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P E L L É A S : »… Qu'as-tu donc? Tu ne me 

sembles pas heureuse …« - 

M É L I S A N D E : »Si, si, je suis bien heu-

reuse, mais je suis triste …«. 

P E L L É A S : »... Was ist dir? Sage doch, 

bist du denn nicht glücklich ...« -

M É L I S A N D E : »Doch doch, ja, ich bin 

glücklich, doch ich bin traurig ...«.

Claude Debussy / Maurice Maeterlinck  

Pelléas et Mélisande, IV, 4. 
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Abs t r ac t

Facial expressions of emotions are assumed to be processed rapidly and automatically 

and therefore should be immune to simultaneous task induced interference. Recent 

functional and electrophysiological studies however reported that contextual features 

modulate the processing of emotional expressions when presented in the temporal and 

spatial context of these expressions. Therefore, additional contextual features which 

specifically signal incongruent emotional information compared to task-relevant facial 

expressions might introduce an emotional ambiguity during the recognition of these 

expressions and thereby interfere with their automatic processing. 

A behavioral, a functional MRI and an electrophysiological study were conducted to 

examine the impact of a low-level and an emotional associated contextual feature on 

fast valence categorizations of facial expressions. In each study, subjects incidentally 

learned to perceive negative, neutral and positive facial expressions within a specific 

colored context in a first experimental run. In the following experimental run subjects 

were asked for fast valence judgments while presented with expression-color-

combinations as in the first run (congruent trials) or with systematic variations of these 

expression-color-combinations (incongruent trials).

Emotional conflicting information during the evaluation of facial expressions induced 

significant effects of interference indicated by prolonged response times and a decrease 

in response accuracy in the initial behavioral study. Emotional incongruent trials 

revealed differential effects depending on the emotional valence of the facial 

expression. Especially for positive expressions fast valence categorization in congruent 

trials might likewise indicate effects of facilitation.  

Incongruent trials induced activations in a common fronto-parietal selective attention 

network in the fMRI study. Whereas incongruent trials with neutral expressions 

revealed distinct activations in regions particularly involved in processing both the task-

relevant facial expressions and the task-irrelevant color, incongruent trials with positive 

facial expressions revealed only sparse activation in the frontal cortex. Contextual 

interference resolution during processing of negative facial expressions resulted in 

specific activation in regions which might be involved in implicit morphological 

dynamics of facial displays.   



A subsequent differential analysis of the fMRI data revealed widespread activations for 

task induced incongruence for subjects scoring high on neuroticism, anxiety and 

depressivity but also for subjects with an internal encoding style.  Neurotic and anxious 

subjects have been previously shown to exhibit a neuronal dysregulation during 

emotional processing and emotional conflict resolution. Internal encoders strongly rely 

on their formerly learned schema of face-color-combination. When confronted with 

incongruent trials in the second experimental run, internal encoders must recruit 

increased processing resources to overcome their contextually instantiated and schema 

induced conflict.  

In the final ERP study, contextual interference during processing of neutral expressions 

confirmed early activation in occipito-temporal areas most likely involved in elaborated 

face processing. Differential modulatory effects during emotional face perception 

revealed early sensitivity within 280ms poststimulus to task-relevant and task-irrelevant 

emotional information irrespective of emotional incongruence of task-irrelevant 

information. The late temporal modulatory effect of contextual incongruence is 

indicated by a modulation of the N450 during interference of negative expressions 

processing as well as a general sustained activation of the late LPP over parietal cortex 

for all incongruent trials. 

In summary, general effects of contextual interference during emotional face processing 

were located in frontal and parietal regions which temporally occurred as sustained 

parietal activation in late stages of cognitive processing. Differential effects of 

contextual interference were found depending on the inherent processing demands of 

facial expressions. Especially incongruent trials including neutral expressions activated 

ventral extrastriate regions of face processing probably already during early stages of 

stimulus encoding. Finally, contextual effects of interference during emotional face 

processing depend on individual differences in trait dimensions of personality and 

perceptual traits like the individual encoding style. 
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Chap te r  I  

Introduction:
The emotional face in context 

Facial expressions of emotions are highly salient social stimuli and therefore are of 

crucial relevance for daily social interactions. Within the framework of affective 

neuroscience the investigation of brain physiologic correlates of processing facial affect 

has become a major topic of research (see Adolphs, 2002). Additionally, the advent of 

non-invasive research methods in recent years saw a vast progress in defining functional 

and electrophysiological profiles of processing emotional expressions. This enormously 

expanded the knowledge of brain physiological correlates of the recognition of facial 

expressions.

In this respect, most studies focused on identifying distinct neural and temporal profiles 

of processing separable basic emotions (e.g., Phan et al., 2002; Esslen et al. 2004). The 

lack of ecological validity of many of these studies becomes evident when the facial 

expressions used in these experimental settings were transferred into the diversity of 

social contexts in which they originally occur. As a matter of fact, in everyday life we 

are regularly confronted with ambiguous facial expressions which fail to show clear 

emotional expressions, unlike the clear-cut expressions used in many neuroscientific 

studies. Deviant emotional qualities of situations in which facial expressions are 

encountered may additionally introduce an affective ambiguity or interpretational bias 

during the evaluation of these expressions (Carrera-Levillain & Fernandez-Dols, 1994; 

Kim et al., 2004). Finally, several authors additionally emphasize the emotional 

ambiguity of evolutionary basic emotional expressions (Whalen, 1999). Even negative 

emotional expressions are ambiguous when they contain specific features. Fearful 

expressions, for instance, should signal danger to the observer which occurs in the 

nearby context of the social interactors. Therefore, seeing a fearful face with eye gaze 
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averted to the threatening event in the context is not ambiguous compared to a fearful 

face with directed eye gaze to the observer (Adams & Kleck, 2005). In the latter case, 

the fearful face signals threat but is not referenced to the contextual event which causes 

the fear.

Thus, an emotional distracting context during the perception of facial expressions may 

intensify the ambiguity of emotional expressions, and this interference effect might 

directly depend on the specific features of the environments in which facial expressions 

are encountered. The idea of contextual effects on the processing of facial expressions 

is somehow at odds with recent assumptions of mandatory and automatic processing 

properties (Vuilleumier et al., 2001; Williams et al., 2005), especially for facial signals 

of danger and threat which are supposed to have a strong phylogenetical basis 

(Öhmann & Mineka, 2001; Öhmann et al., 2001b). If this threat detector for facial 

signals of danger should work efficiently it actually should work in any circumstance, 

even during a simultaneously ongoing cognitive process when facial expressions are 

task-irrelevant (for a discussion, see Vuilleumier et al., 2001; Williams et al., 2005; 

Pessoa et al., 2002, 2005b). Some studies provide evidence that facial signals of fear 

can even be detected in situations of restricted awareness (Vuilleumier et al., 2002; de 

Gelder et al., 2005). Furthermore, several lines of investigations indicate that 

processing of facial expression is an attention capturing and attention modulating 

process (e.g., Fox et al., 2000, 2002; Vuilleumier & Schwartz, 2001; Eastwood et al., 

2003). Therefore, the processing of facial expressions might even disrupt other 

simultaneously ongoing cognitive processes as, for instance, during Stroop-like tasks 

(e.g., Kolassa et al., 2007) or during go/nogo performance (Maxwell et al., 2005). 

Based on these assumptions, the recognition of facial expressions should be unaffected 

by the presence of additional stimulus features even if the latter is of some specific task 

relevance. There is, however, growing evidence that contextual features simultaneously 

presented with facial expressions apparently have an influence on how these 

expressions are processed. This influence partly depends on the specific task 

requirements at hand. Reiterating the ecological argumentation and putting the topic 

more specifically, in many instances we perceive emotional facial expressions of other 

social actors in emotionally tuned situations. The latter may often rapidly activate a 

socially learned schema which guides the expectation and interpretation of social 

signals like facial expressions, especially when these expressions themselves are 

ambiguous to some degree (e.g., Kim et al., 2004).  
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Therefore, contextual features are often important for a unique interpretation of facial 

expressions, but on the other hand, contextual features can also introduce emotional 

ambiguity. In many situations the facial expressions of others do match the valence 

properties of the entire situation since people experience emotions actually because of 

things happened in or in relation to the current situation. Thus, both the salient facial 

signal and the context form a congruent emotional concept. Apparently, the unique 

salience of expression might get altered when these facial expressions are encountered 

in a broader environmental context, especially when this context contains some 

important emotional information itself. Imagine meeting a person with a happy facial 

expression in a situation of a birthday celebration gives you the impression of an 

emotional coherence of the entire social situation, whereas meeting the same person 

with the same expression within a tragic situation may seriously disturb your emotional 

perception of that facial expression. 

The present work deals with this fact that the temporal and spatial context during the 

processing of emotional expressions actually has an impact on correct valence 

judgments of these expressions as indicated by recent behavioral, functional and 

electrophysiological studies. Therefore, contextual features in fact could influence the 

way in which facial expressions are processed thereby also inevitably influencing our 

subjective experience of these expressions which we encounter in broader contexts. 

1.1 Preferential processing of emotional facial expressions 

Recent behavioral, functional and electrophysiological studies provide evidence for a 

processing preference for emotional expressions compared to other environmental 

stimuli. Especially, negative expressions such as fear and anger are assumed to have a 

prioritization in processing compared to other facial expressions. Similar to a general 

»fear module« which is sensitive to the occurrence of environmental danger (Öhmann 

& Mineka, 2001), a »negativity bias« for processing negative emotional stimuli is 

proposed (Carretie et al., 2001). This bias is based on the assumption of innate and 

phylogenetically prepared emotional schemata which allow a fast processing of 

affective stimuli such as facial signals of danger and threat (Schupp et al., 2004). 

Furthermore, a subcortical retino-colliculo-thalamic pathway has been suggested 
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(Morris et al., 1999) mediating an initial coarse analysis of emotional stimuli preceding 

cognitive evaluation. Electrophysiological investigations actually provide evidence that 

the coarse processing of the valence of emotional expressions is a very fast and almost 

pre-attentive process (e.g., Pizzagalli et al., 1999), whereby this effect seems to be 

pronounced in negative expressions (e.g., Schupp et al., 2004). 

This line of argumentation has formed around some central topics which have been a 

field of intriguing investigations and fundamental debates (e.g. Vuilleumier et al., 2001; 

Pessoa et al., 2002, 2005b). Recognition and discrimination of emotional expressions 

can take place rapidly within 80-100 ms poststimulus. This rapid processing is 

repeatedly observed by electrophysiological studies showing discriminability of 

emotional and neutral expressions and discriminability of different emotional 

expressions between 80-120 ms in the amygdala (Liu et al., 1999; Streit et al., 2003) as 

well as in occipital (Pourtois et al., 2004), temporal (Batty & Taylor, 2003) and frontal 

cortical regions (Kawasaki et al., 2001; Eimer & Holmes, 2002). Though this evidence 

points toward an early processing bias for emotional expression mediated by a fast 

subcortical route, no clear evidence supports the assumption of a processing advantage 

especially for facial signals of threat and danger. Latencies recorded in event-related 

potentials (ERP) show no clear speed advantage for fearful compared to other facial 

expressions. Furthermore, the subcortical route of coarse emotional processing is 

apparently not faster than cortical processing (see Pessoa et al., 2005). The subcortical 

activation might actually reflect subsequent feed-forward projection from occipital areas 

to these subcortical regions (Krolak-Salmon et al., 2004).  

The amygdala plays a central role in emotional processing. Some studies have shown 

that the simultaneous presentation of fearful facial expressions during the performance 

of other cognitive tasks also elicited enhanced amygdala activation though the 

expressions were not of task relevance (Vuilleumier et al., 2001; Williams et al., 2005). 

However, this activation caused by task-irrelevant facial expressions is modulated by 

the processing load of the primary task. Increasing the processing demands of the 

primary task efficiently attenuates activation in the amygdala (Pessoa et al., 2002, 

2005b). Using experimental designs with restricted conscious processing, some studies 

revealed enhanced amygdala activation especially for fearful expressions in tasks using 

backward masking (Whalen et al., 1998), binocularly rivalry (Williams et al., 2004) or 

by masked fearful eye-whites (Whalen et al., 2004). Even neurological patients with 

restricted awareness of parts of their visual field show enhanced amygdala activation 
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when exposed to fearful expressions in their neglected (Vuilleumier et al., 2002) or 

hemianopic visual field (de Gelder et al., 1999). However, amygdala activation using 

backward masking again depends on a minimal amount of subjective awareness of 

fearful expressions (Pessoa et al., 2006). Thus, the role of amygdala activation during 

face processing in these experimental designs remains unresolved. When required by 

task demands, at least some attentional resources are necessary to properly discriminate 

fearful from other negative expression (Anderson et al., 2003). Furthermore, beside the 

amygdala there are other brain regions responding to subjectively unaware emotional 

stimuli. The orbito-frontal cortex (OFC) was activated in a neglect patient which was 

exposed to fearful faces in his neglected left hemifield (Vuilleumier et al., 2002) and 

masked presentations of happy and sad faces activated the anterior cingulate cortex 

(ACC; Killgore & Yurgelun-Todd, 2004). 

Emotional expressions can strongly capture and hold our attention as indicated by dot-

probe paradigms (e.g., Pourtois et al., 2004; Georgiou et al., 2005), flanker tasks 

(Fenske & Eastwood, 2003) or visual search experiments (Fox et al., 2000; Eastwood et 

al., 2001; Öhmann et al. 2001b; Williams et al., 2005) thereby attenuating the 

processing of other concurrently presented environmental stimuli (Fenske & Eastwood, 

2003). Visual search paradigms have shown that negative (Eastwood et al., 2001) and 

especially angry faces (Fox et al., 2000; Williams et al., 2005) can be detected faster 

than happy faces when presented in an array of neutral faces. However, response 

latencies were different for detecting angry faces within an array of neutral compared to 

an array of happy faces (Fox et al., 2000), apparently indicating that different emotional 

qualities of the context have an effect on processing the identical task-relevant angry 

faces.

This last result highlights the importance to add contextual variables during 

investigations of emotional face processing since the recognition of facial affect is 

mandatorily influenced by contextual features. 

1.2 Contextual influences and interference resolution during 
emotional face processing 

This mandatory and almost preattentive processing of facial expressions is supposed to 

be unaffected by the presence of concurrent contextual features and other ongoing task 
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performances. Facial expressions interfere with other simultaneously ongoing cognitive 

processes as, for instance, demonstrated by variants of the emotional Stroop task using 

facial expressions instead of emotional words (van Honk et al., 2001; Eschenbeck et al., 

2004). Furthermore, the processing of facial expressions influences consequent 

evaluations of non-emotional objects (Murphy & Zajonc, 1993; Murphy et al., 1995; 

Rotteveel et al., 2001) as well as simultaneously presented emotional voices (Vrommen 

et al., 2001; de Gelder et al., 2005) and emotional words (Stenberg et al., 1998). Hence, 

one simple conclusion would be that emotional stimuli are indeed preferentially 

processed and this prioritization influences other concurrent or subsequent task 

performances. In turn, modulatory effects of contextual features on the processing 

emotional expressions therefore seems rather unlikely. 

However, as already mentioned with some side-results of visual search paradigms, the 

processing of emotional expressions itself is partly modulated by the presence of 

contextual and especially emotional stimulus features. Even the broader context of task 

instructions influences the way in which emotional expressions are processed (e.g., 

Lange et al., 2003). Therefore, in the following sections evidence from recent 

investigations will be introduced which actually indicates modulatory effects of 

contextual features on the processing of emotional expressions. 

1.2.1 Evidence from behavioral studies 

Most objects in the environment tend to appear within typical settings (Bar, 2004). 

These contexts shape the expectations of which objects are likely to appear and which 

most probably do not appear in this settings. Behavioral studies of object recognition 

have shown that semantic information of a background context can be extracted within 

80 ms (Davenport & Potter, 2004) and was actually shown to interfere immediately 

with ongoing task performances (Mathis, 2002). Fast and accurate object categorization 

critically depends on this matching of objects and their semantically related contexts 

(Davenport & Potter, 2004; Ganis & Kutas, 2003).

This semantic congruence effect during object recognition becomes more interesting if 

an emotional component is added to both the object and context stimulus dimension. 

Schirmer and Kotz (2003) report a behavioral degradation during valence judgment of 
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emotional words when spoken with a different emotional prosody. More specifically, it 

has been demonstrated that the processing of facial expressions can be primed 

(Hietanen et al., 2006), distracted (Righart & de Gelder, 2006) and even facilitated (de 

Gelder et al., 2005) by environmental scenes or contextual features of a specific 

emotional quality. For example, Hietanen and colleagues (2006) presented 

environmental scenes preceding the recognition of happy and disgusted faces. The 

automatic affective responses to natural scenes or scenes containing urban buildings 

affected recognition time of facial expressions. Recognition was accelerated for happy 

faces preceded by natural and for disgusted faces preceded building scenes. In a 

lateralized emotional face-word Stroop task, Anes and Kruer (2004) found the greatest 

interference effects for judging the valence of facial expressions with expressions 

presented in the left and emotional distractor words presented in the right visual field. 

Emotional expressions are assumed to be predominantly processed by the right and 

words by the left hemisphere. Thus, presenting expressions in the left and words in the 

right visual field is ideal so that each hemisphere is exposed to its preferred stimulus 

category (see Rossion et al., 2003). Finally, de Gelder and colleagues (2005) 

investigated a right hemianopic patient whose recognition of fearful faces in his intact 

left visual hemifield was significantly better with a simultaneously presented fearful 

face in his right hemianopic field. This result suggests that contextual influences still 

work on a level of restricted subjective awareness. Interestingly, this effect occurred 

only for fearful face targets compared to happy faces. Performance of this patient did 

not exceed chance level with right-lateralized presentation of happy faces irrespective of 

the simultaneously presented face in the left visual field.

Individual facial expressions often contain conflicting emotional information conveyed 

by different parts of emotional face morphology. The facial action coding system 

(Ekman et al., 2002) usually describes the contribution of different »action units«, 

which are represented by different parts of the mimic musculature, to the holistic and 

consistent performance of a facial expression. But sometimes different features of the 

face signal different emotional expressions. Just imagine a person who experiences 

some inner emotional conflict and whose mouth is apparently smiling but the eyes 

unmistakably signal some kind of sadness. Interestingly, investigations of the 

»composite face effect« (Young et al., 1987) give some interesting insight in how these 

inconsistencies of emotional expressions of different parts of the face influence the 

perception of these expressions. Using composite expressions of facial emotions, 
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Calder and colleagues (2000) found that participants need more time to identify the 

emotional expression in each half of a composite face displaying different emotional 

expression in upper and lower parts of facial stimuli.

