia dimensions was removed and that exclusively the additive effect of affective 

alexithymia on gray matter volume was tested in analysis 2. 

 

 

 

Imaging data 

For the contrast High ALEX > Low ALEX (cognitive alexithymia), voxel-by-voxel whole 

brain ANOVA (N = 39, 19 male) revealed significantly larger gray matter volumes in one 

cluster with peak GM differences in the right posterior insula (puncorr < 0.001), which 

 TAS-20 

Mean (SD) Range 

BVAQ Affective 

Mean (SD) Range 

Age 

Mean (SD) Range 

Total Brain Volume  

Mean (SD) Range 

Analysis 1: 

TAS-20 Groups 

    

Low ALEX (N = 20) 

 

 

 

 

26.8 (4.6) 20-34    - 26.8 (7.5) 19-47 1522.8 (66.1) 

1422.5-1650.6 

High ALEX (N = 19) 67.2 (7.5) 61-77 - 23.7 (5.5) 18-41 1504.8 (67.7) 

1342.9-1632.1 

Analysis 2: 

Affective Alexithymia 

    

Low ALEX (N = 14 ) 26.3 (3.5) 20-34 54.7 (7.2) 43-70 28.0 (7.9) 19-47 1520.3 (78.5) 

1342.9-1650.6 

High ALEX (N = 17) 67.1 (4.7) 61-77 43.3 (9.7) 20-56 23.4 (5.6) 18-41 1514.5 (56,5) 

1408.0-1604.0 

Area (aal) Brodmann’s Area x y z T score PFWE value Puncorr value 

Insula R BA 13 35 

30 

39 

-16 

-34 

-37 

21 

22 

16 

3.35 0.05 0.001 

Table 1. Demographic characteristics of alexithymia groups in analysis 1 (TAS-20 group analysis) and 
analysis 2 (affective alexithymia analysis). 

Table 2. Gray matter volume differences in the TAS-20 group comparison High ALEX > Low ALEX. 
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extended to the rolandic operculum, superior temporal gyrus, and Heschl’s gyrus in the 

right hemisphere (BA 13, figure 1 left, table 1). This suggests that high scores on cognitive 

alexithymia were associated with significantly larger right gray matter volume of the right 

posterior insula (figure 1, right). This difference remained significant after family-wise 

error correction for multiple comparisons at the cluster level (pFWE < 0.005). 

No other clusters differed in GM volume between the Low ALEX and the High ALEX 

group at a threshold of puncorr < 0.001 (cluster level). There was no interaction between 

group and gender at a threshold of puncorr < 0.001, suggesting that enlarged insular gray 

matter volumes were present in both female and male participants. The contrast Low 

ALEX > High ALEX revealed no significant differences at puncorr < 0.001. 

Voxel-by-voxel whole brain ANOVA in a subset of 32 subjects (13 male), for which 

scores on the BVAQ were additionally available revealed no significantly activated voxels 

for the interaction of affective alexithymia scores with gray matter volume at a threshold 

of puncorr < 0.001, suggesting that scores on the affective alexithymia dimension were not 

associated with differences in gray matter volume in the current sample.  

  

 

 

Figure 1. Left: Difference in gray matter volume for the contrast High ALEX > Low ALEX overlaid in 
MRIcron on a gray matter template (sagittal, coronal, and axial slice) produced by averaging GM 
segments of all subjects. Peak difference was identified in the right insula (35, -16, 21). Results are 
family-wise error corrected for multiple comparisons at pFWE < 0.005 cluster level with an underlying voxel 
level of puncorr < 0.001. Right: Right insula mean GM volume comparison between the Low ALEX and the 
High ALEX group. Results are significant at p < 0.005, error bars indicate standard error. 
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DISCUSSION 

The present study investigated the structural brain correlates of alexithymia in a group of 

female and male individuals scoring above the clinical threshold for alexithyma in 

contrast to a group of individuals with low alexithymia scores. We found that irrespective 

of gender, high scores on cognitive alexithymia were related to significantly larger gray 

matter volume in the right posterior insula. Affective alexithymia scores were not 

associated with significant gray matter volume differences in the current sample. 

Our finding of enlarged insula volume in high-scorers on alexithymia corroborates 

and extends previous reports of insular involvement in emotion processing deficits 

associated with alexithymia. Decreased insular activity was observed in individuals scoring 

high on alexithymia in response to angry (compared to neutral) facial expressions of 

emotion (Kano et al., 2003) as well as in response to masked happy and sad facial 

expressions (Reker et al., 2010). The majority of studies reporting differences in insular 

activity as a function of alexithymia, however, reported increased insular activity during 

emotional processing. Left anterior insular activity predicted alexithymia scores in healthy 

individuals as well as in patients with Autism Spectrum Disorders (ASD) during an 

empathy for pain paradigm (Bird et al., 2010). Further, emotional film clips elicited 

increased bilateral insular activity along with increased activity of sensory and motor 

cortices in high-scorers compared to low-scorers on the TAS-20 scale (Karlsson et al., 

2008). The authors interpreted this finding as indicative of an over-activation of bodily 

brain regions in alexithymia, possibly reflecting the alexithymic tendency to experience 

physical symptoms during emotional processing (i.e., to somatize feelings). 

Previous studies have further indicated a specific role of the right insula during 

emotional processing in alexithymia, in agreement with the present finding of increased 

insular gray matter volume lateralized to the right hemisphere. High-scorers on 

alexithymia, compared to low-scorers, showed increased right insular response to images 

depicting hands and feet in painful situations (Moriguchi et al., 2007). Right posterior 

insular activity was positively correlated with alexithymia scores in patients with post-
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traumatic stress disorder (PTSD) while participants listened to scripts of traumatic 

autobiographic events compared to neutral scripts (Frewen et al., 2008). In a PET study 

investigating the relation of alexithymia to visceral hypersensitivity, individuals scoring 

higher than the clinical cut-off on the TAS-20 alexithymia scale showed hyperactivity of 

the right insula during colonic extension (Kano et al., 2007). The authors concluded that 

alexithymic individuals may be more aroused by the interoception of unpleasant feelings 

than non-alexithymics, thereby displaying more autonomous responses reflected in 

increased right insula activity, supporting the hypothesis that alexithymia exacerbates 

physical illness due to an amplification of unpleasant internal signals. 

Taken together, a number of functional neuroimaging studies have shown that the 

insula plays a critical role during deficient emotion processing in alexithymia. While 

hitherto reported findings of studies on the cerebral morphology of alexithymia shape up 

as rather inconsistent, an increase of insular gray matter density as a function of 

alexithymia was observed in a previous VBM study (Zhang et al., 2011), interpreted to 

reflect a greater reliance on bodily sensations during the experience of emotion in 

alexithymia, as previously speculated by Karlsson and coworkers (Karlsson et al., 2008). 

The present finding of increased insular volume in high-scorers on alexithymia 

corroborates this conclusion. 

Indirect support for a relation between insular structure and alexithymia stems from 

a VBM study investigating the structural correlates of emotional intelligence (Takeuchi et 

al., 2010), a construct closely and inversely related to alexithymia (Parker et al., 2001). 

Takeuchi and colleagues found that high intrapersonal emotional intelligence (i.e., high 

self-insight, self-motivation, and self-control) was associated with reduced gray matter 

density in the right insula. This result was observed in a large sample including 55 female 

and male subjects and corrected for multiple comparisons. Given that alexithymia is 

characterized by low intrapersonal emotional intelligence (Fukunishi et al., 2001, Parker et 

al., 2001), our finding of increased right insular volume is in agreement with this result. In 

summary, the present finding of significantly increased insular volume in individuals 

scoring above the clinical threshold for alexithymia (a TAS-20 score ≥ 61) corroborates 

previous findings of aberrant insular structure and function in alexithymia. 
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Based on the idea that the perception of real or simulated bodily states is an important 

aspect during the experience of emotion, the insula has been recognized as a relevant 

region for the processing of emotions (James, 1884; Damasio, 1999; Adolphs et al., 2000; 

Craig, 2002, 2009). Insular cortex is thought to function as a center of multimodal 

convergence that relays information from unimodal sensory, visual, and auditory cortices 

to higher-order association cortex, allowing these regions to modify autonomic and 

visceral outflows (Mesulam & Mufson, 1982; 1985). It is therefore one of the brain regions 

involved in the direct representation of bodily states. In other words, the insular cortex is 

involved in psychosomatic function with autonomic regulation (see also Penfield & Faulk, 

1955). 

Alexithymia was originally discovered in patients with psychosomatic disorders 

(Sifneos, 1973). A defining characteristic of alexithymia is the difficulty to identify feelings 

and to distinguish them from bodily sensations of arousal. Alexithymic individuals fail to 

effectively regulate emotions at a cognitive level but instead tend to somatize their 

feelings, i.e., feelings find expression in bodily states. This becomes further apparent in 

the alexithymic tendency to use somatic terms to describe their feelings (Taylor et al., 

1997). Given this tendency to somatize emotions on the one hand, and the role of the 

insula as a direct representation of bodily states involved in emotional psychosomatic 

processing on the other hand, it appears conceivable that the insula is a key region of 

emotion processing deficits associated with alexithymia. Additional support for a role of 

the insula in emotional psychosomatic processing comes from neuropsychiatric studies 

demonstrating that insular cortex is involved in psychosomatic function in panic disorder, 

mood disorder, post-traumatic stress disorder, eating disorders, and schizophrenia (for a 

review, see Nagai et al., 2007). It should be noted, however, that despite numerous clinical 

reports of somatic tendencies in alexithymia (Taylor, 2000) and a number of studies 

reporting correlations between alexithymia and somatization (e.g., Bankier et al., 2001; 

Lipsanen et al., 2004; Sivik, 1993), the exact relationship between somatic symptoms and 

alexithymia has not yet been clarified (for a quantitative review, see De Gucht & Heiser, 

2003). Unfortunately, tendencies to somatize were not assessed in the current sample. 
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Taken together, we conclude that the right insula may be a key correlate of alexithymia. 

Based on the role of the insula in psychosomatic processing and previous findings of a 

relation between alexithymia and structure and function of the insula, we suggest that a 

greater relevance of bodily sensations during emotional processing in alexithymia may be 

associated with an enlarged right posterior insula volume. 

Regarding the functional segregation of insula portions, the anterior insula has been 

shown to serve as an integration center for the representation and evaluation of 

interoceptive information, whereas posterior insula portions seem more involved in a 

general awareness of one’s own body and in visceral and somatosensory sensations (Craig, 

2002; Adolphs et al., 2000; Karnath et al., 2005; Khalsa et al., 2009). Functional 

neuroimaging studies testing emotional processing in alexithymia generally require 

participants to evaluate emotional interoceptive information, a task mediated by anterior 

insula portions. This could explain why functional differences during emotional 

processing have been mainly observed in the anterior insula in relation to alexithymia, 

whereas the results of the present structural study indicate volume differences in posterior 

insula portions. 

Right posterior insula activity further seems to be specifically modulated by 

attention devoted to experienced unpleasant emotions (Straube & Miltner, 2011). In this 

study, aversive images were presented, and participants were asked to systematically 

increase attention to their own feelings while viewing the images across four conditions (1 

= lowest attention involvement, 4 = highest attention involvement). Irrespective of the 

degree of attention, negative images activated a network of areas including the amygdala, 

anterior cingulate, and the anterior portion of the insula. However, systematically 

increasing attention toward one’s own negative feelings was correlated specifically with 

increased activity in the right posterior insula, accompanied by activity in right primary 

and secondary somatosensory cortices. The authors interpreted this finding to reflect the 

crucial role of the perception of bodily states during the experience of emotion. Increased 

attention to bodily states is a feature of alexithymia, reflected a tendency to somatize 

emotions and to describe feelings using somatic terms (Taylor et al., 1997). Increased 
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attention to bodily states could be one contributing factor to enlarged right posterior 

insula volumes in alexithymia, a speculation awaiting future evidence. 

Limitations 

Alexithymia shows comorbidity with several other emotional disturbances, such as 

depression and anxiety (Taylor, 2000). Though self-reported feelings of anxiety and 

depression were exclusion criteria in the present study, levels of anxiety and depression 

were not formally assessed in our sample. Considering previously reported associations 

between insular activity and anxiety (e.g., Rauch et al., 1997; for a review, see Graeff & Del-

Ben, 2008), we cannot rule out the possibility that anxiety levels may have contributed to 

our finding of larger volumes of the right posterior insula. It would be worthwhile to 

investigate the specific relation between alexithymia, anxiety, and volumes of the right 

insular cortex in future research, as well as the relation between the alexithymic tendency 

to somatize and structure and function of insular cortex. A further limitation of the 

current study is the selection bias toward type II alexithymia. Affective and cognitive 

alexithymia scores were not orthogonal in our sample, and correction for orthogonality 

might have obscured potential effects of the affective alexithymia dimension. Future 

studies should attempt to ensure a wide distribution of affective alexithymia scores in 

order to test differential effects of the two alexithymia dimensions. 

Conclusions 

The results of the present study suggest that the right insula, particularly its posterior 

part, may be a key correlate of alexithymia in male and female individuals. Our finding of 

enlarged right posterior insula volume may be the correlate of a greater relevance of 

bodily sensations during emotional processing in alexithymia, a characteristic feature of 

this personality trait. Further structural and functional imaging studies are needed to 

elucidate the specific role of the right insula in deficits of emotion processing associated 

with alexithymia.  
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SUMMARY AND CONCLUSIONS 

This thesis aimed to contribute to the current understanding of how alexithymia affects 

the processing of emotions, and to shed light upon the electrophysiological and neural 

substrates of this personality construct. To this end, Chapter 2 investigated how 

individuals with alexithymia process emotions conveyed by speech by measuring the 

electrophysiological responses to subconsciously and consciously perceived emotional 

prosody. In Chapter 3, we looked at the impact of alexithymia on the perception of 

affective mismatches in prosody and music and their electrophysiological correlates using 

a cross-modal affective priming paradigm. Chapter 4 was devoted to a more thorough 

ERP investigation of the mechanisms underlying priming effects in affective 

categorization tasks such as used in Chapter 3. In Chapter 5, we employed functional 

magnetic resonance imaging to investigate the neural correlates of affective mentalizing 

in alexithymia. Chapter 6 explored how alexithymia manifests at the structural brain level 

using voxel-based morphometry. In the current Chapter 7, I summarize the results of 

these studies and discuss how our findings extend the current state of knowledge 

regarding the neural basis of emotion processing in alexithymia. 

The electrophysiology of alexithymia 

Emotional prosody 

Previous research on alexithymia mainly focused on the processing of visual affective 

material, such as emotional pictures, words, and film clips. Being able to understand the 

emotional qualities of speech, which provide information about the emotional state and 

intentions of a speaker, is an important part of social communication. Emotional prosody 

recognition in relation to alexithymia at the behavioral level was tested in one previous 

study (Swart et al., 2009) using sentences with emotional content (e.g., happy) spoken 

with incongruent prosody (e.g., angry), which did not observe significant differences in 

emotional prosody identification as a function of alexithymia. Nevertheless, it is 

conceivable that alexithymia affects emotional prosody comprehension in a more subtle 

manner evading detection by behavioral measures. ERPs with their measurement 
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sensitivity in the range of milliseconds are potentially more suited to detect such subtle 

processing impairments. We followed this rationale and used ERPs to test our hypothesis 

of a reduced sensitivity to variations in the emotional tone of voice in alexithymia in 

Chapter 2 of this thesis. Low- and high-scorers on affective and cognitive alexithymia 

were asked to detect changes in emotional prosody (attended processing, task 2) and to 

focus on watching a movie while syllables spoken in differing prosody were played in the 

background (unattended processing, task 1). 

We found that already during unattended processing, alexithymia was associated 

with altered electrophysiological responses to emotional prosody, as indexed by 

differences in the MMN, an ERP component reflecting the amount of personal relevance 

(subconsciously) assigned to an event. Specifically, we observed that individuals scoring 

high on cognitive alexithymia showed a left-hemisphere bias during early acoustic 

encoding of unattended emotional speech, as indexed by shorter eMMN latencies. For 

disgusted prosody, we additionally observed a delayed right-hemispheric eMMM. A left 

hemisphere preference was also evident in individuals scoring high on affective 

alexithymia, though only in response to disgusted prosody. Our finding of a left-

hemisphere preference during the processing of emotional prosody, a cognitive function 

thought to be largely mediated by the right hemisphere (e.g., Pell & Baum, 1997; Pell, 

1998; Wunderlich et al., 2003) is in line with the hypothesis of a hyperactive left 

hemisphere during emotional processing in alexithymia (e.g., Bermond et al., 2005), and 

suggests that decreased abilities to interpret, analyze, and verbalizing feelings are linked 

to a hyper-reliance on the left hemisphere during the processing of emotional stimuli, 

normally specialized for cognitive analyses rather than emotional processing (Gazzaniga, 

1995). 

In addition, individuals scoring high on affective alexithymia displayed a general 

reduction in lMMN amplitudes during the unattended perception of emotional prosody, 

indicating that low abilities to emotionalize and fantasize are linked to a reduced 

sensitivity and less personal relevance assigned to emotions conveyed by speech even at 

unattended processing levels. Our finding of a reduction in P3 amplitudes during the 
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detection of deviants in emotional prosody (task 2) further supports this conclusion, as 

amplitudes of this component reflect the amount of personal importance ascribed to a 

stimulus (Cuthbert et al., 2000; Schupp et al., 2000). While this reduction in P3 

amplitudes was evident in both alexithymia dimensions, it was stronger for negative 

(angry and disgusted) compared to positive (happy) prosody in cognitive alexithymia. 