Though there is only little evidence from purely behavioral studies examining 

contextual modulatory effects on the recognition of facial expression these studies 

nevertheless are indicative of modulatory effects of temporal and spatial contextual 

features on subjects’ performance of judging facial effect. This degradation of 

performance during judgment of incongruent emotional information could likewise be 

interpreted as interference effect due to an emotional mismatch of facial expressions 

and contextual valence as well as an effect of facilitation due to a match of valence of 

both the face and the background in which it is presented. 

Though it was not the primary interest of the fMRI and electrophysiological studies 

described in the next two sections, behavioral indices in these studies also indicate a 

speed and performance degradation when emotional conflicting information is 

presented during the processing of facial expressions (e.g., Anes & Kruer, 2004; 

Meeren et al., 2005; Etkin et al., 2006). 

1.2.2 Evidence from functional imaging studies 

Contextual features are often important for a unique interpretation of facial expressions, 

but on the other hand, contextual features can also introduce emotional ambiguity. The 

above mentioned example of a face which is smiling with its mouth and concurrently 

signals sadness with the eyes displays such an emotional ambiguity. The amygdala, a 

brain structure that has been discussed to be exceptional important for emotional 

processing, is not only sensitive for detecting such ambiguity (Adams et al., 2003), but 

also seems to be involved in resolving (Sato et al., 2002) or biasing the interpretation of 

such ambiguity in facial expressions toward a negative emotional attribution (Kim et al., 

2003). Activations in the amygdala have also been discussed to be strongly modulated 

by emotional contextual information during processing of facial expression (Kim et al., 

2004).

Based on the assumptions that surprised facial expression could have either positive or 

negative associations, Kim and colleagues (2004) observed enhanced amygdala 
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activation during perception of these expressions when preceded by a negative prime 

sentence compared to a positive sentence. Thus, if the face itself does not contain 

unambiguous emotional information then contextual features may disambiguate the 

interpretation of these expressions toward a clear categorization. 

Behavioral results of the study by de Gelder and colleagues (2005) who examined a 

patient with right-lateralized hemianopic disorder were already described in the former 

section. On a functional level the same patient showed an effect of congruency for 

fearful facial expressions presented on both the blind and intact hemifield with a signal 

increase in the amygdala and fusiform gyrus. This latter activation in the fusiform gyrus 

suggests a modulatory influence of congruent and incongruent contextual information 

on expressions categorizing which already occurs in extrastriate visual regions. These 

findings are also corroborated by investigations which reported enhanced activations in 

the fusiform face area (Furey et al., 2006), or the amygdala (Vuilleumier et al., 2001), or 

an alteration of the functional connectivity between these structures (Vuilleumier et al., 

2004) during tasks which require to selectively attend to facial expressions during a 

simultaneous presentation of faces and other objects. By introducing distracting 

emotional information while maintaining the focus of attention on the color of a word in 

the emotional Stroop-task, Compton and colleagues (2003) reported a widely distributed 

almost left lateralized activation pattern in medial and lateral frontal, inferior parietal, 

superior and inferior temporal regions and right fusiform gyrus (BA19). Furthermore, in 

a face-word Stroop-like task with conflicting emotional information in both stimulus 

dimensions, Etkin and colleagues (2006) separated regions responsible for emotional 

conflict detection during valence judgments of facial expressions (medial and lateral 

frontal lobe, amygdala) from the rostral anterior cingulate cortex. The latter is supposed 

to resolve the emotional conflict by means of inhibiting amygdala activation. Similarly, 

Hariri and colleagues (2000) observed an attenuation of amygdala activation during 

higher order cognitive evaluation of facial expressions. Unfortunately, the functional 

analysis of Etkin and colleagues (2006) was restricted to frontal brain regions allowing 

no inferences to attentional control mechanisms in posterior brain regions. 

To summarize the functional evidence, there are different brain regions sensible to 

different aspects of emotional conflict processing. A possible processing cascade could 

start with an initial detection of conflicting information by the amygdala (Whalen, 

1999) as well as early visual areas (de Gelder et al., 2005) with subsequent signal 

enhancement in the fusiform face area supporting increased face processing 
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(Vuilleumier et al., 2004). Finally, different fronto-parietal systems should be involved 

in detecting and resolving conflicting response tendencies induced by an incongruence 

of facial expression and conflicting contextual information (Compton et al., 2003; Etkin 

et al., 2006). These regions should show enhanced activation to support an accurate but 

probably prolonged behavioral performance. 

1.2.3 Evidence from electrophysiological studies 

The fast decoding of facial expressions, as they especially convey emotional signals of 

danger or threat, is frequently supposed to be important for directing adaptive social and 

situational behavior (Carretie et al., 1995; Schupp et al., 2004; Williams et al., 2006). 

This prioritization in processing of facial affect compared to neutral expressions is 

indeed present during different temporal stages of processing. Negative expressions like 

fear and anger, for instance, modulate early ERP activity within 100-200ms 

poststimulus at frontal (Eimer & Holmes, 2002) and posterior scalp regions (Ashley et 

al., 2004; Caharel et al., 2005; Williams et al., 2006; Blau et al., 2007). Negative 

expressions also show an enhanced posterior negativity between 200-300ms known as 

»early posterior negativity« (EPN; see Schupp et al., 2004). Finally, a broad and 

virtually right-lateralized enhanced centro-parietal late activation typically evolving 

beyond 400ms poststimulus might reflect enhanced encoding of and engagement with 

negative compared to neutral expressions (»late positive potential« (LPP); see Schupp et 

al., 2004). Modulating effects of expressions of happiness on the other hand seem to be 

restricted to specific mid-latency stages beyond 200ms poststimulus located at temporo-

parietal (Williams et al., 2006) or midline scalp regions (Carretie et al., 1995). 

Face perception is usually accompanied by an increased amplitude of the N170 

compared to other objects (Bentin et al., 1996). The N170 is a prominent negative 

deflection at occipito-temporal electrodes peaking between 140-200ms and is supposed 

to reflect configural encoding of faces underlying subsequent face recognition (Bentin 

et al., 1996). Some studies found that the N170 is unaffected by emotional expressions 

(e.g., Eimer & Holmes, 2002; Eimer et al., 2003). Recent studies however reported that 

the N170 can indeed be modulated by task-relevant emotional facial expressions (Batty 

& Taylor, 2003; Ashley et al., 2004; Caharel et al., 2005; Blau et al., 2007). 



23 

Furthermore, intrusion of task-irrelevant emotional information from facial expressions 

during cognitive performance can also modulate the N170. During the emotional Stroop 

task subjects usually have to name the color of emotional and neutral words while 

ignoring word meaning. Examining social phobics and control subjects with an 

emotional Stroop-like task based on colored schematic facial expressions, Kolassa and 

colleagues (2007) found a modulation of the N170 in both groups of participants while 

naming the color of these expressions. This modulation of the N170 was most 

pronounced for angry faces followed by happy and neutral faces. 

More interestingly, Righart and de Gelder (2006) found a modulation of the N170 

amplitude by additionally introducing complex emotional background scenes during the 

presentation of fearful and neutral facial expressions. Highest amplitudes of the N170 

were found for fearful faces in a fearful context. Therefore, the amplitude of the N170 

might partly reflect the overall amount of fearful content or the fearful congruence of 

both the face and the context. Sprengelmeyer and Jentzsch (2006) have shown that the 

N170 amplitude increases when subjects are exposed to increasing intensities of 

emotional expressions. Leppänen and colleagues (2007) found an enhanced posterior 

negativity in a time window 190-290ms poststimulus for increasing levels of fear in 

facial expressions. Apart from modulatory effects on the N170, one study found even 

early modulatory effects on the visual P1. Meeren and colleagues (2005) presented 

fearful and neutral expressions within the contexts of emotional body postures. In this 

study, the P1 was sensitive to an emotional incongruence between facial affect and 

emotional body language. The occipital P1 component is usually associated with low-

level feature processing or spatially directed attention, specifically for spatial attention 

toward fearful faces (Pourtois et al., 2004). However, there is some evidence that the P1 

component can indeed be sensitive to emotions conveyed by facial expressions (Batty & 

Taylor, 2003; Eger et al., 2003). 

Besides these early modulatory effects of task-irrelevant emotional information on the 

experimentally relevant task there is additional evidence for modulatory effects on later 

ERP components. In an ERP study using auditory stimulation, Schirmer and Kotz 

(2003) found female listeners to show an enhanced N450 when judging the emotional 

valence of words spoken with a different emotional prosody. This N450 effect showed a 

broad centro-parietal distribution and was interpreted mainly as an effect of selective 

attentional control of task-irrelevant and incongruent emotional prosody during valence 

judgment of words. Though recent studies report rapid modulatory effects of 
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incongruence during emotional variants of the classical Stroop task (e.g. Thomas et al., 

2007), the N450 is the prototypical fronto-central component representing conflict 

control during Stroop-like tasks (Rebai et al., 1997; Liotti et al., 2000). This negativity 

is most likely generated in dorso-medial brain regions (Liotti et al., 2000; Markela-

Lerenc et al., 2004; Hanslmayr et al., 2008). 

Finally, evidence for contextual modulation of processing facial affect comes from 

priming studies. Priming the processing of happy and angry faces, Werheid and 

colleagues (2005) found an early priming effect on frontal amplitudes 100-200ms after 

the onset of the target face primed by a face of congruent emotion. This early priming 

effect was localized to inferior occipital and insular cortex. The authors also observed 

an enhancement of the LPP for targets preceded by a facial expression of a different 

emotion. Thus, the temporally preceding context has an impact on processing facial 

expressions as targets. In fact, if the preceding prime context is emotionally congruent 

to the subsequent target expression, processing resources are attenuated compared to an 

emotional incongruence of prime and target. 

1.3 Aims and scope of the present studies 

The strongest evidence for modulatory influences of contextual features during the 

processing of facial expressions comes from electrophysiological studies. Recent 

investigations of de Gelder and coworkers (Meeren et al., 2005; Righart & de Gelder, 

2006) have shown that introducing contextual features simultaneously to the 

presentation of facial expression has an impact on the categorization and the neuronal 

processing of these expressions (Meeren et al., 2005; de Gelder et al., 2005; Righart & 

de Gelder, 2006). Though these investigations do not totally disprove the processing 

priority of facial expression they rather add interesting evidence that even early (Meeren 

et al., 2005; Righart & de Gelder, 2006) and subcortical processing of facial expressions 

(de Gelder et al., 2005) is indeed affected by the presence of additional contextual 

features.

The experiments presented in this work build on this existing evidence for contextual 

influences during recognition of facial affect. An experimental design of fast valence 

classification of facial expressions will be introduced. Faces will be presented in simple 
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contexts which convey congruent as well as incongruent emotional information in 

relation to the task-relevant facial expressions (see Section 2.4). Specifically, these 

effects of emotional incongruence of context information during valence judgments of 

facial expressions were aimed to be investigated on a behavioral, functional and 

electrophysiological level to give further insights into context effects during processing 

of facial affect. First, instead of complex contextual features (Meeren et al., 2005; 

Righart & de Gelder, 2006), an experimental design is introduced which presents facial 

expressions in low-level and emotional associated backgrounds to investigate 

instantaneous emotional interference by contextual features. Second, apart from existing 

functional evidence of emotional conflict detection and resolution associated with 

frontal regions of conflict processing (Etkin et al., 2006) it was of specific interest to 

examine conflict modulation in posterior and especially extrastriate processing stages. 

Finally, apart from existing evidence on modulatory effects in early stages of face 

processing within 200ms poststimulus (Meeren et al., 2005; Righart & de Gelder, 2006) 

the attempt here was to extend the knowledge of the time course of emotional conflict 

sensitivity within later and more elaborated processing stages. 

Section II gives an overview of methods employed in these investigations and describes 

behavioral indices which are commonly used to score effects of interference processing. 

Furthermore, basic principles and study specific aspects of functional magnetic 

resonance imaging (fMRI) and of event-related potentials (ERP) are outlined. 

Section III describes a behavioral, a functional and an electrophysiological study. Each 

investigated effects of incongruence during processing facial expressions. Processing of 

emotional stimuli is known to covary with individual differences of subjects. Some 

intriguing differential effects concerning functional correlates of emotional interference 

processing are presented in Section 3.3. 

Section IV summarizes the entire experimental work with general conclusions on this 

topic, remarks limitations of the present results and gives an outlook for future work. 



Chap te r  I I  

Methods

Contextual modulation during processing of facial expression is assumed to be 

associated with different measures of interference on behavioral, functional and 

electrophysiological level. Each of these measures is indicative of different aspects of 

interference processing typically with each method providing its own essential 

advantages as well as undeniable disadvantages. Behavioral indicators provide a 

powerful tool for analyzing overt task-related behavior which is the final result of a 

cascade of processing steps which unfortunately cannot be exactly examined on 

behavioral level. The non-invasive methods of functional magnetic resonance imaging 

(fMRI) and measurements of event-related potential (ERP) in the electroencephalogram 

(EEG) can give insights in these processing cascades between perception and response 

on a brain physiological basis. FMRI has the advantage of high spatial but poor 

temporal resolution. Measurements of ERPs on the other hand come up with a reversed 

profile of high temporal resolution and poor spatial distinctiveness. Thus, using 

behavioral scores of interference as well as a combination of both fMRI and ERPs 

should be a valuable synergetic approach for investigating different processing 

properties of facial expressions under contextual modulation. 
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2.1 Behavioral indicators of emotional interference 

To overcome interference during cognitive processing enhanced cognitive control has to 

be recruited. This cognitive control is reflected by a cascade involving conflict 

detection, conflict resolution and re-adjusted response execution. This need to recruit 

increased cognitive resources is correlated with decrements in behavioral speed and 

performance accuracy. On a brain physiological level this response decrement is 

represented as increased activation in dorso-lateral prefrontal cortex (DLPFC) with 

successful interference resolution (e.g., Bunge et al., 2001). Delayed P3 latencies at 

parietal scalp regions are associated with increasing response latencies particularly for 

Flanker tasks (e.g., Gehring et al., 1992; Kopp et al., 1996) but not necessarily with 

Stroop-like conflict tasks (Ilan & Polich, 1999; Qiu et al., 2006). 

Performing tasks with selective attentional control involves focusing on specific task-

relevant and suppression of task-irrelevant information. Fronto-parietally guided 

regulation of information flow in visual areas (Miller & Cohen, 2001) is accomplished 

by the formation of an »attentional set« which is shaped by task instructions and 

predominantly represented in prefrontal regions (Banich et al., 2000). By this means, 

task performance is fairly good as long as task-irrelevant information is only slightly 

salient. Increasing the task-relevance (e.g., Milham et al., 2001, 2002), spatial proximity 

(e.g., Eriksen & Eriksen, 1974) or emotional content (e.g., Williams et al., 1996, 1997) 

of this task-irrelevant information, however, augments their impact on the processing of 

the task-relevant information and causes increased recruitment of cognitive control 

mechanisms.  

The effect of interference during stimulus processing is usually scored by comparing 

metrical measures like response latencies and performance accuracy for trials which do 

and trials which do not contain conflicting information. Significant increase in response 

latencies and performance decrements are indicators of interference which could have 

appeared during different levels of visual processing.

Subtracting overt performance scores for congruent trials from scores for incongruent 

trials gives a preliminary measure of task induced interference. Critically, decreased 

response latencies and error rates in congruent compared to incongruent trials might 

likewise be interpreted as an effect of facilitation. In this case, both the task-relevant 

and task-irrelevant stimulus dimensions contain the same congruent information which 

might be responsible for considerable response improvements in congruent trials. 



28

MacLeod (1991), however, suggested that facilitation effects within Stroop-like 

interference task are only of minor quantity compared to interference effects. In order to 

investigate effects of interference (increase of reaction latency and error rates for 

incongruent trials) and facilitation (decrease of reaction latency and error rates for 

congruent trials) usually an additional neutral condition is included in the experimental 

design. The neutral condition typically involves a task-irrelevant stimulus dimension 

which contains no task-relevant information but is matched for low-level stimulus 

properties compared to the remaining trials. The latter allows for the calculation of 

facilitation [ congruent < neutral ] and interference effects [ incongruent > neutral ] 

separately.

In the present behavioral study significant effects of interference during emotional face 

processing were aimed to be observed by statistically comparisons of incongruent and 

congruent trials irrespective of emotional expressions. More specifically, congruent and 

incongruent trials were compared in each emotional face category. Whereas the former 

calculation allows conclusions on general effects of interference during emotional face 

processing the latter calculation allows for inferences about differential effects 

depending on the valence of facial expressions. 

2.2 Functional magnetic resonance imaging (fMRI) 

Functional magnetic resonance imaging (fMRI) indirectly measures activity within 

specific brain regions by means of differential resonance properties of blood tissue. 

These resonance properties depend on specific levels of blood oxygen, the so-called 

»blood-oxygenation level dependent« (BOLD) effect (Bandettini et al., 1992; Frahm et 

al., 1992; Kwong et al., 1992; Ogawa et al., 1992). The BOLD effect is determined by 

transient changes in regional cerebral blood flow (rCBF), regional cerebral blood 

volume (rCBV) and the amount of oxygen extraction (rOEF) following neuronal 

activations. The hemodynamic response induced by neuronal activity is temporally 

described by cerebrovascular blood flow properties which are prototypically modeled 

by the Balloon (Buxton & Frank, 1997; Buxton et al., 1998) and Windkessel model 

(Mandeville et al., 1999). Both models provide basic principles for temporal basis 

functions which model the hemodynamic response function (HRF). These BOLD 
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impulse responses are typically used for statistically evaluating the BOLD effect within 

different kinds of goodness-of-fit (GOF) tests which compare the hemodynamic model 

against the empirical data. 

Because activations within the brain cannot be scored absolutely, the most common 

method is to compare activations between different task conditions. This method 

proposes that, apart from the effect of interest, both conditions contain the same 

processing properties. Cognitive subtraction should isolate the surplus cognitive process 

and should validly identify the corresponding brain region. However, this method 

implicitly denies any form of interactive effects between task conditions. This 

assumption of cognitive subtraction is called »pure insertion« (see Henson, 2007) and 

is, though commonly used, not unchallenged by some authors (e.g., Friston et al., 1996).  