Such a valence difference was not found in individuals with affective alexithymia, who 

showed reduced P3 amplitudes for all prosodic deviants (happy, angry, disgusted) and 

displayed an ever stronger P3 amplitude reduction for prosodic stimuli spoken in high 

intensity. This could suggest that individuals with cognitive alexithymia may be 

particularly impaired in the processing of negative emotional information, whereas 

affective alexithymia may be associated with a more general impairment in emotional 

speech perception that seems especially pronounced for emotions spoken with high 

intensity. However, these findings are preliminary and await confirmation by future 

research. 

 

Emotional music 

Expanding our approach to look at the impact of alexithymia on emotional processing in 

the auditory domain, we tested the processing of emotional prosody as well as emotional 

music in Chapter 3 of this thesis. In this experiment, we employed a cross-modal affective 

priming paradigm using short (600 ms) segments of happy and sad emotional prosody 

and natural music conveying happy or sad emotion as well as visually presented words 

with positive and negative connotations as primes and targets. Subjects were asked to 

categorize the respective prosody, music, or word target based on its valence (affective 

categorization). We used a very short (200 ms) stimulus onset asynchrony between 

primes and targets to test the impact of alexithymia on the affective priming effect (an 

automatic effect occurring outside of conscious awareness) and on negativities in the 

N400 time-window, known to be sensitive to mismatches in affective meaning (for a 

review, see Kutas & Federmeier, 2011). 
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Confirming our hypothesis of a reduced perception of mismatches in affective meaning 

conveyed by music and prosody, we observed diminished amplitudes of the N400 with 

increasing scores on alexithymia. However, this effect did not surface at the behavioral 

level as there was no difference in reaction time as a function of alexithymia. Interestingly, 

our results revealed an asymmetry in the impact of alexithymia on N400 amplitudes for 

target type: alexithymia was only associated with reduced N400 amplitudes to music and 

prosody targets, but not to word targets. We suggest that this asymmetry may be due to 

an internal verbalization of the target valence required in conditions in which music and 

prosody served as targets, but not in conditions in which words were presented as targets. 

Difficulty to verbalize emotions is a diagnostic criterion of alexithymia (Nemiah et al., 

1976), and difficulty describing emotions conveyed by music has been observed in 

individuals with Autism Spectrum Disorders, with which alexithymia exhibits high 

comorbidity (Berthoz & Hill, 2005a, b; Hill et al., 2004). Thus, we suggest that difficulty to 

verbalize emotions conveyed by music and prosody may underlie the observed asymmetry 

in N400 amplitude reduction. Note that in this study the TAS-20 questionnaire was used, 

which assesses only the cognitive dimension of alexithymia. Consequently, these findings 

only account for cognitive alexithymia and their validity for affective alexithymia should 

be tested in future research. 

 

Mechanisms of affective priming 

The phenomenon of affective priming is part of the long standing ‘primacy of emotion’ 

debate, which can be traced back to the founder of experimental psychology (Wundt, 

1907). The affective priming effect has caught scientific interest for more than three 

decades, yet the nature of the mechanisms underlying this effect remains elusive. Early 

explanations proposed spreading of activation to cause the effect (e.g., Bargh et al., 1996; 

De Houwer et al., 2001), assuming that affective valence is represented in an associative 

network of interconnected target nodes. When an affective prime is encountered, it is 

thought to pre-activate the representations of affectively related targets at the conceptual 
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level, thereby leading to faster encoding and in turn to faster reaction times to targets that 

are affectively related to the prime. More recently, researchers have begun to 

conceptualize the affective priming effect in terms of conflict at the response level rather 

than at the conceptual level (e.g., De Houwer et al., 2002; Wentura, 1999; 2000). This 

response conflict account suggests that the affective prime automatically triggers a 

corresponding response tendency, which leads to faster encoding of affectively related 

targets, resulting in faster reaction times, but to response inhibition when the target 

valence differs from the valence of the prime (Stroop-like interference effect). Note that 

the two mechanisms are not mutually exclusive. 

In Chapter 4, we set out to systematically test the contribution of conflict at the 

response level to affective priming and accompanying negativities in the N400 time-

window by means of ERPs. We used the same data as in Chapter 3, in which subjects were 

to categorize music, prosody, and word targets based on their valence (affective 

categorization), and conducted an additional experiment, identical in paradigm and 

stimuli, but instructed participants to categorize the targets based on non-affective 

characteristics. This design systematically manipulated the possibility of response conflict 

to occur: in experiment 1 (affective categorization), both spreading of activation and 

response conflict could underlie affective priming. In experiment 2 (non-affective 

categorization), the affective dimension of the prime is irrelevant to the task as targets 

were to be judged based on characteristics unrelated to the affective dimension, excluding 

the possibility of response conflict to occur. We predicted that if the affective priming 

effects and negativities in the N400 time-window observed in experiment 1 were indeed 

caused by response conflict, no affective priming and no N400-like effects should be 

evident in experiment 2. 

Indeed, our results revealed a clear pattern confirming this hypothesis. While robust 

affective priming effects were found in experiment 1 for prosody, music, and word targets, 

accompanied by negativities in the N400 time-window, no affective priming effects and 

no N400-like effects occurred in experiment 2. We conclude that response conflict indeed 

is an important factor in driving affective priming and N400-like effects during the 

affective categorization of words, prosody, and music. 
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The neural correlates of alexithymia 

Affective mentalizing 

In the past decade, neuroimaging studies have begun to shed light onto the neural 

substrates of alexithymia. Paradigms employed in these studies comprise the presentation 

of emotional pictures, masked or unmasked facial expressions of emotion, the observation 

of fearful body expressions and pain situations, and the imagery of autobiographic 

emotional events. 

Theory of Mind (or Mentalizing), the cognitive skill of understanding that others 

have beliefs, desires, and intentions different from the self (Frith & Frith, 2003) has been 

tested only by one previous fMRI study in relation to alexithymia (Moriguchi et al., 2006). 

Using animated triangles acting like humans or moving randomly, this study found 

impaired performance during intention recognition in alexithymia, accompanied by 

hypoactivity of the medial prefrontal cortex (mPFC), suggesting that alexithymia is 

associated with an impairment in understanding the intentions of others. 

In Chapter 5, we employed fMRI to test the impact of alexithymia on the ability to 

mentalize specifically about the emotional state of others (affective mentalizing), and to 

investigate neural activity during affective mentalizing as a function of cognitive versus 

affective alexithymia. We used scenes of social interactions, in which each character’s 

emotional state depends on their belief: one character has a True Belief (full knowledge 

about the situation), the other character has a False Belief (partial knowledge or a 

misperception of the situation). The scenes were presented in two conditions: emotion 

recognition (“What is X feeling?”) and emotion inference (“What would X feel if they had 

full knowledge about the situation?”). 

Results of this study showed no behavioral difference in affective mentalizing as a 

function of cognitive and affective alexithymia. However, at the neural level we observed a 

differential impact of cognitive versus affective alexithymia during the prediction of 

other’s emotional states (emotion inference). Cognitive alexithymia correlated positively 

with activity in left posterior cingulate cortex (PCC) and thalamus, both extending into 
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the right hemisphere, the bilateral precuneus, and with increased activity in a left-

hemispheric cluster in the superior parietal and occipital lobe including the cuneus and 

precuneus. Affective alexithymia correlated positively with activity in middle cingulate 

cortex. 

All of these regions are commonly observed during emotion processing. Thalamic 

activity is related to the perception, experience, and recall of emotion (e.g., Lane et al., 

1997b; Damasio, et al., 2000), and is integral to the experience of monitoring one’s internal 

feeling states (George et al., 1995; Kimbrell et al., 1999; Damasio et al., 2000). The PCC and 

precuneus in particular are parts of the standard mentalizing circuit (Lemogne et al., 2011). 

According to the simulation theory (Gallese & Goldmann, 1998; Gallese et al., 2004), 

people use emotion-related neural mechanisms to simulate other’s emotional experiences 

in order to best understand their thoughts and feelings (i.e., mentalize). Mentalizing 

about others thus involves self-referential processing, and studies investigating self- and 

other-referential processing have shown that the neural circuits subserving these 

processes are largely identical (for a review, see Lombardo et al., 2010). This circuitry is 

thought to consist of two systems, a low-level embodied, simulative system comprising 

anterior insula, middle cingulate cortex, frontal operculum/ventral premotor cortex, and 

somatosensory cortex, which is active during the observation of other’s acting or 

experiencing emotional or somatosensory states, and a higher-level inference-based 

system recruited during reflection about oneself and others, comprising the medial 

prefrontal cortex (mPFC), PCC/precuneus, and temporo-parietal junction (TPJ). 