In the following section general aspects of fMRI data acquisition and data analysis are 

described which were used in the fMRI experiment. Sections 3.2.2 and 3.3.2 provide 

study specific aspects of fMRI methodologies in more detail.  

2.2.1 Data acquisition 

Imaging data in the study of functional correlates of emotional interference effects 

during processing of facial expressions were obtained on a 3-T SIEMENS Magnetom 

Allegra® System (Siemens, Erlangen, Germany) using a T2*-weighted gradient echo-

planar imaging (EPI) sequence (44 contiguous axial slices aligned to the AC-PC plane, 

slice thickness 3mm, TR=2500ms, TE=30ms, FA=90°, 64x64 matrix, FOV 

192x192mm, interleaved acquisition), and using a manufacturer supplied circularly 

polarized head coil to measure changes in blood oxygenation level-dependent (BOLD) 

contrasts.

As will be described in Section 2.4 all experiments consisted of two experimental runs 

whereby the second experimental run was of primary interest. Therefore, method-

logical and statistical aspects are focused on the second part of the experiment. 804 

volumes in total were obtained resulting finally in 776 volumes for functional analysis. 

The first 28 volumes with task instructions and dummy trials were used to allow the 

magnetization to reach steady state and discarded from functional analysis. 
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After the two experimental runs a high resolution magnetization prepared rapid 

acquisition gradient echo (MPRAGE) T1-weighted sequence (160 contiguous slices, 

TR=2300s, TE=4.38ms, TI=900ms, FA=8°, FOV 296x296mm, in-plane resolution 

1x1mm, slice thickness 1mm) was obtained in sagittal orientation.

2.2.2 Data analysis 

Statistical parametric mapping software (»SPM«; Version SPM2 and SPM5, Welcome 

Department of Cognitive Neurology, London, UK) was used for preprocessing and 

statistical analysis of images. For estimating parameters in regions of interest (ROI) 

analyses the Marsbar toolbox (http://www.marsbar.sourceforge.net) was used if not 

otherwise stated. 

Functional images were first corrected for latency differences in slice acquisition to the 

first slice in each image (slice 2, interleaved acquisition), and after motion estimation 

realigned to the tenth image for each data set. Images were then normalized to the 

Montreal Neurological Institute (MNI) stereotactic EPI template using non-linear basis 

functions and resampled to a 2mm3 voxel size. Normalized images were spatially 

smoothed using an isotropic Gaussian kernel of FWHM 8mm3 in order to decrease 

differences in individual structural brain anatomy and to increase the signal-to-noise 

ratio. Each onset of stimulus presentation was modeled by a canonical hemodynamic 

response function (HRF) and its temporal derivative. Images were high-pass filtered 

(128s) to remove low-frequency signal drifts.

For the second experimental run seven experimental conditions were entered into a 

GLM as regressors. The two task conditions of »congruent trials« and »incongruent 

trials« were defined for each of the three emotional categories of facial expressions. 

Only trials with correct responses were included, that is, participants responded 

correctly with respect to the emotional valence of the displayed expressions and within 

a time window of 150-2000ms. One regressor was added for all erroneous, missed 

responses and dummy trials. Additionally, six motion correction parameters (resulting 

from the realignment procedure) as regressors of no interest were also included in the 

design matrix to minimize false positive activations due to task correlated motion (see 

Johnstone et al., 2006).
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For the first level fixed effects analysis contrasts were specified to examine effects of 

incongruence for each emotional category (i.e. [negative incongruent > negative 

congruent]). These contrasts were entered into a second level random effect analysis 

(P<.001, uncorrected, minimum cluster size threshold k=10).

2.3 Event-related potentials (ERP) in the electroencephalo-
gramm (EEG) 

Signal transfer within brain tissue is accomplished by synaptical signal transduction. 

Presynaptical neurons can induce either inhibitory (»inhibitory postsynaptic potential«, 

IPSP) or excitatory potentials (»excitatory postsynaptic potential«, EPSP) within the 

postsynaptic neuron. Cortical pyramid cells with perpendicular orientation to the 

cortical surface will come up with a relative negativity at apical dendrites within the 

cortical surface in the case of EPSP which indicates activation. In the case of IPSP, 

relative positivity indicates deactivation of brain tissue. Because of weak signal power 

signal transduction and postsynaptic activity cannot be measured at one single synapse 

with both the invasive electrocorticogram (ECoG) and the non-invasive electroence-

phalogram (EEG). On the other hand, synchronous mass activation within circum-

scribed brain regions evokes postsynaptic sum potentials with higher signal power 

which is now detectable with EEG. Because the EEG signal has no absolute zero point 

it has to be measured in reference to some other recorded signal, the so-called 

»reference«. Commonly, the reference is a signal recorded from one electrode (for 

example Cz), the average of two linked electrodes or the average of all signals detected 

at any electrode location (average reference). 

Event-related potentials (ERP) measure brain activity synchronized to repeated sensory 

stimulation or expectation of stimulation. Evoked potentials with circumscribed latency 

properties relative to stimulus onset as well as induced activation with a latency jitter 

relative to stimulus onset describe different measures of cortical activity with respect to 

sensory stimulation. Induced and evoked potentials are approximately ten times smaller 

than spontaneous activity in the EEG. Signal averaging over many trials separates 

event-related activation from background activity. With this averaging procedure signal 
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noise will drop out due to random and uncorrelated occurrence in relation to the external 

stimulation.  

2.3.1 Data acquisition 

In the present study of electrophysiological correlates of emotional interference, sixty-

four channel ERPs were recorded using Ag-AgCl electrodes mounted on an elastic cap 

according to the 10-10 system with a reference electrode on the nose tip (Nz). ERP 

signals were amplified by a REFA� multi-channel system (TMS International; 

www.tmsi.com) and digitized with a sampling rate of 512 Hz. Impedances were kept 

below 15kOhm. Horizontal and vertical electro-oculogramm (EOG) was recorded at the 

outer canthi of the eyes and both supra- and suborbital to the right eye to monitor eye 

blinks and movements. 

2.3.2 Data analysis 

BESA� software (Version 5.1.8.10, MEGIS Software, Munich, Germany) and Eeglab 

software (Version 6.01b, www.sccn.ucsd.edu/eeglab) were used to process ERP data 

offline. During offline processing of ERP data channels containing high-frequency and 

high-amplitude noise were defined as »bad«. ERP signal from these channels was 

reconstructed by spherical spline interpolation. Data sets containing more than three bad 

channels were discarded from further analyses. ERP signals were bandpass filtered 

offline (0.1-30Hz) and re-referenced to average reference. ERP data were averaged for 

each experimental condition within a stimulus-locked time epoch of 100ms prestimulus 

to 700ms poststimulus. ERP data were baseline corrected to the mean amplitude of the 

prestimulus interval. Only trials were included where participants responded correctly 

and where amplitudes were below 100�V at any channel. Artifact detection was done 

by careful visual inspection of the raw data. Epochs containing eye-movements, eye- 

blinks or muscular artifacts were rejected from further analyses. 
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Source estimation of underlying generator activity was done by an equivalent 

distributed linear inverse solution provided by the »standardized low-resolution brain 

electromagnetic tomography« software (sLORETA; Pascual-Marqui, 2002). sLORETA 

employs a 3-shell spherical head model registered to standardized stereotactic space 

(Talairach & Tournoux, 1988) and rendered to the Montreal Neurological Institute 

(MNI) template brain. This MNI template was subdivided into 6239 cortical grey matter 

voxels at 5mm resolution. To indicate underlying neural generator activity most likely 

responsible for the recorded scalp potential differences, sLORETA calculates the 

current density (A/m2) at every voxel each allocated by a dipolar source. sLORETA 

searches for the smoothest activity distribution without any apriori constraints on the 

amount of sources and respective locations.  

2.4 Experimental procedure: Study design and strategies of 
data analyses 

In this section the general experimental design will be introduced which was used in all 

of the experiments described in Section 3. Each of the experiments employed the same 

stimuli and the same general principle of two experimental runs described in Section 

2.4.2 (see below). Study specific variations of this general experimental procedure 

according to methodological requirements for each employed method are described in 

detail in the methods section of each experiment (see Section 3.1.2, 3.2.2, 3.3.2 and 

3.4.2).

2.4.1 Stimuli

The entire stimulus material was based on photographs of people showing fearful 

(negative), happy (positive) and neutral facial expressions and which were 

pictographically reduced to black-and-white colors (see Fig. 2.1). Only facial pictures 

were used which were classified for at least 50% in the appropriate emotional valence 

category in a four-alternative-forced-choice categorization in a previous evaluation 
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study including 73 participants (unpublished diploma thesis, Weitzel, 2006, University 

of Bremen). 

One part of the pictures of each face category was used for the first experimental run 

and the remaining pictures were shown in the second experimental run. Faces were 

combined with a background color for each emotional category (see Fig. 2.1). 

Background colors were used which already have a specific association or »color 

emotion« in order to facilitate the process of implicit association learning (e.g., Ou et 

al., 2004). »Color emotion« thereby refers to qualitative aspects of colors which 

resemble the arousal and valence properties of basic emotions. For example, the red 

background color which was simultaneously presented with negative facial expressions 

(fear) is described as color with high »color activity« and »color heat« (high arousal) as 

well as high »color weight« (negative valence). Yet, at no time of each experiment 

participants were told that the background color has any relevance for performing the 

experiment. 

The stimuli were projected either on a computer screen in the behavioral and EEG 

experiment or in the fMRI experiment via a JVC video projector onto a projection 

screen positioned at the rear end of the scanner. All stimulus presentations were done 

using Presentation®-Software (Neurobehavioral Systems; https://nbs.neuro-bs.com). In 

the first run pictures were presented slightly above the middle of the screen and the 

scales for judging the emotional expression were presented beneath the pictures. In the 

second experimental run pictures were presented in the center of the screen.

2.4.2 Trials and sequence 

Pictures in the first experimental run were presented in a pseudo-randomized order with 

blocks of one specific emotional valence. Subjects had to rate each picture with regard 

to intensity (arousal) of the depicted emotional expression and, thereafter, with regard 

to the emotional valence. Subjects could take their own time for the two ratings but 

were encouraged to perform quickly and intuitively without too much deliberation. The 

aim of the first run was to associate background colors with the emotional valence of 

facial expressions to form an incidentally learned emotion-color-schema. 
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Figure 2.1. Temporal cycle of the trial sequence in the second experimental run used in the behavioral 
and fMRI investigations. Each picture was presented for 1400ms with an inter-stimulus interval (ISI) of 
3600ms (± 200 ms). Subjects had to categorize the facial expression in one of three emotional categories 
using the index (negative), middle (neutral) or ring finger (positive) of their right hand. The ERP 
experiment used a slight variation of this trial sequence (see Section 3.4.2). Additionally, examples of the 
face-color-combinations are depicted which were introduced in the first experimental run. 

In the second experimental run a new set of face pictures was introduced. A part of the 

trials displayed the same emotion-color-combination as in the first experimental run 

(congruent trials). In another part, background colors were changed in relation to the 

formerly learned face-color-schema, thus resulting in a different emotion-color-

combination (incongruent trials). Participants were asked to make a fast, but still 

accurate forced-choice-reaction for each presented face with regard to the expressed 

valence of facial expression thereby denying any information of the colored 

background. Pictures were always presented in randomized order with two constraints:

 (1) each block started with a specific amount of congruent trials without presenting 

any incongruent trials, and (2), each congruent trial following an incongruent one did 

not present a face with an emotional valence equal to the unattended background color 

of the preceding incongruent trial in order to avoid confounding effects of negative 

priming (e.g., Tipper, 1985).  

2.5 Data protection, data security and legal framework 

All experimental setups reported in Section 3. were designed in line with ethic 

guidelines of the University of Bremen and according to the declaration of Helsinki 

(2004). In each experiment participants were informed about data protection and data 

security of all experimental and personal data belonging to the participant. Furthermore, 

participants were informed about general and specific risks of the experimental 
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equipment used during functional magnetic resonance imaging (fMRI; see Appendix 

A11, p. 158) and electrophysiological recordings of the electroencephalogram (EEG; 

see Appendix A12, p. 160). According to this information and their right to quit the 

experiment during the entire course of the examination participants gave written and 

informed consent for their participation prior to the beginning of the experiments (see 

Appendix A10, p. 157). All empirical studies were approved by the ethics committee of 

the University of Bremen. 
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Empirical studies 
 

 

 

 

In the following section empirical results of three different experimental setups will 

be presented. These studies were designed to investigate behavioral, functional and 

electrophysiological correlates of contextual distraction and interference resolution 

during fast valence categorizations of emotional facial expressions. Each study 

follows the general experimental procedure described in the former Section 2.4 but 

contains study specific adjustments of the experimental design owed to the specific 

methods employed.  

First, results are presented of a behavioral study examining behavioral interference 

effects during emotional face processing (Section 3.1). Functional correlates of 

emotional interference resolution during face perception are described in the 

following two sections. Recent studies have actually shown that functional correlates 

of emotional processing apparently depend on personality characteristics of 

examined subjects (for a review see Hamann & Canli, 2004). Therefore, the 

following two sections describe general functional correlates of emotional 

interference (3.2.) as well as individual differences in contextual interference 

resolution (3.3). Finally, insights in the time course of emotional interference 

processing during face perception are reported in the last section with some 

discussion on the temporal locus of interference detection and resolution (Section 

3.4). 
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3.1 Conflicting contextual features disturb fast valence 
judgments of facial affect 

3.1.1 Introduction 

The present study examined the behavioral impact of background colors during 

emotional face processing. This strategy of using a low-level contextual stimulus 

feature was based on the hypothesis that quite often human beings are unable to 

clearly categorize the quality of emotional situations in terms of a cognitive 

evaluation though humans can be sensitive to the emotional atmosphere of a situation 

on a pre-cognitive affective level. It could be proposed that the low-level processing 

character of emotionally associated background colors might resemble the 

instantaneous impact of emotional situations in everyday life. 

Some investigations used lexical material to interfere the simultaneous processing of 

facial expressions (Anes & Kruer, 2004; Etkin et al., 2006). However, there is some 

discussion about the temporal dynamics of emotional word processing ranging from 

early (around 100 ms; Fehr et al., 2006) to modulations of the late P300 and later 

ERP-components (Vanderploeg et al., 1987; Cacioppo et al., 1993). Furthermore, 

there is evidence that the evaluative judgment of pictures is often unaffected by 

simultaneous presented words (De Houwer & Hermans, 1994; Costa et al., 2003). 

Thus, in the present study facial expressions were combined with different 

background colors which were associated with specific emotional valences during a 

first experimental run. 

It can be assumed that the emotional content of the emotionally associated colors 

might be processed instantaneously quite similar to the rapid valence processing of 

facial expressions (Eimer & Holmes, 2007). This might shift both the latency of the 

emotional conflict and the locus of selective attentional control to earlier processing 

stages. Though there is no empirical evidence for the time course of the processing of 

emotional color information, there are reports for processing latencies of about 70-

80ms poststimulus in extrastriate cortical area V4, a region which is, amongst others, 

supposed to process color information (Robinson & Rugg, 1988; Gegenfurtner, 

2003). Additionally, semantic information of a background context can be extracted 

within 80ms (Davenport & Potter, 2004) and was shown to interfere immediately 

with ongoing task performances (Mathis, 2002). 
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In the present study it was expected that the rapid recognition of emotional conflicts 

during the perception of facial expressions in environments of emotional associated 

colors will cause interference effects on participants’ response latencies and 

performance during a fast valence evaluation of emotional facial expressions. 

Different facial expression have been shown to imply significant processing 

differences on behavioral (Hietanen et al., 2006), functional (Phan et al., 2002), and 

electrophysiological level (Esslen et al., 2004). Thus, differential effects of 

interference depending on the valence of the task-relevant facial expression were a 

second target of the present study. 

 

 

 

3.1.2 Materials and methods 

3.1.2.1 Participants 

Twenty female volunteers (mean age 26.3 years, SD 6.04 years, range 20-42 years) 

participated in the study. Participants gave written and informed consent for their 

participation. The majority of participants were undergraduate students of the 

University of Bremen who received course credits for their participation. All 

participants were right-handed (assessed by a modified version of the Edinburgh 

Handedness Questionnaire; Oldfield, 1971), with normal or corrected to normal 

visual acuity, normal color vision (assessed by the Ishihara color-tables; Ishihara, 

1974) and with no history of neurological and psychiatric diseases.  

 

 

3.1.2.2 Stimuli and experimental procedure 

a. Stimuli. General properties of the facial stimuli used in all of the experiments were 

already described in Section 2.4.1. The specific set of stimuli used in the present 

behavioral study consisted of 198 pictures displaying emotional or neutral facial 

expressions (33 female and 33 male, for each the negative, neutral and positive 

category respectively). Twenty facial expressions of each emotional category were 

used for the first and 46 pictures served both for congruent and incongruent trials in 

the second experimental run. Stimuli were displayed on a 19’’-TFT LCD screen 

using Presentation®-Software (Neurobehavioral Systems; https://nbs.neuro-bs.com). 
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Participants were seated approximately 55 cm in front of the screen in a darkened 

room. Pictures comprised horizontally 14° and vertically 15° of the visual angle.  

b. Experimental procedure. Twenty facial expressions of each the negative, neutral 

and positive emotional category were presented twice during the first experimental 

run. Thus, participants completed 120 trials (2 repetitions x 3 emotional categories x 

20 pictures) during the first run. Pictures were presented in blocks of 10 pictures of 

the same emotional category in a fixed pseudo-randomized order. Participants were 

asked to rate each emotional face with regard to the emotional intensity (buttons 

»1«= low arousal to »7«= high arousal on the keyboard number pad) and with regard 

to the emotional valence (cursor buttons: »left« for negative, »above« for neutral and 

»right« for positive). After the arousal and category rating for each picture a fixation 

cross (1°x1°) was presented in the middle of the screen for 1000 +/-100ms. The aim 

of the first experimental run was to emotionally associate the background colors with 

the specific emotional valence of the paired emotional faces.  

During the second experimental run participants were asked to classify the facial 

expressions as fast as possible with regard to the emotional valence in a three 

alternative forced-choice-reaction as negative (index finger; cursor button »left«), 

neutral (middle finger; keyboard cursor button »downward«) or positive (ring finger; 

keyboard cursor button »right«). Each stimulus was presented for 1400ms, followed 

by a fixation cross (3600 +/-200ms). All participants performed nine practice trials to 

accommodate to the task. Thereafter, two blocks of 90 trials were presented. Each 

 

 

 
Table 3.1. Arousal ratings and percent error rates of facial expressions in 
the first experimental run. Values in brackets indicate standard deviations 
(SD). 