According to the results of our study, alexithymia was not associated with 

differences in neural activity during the mere recognition of others’ emotions, but with 

hyperactivity of emotion- and mentalizing-related regions during the prediction of other’s 

emotional responses, that is, when subjects were required to generate an internal affective 

representation of the predicted emotional response. The fact that affective alexithymia 

positively correlated with activity in middle cingulate cortex, part of the low-level 

embodied, simulative system, could reflect a higher effort to access one’s own 

representations of feeling states when asked to predict other’s emotional responses in 

individuals with difficulty to emotionalize and fantasize. 
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Cognitive alexithymia, the difficulty to analyze, interpret and verbalize one’s own feelings, 

was associated with hyperactivity of the thalamus, PCC, and precuneus during the 

prediction of others’ emotional responses in our study, suggesting higher effort to 

generate an emotional response and to monitor one’s own feeling states, reflected in 

thalamic hyperactivity, and increased effort during higher-level inference-based 

prediction of others’ emotional responses, reflected in hyperactivity of PCC and 

precuneus. In conclusion, this study provides first evidence for a hyper-engagement of the 

mentalizing circuit during the prediction of others’ emotional responses in alexithymia, 

and suggests a low-level impairment in affective alexithymia but a higher-level 

impairment in cognitive alexithymia during affective mentalizing. 

Brain morphology 

Up to today, only a handful of studies attempted to investigate how alexithymia manifests 

at the structural brain level, and results of these studies are inconsistent. Further, none of 

these studies differentiated between the cognitive and the affective dimension of 

alexithymia. In Chapter 6, we employed voxel-based morphometry (VBM) to investigate 

regional gray matter volume differences as a function of cognitive and affective 

alexithymia in a sample of 40 female and male subjects. 

The results of this study are straightforward: female and male high-scorers on 

cognitive alexithymia, compared to low-scorers, exhibited significantly larger gray matter 

volumes in the right posterior insula, extending into the rolandic operculum, superior 

temporal gyrus, and Heschl gyrus in the right hemisphere (BA 13). Affective alexithymia 

was not associated with significant differences in gray matter volume in this sample. 

The posterior insula is involved in the general awareness of one’s own body and in 

the processing of visceral and somatosensory sensations (Craig, 2002; Adolphs et al., 2000; 

Karnath et al., 2005; Khalsa et al., 2009). Previous studies on emotion processing in 

alexithymia reported increased insular activity during the viewing of pain-related images 

(Moriguchi et al., 2006) and emotional film clips (Karlsson et al., 2008) in individuals with 

alexithymia, indicative of hyperactive bodily brain regions during emotional processing 
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possibly related to the alexithymic tendency to somatize feelings (Karlsson et al., 2008). In 

line with this interpretation, Zhang and coworkers suggested their finding of higher 

insular gray matter density to indicate a greater reliance on bodily sensations during 

emotional processing in alexithymic smokers (Zhang et al., 2011). Corroborating and 

extending these previous reports, we suggest the right insula, particularly its posterior 

part, to be a key correlate of cognitive, but not affective alexithymia, reflecting a greater 

relevance of bodily sensations during emotional processing in individuals with difficulty 

to analyze, interpret, and verbalize their feelings.  

Novelty 

The aim of this thesis was to contribute to a better understanding of how alexithymia 

affects the processing of emotions, and to disentangle the electrophysiological and neural 

correlates of deficits in emotional processing associated with this personality trait. The 

studies presented in this thesis employed behavioral measures, ERPs, and functional as 

well as structural MRI to test emotional stimuli and paradigms that have not, or barely, 

studied before in the context of research on alexithymia, including the perception of 

emotions conveyed by prosody and music as well as the ability to mentalize about the 

feelings of others. 

We showed for the first time that the electrophysiological processing of emotional 

speech qualities is impaired in alexithymia during conscious and even subconscious 

perception (Chapter 2). The results of this study further suggested a differential impact of 

the cognitive and the affective dimension of alexithymia on the perception of emotions 

conveyed by speech. Chapter 3 extended these findings by providing evidence that 

cognitive alexithymia is associated with a reduced sensitivity to the perception of 

mismatches in the affective meaning of prosody and also music during cross-modal visual-

auditory processing. 

Chapter 4 was devoted to a more thorough investigation of the affective priming 

phenomenon, which has been studied for more than three decades, yet the exact nature of 

affective priming has remained elusive. This cross-modal study shows that affective 
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prosody and music are capable of interfering with the processing of visually presented 

affective words and to elicit N400-like effects. Importantly, results of this study argue for a 

significant role of conflict at the response level in causing priming effects during affective 

stimulus evaluation. 

The results of the affective mentalizing fMRI study (Chapter 5) showed that despite 

unimpaired behavioral task performance during the recognition and prediction of other’s 

emotional responses, alexithymia was associated with hyperactivity of emotion- and 

mentalizing-related brain regions. Notably, findings of this study further emphasize the 

relevance of distinguishing between the cognitive and affective alexithymia dimension, as 

affective alexithymia appeared to be related to neural hyperactivity within the low-level 

embodied, simulation system during the prediction of other’s emotional responses, 

whereas cognitive alexithymia was found to be associated with hyperactivity of brain 

regions involved in higher-level, inference-based processing during emotion prediction. In 

addition to these differences in brain function during emotional processing, the results of 

our structural MRI study (Chapter 6) implicated the right insula, particularly its posterior 

portion, as a key correlate of cognitive, but not affective alexithymia, likely reflecting the 

tendency of individuals with difficulty to analyze, interpret, and verbalize their feelings to 

rely more strongly on the perception of bodily sensations during emotional processing. 

Conclusions and future directions 

On a general note, the results of the studies presented in this thesis suggest that 

alexithymia not only affects the way visual stimuli such as emotional words, pictures, and 

film clips are perceived, but also how emotions conveyed by speech prosody and music 

are processed in the brain. Remarkably, this reduced sensitivity to emotions perceived in 

one’s auditory environment seems to be evident not only at conscious processing levels 

but appears to alter the brain’s electrophysiological response outside of conscious 

awareness, as the findings of Chapter 2 and 3 indicate. However, it should be born in 

mind that we tested only female participants in Chapter 2, and that only the cognitive 



Chapter 7 

 

dimension of alexithymia was investigated in Chapter 3. Future studies could investigate 

whether the differences in the conscious and subconscious perception of emotional 

prosody extrapolates to the male population with alexithymia, and explore whether it is 

only the cognitive or also the affective alexithymia dimension that is associated with 

reduced perception of mismatches in the affective meaning of prosody and music. 

When testing the underlying mechanisms of affective priming by music and speech 

in Chapter 4, we found that affective priming and N400-like interference effects were 

only evident during affective target categorization, allowing for spreading activation as 

well as response conflict to drive priming effects, but not when targets were evaluated 

based on non-affective characteristics, a situation in which response conflict is excluded 

as a possible mechanism of affective priming. These results argue for an important role of 

conflict at the response level in causing priming effects during affective evaluation. 

However, one should keep in mind that this conclusion is based on a null-effect (i.e., the 

absence of effects observed in experiment 2 as opposed to experiment 1), and that an 

attention bias toward the affective (experiment 1) versus non-affective dimensions 

(experiment 2) could have confounded the observed findings. Results of this study should 

therefore be replicated in future studies not relying on null-effects and controlling for 

attentional demands. 

Chapter 5 further showed that alexithymia is associated with differential activity in 

brain regions implicated in emotion processing and mentalizing. Though not formally 

demonstrated before, it seems rather intuitive that individuals with marked difficulty to 

analyze and interpret their own feelings will show aberrant neural activity when asked to 

mentalize about other’s emotional responses, as the ability to predict the feelings of 

others is likely to be related to awareness of one’s own feelings. Nevertheless, the results 

of this study not only show that alexithymia is associated with neural hyperactivity during 

the prediction of other’s emotional states, they suggest a differential involvement of 

affective compared to cognitive alexithymia. While affective alexithymia seems to be 

related to hyperactivity of regions participating in more low-level, embodied processing, 

cognitive alexithymia appears to be associated with hyper-engagement of brain areas 

mediating higher-level, inference-based processing during the prediction of other’s 
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emotions. However, only the interaction of cognitive alexithymia with neural activity 

survived correction for multiple comparisons in this study. Consequently, our reported 

correlation between affective alexithymia and activity of middle cingulate cortex awaits 

confirmation by future research. 

In our structural MRI study presented in Chapter 6, we further found that cognitive 

alexithymia is associated with increased gray matter volume of the right posterior insula, 

interpreted to reflect a stronger reliance on bodily sensations during emotional processing 

in female and male individuals with difficulty to analyze, interpret, and verbalize their 

feelings. Affective alexithymia, however, did not correlate significantly with gray matter 

volume. Though our finding of enlarged insular volume was robust in that it was a very 

large cluster observed in female as well as male participants and results were corrected for 

multiple comparisons, we did not formally assess somatization tendencies in our sample. 

Therefore, our interpretation of larger insula volume being linked to a hyper-reliance on 

somatic sensations during emotion processing could be tested more directly in future 

studies relating insular volume to somatization tendencies in alexithymic individuals. 

In summary, the findings of this thesis extend the existing literature on alexithymia 

by showing that deficits in emotion processing associated with this personality trait are 

not only evident during visual processing but also affect the processing of emotions 

conveyed by auditory material such as speech prosody and music, and that such deficits 

occur already during subconscious emotion perception. Moreover, we provide evidence 

for neural hyperactivity during mentalizing about other’s emotional responses, which 

seems differentially related to the affective versus the cognitive dimension of alexithymia. 

In addition, our findings indicate that at least cognitive alexithymia is related to 

differences in cerebral morphology. Taken together, the findings of this thesis support the 

idea to conceive this multi-faceted personality trait not as a unitary construct but to 

differentiate between a cognitive and an affective dimension of alexithymia. 
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Clinical implications 

New insights into emotion processing deficits in alexithymia as provided by the present 

thesis and the clinical relevance of a differential impact of the cognitive and the affective 

alexithymia dimension on emotional processing seem particularly important considering 

that the treatment of alexithymia has proven difficult over the years. Nemiah and Sifneos 

(1970) described their alexithymic psychosomatic patients as “seemingly detached, 

unconcerned, and distant”, hampering therapeutic progress. Clinical investigations 

confirmed that higher levels of alexithymia are related to worse therapy outcome (Grabe 

et al., 2008; Ogrodniczuk et al., 2005; Taylor et al., 1997). Recently, Vanheule and 

coworkers suggested that the underlying problem of therapeutic failure in the case of 

alxithymia is that psychotherapists generally approach patients with a symbolic mode of 

communication, expecting patients to address their problems via talking. However, this 

mode of communication is inconsistent with the alexithymic tendency to communicate 

non-symbolically and respond behaviorally to feelings of arousal (Vanheule et al., 2011). 

The result is a mismatch between patient and therapist, causing frustration in both, as the 

therapist feels bored and irritated by the patient’s apparent lack of cooperation, and the 

patient feels helpless when required to use symbolic communication. Vanheule and 

colleagues suggest that treatment of alexithymia must be tailored to the patient’s non-

symbolic response style. The authors propose a new model of therapeutic intervention 

linking the Freudian roots of alexithymia to the Lacanian concept of the other and to 

contemporary attachment theory, which could lead to a more successful treatment of 

clinical alexithymia and which will be described in the following. 

According to Freud’s account of actual neurosis (Freud, 1905), bodily arousal 

produces tension that can only be reduced via binding it to mental representations. In 

cases of actual neurosis, the step toward a mental representation of one’s feeling state has 

not been successful. Thus, arousal remains at the level of the body and feelings of distress 

are experienced as intolerable bodily tension. Inspired by this Freudian point of view, 

Vanheule and coworkers conceptualize alexithymia as a difficulty in processing and 

regulating affective arousal by means of mental representations (Vanheule et al., 2008). 
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Following Lacan’s theory of the mirror stage, human development starts with an 

experience of organic disturbance and discord the child cannot control (Lacan, 2006). In 

the mirror stage, the other provides language and narration to create a symbolic order of 

the child’s inner life and its surrounding world, which the child uses to gradually build 

mental representations of itself and the world, making its internal and external world 

comprehensible and controllable (Vanheule & Verhaeghe, 2009; Verhaeghe, 1998, 2004). 

According to attachment theory, it is through mirroring by the caregiver that 

mentalization emerges (Fonagy et al., 2002; Holmes, 2001). 

Vanheule and colleagues consider alexithymia as a marker of problems in developing 

accounts of one’s own experiences of arousal and failure to use interpersonal 

communication to manage distress (Vanheule et al., 2011). Starting from Lacanian theory, 

they suggest that therapy of alexithymia should focus on naming and verbally articulating 

problematic events in the patient’s life. From attachment theory, mirroring can be used by 

the therapist to address the patient’s distressing experience of arousal. The aim of their 

model is that the patient learns to build up mental representations of difficult life 

situations, which can be achieved in three steps. First, the chain of events constituting the 

difficult situation needs to be put into words. Second, the patient’s appraisal of the 

difficult situation needs to be made explicit. Lastly, the patient’s emotional responses to 

problematic situations are addressed and ways of dealing with them discussed. During the 

course of therapy, the patient gradually learns to construct mental representations of 

distressing life events and of his/her own affective responses to such events. Ultimately, 

the alexithymic patient will learn to become more aware of his/her feelings and to 

regulate them more efficiently, which will lead to a significant improvement of his/her 

quality of life. 

In conclusion, while the treatment of alexithymia and associated affective disorders 

was not a direct aim of the research presented here, our findings provide new insights into 

the nature of emotional processing in alexithymia and suggest that the cognitive and the 

affective dimension of this personality trait may be differentially related to deficits in the 

processing of emotions. The identification of different alexithymia types based on this 
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differentiation could have important clinical implications as it may lead to more precise 

predictions of vulnerability to psychopathology and guide treatment of alexithymia and 

psychiatric disorders characterized by difficulty in dealing with one’s feelings. 
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Emoties vormen een integraal en essentieel onderdeel van de menselijke ervaring. In het 

dagelijks leven krijgen we veelvuldig te maken met situaties die bepaalde gevoelens 

kunnen oproepen: De waardering op het werk, de liefdevolle woorden van onze partner, 

een avond met onze beste vrienden. Dergelijke gebeurtenissen toveren een lach op ons 

gezicht en zorgen misschien wel voor gevoelens van geluk, tevredenheid, en ontspanning. 

Daarentegen kunnen miskenning, problemen op het werk, of een ruzie met een vriend 

gevoelens van frustratie, verdriet, of melancholie oproepen. Ons vermogen om te voelen 

en gevoelens aan anderen kenbaar te maken alsmede ons vermogen om te begrijpen wat 

anderen voelen, maakt dat wij als sociale wezens kunnen functioneren en zo relaties met 

andere mensen op kunnen bouwen. 

 Bij ongeveer tien procent van de bevolking ontbreekt dit vermogen. Mensen met 

alexithymie (a – ‘gebrek aan’, lexis – ‘woord’, thymos – ‘emotie’) ervaren niet of nauwelijks 

emoties of hebben juist last van een verhoogde emotionele opwinding. Ze zijn niet in staat 

om verschillende gevoelens van elkaar of van fysieke sensaties te onderscheiden en 

kunnen deze gevoelens ook niet goed beschrijven aan anderen. Als gevolg daarvan 

worden alexithymische individuen vaak als koud, afstandelijk en onverschillig gezien, wat 

leidt tot problemen in de interpersoonlijke communicatie en daardoor ook tot 

moeilijkheden in het onderhouden van hechte relaties met mensen in hun omgeving.  

 Onderzoek naar alexithymie heeft aangetoond dat mensen met dit 

persoonlijkheidskenmerk problemen hebben met het verwerken van emoties, wat zich 

ondere andere uit in moeilijkheden om emoties in gezichtsuitdrukkingen te identificeren, 

verbale en non-verbale emotionele stimuli aan elkaar te koppelen, en emotionele woorden 

te onthouden. In de afgelopen tien jaar zijn neuroimaging studies begonnen de neurale 

basis te onderzoeken die aan dergelijke stoornissen in de emotie verwerking ten grondslag 

ligt. Deze studies gebruiken functionele magnetic resonance imaging (fMRI), een techniek 

die zeer geschikt is om hersengebieden, die gekoppeld kunnen worden aan een bepaalde 

functie of een bepaalde gedraging (bijvoorbeeld emotionele verwerking), te lokaliseren. 

MRI studies die gekeken hebben naar alexithymie hebben een aantal hersengebieden 

kunnen identificeren die, afhankelijk van de mate van alexithymie, op een andere manier 



 

 

geactiveerd worden tijdens de verwerking van emotionele foto’s, video’s, en gezichten. 

Deze gebieden bestaan uit de klassieke gebieden die betrokken zijn bij emotie verwerking 

(bijvoorbeeld de amygdala, thalamus, insula), uit gebieden die betrokken zijn bij het 

emotionele en eigen bewustzijn (bijvoorbeeld de voorste en achterste cingulate cortex), en 

uit hogere-orde gebieden die belangrijk zijn voor de cognitieve regulering van emoties 

(bijvoorbeeld, de dorsolaterale en mediale prefrontale cortex). Onderzoeken waarbij 

gebruik gemaakt wordt van elektro-encefalografie (EEG), een techniek die vooral geschikt 

is om het tijdsverloop van informatieverwerking in kaart te brengen, en studies die 

gebruik maken van psychofysiologische metingen (bv. Hartslag, galvanische huidreacties) 

laten zien dat mensen met alexithymie afwijkingen vertonen in zowel het tijdsverloop van 

emotie verwerking als de fysiologische opwinding die hiermee gepaard gaat. 

 De literatuur over alexithymie wordt echter gekenmerkt door vele inconsistente 

bevindingen. Sommige studies rapporteerden hogere fysiologische opwinding tijdens het 

kijken naar emotionele foto’s of videos bij mensen met  alexithymie, terwijl anderen het 

tegenovergestelde aantoonden (lagere opwinding bij de alexithymie groep in verhouding 

tot de controle groep). MRI studies hebben verschillende hersengebieden gelokaliseerd 

waarin, tijdens de verwerking van emoties in alexithymie, abnormale activiteitspatronen 

te zien zijn. De resultaten van deze experimenten verschillen echter met betrekking tot de 

richting van de effecten: Ongeveer de helft van de studies rapporteert een lagere activiteit 

te zien bij mensen met alexithymie, terwijl de andere helft een hogere activiteit vindt in 

mensen met alexithymie ten opzichte van een controle groep. Door deze tegenstrijdige 

resultaten ontbreekt het nog steeds aan een duidelijk beeld van de aard van de 

afwijkingen in de emotionele verwerking en de onderliggende neurale correlaten van 

alexithymie. 