 

 
                       facial expression 

negative neutral positive 

arousala   4.95  (0.94)   2.10  (0.78) 4.58  (1.04) 

percent errorb 20.50  (2.41) 25.88  (3.00) 5.50  (1.60) 

 
a Participants had to judge the intensity of each facial expression on a 
seven-point-scale from »1« (minimum intensity) to »7« (maximum 
intensity).  
b according to a previous evaluation study (Weitzel, 2006). 
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block started with 12 congruent trials showing face-color-compounds equal to the 

first experimental run. The remaining 78 trials were presented in a pseudo-

randomized order and included 21 incongruent (different face-color combinations as 

in the first run) and 57 congruent trials (same face-color combinations as in the first 

run). 

 

 

 

3.1.3  Results 

 

Table 3.1 shows the results of the first experimental run. One-way repeated measure 

ANOVAs revealed significant differences in arousal ratings (F(2,38)=104.84, P< .001) 

and percent error rates of misclassifying emotional expressions (F(1.5,28.0)=17.084, 

P<.001, Greenhouse-Geisser (GG) � corrected) when comparing scores for negative, 

neutral and positive facial expressions. Paired t-tests showed that negative 

(t(19)=13.25, P<.001) and positive facial expressions (t(19)=14.32, P<.001) differed 

significantly in arousal ratings when compared to neutral faces. Error rates of neutral 

(t(19)=7.52, P<.001) and negative expressions (t(19)=4.47, P<.001) were significantly 

lower compared to positive emotional faces but no significant difference was found 

between negative and neutral faces (t(19)=-1.19, P=.250). 

Figure 3.1 shows error rates (b) and response times (a) from the second run. 

Behavioral data were entered into 3x2 repeated measure ANOVAs with the factors 

emotion (3 levels: negative, neutral, positive) and congruence (2 levels: congruent 

trials, incongruent trials). Furthermore, congruent and incongruent trials for each 

emotional category were compared using paired t-tests. 

a. Response times. Only trials were included in the statistical analyses in which facial 

expressions were correctly classified. Trials containing reaction times faster than 

200ms and slower than 2000ms were defined as »misses« and discarded from further 

analyses. The ANOVA revealed significant main effects for the factors emotion 

(F(2,38)=13.92, P<.001) and congruence (F(1,19)=16.17, P<.001). There was no 

significant emotion x congruence interaction (F(2,38)=2.60, P=.087). Bonferroni 

adjusted post-hoc comparisons showed that reaction times for positive facial expres- 
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Figure 3.1. (a) Reaction times and (b) percent error rates for congruent and incongruent trials in each 
emotional face category. Error bars indicate the standard deviation (SD). Emotional face pictures were 
a priori defined as negative, neutral or positive according to the data of a preceding evaluation study 
(Weitzel, 2006). Thus, »error« means wrong classification according to this apriori assignment. 
Asterisks indicate a significant difference between congruent and incongruent trials within a category 
of facial expressions: * P<.05, ** P<.01. 
 

 

sions (787ms, SD 107) were significantly faster when compared to negative (851ms, 

SD 141; P=.003) or neutral expressions (904ms, SD 144; P<.001). No significant 

difference was found between neutral and negative faces (P=.180). Incongruent trials 

(877ms, SD 118) showed significantly increased response times compared to 

congruent trials (818ms, SD 128; P=.001). This effect of interference was also 

confirmed when comparing congruent and incongruent trials for each emotional 

category separately. Paired t-test revealed significantly increased response times for 

incongruent trials for each the negative (congruent: 829ms (SD 140), incongruent: 

874ms (SD 152); t(19)=-2.76, P=.013), neutral (congruent: 878ms, SD 164, 

incongruent: 930ms (SD 133); t(19)=-3.08, P=.006) and positive facial expressions 

(congruent: 747ms (SD 109), incongruent: 828ms (SD 123); t(19)=-4.18, P=.001).  

b. Accuracy data. The ANOVA revealed a significant main effect for emotion 

(F(1.5,27.7)=10.77, P=.001, GG corrected) and a significant emotion x congruence 

interaction (F(1.3,25.3)=13.86, P<.001, GG corrected). The interaction effect was 

explained by a lower error rate for negative incongruent compared to congruent trials 

and by an increased error rate for neutral incongruent compared to the congruent 

trials. There was no significant main effect for the factor congruence (F(1,19)=2.75, 

P=.114). Bonferroni adjusted post-hoc comparisons revealed significantly increased 

error rates for neutral faces (17.23%, SD 15.08) compared to negative (7.00%, SD 

7.05; P=.016) and positive faces (3.36%, SD 3.44; P=.008). Error rates of negative 

and positive faces did not differ significantly (P=.785). Incongruent trials (9.88%, 
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SD 5.94) failed to show a significantly (P=.114) increased error rate compared to 

congruent trials (8.51%, SD 6.37).  

For the neutral expressions paired t-test revealed significantly increased error rates 

for incongruent (22.50%, SD 17.84) compared to congruent trials (11.95%, SD 

14.27; t(19)=-4.43, P<.001). Incongruent trials with positive expressions (3.57%, SD 

3.66) showed no significant difference from positive congruent trials (3.15%, SD 

4.49; t(19)=-0.95, P=.354), whereas incongruent trials with negative expressions 

(3.57%, SD 4.91) revealed lower error rates than congruent trials (10.43%, SD 11.94; 

t(19)=2.22, P=.038).  

In summary, incongruent trials revealed significantly increased response times, but 

additionally, emotional categories showed differential effects. The largest difference 

between congruent and incongruent trials was found for positive expression, 

followed by neutral and negative expression. Furthermore, incongruent trials with 

neutral expressions showed pronounced lower response accuracy compared to 

congruent trials as indicated by an interaction effect for incongruent trials with 

neutral expressions. For incongruent trials with negative expressions a dissociation of 

interference effects was indicated both by a significant increase of response time and 

accuracy. 

3.1.4  Discussion 

This behavioral experimental design was introduced to test whether a background 

color can induce conflicts in a fast evaluation task of facial expressions. Therefore, in 

a first experimental run different emotional facial expressions were systematically 

combined with a background color to induce an incidental association between facial 

expressions and colors. In a second run, participants were asked to classify the 

valence of displayed faces with neutral, positive or negative expression. Faces were 

presented with a background color that either matched the formerly learned 

expression-color association or not. Incongruent trials during the second 

experimental run induced interference effects indicated by a significant increase in 

response times for incongruent trials and a substantial decrement in response 

accuracy for neutral incongruent trials.  
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3.1.4.1  Dissociation of incongruent trials with negative expression 

The dissociation of increased response time and accuracy for incongruent compared 

to congruent trials with negative expressions might be explained by several 

assumptions. Some studies which examined interference processing in an emotional 

context report an inverse trade-off between response latencies and response accuracy 

(e.g. Compton et al., 2000; Anes & Kruer, 2004). This dissociation usually occurred 

in comparisons between emotional categories. So far, this effect has not been 

demonstrated for the comparison between congruent and incongruent trials within an 

emotional category but might be explained by processing properties of negative 

expressions. 

Negative emotional stimuli can actually be detected faster in an incongruent 

emotional environment (Fox et al., 2000; Öhman et al., 2001). Negative expressions 

can capture attention and consequently make it difficult to disengage and redirect 

feature-based (Stenberg et al., 1998) and spatial attention (Georgiou et al., 2005) to 

other stimulus features and spatial locations.  

Thus, negative expressions presented in a deviant emotional context could cause 

higher response accuracy because of a higher detectability of the stimuli in 

incongruent emotional contexts. Concurrently, contextual modulation during 

processing of negative expressions might increase response latencies because 

contextual information might affect the automatic attentional capture of negative 

expressions when presented solely.  

Finally, response accuracy for negative emotional faces in congruent (89.57%) and 

incongruent trials (96.43%) was very high and thus, differences in error rates might 

partly be explained by a general inattentiveness in terms of a »global selective 

attention failure« (see Sabri et al., 2001). 

 

 

3.1.4.2 Differential effects of interference depending on the valence of facial 
expressions 

The present study revealed differential interference effects during the processing of 

negative, neutral, and positive expressions. These differential effects may be 

discussed within four perspectives which in fact might dynamically act together 

during interference processing and resolution. 

a. Attentional processing demands of emotional expressions. Many investigations of 

emotional interference processing revealed larger interference effects for negative 
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compared to positive stimuli (see Williams et al., 1997). Nevertheless, positive and 

particularly need-related stimuli can also induce interference effects (Rieman & 

McNally, 1995; Fehr et al., 2006). This data seem to be contradictory to the present 

results showing strongest interference effects with positive expressions. But in the 

present task the emotionally associated features (background color) of the included 

stimuli were task-irrelevant. Thus, negative associated background colors as a task-

irrelevant stimulus dimension may have caused reliable interference effects when 

simultaneously presented during the valence categorization of positive expressions. 

This assumption is in line with recent studies reporting an attentional bias for 

negative emotional stimuli (Fox et al., 2000, 2002; Eastwood et al., 2003; Georgiou 

et al., 2005) which might disrupt the processing of task-relevant positive expressions. 

Negative emotional stimuli can capture and narrow the attentional focus (e.g., 

Vuilleumier & Schwartz, 2001; Fox et al., 2002; Fenske & Eastwood, 2003; 

Georgiou et al., 2005). Though most of the above mentioned studies mainly focus on 

spatial attention, these findings might also relate to the present study which included 

non-spatial selective attention. Similar attentional processes as proposed for the 

spatial domain might also underlie selective attention in a non-spatial semantic 

domain. In the present experimental design, this effect might result in a decreased 

distractibility of negative expressions which capture, narrow and hold attention and 

therefore attenuate the interfering impact of background colors.  

Several studies reported a reduction or even a failure to find interference effects with 

positive stimuli or by inducing positive mood (e.g., Kazen & Kuhl, 2005). However, 

several other researchers claim that positive mood would facilitate executive 

functioning (Ashby et al., 1999; Isen, 2000) such as cognitive flexibility (Compton et 

al., 2004) or divergent fluency (Phillips et al., 2002; Dreisbach & Goschke, 2004). 

The processing of positive expressions may therefore induce an increased 

distractibility due to a greater flexibility for alternative interpretations of these 

expressions. This assumption is supported by functional MRI studies examining 

attentional interference regulation (e.g., Milham et al., 2003; Mohanty et al., 2005). 

These studies showed that positive stimuli activated similar left fronto-lateral and 

medial regions usually thought to be involved in the processing of executive 

functions (see Davidson, 2004; Phan et al., 2002). Thus, a larger interference effect 

triggered by positive facial stimuli might be reflected in similar brain activations for 

both positive emotions and interference regulation. This argument is corroborated by 
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data which give evidence for a close correlation of both processes (Herrington et al., 

2005). Interestingly, these interference effects - as reflected in response time 

differences for incongruent trials and congruent trials - of positive expressions are 

strongly related to interference effects of negative (r=.62, P=.003) and neutral 

expressions (r=.61, P=.004). Thus, the interference effects with positive expressions 

might be a behavioral marker for a general distractibility during emotional 

processing.  

Despite a remarkable progress in the neuroscience of face recognition, little is known 

about the processing of neutral expressions in comparison to the perception of facial 

affect. Carrera-Levillain and Fernandez-Dols (1994) reported an association between 

emotional-semantic context information and the misattribution of emotional content 

to neutral expressions. This association highlights the importance of contextual 

emotional information during the processing of neutral expressions which bias their 

interpretation towards emotional meanings. In the present study, this bias is 

particularly indicated by an interactive effect of misclassifications of neutral 

expression during processing of incongruent trials.  

b. Inherent perceptual demands of emotional expressions. There is an ongoing debate 

between concepts suggesting holistic processing of facial stimuli and particularly of 

facial affect (Fallshore & Bartholow, 2003; Calder et al., 2000) and concepts 

suggesting feature-based processing during face recognition (Cottrell et al., 2001). 

Actually there seems to be an interaction between both processes during face 

recognition (Sagiv & Bentin, 2001). This interaction might also be modulated by the 

valence of facial expressions and might finally depend on contextual features which 

putatively introduce some interpretational ambiguity.  

Unlike the processing of positive expressions which have been shown to be 

categorized fast and accurate (Leppänen & Hietanen, 2004) and which involve only 

brief visual scan paths, the processing of negative expression involves prolonged 

scan paths with recurrent feature processing (Green et al., 2003). Neutral expressions 

involve the typical triangular scanning of the eye, nose and mouth region (Groner et 

al., 1984). This serial-allocative processing of distinct facial features of negative and 

neutral expressions during trials of contextual distraction might involve increased 

cognitive processing load induced by more vigilant scanning. Lavie (2005) 

repeatedly has shown a general relationship between high cognitive processing load 

and increased distractibility. Increased processing demands of negative and neutral 
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facial expressions under contextual distraction conditions might therefore explain 

increased effects of interference. 

In the present study the strongest interference effects as indicated by response time 

differences between incongruent and congruent trials were found for positive facial 

expressions. This should induce only modest interference effects because of their 

effective perceptual processing. Obviously, response time differences between 

congruent and incongruent trials with positive expressions might not only reflect an 

effect of interference. Instead, there might be a facilitation effect indicated by a 

decrease in response times for congruent compared to incongruent trials. During 

positive congruent trials the emotional congruent background color might 

additionally facilitate the efficient processing of positive expressions. This line of 

argumentation is additionally corroborated by the present data showing that 

congruent trials with positive expression (747ms, SD 109) compared to congruent 

trials with negative expression (829ms, SD 140) showed significant faster reaction 

times (t(19)=5.17, P<.001). However, incongruent trials with positive expression did 

not differ in response latency (828ms, SD 123; t(19)<1) when compared to congruent 

trials with negative expression. In other words, if we take response latencies for 

congruent trials with negative expressions as criterion than faster response latencies 

for congruent trials with positive expressions point to an facilitatory effect of 

congruence because the missing increase in response latencies for incongruent trials 

is not indicative of any interference effects.  

c. The emotional impact of the task-irrelevant background color. The central scope 

of the present study was to incidentally associate background colors with a specific 

emotional valence (for similar procedures see e.g., D´Argembeau & Van der Linden, 

2004; Blanchette & Richards, 2004; Richards & Blanchette, 2004). Negative 

emotional expressions – associated with red color – revealed the highest arousal 

ratings which additionally might facilitate the emotional association of the red color. 

If it is furthermore assumed that the process of association of negative valences is a 

fast and intense learning process (see LeDoux, 1996), the negatively associated red 

background color should have gained a strong negative emotional connotation. The 

red background color might subsequently have caused stronger interference effects 

and emotional conflicts in the second experimental run when simultaneously 

presented with positive expressions, for example. The opposite might have been the 

case for the yellow background color. Since positive expressions (associated with 
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yellow background color during the first run) were rated less arousing the yellow 

background color is expected to cause less distractibility. This fact may also explain 

the smaller interference effect obtained for negative expressions which were 

simultaneously presented with the yellow background color.  

d. Time course of processing different emotional expressions. In an ERP study, 

Carretié and colleagues (2004) examined the time course of processing negative, 

neutral and positive emotional stimuli and the modulation of visual ERP 

components. Negative emotional stimuli appeared to affect early extrastriate visual 

processing stages, whereas neutral and positive emotional stimuli modulate later 

stages of cortical processing (see also Williams et al., 2004). With regard to this time 

course differences, the fast processing of negative emotional faces seems to be 

relatively unaffected by the later processing of neutral or positive associated 

background colors. Respectively, neutral and positive emotional faces might show 

increased levels of interference due to temporally faster attentional impacts of 

negative red background color.  

 

 

3.1.4.3 Limitations of the present study and final remarks 

In the present study only female participants were examined. MacLeod (1991) 

pointed out that there have been no massive differences in performance of male and 

female participants in Stroop-like interference tasks. Nevertheless, contextual aspects 

might be processed fundamentally different in male and female subjects during 

emotional interference paradigms. Schirmer and Kotz (2003) reported decreased 

response latencies for female participants in a lexical-prosodic Stroop experiment. 

They concluded that task-irrelevant emotional information may interfere with word 

evaluation in an early stage of processing in female subjects. In contrast, male 

participants showed less intensive interference effects which actually appeared later 

in the processing stream (Schirmer et al., 2005). Thus, the results of our study may 

not be conferred to male populations.  

So far, increased response times and decreased accuracy were discussed as effects of 

interference caused by emotionally conflicting face-color compounds. As already 

mentioned in the discussion of interference effects in positive facial expressions, 

decreased response times and error rates in congruent compared to incongruent trials 

might likewise be interpreted as an effect of facilitation. This facilitation effect might 
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depend on the emotional congruence of facial expressions and background colors. 

MacLeod (1991), however, suggested that facilitation effects are only of minor 

quantity compared to interference effects (see Section 2.1).  

To summarize, the present results revealed a fast modulation of processing emotional 

expression by introducing a second stimulus dimension that contains an emotional 

association and thus may interfere and sometimes facilitate the process of evaluating 

facial expressions. The following studies including spatio-temporal examination 

techniques of brain functions were conducted to disclose temporal and functional 

foundations related to interference resolution induced by contextual background 

colors.  
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3.2 Brain regions responsible for conflict resolution depend 
on the valence of facial affect 

3.2.1 Introduction 

Generally, a top-down attentional network in frontal and parietal regions regulates 

visual information flow to promote the processing of task-relevant stimulus features 

(Miller, 2000; Serences et al., 2005). However, apart from this general executive 

network task-relevant and task-irrelevant stimulus features already compete for 

processing priorities in early visual processing regions (Desimone & Duncan, 1995). 

The present experimental design presumably taps both mechanism of selective 

attentional control. The emotional associated background colors were assumed to 

induce substantial interference effects which even might bias competition in early 

visual processing stages. 

Based on this experimental framework two hypotheses were examined. The first, 

referred to as »local« hypothesis, is based on electrophysiological studies showing 

contextual influences on emotional face processing in extrastriate regions. On the one 

hand, there is evidence for selective attentional processes which are already 

implemented in extrastriate visual processing stages and which modulate the 

promotion of task-relevant (face) in spite of task-irrelevant (color) stimulus properties 

(Desimone & Duncan, 1995). Thus, distraction from emotional face processing 

should be associated with BOLD-signal contrasts reflecting modulating processes in 

extrastriate regions. Secondly, according to the assumption of a whole brain network, 

two further systems could be considered for regulating attentional control: (1) a 

fronto-parietal network should be involved in different aspects of top-down 

attentional control by focusing or shifting selective attention to the task-relevant facial 

expression or inhibiting the processing of the task-irrelevant color information 

(Banich et al., 2000; Behrmann et al., 2004). Furthermore, (2) ventral brain regions 

like the amygdala or the ventromedial prefrontal cortex (VMPFC) should detect 

salient events by means of signifying the valence of incoming information (e.g., 

Vuilleumier et al., 2004; Carretié et al., 2005). Depending on inherent processing 

demands associated with emotional and neutral facial expressions a differential 

activation pattern comprising both a local visual and a distributed attentional system 

could be expected (e.g., Williams et al., 2001; Green et al., 2003; Leppänen & 

Hietanen, 2004). 
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3.2.2  Materials and methods 

 

3.2.2.1  Participants 

Twenty-three healthy female students recruited from Bremen University campus 

participated in this study. All subjects were right-handed (examined according to 

Oldfield, 1971), had normal or corrected to normal vision and normal color vision 

(examined with Ishihara color-tables; Ishihara, 1974). Only subjects with no 

neurologic or psychiatric history were investigated. Three subjects had to be 

discarded from further analysis because of technical problems or error rates above 

chance resulting in finally 20 subjects (mean age 22.7, SD 2.25, range 20-29), which 

were included in the analysis of behavioral and imaging data. 

 

 

3.2.2.2.  Stimuli and experimental task 

a. Stimuli. In this fMRI experiment 105 emotional expressions (53 female, 52 male) 

for each the negative, neutral and positive emotional face category were introduced. 

Fifteen pictures of each face category were used for the first experimental run and 90 

pictures were used in the second experimental run. The stimuli were projected via a 

JVC video projector onto a projection screen positioned at the rear end of the scanner 

using Presentation®-Software (Neurobehavioral Systems; https://nbs.neuro-bs.com) 

with a viewing distance of about 42 cm. Pictures subtended horizontal and vertically 

15.6° of the visual angle. In the first run pictures were presented slightly above the 

middle of the screen and the scales for judging the emotional expression were 

presented beneath the pictures (1.5° distance, font »Arial« on black background, 

horizontal 19.3° and vertical 1.1°). In the second experimental run pictures were 

presented in the center of the screen.  

b. Trials and sequence. Pictures in the first experimental run were presented in a 

pseudo-randomized order with blocks of 7-8 pictures of one specific emotional 

valence. Fifteen pictures were used for each of the three emotional categories. Each 

trial started with a picture displayed for 2000ms. Subjects had to rate each picture 

with regard to intensity (arousal) of the depicted emotional expression (a scale with 

»strong«, »middle«, »weak« appeared underneath the face with each icon assigned to 

a response button on a three-button-mouse) and, thereafter, with regard to the 

emotional valence (scale »negative«, »neutral«, »positive«). Each scale disappeared 



 
 

52 

after 5000ms or after button press. During an ISI of 4000ms (+/- 200ms) between 

trials a fixation point (0.4x0.4°) was displayed. Following 45 pictures a short 30s 

break was introduced. Thereafter, all 45 pictures were presented a second time but in 

a different order to reinforce the emotional association of the background colors. 

Subjects could take their own time for the two ratings but were encouraged to 

perform quickly and intuitively without too much deliberation. The aim of the first 

run was to associate the background color with the emotional valence of the facial 

expression. 

For the second experimental run 90 pictures were used of each emotional category. 

In 90 trials the same emotion-color-combination were used as in the first 

experimental run (congruent trials). In 30 trials the background color was changed 

(15 pictures per each of the two remaining background color), thus resulting in a 

different emotion-color-combination (incongruent trials). There were at least 82 trials 

between the repetition of the same face included in a congruent and an incongruent 

trial thus preventing from any memory or face identity related effects. 

The second run started with nine practice trials to allow accommodation to the new 

task condition. Participants were asked to make a fast, but still accurate forced-

choice-reaction for each presented face with regard to its expressed emotional 

valence (right hand with a three-button-mouse: »negative« - index finger, »neutral« - 

middle finger and »positive« – ring finger). This run consisted of two blocks with 

180 trials each resulting in 360 trials in total. Each picture was presented for 1400ms 

with an ISI of 3600ms (+/- 200ms). Pictures were presented in a randomized order 

with two constraints: (1) each block started with 12 congruent trials without 

presenting any incongruent trials to further allow the participants to accommodate to 

the task, and (2), each congruent trial following an incongruent one did not present a 

face with an emotional valence equal to the unattended background color of the 

preceding incongruent trial in order to avoid confounding effects of negative priming 

(Tipper, 1985).  

 

 

3.2.2.3  Statistical analysis 

General aspects of the statistical analysis were already described in Section 2.2. In 

addition to the simple contrasts comparing incongruent and congruent trials within 

each emotional category regions of distinct activations for each incongruent 
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condition in each emotional category were tried to find. Therefore an interaction 

analysis was performed (P<.001, uncorrected, k=10) by a subtraction contrast 

comparing the simple contrast of incongruence of one emotional category with the 

simple contrasts of the two remaining emotional categories. An additional 

conjunction analysis (intermediate null hypothesis, P<.001, uncorrected, k=10) 

revealed regions of conjoined activation for the incongruence contrasts in each 

emotional category (see Friston et al., 2005; Nichols et al., 2005).  

Additionally, regions of interest (ROI) analyses were performed for two purposes. 

First, regions of significant activation in the conjunction analysis were reentered on 

first level as functional ROI clusters to extract percent signal change for each subject. 

This analysis aimed at confirming significant increase of percent signal change 

(P<.05) in incongruent compared to congruent trials for each functional ROI. 

Second, it was of particular interest to explore activation profiles in specific regions 

related to the task-relevant (facial expression) and the task-irrelevant stimulus 

dimension (color). Thus, ROI spheres were defined (radius 5 mm) around centers of 

masses which resulted from combining ROI boxes corresponding to activation 

coordinates reported in relevant papers (see below) and the functional activation 

clusters of the present study. Hence, coordinates in the literature were aligned to our 

specific activation profile. A ROI was built with regard to right-hemispheric occipital 

area V4 (Talairach coordinates (TAL) 29, -76, -10) which is supposed to 

predominantly process color information (Bartels & Zeki, 2000). Three regions were 

additionally defined which are involved in emotional expressions processing. ROIs 

were defined in the right fusiform gyrus (»fusiform face area« (FFA); TAL 40, -57, -

16) and the right inferior occipital gyrus (»occipital face area« (OFA); TAL 34, -82, -

11; for both see Kanwisher et al., 1997; Ishai et al., 1999; Gauthier et al., 2000; 

Rossion et al., 2003; Grill-Spector et al., 2004; Steeves et al., 2005). Furthermore, a 

functional region in right superior temporal sulcus (STS; TAL 48, 56, 5) (Puce et al., 

1998; Hoffman & Haxby, 2000) was defined which is supposed to process different 

aspects of emotional face morphology.  
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3.2.3  Results 

 

3.2.3.1  Behavioral data 

Incongruent and congruent trials (factor congruence) were compared in each of the 

three valence categories of facial expressions (factor emotion: negative, neutral, 

positive) in a 3x2 repeated measure ANOVA. For each subject mean reaction times 

were computed by including only trials with correct responses (see Tab. 3.2). The 

ANOVA for reaction times revealed main effects for both the factor emotion 

(F(2,38)=3.77, P=.032) and the factor congruence (F(1,19)=68.91, P<.001). An emotion 

x congruence interaction (F(1.5,28.6)=4.46, P=.018; GG corrected) was caused by an 

elevated increase in reaction times for the negative incongruent condition. Paired t-

tests comparing reaction time differences between congruent and incongruent trials 

in each emotional category confirmed a strong interference effect for each contrast 

(negative t(19)=6.77, P<.001; neutral t(19)=6.70, P<.001; positive t(19)=6.87, P<.001). 

An almost identical pattern of results was obtained for the percent error rates of 

misclassifying facial expressions. The ANOVA showed significant main effects for 

the factors emotion (F(2,38)=5.22, P=.010) and congruence (F(1,19)=44.38, P<.001), 

and a significant emotion x congruence interaction (F(2,38)=10.54, P<.001) explained 

by differential effects of incongruence in each emotional category. Paired t-test 

showed interference effects for the negative (t(19)=4.51, P<.001), neutral (t(19)=7.39, 

P<.001) and positive emotional category (t(19)=2.67, P=.015) when comparing 

congruent and incongruent trials in each category. 

 

 

 
Table 3.2. Behavioral data. Mean scores for congruent and incongruent trials in each 
emotional category (SD in brackets).  
 

facial  
expressions 

reaction time (ms) percent error (%) 

congruent incongruent congruent incongruent 

negative 841 (110) 936 (92) 11.00 (8.91) 20.83 (11.98) 

neutral 860 (125) 990 (143) 10.16 (13.29) 26.66 (12.18) 

positive 819 (66) 904 (56) 5.61   (4.40) 10.83 (10.58) 

 

 



 
 

55 

3.2.3.2  Imaging data  

To get specific activations in relation to interference effects in each emotional 

category, contrasts comparing congruent and incongruent trials in each emotional 

category were computed (i.e. [negative incongruent > negative congruent]; see Fig. 

3.2; see Appendix, Tab. A1, p. 140 for peak activations).  

Incongruent trials with negative expressions were associated with a significant 

increase of activation in left middle and inferior frontal gyrus as well as right inferior 

frontal sulcus. In posterior regions activations were found in bilateral intraparietal 

sulcus (IPS) and adjacent areas. The latter extended from medial precuneus (BA 31) 

over superior parietal (BA 19) to lateral inferior parietal regions (BA 40) in the right 

hemisphere and were centered in inferior parietal lobule in the left hemisphere (BA 

40). Furthermore, peak activations were obtained in ventral (fusiform gyrus) and 

ventro-lateral temporal regions (inferior temporal gyrus and sulcus) as well as 

bilateral regions in the antero-medial cuneus.  

Neutral incongruent compared to congruent trials showed bilateral activations in 

middle frontal and right inferior frontal gyrus, in bilateral superior parietal lobule 

(SPL) and IPS as well as left-sided activations in the precuneus. Additionally, 

activations were observed in lateral occipital regions in left middle and right inferior 

occipital gyrus as well as activations in the bilateral lingual and fusiform gyri.  

For the positive emotional category there were predominantly left-sided activation 

foci in medial, superior, middle frontal and precentral gyrus and a small activation 

cluster in occipital cuneus. Right-hemispheric activations were located in superior 

and inferior frontal gyrus. 

A conjunction analysis (see Fig. 3.3a; see Appendix, Tab. A2, p. 142 for peak 

activations) revealed common regions of activations for all of these [ incongruent > 

congruent ] contrasts with peak activations in right medial, bilateral middle and 

inferior frontal gyrus and sulcus, in IPS, SPL and IPL, as well as in bilateral fusiform 

(BA 19, 37) and left inferior temporal gyrus.  

The interaction analysis revealed specific activations of the incongruence effect only 

for the negative and neutral conditions (see Fig. 3.4; see Appendix, Tab. A3, p. 143 

for peak activations). For the negative incongruent trials there was a extended 

bilateral activation cluster centered in the occipital cuneus comprising medial 

occipital areas and ranging from dorsal medial precuneus (BA 7) to the ventral end 

of the parieto-occipital sulcus (BA 19, 30) and also extending ventrally to the para- 
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� Figure 3.2. Simple contrasts (P<.001, uncorrected, k=10) comparing incongruent and congruent 
trials [incongruent > congruent] in each the (a) negative, (b) neutral and (c) positive emotional 
category (c). [Functional contrasts are rendered on the »ch2bet« template implemented in MRICro 
(www.sph.sc.edu/comd/rorden/mricro.html)]. 
 

Abbreviations: FFA, fusiform face area; OFA, occipital face area. 

 

 

� Figure 3.3. Conjunction analysis (intermediate null, P<.001, uncorrected, T>1.89, k=10): (a) 
Regions of conjunct activations of all [incongruent > congruent] contrasts for each emotional 
category. (b) Percent signal change (PSC) in functional ROIs taken from the conjunction analysis. The 
figure shows bar charts for the regions in right-hemispheric medial frontal gyrus (MeFG) and left-
hemispheric inferior parietal lobule (IPL), middle frontal gyrus (MFG) and inferior frontal gyrus 
(IFG). Coordinates refer to the Talairach space. Error bars indicate the standard error of measurement 
(SEM). 
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hippocampal gyrus in the left hemisphere (BA 30). Additionally, there was also a 

right lateral activation cluster comprising areas in middle occipital, middle temporal 

gyrus and superior temporal sulcus. Incongruent neutral trials also revealed a widely 

extended activation cluster in occipital cortex which was located more ventrally and 

posterior comprising early visual brain regions of the lingual gyrus and cuneus 

extending ventrally in the fusiform gyrus and laterally in the middle (MOG, BA 18) 

and the inferior occipital gyrus (IOG, BA 18). Additional clusters of activation were 

located in the right middle frontal and superior temporal gyrus. 

Parameter estimates for different regions of interests (ROI) were computed and 

compared signal intensity of incongruent compared to congruent trials in each 

emotional category (paired two-tailed t-tests, P<.05). Activation clusters resulting 

from the conjunction analysis and defined as functional regions of interest (ROI) 

showed a significant signal increase in each emotional incongruent condition despite 

a region in the left fusiform gyrus where only positive incongruent trials failed to 

show significant signal increase (Fig. 3.3b). Neutral incongruent trials resulted in 

significantly increased signals in bilateral region V4, bilateral fusiform gyrus 

(~fusiform face area, FFA) and right inferior occipital gyrus (~occipital face area, 

OFA), whereas negative incongruent trials only showed increased signal in bilateral 

fusiform gyrus and a region in right middle temporal gyrus (~STS; see Fig. 3.5). 

Positive incongruent trials failed to show a significant signal increase in right 

fusiform gyrus (~FFA, P=.078). 

 

 

 

3.2.4  Discussion 
 

The present study aimed at the analysis of neuronal correlates of interfering 

emotional face processing by emotionally associated background colors of different 

emotional valence. Trials of incongruent valence of facial expressions and 

background colors induced significant interference effects. Behavioral data indicate 

that incongruent trials increased reaction times and decreased response accuracy. 

Differential effects of incongruence were already apparent on a behavioral level 

since interaction effects revealed an elevated effect of incongruence for neutral 
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� Figure 3.4. Regions of 
specific activations for the (a) 
negative and (b) neutral in-
congruent trials (P<0.001, 
uncorrected, k=10). Both 
interaction contrasts revealed 
specific activations which 
were most apparent in extra-
striate visual areas. While 
negative incongruent trials 
revealed a bilateral activation 
cluster which was centered in 
antero-medial cuneus span-
ning from dorsal (pre-)cuneus 
to medial occipito-temporal 
regions, neutral incongruent 
trials showed specific active-
tions in a bilateral activation 
cluster which was located 
more ventro-posterior and 
extended in ventral regions. 

� Figure 3.5. Percent signal change 
(PSC) for right-hemispheric regions 
which showed task-related differen-
ces. Neutral incongruent trials showed 
significant signal increase in the 
color-specific area V4 and face-
specific regions OFA and FFA. Nega-
tive incongruent trials showed only 
significant signal increase in the face-
specific areas FFA and STS, whereas 
positive incongruent trials did not 
show any signal increase in all of 
these regions. Coordinates are 
according to Talairach space. 
Asterisks indicate a significant PSC 
increase (two-tailed t-test, P<.05). 
Error bars indicate the standard error 
of measurement (SEM). 
Abbreviations: MTG, middle tem-
poral gyrus (~STS); IOG, inferior 
occipital gyrus (~OFA); FG, fusi-
form gyrus (~FFA); PSC, percent 
signal change.  
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incongruent trials for both reaction times and response errors. These differential 

effects of incongruence depending on the valence of emotional expressions were also 

reflected in distinct functional correlates of interference resolution during processing 

of different facial expressions.  

 

 

3.2.4.1  Frontal, parietal and ventral systems of attentional control  

Functional imaging data showed that incongruent compared to congruent trials 

irrespective of facial expressions activated conjoined regions of a fronto-parietal 

network which corresponds to the whole brain hypothesis of top-down attentional 

control. The conjunction analysis demonstrated frontal activations in the posterior 

frontomedian wall (BA 8) which might be associated with performance monitoring 

(Ullsperger & von Cramon, 2004). While regions in dorso-lateral prefrontal cortex 

(BA 9) have been discussed to be responsible for representing attentional task 

demands (Banich et al., 2000; Miller, 2000), brain areas in the right ventro-lateral 

cortex have been shown to support the inhibition of prepotent responses (Aron et al., 

2004). Interestingly, incongruent trials did not activate any dorsal »cognitive« or 

rostral »affective« subdivision of the anterior cingulate cortex (ACC) as proposed by 

Bush and colleagues (2000). Recent reports (e.g. Nachev et al., 2005) rather indicate 

that superior regions of the medial frontal wall are involved in several functions 

originally attributed to the dorsal ACC. Confirmatively, Compton and colleagues 

(2003) did not find any activation in ACC and argued for practice effects which 

might diminish conflict activations in the ACC. Though Etkin and colleagues (2006) 

reported a crucial involvement of ventral ACC in resolving emotional conflicts, this 

activation was only present in the case of »high conflict resolution trials«, which 

means incongruent trials following incongruent trials. The present analysis, however, 

was based on incongruent trials independent of the nature of the preceding trial. 

Besides this difference to the present study, Etkin and colleagues reported a similar 

region in medial frontal gyrus (BA 8) to be activated for emotional conflicts. 

Common regions of activations in posterior parietal cortex represent the posterior 

part of the fronto-parietal attention network which directly serves the end of 

controlling selective attention probably by several means. Regions in IPS, SPL and 

IPL might serve to attend and focus the facial expression (Narumoto et al., 2001) by 

re-orienting selective attention back from the interfering background color to the 
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facial expression (Serences et al., 2004) or visually search for distinct facial features 

for properly judging its valence (Groner et al., 1984). Thus, these parietal regions 

could regulate information flow in extrastriate visual processing streams probably by 

means of amplifying the processing of the task-relevant facial expression (Egner & 

Hirsch, 2005). The latter is plausible because of a significant activation in bilateral 

fusiform gyrus particularly in the left hemisphere (BA 37) corresponding to the 

fusiform face area (FFA). Though the FFA is generally localized in the right 

hemisphere there are also studies indicating a more bilateral representation in women 

(e.g., Proverbio et al., 2006). 