 Het doel van dit proefschrift is om een bijdrage te leveren aan de huidige kennis 

van de neurale basis van alexithymie. Met andere woorden, dit proefschrift tracht te 

achterhalen op welke wijze de moeilijkheid van iemand om zijn/haar gevoelens te 

interpreteren en te verwoorden gepaard gaat met verschillen in hersenstructuur en 

hersenfunctie. Eerder onderzoek heeft zich vooral toegespitst op de verwerking van 

visueel emotioneel materiaal (gezichten, foto’s, videoclips) en laat zien dat dit ernstig 
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beschadigd is in alexithymie. Emotionele verwerking op het auditieve niveau, iets wat in 

het dagelijks leven minstens zo essentieel is als visuele emotie verwerking, is echter 

zelden onderzocht. Daarom hebben we elektro-encefalografie (EEG) gebruikt om de 

impact van alexithymie op de real-time auditieve waarneming van emoties, zoals 

overgebracht door spraak en muziek, te onderzoeken. Daarnaast gebruiken we 

functionele magnetic resonance imaging om de vaardigheid van mensen met alexithymie 

om emotionele reacties van anderen te herkennen en te voorspellen (emotioneel 

mentaliseren) te testen, en de regionale hersenactiviteit tijdens dit emotioneel 

mentaliseren te onderzoeken als een functie van alexithymie. Ten slotte hebben we 

onderzocht hoe alexithymie betrekking heeft op de verschillen in de anatomie van de 

hersenen met behulp van structurele MRI.  

 Onze EEG studies toonden aan dat alexithymie niet alleen invloed heeft op de 

manier waarop de hersenen visuele informatie verwerken (foto’s, gezichtsuitdrukkingen, 

etc.), maar dat het ook van invloed is op de verwerking van emoties die door middel van 

geluid (zoals spraak en muziek) worden overgebracht. Hoe hoger de score op alexithymie, 

des te kleiner waren de elektrofysiologishe reacties op de verschillen in de emotionele 

toon van de stem, een resultaat dat wijst op een verminderde gevoeligheid voor variatie in 

emotionele spraak in alexithymie. Dit resultaat was aanwezig ongeacht ervan of de 

deelnemers hun aandacht bewust op de emotionele spraakstimuli hadden gericht, wat 

suggereert dat de gevonden verschillen al tijdens de onbewuste verwerking aanwezig zijn. 

De resultaten van de hier gepresenteerde onderzoeken laten ook zien dat, hoewel de 

rechter hersenhelft over het algemeen wordt aangenomen een dominante rol te spelen in 

de verwerking van emotionele spraak, de linker hersenhelft meer betrokken was tijdens 

deze taak in mensen met alexithymie dan bij mensen zonder alexithymie. Dit resultaat 

stemt overeen met eerdere suggesties van een overactieve linker hersenhelft voor 

emotionele processen in alexithymie, waarvan men denkt dat het een weerspiegeling is 

van een meer rationele, analytische benadering van emoties verwerken. Mensen met hoge 

scores op alexithymie lijken emoties die  overgebracht worden door muziek ook anders te 

verwerken dan mensen met lage scores: hoe hoger de alexithymie score, des te kleiner de 



 

 

electrofysiologische reactie bij het detecteren van een emotionele mismatch tussen 

geschreven woorden en muziek. Dit bevestigt onze eerdere bevinding van een 

verminderde gevoeligheid tijdens de auditieve waarneming van emoties.  

 Naast het volgen van de verschillen in de real-time verwerking van emoties 

overgebracht door spraak en muziek, streefden we ernaar te onderzoeken hoe alexithymie 

de mogelijkheid om de emoties van anderen te begrijpen, een proces dat bekend staat als 

emotioneel mentaliseren of emotionele ‘theory of mind’, beïnvloedt. Onze hypothese was 

dat alexithymie, een gebrek aan emotioneel zelfbewustzijn, ook moet worden 

geassocieerd met een verminderd vermogen om de gevoelens van anderen te begrijpen. 

De resultaten van onze fMRI studie toonden aan dat mensen met hoge scores op 

alexithymie even goed zijn in het herkennen en voorspellen van de gevoelens van anderen 

als mensen met lage scores. We zagen echter ook dat de alexithymie groep 

gecompenseerde activiteit nodig had in hersengebieden die betrokken zijn bij emotionele 

zelf-reflectie (een proces dat nodig is om na te denken over andermans emoties) om tot 

een gelijke prestatie te komen als de niet-alexithymische groep.  

In aanvulling op de functionele studies, waarin de deelnemers bepaalde taken 

uitvoerden, waren we geïnteresseerd in mogelijke structurele verschillen, d.w.z. 

verschillen in de anatomie van de hersenen die geassocieerd zouden kunnen worden met 

alexithymie. Daarom hebben we hersenvolumes van mensen die hoog scoorden 

op alexithymie vergeleken met die van een controlegroep. Ons structurele MRI-

onderzoek identificeerde anatomische verschillen in een specifiek gebied van de hersenen: 

Bij mensen die hoog scoorden op alexithymie was de rechter achterste insula, een gebied 

dat betrokken is bij de directe representatie van lichamelijke toestanden tijdens de 

verwerking van emoties, groter in vergelijking tot die van de controle groep. 

Aangezien mensen met alexithymie niet in staat zijn hun gevoelens cognitief te down-

reguleren, hebben ze de neiging om ze te somatiseren, dat wil zeggen, gevoelens komen 

tot uiting in lichamelijke sensaties (bv. een buikpijn na een ruzie met de partner). Als 

gevolg hiervan hebben mensen met alexithymie de neiging om bij het herkennen en 

identificeren van hun gevoelens meer te vertrouwen op lichamelijke signalen. Een 
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vergroot volume van de rechter achterste insula zou dus het correlaat kunnen zijn van een 

groter belang van lichamelijke sensaties tijdens de verwerking van emoties in alexithymie. 

Kortom, de resultaten van het onderzoek in dit proefschrift suggereren dat alexithymie 

niet alleen invloed uitoefent op de manier waarop visueel emotioneel materiaal wordt 

verwerkt in de hersenen, maar ook op de perceptie van emoties zoals die worden 

overgebracht in auditieve stimuli, zoals spraak prosodie en muziek. Afwijkingen in de 

verwerking van emotionele spraak waren niet alleen aanwezig bij oplettende en bewuste 

verwerkingsniveaus, maar ook waarneembaar op eerdere, onbewuste verwerkingsniveaus. 

Deze verzwakte verwerking van emoties is duidelijk zichtbaar in de verschillende 

modaliteiten (visueel-auditief). Zo lijkt de beperking in het verwerken van emoties in 

alexithymie van algemene aard te zijn en omvat deze zowel vroege als late en zowel 

bewuste als onbewuste verwerkingsniveaus. Het vermogen om andermans gevoelens te 

herkennen en te voorspellen bleek niet aangetast te zijn in alexithymische individuen. 

Mensen met hoge scores op alexithymie gebruikten echter in hogere mate bepaalde 

hersengebieden die betrokken zijn bij zelf-referentie om zo een gelijke taakprestatie te 

bereiken als de controle groep. In aanvulling op deze verschillen bij de verwerking van 

emotionele stimuli, vonden we bewijs voor een structurele manifestatie van alexithymie in 

de hersenen zoals weerspiegeld door een groter volume van de rechter achterste insula. 

Een tweede doel van het hier gepresenteerde onderzoek was om uit te vinden of er 

verschillen zijn tussen de cognitieve dimensie van alexithymie (d.w.z. moeite met het 

identificeren, analyseren, en verbaliseren van gevoelens) en de affectieve dimensie (d.w.z. 

moeite met emotionaliseren en fantaseren). Mogelijke verschillen in de emotie verwerking 

tussen mensen die hoog scoren op ofwel de cognitieve ofwel de affectieve alexithymie 

dimensie zijn tot dusver grotendeels genegeerd in eerdere studies en kunnen voor een 

deel verantwoordelijk zijn voor de inconsistentie die zich in de literatuur over alexithymie 

voordoet. We vonden inderdaad aanwijzingen voor een differentiële impact van de twee 

alexithymie dimensies op de elektrofysiologische en neurale verwerking van emoties. Zo 

was de vermindering van de late elektrofysiologische reacties op de emotionele spraak 

sterker voor negatieve dan voor positieve intonaties in cognitieve alexithymie, maar werd 



 

 

een dergelijk verschil niet gevonden in de affectieve alexithymie groep. Dit suggeeert dat 

mensen met een cognitieve alexithymie met name aangetast zijn in de verwerking van 

negatieve emotionele informatie, terwijl affectieve alexithymie geassocieerd kan worden 

met een meer algemene stoornis in emotionele spraakperceptie. Tijdens emotioneel 

mentaliseren werden de twee alexithymie dimensies geassocieerd met hyperactiviteit in 

verschillende regio’s van het zelf-referentiële netwerk: Mensen die hoog scoorden op 

affectieve alexithymie toonden een sterkere activiteit in low-level regio’s van dit netwerk, 

hetgeen een sterkere activiteit voor de observatie van een ander die emoties ervaart 

suggereert, terwijl mensen die hoog scoorden op cognitieve alexithymie juist sterker 

gebruik maakten van hogere niveaus van dit netwerk, hetgeen wijst op sterkere effecten 

van reflectie over zichzelf en anderen. Daarnaast werden vergrote volumes van de rechter 

achterste insula gevonden in relatie tot cognitieve alexithymie, terwijl er geen 

anatomische verschillen werden vastgesteld voor de affectieve alexithymie dimensie. 

Hoewel deze bevindingen als preliminair zouden moeten worden beschouwd, kan 

een differentiatie tussen de cognitieve en de affectieve dimensie van alexithymie van 

belang zijn in toekomstige pogingen om de neurale basis van alexithymie op te helderen. 

Op basis van een dergelijke differentiatie kunnen subtypen van alexithymie worden 

geïdentificeerd. De indeling van de verschillende typen alexithymie kan belangrijke 

klinische implicaties hebben, omdat het kan leiden tot meer nauwkeurige voorspellingen 

met betrekking tot de kwetsbaarheid van deze personen voor psychiatrische 

aandoeningen. Bovendien kan de indeling nuttig zijn voor de behandeling van alexithymie 

en psychiatrische aandoeningen die gekenmerkt worden door problemen in de omgang 

met gevoelens. 
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Emotionen sind ein wesentlicher Bestandteil menschlichen Erlebens. Auf unserer 

täglichen Reise durch das Leben treffen wir auf unzählige Situationen, die bestimmte 

Gefühle in uns auslösen: Anerkennung auf der Arbeit, die liebevollen Worte des Partners, 

ein Abend mit unseren besten Freunden. Solche Erlebnisse zaubern uns ein Lächeln auf 

das Gesicht und sorgen dafür, dass wir glücklich sind, zufrieden, entspannt. 

Fehleinschätzung, Probleme auf der Arbeit, ein Streit mit einem Freund können dazu 

führen, dass wir uns frustriert fühlen, traurig oder melancholisch sind. Unsere Fähigkeit, 

zu fühlen, und unsere Gefühle anderen gegenüber auszudrücken, sowie unsere Fähigkeit, 

die Gefühle anderer zu verstehen, macht es uns möglich, als soziale Wesen zu agieren und 

enge Beziehungen zu anderen Menschen aufzubauen. 

Ungefähr zehn Prozent der Bevölkerung fehlt diese Fähigkeit. Menschen mit 

Alexithymie (a – ‘Fehlen von’, lexis – ‘Wort’, thymos – ‘Emotion’) verspüren entweder 

keine emotionale Erregung oder in manchen Fällen zu einem gesteigerten Grade, und sind 

nicht in der Lage, zwischen Gefühlen zu unterscheiden, sie von körperlichen 

Empfindungen zu differenzieren, und Gefühle anderen gegenüber auszudrücken. Als 

Folge dessen wirken alexithyme Personen auf andere oft kalt, distanziert und gleichgültig, 

was zu Schwierigkeiten in der zwischenmenschlichen Kommunikation führt und dadurch 

zu Problemen, Beziehungen zu Menschen in der Umgebung aufrechtzuerhalten. 

Wissenschaftliche Studien zur Alexithymie haben ergeben, dass Menschen mit 

diesem Persönlichkeitsmerkmal Schwierigkeiten in der Verarbeitung von Emotionen 

aufweisen, die sich darin äußern, dass solche Probanden Probleme haben, emotionale 

Gesichtsausdrücke zu identifizieren, verbale nicht-verbalen Stimuli zuzuordnen, und 

Worte mit emotionaler Färbung im Gedächtnis zu behalten. Im vergangenen Jahrzehnt 

haben Studien der bildgebenden Verfahren begonnen, die neuronalen Grundlagen von 

Emotionsverarbeitungsstörungen in der Alexithymie zu erforschen. Studien dieser Art 

verwenden Magnetresonanztomographie (MRT), eine Technik, mit der sich Aussagen 

über die Zuordnung (Lokalisierung) bestimmten Verhaltens (z.B. Emotionsverarbeitung) 

zu gewissen Bereichen des Gehirns treffen lassen. MRT Studien zur Alexithymie haben 

mehrere Gehirnareale identifiziert, die je nach Schweregrad der Alexithymie abnormale 



 

 

Aktivierungsmuster während der Verarbeitung emotionaler Bilder, Videos, und 

Gesichtsausdrücke aufweisen. Diese umfassen klassische Emotionsverarbeitungsareale 

(z.b. Amygdala, Thalamus, Insel), Gehirnregionen, die mit emotionaler Wahrnehmung 

und Selbstwahrnehmung befasst sind (anteriorer und posteriorer zingulärer Kortex), und 

höhere Areale, die in die kognitive Regulation von Gefühlen involviert sind (z.b. 

dorsolateraler und medialer präfrontaler Kortex). Elektroenzephalographiestudien, die 

besonders dafür geeignet sind, den zeitlichen Verlauf von Informationsverarbeitung im 

Gehirn zu verfolgen, sowie Studien, die physiologische Reaktionen messen (z.b. 

Herzschlag, galvanische Hautreaktion) haben sowohl Störungen im zeitlichen Verlauf der 

Emotionsverarbeitung als auch in den begleitenden physiologischen Reaktionen in 

Alexithymie nachgewiesen. 

Die Forschungsliteratur zur Alexithymie ist jedoch von widersprüchlichen 

Ergebnissen geprägt. So berichteten einige Studien gesteigerte physiologische Reaktionen 

in Alexithymen, während diese emotionale Videos anschauten, während andere 

verminderte physiologische Reaktionen beobachteten. MRT Studien berichteten 

gleichermaßen widersprüchliche Resultate: ungefähr die Hälfte der Studien fanden eine 

erhöhte Gehirnaktivität, während die andere Hälfte eine verminderte Gehirnaktivität bei 

der Emotionsverarbeitung in Alexithymen feststellten. Alles in allem hat sich noch kein 

klares Bild bezüglich der Natur der Emotionsverarbeitungsstörungen in der Alexithymie 

und derer neuronalen Grundlagen herauskristallisiert. 

Ziel der vorliegenden Dissertation war es, zum gegenwärtigen Verständnis der 

neuronalen Basis der Alexithymie beizutragen, i.e. zu erforschen, welche Unterschiede in 

Gehirnfunktion und –struktur der Schwierigkeit, Gefühle zu identifizieren und zu 

verbalisieren unterliegen. Die existierende Forschung hat gezeigt, dass Alexithymie mit 

einem Defizit im Verarbeiten visuellen emotionalen Materials, wie zum Beispiel Bildern, 

Videos, und Gesichtsausdrücken verbunden ist; die auditive Verarbeitung emotionaler 

Reize, gleichermaßen wichtig im täglichen Erleben, wurde bisher allerdings 

vernachlässigt. Aus diesem Grund bestand ein Teil dieser Arbeit darin, den Einfluss der 

Alexithymie auf die Verarbeitung auditiver Reize in Form von emotionaler Intonation und 

Musik zu testen, wofür Elektroenzephalographie (EEG) verwendet wurde. Des Weiteren 
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führten wir eine Magnetresonanztomographiestudie durch, die zum Ziel hatte, die 

Fähigkeit Alexithymer zu testen, die Gefuehle anderer zu erkennen und vorauszusagen 

(emotionales Mentalisieren), und zu untersuchen, welche Unterschiede sich bezüglich der 

unterliegenden Gehirnaktivität relativ zum Schweregrad der Alexithymie feststellen 

lassen. Die abschließende Studie, ebenfalls eine Magnetresonanztomographiestudie, 

untersuchte, welche Gehirnstrukturen anatomische Unterschiede im Verhältnis zur 

Alexithymie aufwiesen. 