It was expected to observe activations in different ventral systems especially in 

regions which signal and promote the processing of specific salient stimulus events. 

Unlike peak activations particularly in right inferior frontal gyrus (BA 47) which 

serve the assessment (Nakamura et al., 1999) or mirroring (Lee et al., 2006) of the 

emotional quality of the depicted faces, there were no activations in ventral limbic 

regions. More specifically, no activations were found in the amygdala. The amygdala 

promotes the processing of task-relevant stimulus properties in a bottom-up manner 

(Vuilleumier et al., 2004), especially when facial expressions contain emotional 

uncertainty (Kim et al., 2003, 2004). However, the amygdala shows strong signal 

suppression during consecutive repetition of emotional faces (Ishai et al., 2004) as 

well as top-down suppression by ventral frontal regions especially in task contexts of 

enhanced cognitive evaluation of stimuli (Nomura et al., 2004; Etkin et al., 2006; see 

also Compton et al., 2003). Both of these effects might have contributed to missing 

amygdala activation in the present study. 

 

 

3.2.4.2  A selective attention network 

Positive incongruent trials generated only sparse activations in the frontal cortex 

which might result from less distractibility. Activations were observed in regions 

responsible for performance monitoring (medial BA 6, see above), maintaining and 

orienting the focus of attention (»frontal eye field«, FEF / BA 6; Serences et al., 

2005; Thompson et al., 2005), and inhibition of prepotent responses (right ventro-

lateral prefrontal cortex; Aron et al., 2004). Furthermore, processing positive facial 

expressions could be focused on specific distinguishing features (Williams et al., 

2001). Positive facial expressions have been shown to be categorized fast and 



 
 

61 

accurate (Leppänen & Hietanen, 2004) with less demanding visual scan paths 

(Williams et al., 2001) which together reduces their processing demands and, 

therefore, the vulnerability to distraction (for the relationship of low working 

memory demand and related lesser distractibility, see Lavie, 2005). Presumably, the 

lower processing demands shifts the locus of selective attention to later stages of 

response selection.  

Unlike positive incongruent trials, incongruent trials with negative and neutral facial 

expressions generated enhanced interference effects as indicated by both behavioral 

data and increased frontal and posterior parietal activation patterns. A similar 

activation cluster for both negative and neutral incongruent trials in the left middle 

frontal gyrus (BA 9) might result from a task-related adjusting of selective 

attentional resources (Banich et al., 2000) or from keeping task-related goals in mind 

(Miller, 2000). Increased activation in this region was related to enhanced and 

successful interference control (see Bunge et al., 2001). Particularly for neutral 

incongruent trials there might be an increased demand for interference control and 

resolution which is also indicated by peak activations in right inferior frontal gyrus. 

In this region, a more caudal activation (BA 47) was associated with the inhibition of 

prepotent responses due to interfering color information (Aron et al., 2004), and the 

more rostral part (BA 10, 11) was related to the evaluation of the emotional valence 

of displayed neutral expressions (Nakamura et al., 1999). The latter argument seems 

plausible since neutral expressions are ambiguous itself and this ambiguity is even 

enhanced when presented with background colors containing some emotional 

information. Furthermore, negative and neutral incongruent trials activated similar 

regions in IPS and adjacent regions of the inferior and superior parietal lobule and 

the dorsal precuneus (BA 7) (for the latter e.g., Shomstein & Behrmann, 2006).  

 

 

3.2.4.3  Regions exclusively activated in emotional interference processing 

Beside the above mentioned conjunct activation in frontal and parietal regions an 

interaction analysis revealed regions of exclusive activations for both negative and 

neutral incongruent trials. A differential signal increase was observed in dorsal and 

ventral visual processing streams, whereby the most prominent differences of 

activations could be demonstrated for extrastriate visual areas. Some of the 

activations peaks in early visual cortices might be associated with simple color 
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perception irrespective of facial expression or congruence of trial-type. However, 

higher order visual areas were of specific interest in the present study and most of the 

extrastriate activations have frequently been reported to reflect facial expression 

perception.  

For neutral incongruent trials activations were found in lingual gyrus which is 

supposed to support face processing (Tempini et al., 1998), visual memory (Slotnick, 

2004) and visual object naming (Kiyosawa et al., 1996). This finding is in line with 

the design of our experimental task since conflicting trials could have enhanced the 

demand for proper naming of the depicted expression by concurrently memorizing 

the actual and emotional context (color) related to the displayed expression. Neutral 

incongruent trials also revealed signal enhancements in regions along the ventral 

stream for stimulus properties of the face-color compounds. A significant signal 

increase was found in bilateral region V4 during the processing of the task-irrelevant 

color, but also in the bilateral middle lateral fusiform gyrus (BA 37) and the inferior 

occipital gyrus (BA 18), both of which have been reported to be involved in 

categorical (FFA) and detailed face processing (OFA) (e.g., Kanwisher et al., 1997; 

Rossion et al., 2003; Schiltz et al., 2006). In general, this activation pattern along the 

ventral processing stream could not only reflect feed-forward processing but also 

signal re-entry for detailed object processing. In addition to a feed-forward signal 

from OFA to FFA, Schiltz and colleagues (2006) proposed a re-entrant signal 

transfer from FFA to OFA supporting detailed face processing. Hence, for neutral 

incongruent trials a hypothetical neural scenario could be proposed with a signal 

increase in V4 for color processing and FFA for face categorization, but additionally 

with a biased local top-down suppression from FFA (processing the task-relevant 

facial expression) to V4 (processing the task-irrelevant background color). 

Furthermore, a signal re-entry from FFA to OFA for a proper judgment of emotional 

face morphology under conditions of increased interference could be supposed. 

In contrast, negative incongruent trials activated regions centered in bilateral antero-

medial cuneus with additional activations in the right middle occipital (BA 39) and 

middle temporal gyrus (BA 37). Medial cuneus and precuneus regions have been 

reported to be involved in attention shifting between stimuli features (Le et al., 

1998), whereby the intermediate region »PO« might be particularly involved in 

attending the visual shape (a finding derived from a reduction of alpha rhythm during 

object detection, e.g., Vanni et al., 1997). This could be a necessary sub-component 
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for an accurate identification of negative facial expressions since Green and 

colleagues (2003) observed prolonged and more feature focused scan paths for 

negative facial expressions. Furthermore, processing negative, high arousing 

emotional stimuli or novel facial displays is often accompanied by significant 

activations in occipital areas (Lang et al., 1998; Clark et al., 1998). This finding 

might reflect initial subordinate qualitative assessment (Pizzagalli et al., 1999) as 

well as fine-grained perceptual analysis under experimental conditions of increased 

processing demands (see Adolphs, 2002). More specific, several brain areas are 

known to be involved in processing implicit dynamics or changeable aspects which 

are inherent in static displays of emotional expressions. According to the »space 

fragment theory« of Davies and Hoffmann (2003) even static displays of facial 

expressions can retrieve implicit dynamics of facial expressions which could assist 

proper face categorization. Activations were found in dV3/V3a (Vaina et al., 2003) 

and right V5/MT+ (Krekelberg et al., 2005), which process real but also implied 

motion. Furthermore, activations were found in the right middle temporal gyrus and 

the superior temporal sulcus. The latter activation might correspond to the STS 

region (see Allison et al., 2000) which covers the postero-superior and postero-

middle parts of the middle temporal gyrus. Regions in the STS have been discussed 

to be involved in processing mouth or eye dynamics in facial emotion perception 

(Narumoto et al., 2001).  

 

 

3.2.4.4  Conclusive remarks 

Significant effects of interference processing were found on a behavioral level which 

were most pronounced for negative incongruent trials and which were also reflected 

on a physiological level. Based on these data two conclusions could be drawn. 

First, an »effect of emotion« could be inferred since distraction from processing 

negative and positive facial expressions was reduced when compared to neutral 

incongruent trials. There is evidence that emotional expressions strongly capture 

attention (e.g., Vuilleumier et al., 2001) and, therefore, show reduced vulnerability to 

distraction. On the other hand, neutral expressions per se involve a higher 

uncertainty making them more vulnerable for interference induced by contextual 

information. Hence, for neutral incongruent trials there were activations in early 

ventral visual regions responsible for processing simple features, but also for 
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processing the task specific stimulus dimensions of facial expressions (FFA, OFA) 

and color (V4). Both the emotional ambiguity of neutral expressions and the 

emotional interfering color information require the detailed analysis of facial 

expressions and background color in order to generate an accurate valence 

categorization. 

Second, since negative and positive facial expressions themselves differ in the 

amount of distractibility, an »effect of valence« could be proposed. Unlike positive 

facial expressions, which are processed and scanned in an efficient manner, negative 

facial expressions still may contain some emotional and motivational ambiguity (e.g. 

fearful faces with directed eye gaze seem to be more ambiguous than fearful faces 

with averted eye gaze; see Adams et al., 2003). Thus, negative facial expressions 

might demand more attentional resources and detailed processing which 

consequently increases the proneness to contextual interference. Positive incongruent 

trials only activated frontal systems, putatively related to attentional and response 

control mechanisms. Negative expressions additionally generated enhanced 

activations in parietal attentional systems which are more directly involved in 

regulating information flow of task-relevant and task-irrelevant stimulus aspects. 
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3.3.  Trait dimensions of personality influence emotional 
conflict processing – evidence from fMRI 

 

3.3.1 Introduction 

 

Affective neuroscience usually searches for common principles underlying emotional 

processing in humans. However, individuals differ substantially in their affective 

responsiveness toward emotional stimulation, in processing of and coping with 

emotional situations and in their experienced affective states. Therefore, recent years 

saw a growing interest in explaining the neuronal and psychophysiological diversity 

in emotion processing (Canli, 2006). Biological sex, for instance, ever since has been 

one of the first dichotomic variables used to explain gross differences in emotional 

processing. Recent reports however extenuate strong assumptions of gender 

differences in neuronal processing of emotions (see Wager et al., 2003).  

Besides biological sex, individual differences in emotional processing are likewise 

aimed to be explained by personality traits which characterize psycho-biological 

dispositions to specific overt and covert behavior. Over the last decades differential 

psychology repeatedly has identified relative independent traits of personality using 

factor-analytic approaches. In this line, the concept of »Big Five« dimensions, which 

aims to sufficiently characterize human personality, has become one of the most 

influential concepts for theoretical approaches and empirical investigations on 

differences in human behavior (see Digman, 1990). The five factors cover 

dimensions like neuroticism, extraversion, openness to experience, agreeableness and 

conscientiousness as prototypically operationalized in the NEO Five-Factor 

Inventory (»NEO-FFI«, Costa & McCrae, 1992). Some of these factors like 

neuroticism and extraversion are directly associated to differences in emotional 

processing. Consequently, within affective neuroscience neuroticism and 

extraversion have gained major interest primarily in investigations of their 

underlying neuronal correlates (Haman & Canli, 2004) but also to explain inter-

subject variations in brain physiological activity during emotional processing (Canli 

et al., 2001, 2002).  
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3.3.1.1 Personality traits and the resolution of emotional conflict during face 

processing 

The amygdala is an essential brain structure for elementary emotional processing 

whereas dorsal regions in medial and lateral frontal cortex serve the adaptive 

regulation of emotions by means of inhibitory top-down influences on the amygdala 

and associated regions (Etkin et al., 2006; Goldstein et al., 2007). A dysregulation in 

this fronto-limbic network both by exaggerated emotional reaction in the amygdala 

as well as insufficient activation in frontal regions renders subjects vulnerable for 

emotional disorders as seen for many extreme variants of personality traits. High-

anxious subjects actually showed increased activation in the amygdala to 

unconsciously perceived fearful faces (Etkin et al., 2004) or threat distractors 

(Mathews et al., 2004; Bishop et al., 2004a, 2007; Most et al., 2006) accompanied by 

decreased activation in lateral and medial frontal regions (Bishop et al., 2004b, 

2007). A similar mechanism is supposed to be the underlying neuronal scenario 

leading to and perpetuating clinical depression (see Mayberg, 1997; Drevets, 2000). 

Similarly, subjects with increased scores of neuroticism showed increased amygdala 

activation during emotional conflict processing (Haas et al., 2007) but surprisingly 

not during emotional face processing (Canli et al., 2002). Results are also 

inconsistent concerning frontal activations for higher levels of neuroticism. Studies 

report either decreased activation in the insula during resting state (Deckersback et 

al., 2006) or in middle frontal gyrus during passive negative picture processing 

(Canli et al., 2001) with linear increase of neuroticism. But on other hand there are 

also reports for increased activity in subgenual cingulate cortex during conflict 

resolution (Haas et al., 2007) or dorsal ACC during controlled processing 

(Eisenberger et al., 2005). Whereas decreased frontal activation during passive 

emotional processing might reflect decreased emotional regulation in neuroticism, 

increased medial frontal activation during demanding executive tasks might indicate 

enhanced efforts and therefore less efficiency in conflict processing.  

Subjects scoring high on measures of extraversion have increased activity in OFC 

suggesting sensitivity to external reinforcement (Deckersbach et al., 2006). Further-

more, for higher levels of extraversion studies found increased activity in lateral and 

medial fronto-parietal regions during oddball processing (Eisenberger et al., 2005) or 

in the fusiform gyrus while performing the dot-probe-task with positive pictures 

(Amin et al., 2004). Gray and colleagues (2005) on the other hand reported decreased 
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activation in dorsal ACC, in dorso-lateral prefrontal cortex (DLPFC) and parietal 

regions for extraverted subjects (measured with the »Behavioral Approach 

sensitivity« (BAS) scale; see Carver & White, 1994) during a demanding working 

memory task. Finally, presenting positive pictures Canli and colleagues (2001) found 

activations in the amygdala and middle frontal gyrus to linearly vary as a function of 

extraversion. Especially left amygdala activation in response to happy facial 

expressions varies as a function of extraversion (Canli et al., 2001).  

Though there is a growing number of studies which investigated individual 

differences of neuronal correlates during either emotional or conflict processing, 

there are only few studies investigating effects of conflicts simultaneously during 

emotional processing. Using a word-face Stroop task where subjects have to judge 

the valence of emotional words superimposed in faces depicting emotional 

expressions, Haas and colleagues (2006) reported increased activation in dorsal ACC 

in trials of emotional incongruence of negative, neutral and positive words and faces. 

For these emotional incongruent trials, Haas and colleagues (2007) showed that 

increased levels of neuroticism correlated with increased activation in the amygdala 

and subgenual cingulate cortex.  

In summary, inter-subject variance in neuronal correlates of emotion processing as 

well as during emotional conflict processing partly depends on traits measures of 

anxiety, neuroticism and extraversion. But existing evidences are still preliminary 

and inconsistent. The present differential analysis of contextual interference during 

emotional face processing tries to extend the knowledge about the relationship 

between trait measures of personality and neuronal correlates of emotional as well as 

interference processing. However, individuals not only differ on dimension of 

personality associated with emotional processing. Perceiving and processing 

emotional stimuli might actually be guided by past experiences during emotional 

processing. These experiences formed cognitive schemata which finally affect the 

current perception of emotional stimuli. 

 

 

3.3.1.2 Encoding style as perceptual trait 

Due to the limited processing capacity of the human cognitive system major parts of 

information processing are obviously accomplished by nonconscious and automatic 

mechanisms. Besides inherit behavioral dispositions some of the automatic 
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mechanisms develop with external and internal experiences over life course. 

Furthermore, consciously acquired knowledge and skills might become automatic 

and nonconscious with over-learning while other nonconscious information was 

already acquired without conscious encoding. For the last case, subjects do not have 

any consciously accessible knowledge about nonconscious learned information 

though their overt behavior obviously indicates the presence of this information 

(Lewicki et al., 1992).  

Humans consciously and unconsciously experience recurring regularities or 

covariations within the environment. Some features in the environment tend to co-

occur simultaneously and humans are able to acquire these covariations without 

conscious recognition (Hill & Lewicki, 1991). These regularities are formed and 

finally represented as prototypical schemata. These schemata internally guide our 

future recognition of information since not all recognition is purely guided by 

external information. Recognition therefore is a mixture of external information and 

internal schematic information. Specific internal schemata are instantiated by a 

minimum amount of evidence from external information though the external 

information does not have to perfectly match specific schemata (Lewicki, 1986).  

Besides possible influences of situational and motivational factors the threshold for 

instantiating a specific schema given some specific external information varies 

between subjects. During recognition some subjects strongly rely on external 

information (»data-driven«) whereas other subjects rely on their internal schemata 

(»schemata-driven«). Unlike »external encoders«, schemata-driven »internal 

encoders« should show a lowered threshold for imposing a specific internal schema 

onto incoming information (»Schema Instantiation Threshold«, SIT). These different 

encoding styles represent a specific perceptual trait with self-perpetuating tendencies 

(Hill et al., 1989; Lewicki et al., 1989).  

The experimental design used in the studies described throughout the present work is 

suitable to test for individual differences in encoding style. In the first experimental 

run subjects incidentally acquired specific schemata of expression-color pairings. 

During incongruent trials in the second experimental run the salient but task-

irrelevant background color should have instantiated specific but misleading 

schemata during valence judgments of faces. The incongruence of emotional 

information of the background color compared to the task-relevant facial expressions 

should therefore induce interference during valence judgments of these expressions. 
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Specifically, this experimental design allows to perform a differential analysis to 

assess the magnitude of the expected interfering influence of the formerly learned 

schemata when they were inconsistent with the stimuli. This interfering influence 

was expected to be relatively more pronounced in internal encoders whose schemata 

have a lower validation threshold and thus would exert more influence on the process 

of encoding.

3.3.2 Materials and method 

 

3.3.2.1  Participants 

The sample consisted of the same subjects that originally participated in the fMRI 

study described in Section 3.2 (see Section 3.3.2.1. for a description of the sample). 

During the original study different parametric scales of personality were 

administered to this sample for the purpose of a re-analysis of the data with respect to 

differences in personality.  

Prior to scanning subjects completed the state version of the State-Trait-Anxiety 

inventory (STAI; Laux et al., 1981). After scanning trait measures of personality 

were assessed by different parametric personality scales. Trait anxiety was assessed 

by the trait form of the STAI, depressivity by the Beck-Depression-Inventory (BDI; 

Hautzinger et al., 1995) and general factors of personality were assessed by the five 

subscales of the German version (Borkenau & Ostendorf, 1993) of the NEO Five-

Factor inventory (NEO-FFI; Costa & McCrae, 1992).  

Individual differences in encodings styles were assessed by the Encoding Style 

Questionnaire (ESQ, see Appendix A4, p. 144; the ESQ is termed as »NISREO« for 

the participants; http://www.personal.utulsa.edu/~pawel-lewicki/iestyles.html) appro-

ximately one year after the original scanning. The ESQ contains 21 statements 

concerning subjects’ daily experiences. These statements had to be judged by the 

participants on a six-point-scale with respect to the degree of agreement with the 

statement (»1«=strongly disagree, »6«=strongly agree). Only items 5, 8, 11, 15, 18 

and 21 of the ESQ are relevant for calculating individual encoding style scores as 

summation over single scores on these items. Standardized scores are calculated by 

dividing the mean of the six diagnostically relevant items by the mean of the 
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remaining items. Higher scores in the ESQ are indicative of a higher internal 

encoding style. 

 

 

3.3.2.2  Stimuli and experimental task 

Stimuli used in this experiment, trial sequence and experimental design are described 

in Section 3.2.2.2. 

 

 

3.3.2.3  Statistical analysis 

General aspects of image acquisition, image preprocessing and statistical analysis are 

already described in section 3.2.2.3.  

Equally large subsamples with reliable differences in individual personality were 

tried to find for the purpose of a differential analysis. For this purpose scores from 

the BDI, from the state and trait versions of the STAI and from the five subscales of 

the NEO-FFI were subjected to a k-means cluster analysis with a predefined solution 

of two clusters. This cluster analysis revealed two almost equally large clusters (n=9 

and n=10) with significant differences in cluster centers of specific personality scores 

(see Tab. 3.3). For each of the two clusters identical functional contrasts were 

computed as for the original group analysis (see Section 3.2.3.2) by comparing 

incongruent against congruent trials in general and specifically within each category 

of facial expressions (all contrasts at P<.001, uncorrected, k=10).  

Additionally, specific regions of interest (ROI) were defined based on existing 

evidence of regions involved in emotional (conflict) processing as well as regions 

associated with relevant scores of personality. Percent signal change (PSC) for these 

ROIs were calculated for congruent and incongruent trials in each emotional face 

category. Subregions in medial frontal cortex serve cognitive and emotional 

processing as well as an interaction of both functions (Bush et al., 2000). Based on 

existing reports (Haas et al., 2006, 2007; Most et al., 2006) and aligned to the group 

activation reported in Section 3.2.3.2, spherical ROIs (radius 8mm) were defined for 

the dorsal ACC (TAL 6, 20, 47), the rostral ACC (TAL -10, 43, 4) and the subgenual 

ACC (TAL 0, 17, -13).  

The amygdala shows a high interconnectivity with most of these medial frontal 

regions (Stein et al., 2007) and is central to many theoretical aspects of personality 
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traits (Mathews et al., 2004; Bishop et al., 2004a, 2007; Most et al., 2006) as well as 

to emotional conflict processing (Haas et al., 2007). Spherical ROIs (radius 5mm) 

were defined for the left (TAL -26, -1, -17) and right amygdala (TAL 26, -1, -17). 

Additionally, anatomical masks for both amygdalae (dilatation factor 1) were defined 

according the AAL-atlas (Tzourio-Mazoyer et al., 2002) implemented in the WFU 

pickatlas (http://fmri.wfubmc.edu/cms/software#PickAtlas). A smaller spherical 

radius for the amygdala was chosen because of the smaller size of the amygdala 

compared to cortical regions. Because spherical definitions might fail to validly 

cover the amygdala depending on the goodness of finding a valid centre for the 

spherical definitions, the second approach of defining the amygdalae by means of the 

AAL-atlas was additionally performed. The selected subregions in medial frontal 

cortex are less well defined. Therefore, greater spherical radii (8mm) compared to 

the amygdala (5mm) were chosen for these regions. To find linear relationships 

between parametric measures of personality and emotional interference processing 

on a neuronal level, parametric measures of personality were correlated with percent 

signal change in the selected ROIs. For the latter, difference scores were calculated 

by subtracting percent signal change in congruent trials from percent signal change 

in incongruent trials for each emotional face category respectively. A higher 

difference thus indicates enhanced signal increase in incongruent trials thereby 

reflecting stronger interference. 

To subdivide the entire sample of subjects according to their different encoding style, 

standardized encoding style scores were calculated for each subjects based on their 

summative scores in the ESQ. A median-split was used to divide the sample into 

»internal« and »external« encoders. For the first level fixed effects analysis, contrasts 

were specified to examine effects of incongruence of all incongruent trials 

irrespective of emotional category ([ incongruent > congruent ]). These contrasts 

were entered into a second level random effect analysis (P<.001, uncorrected, k=10) 

separately for the group of internal and external encoders. To additionally find 

regions which show a close relationship of activation to subjects individual encoding 

style score the same first level contrasts were entered into a second-level regression 

analysis with the standardized encoding style scores as a covariate (P<.001, 

uncorrected, k=10). 
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3.3.3 Results

 

3.3.3.1 State and trait measures of personality and encoding style 

Tab. 3.3 lists state and trait personality scores of the entire sample and the results of 

the cluster analysis aimed to divide the entire sample into subgroups of subjects with 

major differences in personality scores. The cluster analysis revealed almost equally 

large clusters (n=9, n=11) with significant differences of cluster centers on several 

measures of personality. Subjects aggregated in cluster 1 scored significantly higher 

on the BDI, the state and trait version of the STAI and on the subscale neuroticism 

from the NEO-FFI. Therefore this cluster was termed as »neurotic-anxious cluster«. 

The remaining subjects which were compiled in cluster 2 scored higher on 

conscientiousness. Though extraversion as a subscale of the NEO-FFI revealed no 

difference of cluster centers between cluster 1 and 2, the second cluster was termed 

as »social-extraverted cluster« especially because of low scores on measures of 

anxiety, depression and neuroticism compared to the first cluster. 

 

 
Table 3.3. The k-means cluster analysis revealed two clusters. Column three and four specifies cluster 
centers for cluster 1 and cluster 2 on each personality scale respectively. The fifth and sixth column 
specifies the significant difference mean scores of subjects aggregated in the two clusters. A 
description of personality traits in the entire sample of 20 subjects is listed in column two. 

 
 Entire sample 

(n=20) 
(SD in brackets)

Neurotic-anxious 
cluster 

»Cluster 1« (n=9) 

Social-extroverted 
cluster 

»Cluster 2« (n=11) 

t 
(df 18) 

P 

BDIa 3.87 (2.81) 5.89 2.91 2.66 .016* 

STAI     
State anxietyb 34.33 (5.41) 38.33 31.64 3.28 .004* 
Trait anxietyc 49.70 (6.60) 56.56 46.91 4.54 <.001*

NEO-FFId     

Neuroticism 1.70 (0.43) 2.02 1.55 2.69 .015* 
Extraversion 2.49 (0.48) 2.33 2.58 -1.09 .289 
Openness  2.76 (0.45) 2.63 2.75 -0.57 .574 
Agreeableness  2.76 (0.31) 2.69 2.85 -1.13 .274 
Conscientiousness  2.77 (0.62) 2.39 3.01 -2.41 .027* 

 
a Summative score over 21 items, each item can be judged from 0-3. 
b Summative score over items. 
c T-value of norm data for female subjects of the age 15-29. 
d Subscales of the NEO-FFI ranging from »0«=minimum score to »4«=maximum score. 
 

Abbreviations: BDI, Beck Depression Inventory; STAI, State-Trait-Anxiety-Inventory; NEO-FFI, 
NEO-Five-Factors-Inventory. * P<.05. 
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A median split was used to divide the entire sample into internal and external 

encoders. The group of external encoders (n=10) had a mean standardized ESQ-score 

of -0.60 (SD .66) whereas the mean standardized ESQ-score of the group of internal 

encoders (n=10) was 1.18 (SD .44). Both groups differed significantly on the ESQ 

score (t(18)=7.13, P<.001). 

 

 

3.3.3.2 Behavioral data 

Behavioral effects of interference were compared for the neurotic-anxious and 

social-extraverted cluster as well as for the internal and external encoders. For this 

purpose, incongruent and congruent trials (factor congruence) were compared in each 

of the three valence categories of facial expressions (factor emotion: negative, 

neutral, positive) and separately for each subgroup of subjects. Scores both for 

reaction times and percent error rates were subjected to a 2 (group) x 3 (emotion) x 2 

(congruence) ANOVA with group as between-subject factor and emotion and 

congruence as within-subject factors. Furthermore, all congruent trials and 

incongruent trials were pooled and contrasted against each other. Finally, 

interference indices [(incongruent – congruent) / (incongruent + congruent)] were 

calculated separately for each subject to find effects of interference standardized for 

individual levels of performance. 

a. Neurotic-anxious cluster vs. social-extraverted cluster. Identically to the 

behavioral analysis for the entire sample, the 2x3x2 ANOVA for reaction times 

revealed significant main effects for the factors emotion (F(2,36)=3.76, P=.033) and 

congruence (F(1,18)=65.65, P<.001) as well as an emotion x congruence interaction 

(F(1.5,27.2)=4.45, P=.030; GG corrected). Likewise, the ANOVA for error rates 

revealed significant main effects for the factors emotion (F(2,36)=5.49, P=.008) and 

congruence (F(1,18)=43.97, P<.001) as well as an emotion x congruence interaction 

(F(1.5,27.2)=10.49, P=.001; GG corrected). Post-hoc comparisons revealed differential 

interference effects in incongruent trials in most of these comparisons (see Tab. 3.4). 

The comparison of interference indices revealed no differences in interference scores 

between both clusters for both reaction time (t(18)=1.11, P=.283) and error rates 

(t(18)=1.31, P=.208) (see Fig. 3.7). 

b. Internal vs. external encoders. The 2x3x2 ANOVA for reaction times revealed 

significant main effects for the factors emotion (F(2,36)=3.66, P=.036) and congruence  
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(F(1,18)=69.65, P<.001) as well as an emotion x congruence interaction (F(2,38)=5.00, 

P=.012). More specifically, the ANOVA revealed a significant 3-way interaction for 

group x emotion x congruence (F(2,36)=3.29, P=.049) caused by differential effects of 

interference depending on encoding style and facial expressions (see Tab. 3.4). The 

2x3x2 ANOVA for error rates yielded no 3-way interaction compared to the 

ANOVA of reaction times but there were also significant main effects for the factors 

� Figure 3.7.  
(a) Reaction time (upper panel) 
and percent error rates (lower 
panel) for the neurotic-anxious 
and social-extraverted cluster for 
all congruent and incongruent 
trials irrespective of emotional 
expression.  
(b) depicts interference indices 
[(incongruent – congruent) / (in-
congruent + congruent)] calcu-
lated over reaction time (upper 
panel) and percent error rates 
(lower panel).  
Error bars indicate the standard 
error of measurement (+/-SEM). 

� Figure 3.8.  
(a) Reaction time (upper panel) 
and percent error rates (lower 
panel) for external and internal 
encoders for all congruent and 
incongruent trials irrespective of 
emotional expression.  
(b) depicts interference indices 
[(incongruent – congruent) / (in-
congruent + congruent)] calcu-
lated over reaction time (upper 
panel) and percent error rates 
(lower panel).  
Error bars indicate the standard 
error of measurement (+/-SEM). 
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Table 3.4. T-values and significance level for paired t-tests comparing congruent and incongruent 
trials separately for each emotional face category within the neurotic-anxious and social-extraverted 
cluster as well as for the group of internal and external encoders. 
 

 Neurotic-anxious  
Cluster 

Social-extraverted  
Cluster 

Internal  
Encoders 

External  
Encoders 

t  
(df 8)    P 

t  
(df 10)    P 

t  
(df 9)    P 

t  
(df 9)    P 

         
reaction time         
negative 5.60 .001** 4.81 .001** 3.96 .003** 5.69 <.001**
neutral 3.96 .004** 5.30 <.001** 4.67 .001** 9.52 <.001**
positive 3.60 .007** 6.14 <.001** 4.35 .002** 6.56 <.001**

        
error rates         
negative 3.23 .012* 3.06 .012* 3.13 .012* 3.09 .013* 
neutral 3.89 .005** 6.75 <.001** 6.43 <.001** 4.30 .002** 
positive 0.94 .375 2.67 .023* 1.49 .170 2.20 .056 
         

 

* P<.05, ** P<.01. 

 

 

emotion (F(2,36)=5.33, P=.009) and congruence (F(1,18)=42.14, P<.001) as well as a 

significant emotion x congruence interaction (F(2,38)=10.08, P<.001). Though there 

was a trend, no significant differences were found for interference indices comparing 

internal and external encoders on both measures for reaction time (t(18)=1.11, P=.283) 

and percent error rates (t(18)<1) (see Fig. 3.8). 

In summary, behavioral effects for group comparisons of the neurotic-anxious and 

social-extraverted cluster as well as for internal and external encoders replicated the 

findings for the entire sample without any group specific effects. However, there 

were differential group effects when comparing reaction times for internal and 

external encoders. Though there were some tendencies for increased interference 

indices for the social-extraverted cluster and the group of internal encoders there 

were no significant differences between groups on these scores. 

 

 

3.3.3.3 Imaging data 

a. Neurotic-anxious cluster vs. social-extraverted cluster. Peak activations for each 

personality cluster and for the [ incongruent– congruent] contrast in each emotional 

face category are listed in Tab. A5-A8 (see Appendix, pp. 145-152). Though both 

groups of subjects showed comparable regions of activations for each contrast and 

comparable to the whole group analysis described in Section 3.2.3.2.,  
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Figure 3.9. Functional activation maps rendered on the Colin atlas implemented in the CARET 
software (Van Essen et al., 2001) for the comparison of incongruent against congruent trials in the 
cluster of neurotic-anxious subjects (a) and the cluster of social-extraverted subjects (b). Sparse 
activations were found for the social-extraverted subjects. Task induced incongruence was associated 
with widespread activations in fronto-parietal as well as ventral extrastriate regions for the subjects 
belonging to the neurotic-anxious cluster. Especially activations in medial frontal areas like in dorsal  
ACC (BA 24, 32) and subcallosal gyrus (BA 25), which serve conflict and emotional regulation, were 
only found for the neurotic-anxious cluster. 

Abbreviations: dACC, dorsal anterior cingulate cortex; SuCG, subcallosal gyrus. 
 

 

the neurotic-anxious cluster showed greater and more widespread activation for all 

trials of contextual interference in every emotional face category. The following 

activation differences between both clusters for all incongruent compared to 

congruent trials are exemplary for the specific contrasts in each emotional face 

category (Fig. 3.9). Whereas sparse peak activations in middle frontal (BA 9, 11), in 

superior parietal (BA 7) and in the fusiform gyrus (BA 37) were found for the group 

of social-extra-verted subjects (Fig. 3.9b; see Tab. A8b, Appendix, p. 152), the group 

of neurotic-anxious subjects showed widespread activations during task induced 

incongruence (Fig. 3.9a; see Tab. A8a, Appendix, p.150). Frontal activations covered 
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bilateral medial, superior, middle and inferior frontal regions as well as brain areas in 

dorsal ACC (BA 24, 32) and subcallosal gyrus (BA 25). Furthermore, activations 

were found in right superior parietal cortex (BA 7) as well as in bilateral middle and 

inferior temporal cortex (especially in the fusiform gyrus, BA 37) and lateral and 

ventral occipital cortex (BA 18, 19). Sub-cortical activations were located in the 

Pulvinar and Substantia nigra. 

To find linear relationships between individual differences of personality and 

neuronal correlates of interference processing during emotional face recognition 

correlations were calculated for parametric personality scores and percent signal 

change differences between task events [ incongruent – congruent ] in selected brain 

regions (Tab. 3.5). Increased left amygdala activation while interfering negative 

expression processing was found for subjects scoring high on trait anxiety measured 

with the STAI (r=.46, P=.026) and the BDI (r=.49, P=.030) with an additional linear 

association of BDI scores and activation in the subgenual ACC (r=.46, P=.042). On 

the other hand, increasing levels of extraversion was negatively associated with  

 

 
Table 3.5. Correlations between individual scores for selected personality traits and percent signal 
change difference scores ([ incongruent – congruent ]) calculated separately for each emotional face 
category. Listed are Pearsons´ correlation coefficients, significance levels and the emotional face 
category for which a (significant) correlation was found. 
 

 left AMGa right AMGb subACC rACC 
    

NEO-FFI     

Neuroticism    positive 
r=.39, P=.086* 

Extraversion negative 
r=.39, P=.086*  negative 

r=-.55, P=.011** 
positive 

r=-.61, P=.004*** 

     

BDI 
 

negative 
r=.49, P=.030**  negative 

r=.46, P=.042**  

    

STAI - Trait  negative 
r=.46, P=.026** 

negative 
r=.45, P= .052*   

     
 

* P<.1, ** P<.05, *** P<.01 
a spherical ROI (MNI -26, 0, -20), radius 5mm. 
b according to the definition of the AAL-atlas, dilatation factor 1. 
 

Abbreviations: AMG, amygdala; subACC, subgenual anterior cingulate cortex; dACC, dorsal anterior 
cingulate cortex; rACC, rostral anterior cingulate Cortex; BDI, Beck Depression Inventory; NEO-FFI, 
NEO Five Factors Inventory; STAI, State-Trait Anxiety Inventory. 
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Figure 3.10. Functional activation maps (a, c) rendered on the Colin atlas implemented in the CARET 
software (Van Essen et al., 2001) and signal profiles (b, d) for comparing activation in incongruent 
compared to congruent trials in internal and external encoders. (a) Whereas the group of internal 
encoders (right panel) showed massive activation on medial (BA 8) and lateral frontal areas (BA 6, 9) 
as well as parietal regions (BA 7), the group of external encoders (left panel) showed only slight 
activation in middle frontal (BA 9) and parietal regions (BA 7). (b) shows the corresponding contrast 
estimates (+/- 1 SEM), coordinates are in MNI space. (c) Regressing functional activation against 
individual encoding scores (ESQ) of participants revealed similar fronto-parietal activation as for the 
group contrasts. With increasing scores of the internal encoding subjects showed an increased 
activation in fronto-parietal as well as in the left fusiform gyrus. (d) Scatterplot of the relationship of 
individual (standardized) encoding style scores (ESQ) and signal behavior in the left fusiform gyrus 
(»fusiform face area«) and in the anterior cingulate cortex. 