Die Ergebnisse unserer EEG Studien zeigten, dass Alexithymie in der Tat nicht nur 

die Verarbeitung visueller emotionaler Reize beeinträchtigt, sondern auch die auditiver 

Reize: je höher der Grad der Alexithymie, desto geringer waren die Amplituden der 

elektrophysiologischen Reaktion zu Veränderung in emotionaler Intonation. Dieses 

Ergebnis lässt sich so interpretieren, dass Menschen mit Alexithymie eine verringerte 

Reaktivität zu Veränderungen im emotionalen Stimmton aufweisen. Dieses Ergebnis 

wurde unabhängig davon beobachtet, ob die Probanden ihre Aufmerksamkeit auf die 

emotionalen Stimmreize richteten, was darauf hinweist, dass Alexithymie die 

Verarbeitung dergleichen bereits im Unterbewusstsein beeinträchtigt. Ein weiteres 

interessantes Ergebnis dieser Studie war, dass die linke Gehirnhälfte (Hemisphäre) bei 

Alexithymen  aktiver während der Verarbeitung emotionaler Intonation war als bei Nicht-

Alexithymen, was im Widerspruch zur etablierten Dominanz der rechten Hemisphäre 

fuer emotionale Prosody (Intonation) steht. Im Kontext der Alexithymia allerdings liefert 

dieses Ergebnis weitere Evidenz für die bereits von früheren Studien beobachtete 

Überinvolvierung der linken Hemisphäre in emotionalen Prozessen in der Alexithymie, 

die als Hinweis auf eine eher rationale, analytische Herangehensweise an Emotionen 

gedeutet wird. In einer weiteren EEG Studie stellte sich heraus, dass Menschen mit 

Alexithymie auch Emotionen, die durch Musik uebertragen werden, anders verarbeiten: je 

hoeher der Grad der Alexithymie, desto kleiner war die electrophysiologische Reaktion 

beim Entdecken von Unstimmigkeiten zwischen dem emotionalen Ton (Valenz: positive 

oder negative Konnotation) zwischen geschriebenen Worten und Musik. Auch dieses 



 

 

Resultat deutet auf eine beeinträchtigte Feinfühligkeit während der auditiven 

Emotionswahrnehmung hin. 

Neben den Experimenten, die der Analyse von Emotionswahrnehmung in gesprochener 

Sprache und Musik dienten, war es Ziel der Dissertation, die Fähigkeit von Alexithymen 

zu untersuchen, die Gefühle anderer zu erkennen und verherzusagen, ein Prozess, der 

erfordert, sich emotional in andere hineinzuversetzen (emotionales Mentalisieren). 

Unsere Hypothese in dieser Studie war, dass Alexithymie, aufgefasst als Defizit in der 

emotionalen Selbstwahrnehmung, auch mit Schwierigkeiten und abweichender 

Gehirnaktivität beim emotionalen Mentalisieren einhergeht. Während die Ergebnisse 

dieser Studie zeigten, dass Menschen mit Alexithymie keine behaviorale Beeinträchtigung 

beim emotionalen Mentalisieren hatten (d.h. sie konnten die Gefühle anderer ebenso gut 

wie Nicht-Alexithyme erkennen und vorhersagen), stellte sich heraus, dass Alexithymie 

kompensatorische Gehirnaktivität brauchten, um ebenso gute Ergebnisse wie die Nicht-

Alexithyme Kontrollgruppe zu erzielen. 

Zusaztzlich zu den bisher vorgestellten funktionalen Studien, in denen Probanden 

bestimmte Aufgaben erfüllen, war ein weiteres Ziel dieser Arbeit, zu untersuchen, ob 

Alexithymie auch mit Unterschieden in der Anatomie des Gehirns einhergeht. Zu diesem 

Zweck untersuchten wir Unterschiede im Volumen von Gehirnarealen zwischen 

Alexithymen und Nicht-Alexithymen. Diese strukturelle Studie identifizierte in der Tat 

Unterschiede in einer umschriebenen Region des Gehirns: Menschen mit hohem Grad der 

Alexithymie hatten eine stark vergrößerte rechte posteriore Insel, ein Gehirnareal, das 

unter anderem physikalische Empfindungen während des Verarbeitens von Gefühlen 

repräsentiert. Alexithyme sind beeinträchtigt in der Fähigkeit, Gefühle kognitiv zu 

kontrollieren und regulieren, und neigen deshalb dazu, Gefühle zu somatisieren, d.h. 

koerperlich wahrzunehmen (z.B. Magenschmerzen nach einem Streit mit dem Partner). 

Folglich neigen Alexithyme dazu, sich mehr auf körperliche Signale zu verlassen, um ihre 

Emotionen zu deuten. Ein vergrößertes Volumen der rechten posterioren Insel könnte 

daher das Korrelat einer erhöhten Relevanz körperlicher Empfindungen während der 

Gefühlsverarbeitung darstellen. 
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Zusammenfassend deuten die Ergebnisse dieser Dissertation darauf hin, dass Alexithymie 

nicht nur die Verarbeitung visueller, sondern auch auditiver emotionaler Information, 

übertragen durch gesprochene Sprache und Musik, beeinträchtigt. Defizite während der 

Verarbeitung von emotionaler Intonation waren bereits während der unterbewussten 

Verarbeitung derselben zu erkennen und hatten modalitäts-übergreifenden Charakter. 

Demzufolge scheint die Natur des Emotionsverarbeitungsdefizits in der Alexithymie eher 

allgemein zu sein, da es während früher wie später, bewusster und unbewusster 

modalitätsübergreifendender Verarbeitungsstadien nachweisbar ist. Die Fähigkeit, die 

Gefühle anderer zu erkennen und vorherzusagen schien nicht vom Grad der Alexithymie 

abzuhängen, jedoch benötigten Alexithyme zusätzliche Gehirnaktivität in an 

Selbstreflexion beteiligten Gehirnarealen, um gleiche Ergebnisse wie Nicht-Alexithymie 

zu erzielen. Zusätzlich zu diesen funktionellen Störungen in der Verarbeitung von 

Gefühlen wies unsere strukturelle Studie darauf hin, dass sich Alexithymie auch in der 

Anatomie des Gehirns manifestiert, wie ein größeres Volumen der rechten posterioren 

Insel indizierte. 

Ein weiteres Ziel dieser Arbeit bestand darin, eventuelle Unterschiede zwischen der 

kognitiven Dimension der Alexithymie (d.h. Schwierigkeiten, Gefühle zu identifizieren, zu 

analysieren, und in Worte zu fassen) und der affektiven Dimension (d.h. Schwierigkeiten, 

Emotionen zu erleben und zu fantasieren) herauszuarbeiten. Die Motivation hierfür war, 

dass die widersprüchlichen Ergebnisse, welche die Alexithymie Literatur charakterisieren, 

möglicherweise daher rühren, dass Alexithymie bisher weitgehend als ein einheitliches 

Konzept aufgefasst wurde, ohne zwischen einer kognitiven und einer affektiven 

Dimension zu differenzieren. Die Resultate unserer Studien deuten in der Tat an, dass 

diese beiden Dimensionen der Alexithymie einen unterschiedlichen Einfluss auf die 

Verarbeitung  von Emotionen auf elektrophysiologischer und neuronaler Ebene haben. So 

fanden wir zum Beispiel, dass die beobachteten Reduktionen in der 

elektrophysiologischen Reaktion in Menschen mit einem hohen Grad an kognitiven 

Alexithymie fuer negative im Vergleich zu positiver emotionaler Intonation stärker 

ausgeprägt waren, während Valenzunterschiede (positiv versus negative Emotionen) in 



 

 

affektiver Alexithymie keine Rolle spielten. Dies könnte darauf hinweisen, dass Defizite in 

der Verarbeitung emotionaler Sprache in Menschen mit kognitiver Alexithymie stärker 

fuer negative Emotionen ausgesprägt sind, in Menschen mit affektiver Alexithymie jedoch 

allgemeineren Charakter haben. Weiterhin ergaben die Resultate unserer fMRT Studie, 

dass die stärkere Gehirnaktivität im Falle der affektiven Alexithymie diejenigen Regionen 

betraf, die zu den sogenannten low-level Arealen des Selbstreflexionsnetwerks gehören, 

welche Gehirnaktivität für die Beobachtung anderer in emotionalen Situationen 

repräsentieren, während im Falle der kognitiven Alexithymie diejenigen Bereiche stärker 

aktiviert waren, die zu den higher-level Arealen dieses Netwerks gehören und demzufolge 

als verstärkte Bemühung, über sich selbst und andere zu reflektieren, interpretiert werden 

können. Des Weiteren zeigte sich in unserer strukturellen MRT Studie, dass anatomische 

Unterschiede nur im Falle der kognitiven, jedoch nicht im Falle der affektiven Alexithymie 

identifiziert werden konnten. 

Obwohl diese Ergebnisse als vorläufig gewertet werden sollten, deuten sie doch 

darauf hin, dass eine Differenzierung zwischen der kognitiven und der affektiven 

Dimension in zukünftigen Studien zu den neuronalen Grundlagen der Alexithymie 

lohnenswert sein könnte. Auf Basis einer solchen Differenzierung können Untertypen der 

Alexithymie identifiziert werden. Eine solche Klassifikation verschiedener Alexithymie-

Typen könnte wichtige klinische Implikationen mit sich tragen, da sie zu präziseren 

Vorhersagen zur Anfälligkeit von Personen für psychopathologische Störungen haben 

könnte, und außerdem der Behandlung der Alexithymie und der mit ihr assoziierten 

psychiatrischen Störungen der Affektregulierung zuträglich sein könnte. 
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