Abbreviations: ACC, anterior cingulate cortex; BA, Brodman area; ES, encoding style; FG, fusiform 
gyrus; MFG, middle frontal gyrus; MeFG, medial frontal gyrus. 
 

 

signal increase in the subgenual ACC during interference in negative expression 

processing (r=-.55, P=.011) and with signal increase in the rostral ACC during 

interference in positive expression processing (r=-.61, P=.004). Finally, interference 
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effects in the subgenual ACC negatively correlated with interference in neutral 

expression processing for increasing levels of state anxiety (r=-.56, P=.011). 

b. Internal vs. external encoders. To find general effects of contextual interference 

all incongruent trials were contrasted against all congruent trials irrespective of 

emotional face category. These interference effects were computed separately for the 

group of internal and external encoders. Unlike external encoders which showed only  

sparse functional activation in left superior parietal (BA 7) and lateral frontal regions 

(BA 9, 44) (Fig. 3.10a; see also Tab. A9b, Appendix, p. 155), interference effects 

within the group of internal encoders activated regions along the ventral processing 

stream in inferior temporal regions (BA 20, 37) and specifically in bilateral fusiform 

gyrus (BA 19, 37) as well in fronto-parietal regions (Fig. 3.10a; see also Tab. A9a, 

Appendix, p. 153). For the group of internal encoders, frontal activation were found 

in medial frontal (BA 6, 8) as well as dorso-lateral (BA, 6, 9, 46) and ventro-lateral 

frontal areas (BA 44, 45, 47). Parietal activations were located in superior (BA 7) 

and inferior parietal lobule (BA 40). Furthermore, internal encoders showed stronger 

signal increase during interference trials in bilateral fusiform gyrus as well as in 

medial frontal and left middle frontal gyrus (Fig. 3.10b). Finally, similar regions 

which were active for incongruent trials in the group of internal encoders correlated 

strongly with increasing levels of internality in the whole sample as revealed by the 

regression analysis (see Tab. 9c, Appendix, p. 156). Especially activation in a region 

in the left fusiform gyrus and in ACC correlated positively with increasing internality 

of subjects´ encoding style scores (Fig.3.10c, d).  

 

 

 

3.3.4 Discussion 

 

3.3.4.1 Dimensions of personality as trait markers of differential emotional 
interference processing 

Introducing incongruent contextual information during recognition of different 

emotional expressions induced behavioral effects of interference both for the group 

of neurotic-anxious and social-extraverted subjects. Contextual incongruence 

induced increased response latencies and decreased response accuracy for both 

groups with a slight tendency to increased effects of interference for the group of 
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social-extraverted subjects. Therefore, both groups showed similar effects of 

interference on a behavioral level. 

However, comparing interference effects for both groups on a neuronal level 

revealed major differences between groups. Both groups showed common activation 

in similar brain regions but the group of neurotic-anxious subjects showed additional 

extensive activations especially for effects of incongruence during the processing of 

neutral emotional expressions. Especially lateral and medial frontal as well as 

regions in dorsal ACC and subcallosal cortex showed activations in response to task 

incongruence in the neurotic-anxious cluster. Dorsal lateral and medial frontal 

regions are activated by different paradigms involving conflict management (Nee et 

al., 2007) and also particularly during emotional conflict processing (Compton et al., 

2003; Etkin et al., 2006; Haas et al., 2006). More specifically, a recent study actually 

reported a linear relationship between parametric scores of neuroticism and increased 

activations in dorsal ACC during a demanding cognitive task (Eisenberger et al., 

2005). Haas and colleagues (2007) additional reported increased activation in the 

subgenual cingulate cortex during emotional conflict processing with increasing 

levels of an anxious form of neuroticism. In the present study, there was only a trend 

toward a relationship between conflict processing during happy expression 

recognition and signal increase in the rostral ACC with increasing levels of 

neuroticism (see Tab. 3.5). However, increasing levels of depressivity and decreasing 

levels of extraversion, as properties of the neurotic-anxious cluster, correlated with 

activation in subgenual cingulate cortex during incongruent trials with negative 

expressions and in rostral ACC specifically for decreasing extraversion during 

incongruent trials with positive expressions.  

Contrary to the increased signal in lateral and medial frontal regions in the present 

experiment, there are studies reporting decreased frontal activation on anxious 

subjects (Bishop et al., 2004b, 2007). These differences might be explained by 

different task demands across studies. Decreased frontal activation in anxious 

subjects were found in studies were the emotional stimulus was irrelevant to the task 

(Bishop et al., 2004b, 2007), whereas increased frontal and specifically subgenual 

ACC activation was reported in a study (Haas et al., 2007) where emotional stimuli 

were task-relevant and additional had to be actively processed under conflicting task 

conditions like in the present study. Rostral (Bishop et al., 2004b) and subgenual 

ACC (Etkin et al., 2006) are supposed to adaptively regulate intrusions of emotional 
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distractors and to resolve emotional conflicts (Etkin et al., 2006). Enhanced 

activation in the subgenual cingulate cortex for the neurotic-anxious cluster of 

subjects compared to social-extraverted subjects might be linked to enhanced efforts 

to manage intrusions of conflicting contextual information during valence judgments 

of facial expressions. Thus, both decreased frontal activations reported in studies 

using passive task demands as well as increased frontal activations as seen in the 

present experiment are indicative of neuronal dysregulative executive processes in 

subjects scoring high on neuroticism and anxiety. Similarly, increased parietal 

activations which serve selective attentional control (Serences et al., 2005) and 

increased activation along the ventral processing stream additional indicate enhanced 

executive processing efforts by neurotic-anxious subjects to overcome contextual 

interference especially during processing of negative emotional expressions.  

Additional to these dysfunctional activation in fronto-parietal areas high anxious 

subjects as well as subjects scoring high on neuroticism exhibit increased amygdala 

activation during emotional processing  (Mathews et al., 2004; Bishop et al., 2004a, 

2007; Most et al., 2006; Haas et al., 2007). Accordingly, left amygdala activation for 

the comparison of incongruent and congruent trials with negative expressions was 

linked to increasing levels of trait anxiety in the present study. Furthermore, 

increasing levels of depressivity were also associated with increased left amygdala 

activity during incongruent trials for negative expressions. Using a face-word Stroop-

like task, Haas and colleagues (2007) found increased amygdala activation for high 

neurotic subjects during conflicting trials and interpreted this result either as 

enhanced arousal or as vigilance for emotional conflicts. Likewise, the amygdala is 

also sensitive to emotional ambiguity in facial expressions (Whalen, 1999; Adams & 

Kleck, 2005). This ambiguity is actually enhanced in incongruent trials within the 

current experiment as indicated by decrements in behavioral performance. Neurotic-

anxious subjects exhibit an increased emotional reactiveness toward emotional 

stimulation (Suls & Martin, 2005) and additionally might be more sensitive for 

emotional ambiguity and emotional conflicts.  

As already mentioned earlier, increasing levels of extraversion were associated with 

less signal increase in incongruent compared to congruent trials with negative and 

positive expressions in subgenual and rostral ACC. In other words, increasing levels 

of extraversion are associated with increasing efficiency of contextual interference 

regulation during emotional face processing. Similar, Gray and colleagues (2005) 
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found decreased activation in dorsal ACC for extraverted subjects during a 

demanding working memory task and argued for higher executive efficiency with 

extraversion due to better dopaminergic innervations of frontal regions. This 

assumption of higher executive efficiency for extraverted subjects is diametral to the 

neuronal dysregulation proposed for contextual interference regulation seen with 

subjects scoring high on neuroticism and anxiety. Both the neurotic-anxious and 

social-extraverted cluster actually showed comparable performance on a behavioral 

level but differences in neuronal activations which suggests different neuronal 

processing efficiency depending on individual differences in personality. Increasing 

levels of neuroticism, anxiety and depressivity as well as decreasing levels of 

extraversion therefore seem to degrade neuronal processing efficiency.  

 

 

3.3.4.2  Individual encoding style influences the degree of conflict adjustment 

during emotional interference processing 

Efficient processing of incongruent trials within the present experimental design 

implicates the inhibition of information of the task-irrelevant background color 

while keeping the attentional focus on the task-relevant facial expressions. The 

salience of the background colors during incongruent trials will initiate the wrong 

prepotent response due to an instantiation of formerly learned schemata of specific 

face-color-combinations. Subjects with a higher schema instantiation threshold 

(SIT) should exhibit higher processing efficiency. They actually rely on external 

information conveyed by facial features to judge the emotional expressions while 

efficiently inhibiting contextual interference by the background colors. On the other 

hand, internally guided subjects with lower schema instantiation threshold will 

rapidly impose the formerly learned schemata of specific face-color-combinations 

onto incongruent trials. They will have to invest more processing capacity to 

properly judge the facial expression in the end. The latter scenario should be 

characteristic for internal encoders whereas the former scenario might describe the 

group of external encoders.  

Both groups of subjects with internal and external encoding style showed increased 

response latencies and error rates when presented with incongruent compared to 

congruent trials with a trend toward an increased effect of incongruence on response 

latencies in the group of internal encoders. Comparably to the comparison of the 
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group of neurotic-anxious and the social-extraverted there is no strong evidence for 

differences on a behavioral level. But similarly, internal and external encoders 

showed differences in interference processing on a neuronal level. 

External encoders showed only sparse functional activation in left superior parietal 

as well as middle and inferior frontal regions, whereas in internal encoders, 

incongruent trials induced enhanced and large-scale activation in the fronto-parietal 

network of interference control as well as in extrastriate regions along the ventral 

processing stream. More specifically, a region in the left middle frontal gyrus (BA 

6) as well as in the medial frontal gyrus (BA 8) showed stronger activation in the 

group of internal compared to external encoders. Both brain areas are known to be 

involved in proper interference control by means of selective attentional control 

(»frontal eye field«, see Corbetta & Shulman, 2002), conflict resolution (Banich et 

al., 2001; Bunge et al., 2001) and action monitoring (»fronto-median wall«, see 

Ullsperger & von Cramon, 2004). This frontal activation pattern corroborates the 

results of recent fMRI investigations of conflict control in both the classical (Banich 

et al., 2001; Nee et al., 2007) and the emotional Stroop task (Compton et al., 2003). 

In addition to frontal brain activations in internal encoders, bilateral signal 

enhancements were found in the fusiform gyrus (BA 37) most likely to represent the 

fusiform face area (Kanwisher et al., 1997). Both, the signal increase in frontal lobe 

and in the fusiform face area indicate the need for enhanced conflict management as 

well as deeper analysis of facial expressions for proper valence categorizations of 

facial expressions under the task conditions of incongruence. Predicting functional 

activations in the whole sample based on individual encoding style (ESQ) scores 

resulted in a strong correlation pattern in medial and lateral frontal regions. A 

specific region in the anterior cingulate cortex (ACC, BA24) showed a close 

relationship with individual encoding style scores, where an increased activation in 

this area is associated with the increased internality of participants. This region in 

the ACC was located in-between the cognitive and affective subdivision of the ACC 

(Bush et al., 2000) differentially activated by cognitive (Banich et al., 2001) or 

affectively tuned conflicts (Etkin et al., 2006). A region in the left fusiform gyrus, 

most probably representing the left hemispheric homologue of the fusiform face 

area (Proverbio et al., 2006) involved in a detailed face processing (Caldara et al., 

2006), also showed a strong correlation between signal increase and internal 

encoding style.  
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These data support the hypothesis that internal encoders need to engage more 

resources of interference control and object processing to overcome the schema-

induced conflicts since they exhibit a lower validation thresholds for imposing a 

formerly learned but misleading schema. External encoders on the other hand seem 

to efficiently process contextual interference because categorization of facial 

expressions is rather guided by facial features then by color induced schemata. 

Internal encoders almost resemble the functional activations for incongruent trials as 

described in former section for the cluster of neurotic-anxious subjects. However, 

the underlying cognitive and emotional processing might fundamentally differ for 

interference regulation in both groups. For the neurotic-anxious subjects contextual 

interference during valence categorization of facial expression might include some 

emotionally arousing load of the conflict itself indicated by covariations with 

activity in the amygdala. Conflict during recognition of facial affect might be more 

cognitively tuned for internal encoders since it might only represent a cognitive 

mismatch due to a violation of a mental schema. Beside functional differences there 

might be also differences in temporal dynamics. Whereas individual differences in 

encoding style might affect early perceptual stages of visual encoding, individual 

differences in neuroticism, anxiety or extraversion might modulate more elaborated 

stages of conscious recognition and emotional processing. 
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3.4  Dissociative temporal stages for detection and resolu-
tion of conflicts during processing of facial affect 

3.4.1 Introduction 

According to a three stage model of processing facial affect as proposed by Adolphs 

(2002), ERP components sensitive to emotional facial expression should be linked to 

different aspects of emotional processing and might also be differentially sensitive to 

additional but task-irrelevant emotional information conveyed by the background 

colors. Whereas early components within 200ms should detect salient stimuli with a 

coarse analysis of emotional valence and intensity of facial expression, more 

elaborate and strategic stages of processing beyond 200ms should be involved in the 

cognitive decoding of facial expressions (Streit et al. 2000; Schupp et al., 2004). Late 

slow wave activity beginning approximately 350ms poststimulus should be involved 

in a complex and elaborated stimulus registration by increased recruitment of 

processing resources (Schupp et al., 2004). Contextual emotional information during 

the recognition of facial expression might have its effect during several of these 

temporal processing stages. The few existing ERP studies of contextual effects on 

face processing have shown that already early components are sensitive for the 

presence and the emotional congruence of additional affective stimulus properties 

(Righart & Gelder, 2006; Meeren et al., 2005).  

In the present ERP study it was aimed to extend existing findings in two directions. 

First, beside negative and neutral expression, happy facial expressions were also 

included since there are only few studies which investigated contextual influences on 

the processing of positive facial expressions (e.g., Fenske & Eastwood, 2003). 

Second, additionally to contextual effects in early ERP components contextual 

interfering effects were explored in mid-latency and late ERP components known to 

be involved in emotional face processing and interference control.  
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3.4.2 Materials and methods 

3.4.2.1 Participants 

Twenty-three healthy female students recruited from Bremen University campus 

participated in this study. Participants were right-handed (according to Oldfield, 

1971), had normal or corrected to normal vision and normal color vision (examined 

with Ishihara color-tables; Ishihara, 1974). Participants were screened for a 

neurological or psychiatric history and excluded from further examination in case of 

incidents during their life history. Three participants had to be discarded from further 

analyses because of poor behavioral performance (error rates above chance) or 

because of exceedingly high artifact affection of ERP data. The final sample 

consisted of 20 subjects (mean age 22.40 years, SD 2.08, range 20-26). 

 

 

3.4.2.2  Stimuli and experimental task 

a. Stimuli. Forty-five emotional displays (23 female, 22 male) were introduced for 

each the negative, neutral and positive emotional face category. Fifteen pictures of 

each face category were used for the first experimental run and 30 pictures were used 

in the second experimental run (see below). Faces were combined with a background 

color for each emotional category (see Fig. 2.1). At no time of the entire experiment 

participants were told that the background color has any relevance for the 

experimental task. 

The stimuli were presented using Presentation®-Software (Neurobehavioral Systems; 

https://nbs.neuro-bs.com) on a computer screen (refresh rate 60Hz). Subjects were 

seated in a moderately darkened room with a viewing distance of approximately 

60cm. Pictures subtended horizontal and vertically 11° of the visual angle. In the first 

run pictures were presented slightly above the middle of the screen and the scales for 

judging the emotional expression were presented beneath the pictures (1.5° distance, 

font »Arial« on black background, horizontal 19.3° and vertical 1.1°). In the second 

experimental run pictures were presented in the center of the screen. 

b. Trials and sequence. Pictures in the first experimental run were presented in a 

pseudo-randomized order with blocks of 7-8 pictures of one specific emotional 

valence. Fifteen pictures for each of the three emotional categories were used. Each 

trial started with a fixation point (0.4°x0.4°) displayed for 1000 +/-100ms which 
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signaled the participants that the next facial picture is going to be presented and to 

avoid eye motion artifacts during the trials. Afterwards the facial pictures appeared 

which participants had to rate with regard to their valence (»negative«, »neutral«, 

»positive«). The valence scale appeared underneath the face with each icon assigned 

to a referring response button on a keyboard. The faces and scale disappeared after 

button press or after 5000ms when a response was missing. During an ISI of 2250ms 

between trials a blank black screen was displayed. Following 45 pictures a short 30s 

break was introduced. Thereafter, all 45 pictures were presented a second time but 

with a different order of presentation to reinforce the emotional association of the 

background colors. Subjects could take their own time for the two ratings but were 

encouraged to perform quickly and intuitively without too much deliberation. The 

aim of the first run was to associate the background color with the emotional valence 

of the facial expression 

For the second experimental run 30 pictures of each emotional category were used. 

In 360 trials (congruent trials) the same emotion-color-combination as in the first 

experimental run were used. In 180 trials the background color was changed (30 

pictures per each of the two remaining background color), thus resulting in a 

different emotion-color-combination (incongruent condition). The second run started 

with nine practice trials to allow accommodation to the new task condition. 

Participants were asked to make a fast, but still accurate forced-choice-reaction for 

each presented face with regard to its expressed emotional valence (right hand on the 

keyboard: »negative« - index finger, »neutral« - middle finger and »positive« – ring 

finger). This run consisted of three blocks with 180 trials each. Block sequence was 

counterbalanced between subjects. Each trial started with a fixation point (0.4°x0.4°) 

presented for 1000 +/-100ms and immediately followed by the facial picture 

presented for 750ms. Afterwards a blank black screen was presented for 2250ms. 

Pictures were presented in a randomized order.  

 

 

3.4.2.3  Statistical analysis 

Selection of time windows for statistical analyses was guided by existing evidence of 

modulatory effects of facial expressions on distinct ERP components, by visual 

inspection of the ERP data and finally by a statistical approach. For the latter, all 

epochs from each subject, electrode and experimental conditions were subjected to a 
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covariance-based temporal PCA with subsequent varimax rotation (according to 

Kayser & Tenke, 2003). The first factor explained 57.25% of total variance with 

maximal factor loading 504ms poststimulus with factor scores showing a broad 

distribution over parietal regions. ERP amplitudes centered in the coronal plane of Pz 

actually showed a broadly distributed positive deflection. This parietal activity most 

likely reflects the LPP (Schupp et al., 2004). The second factor explained 24.79% of 

total variance with two local loading maxima at 109 ms and 228ms with maximal 

factor scores over inferior parietal electrodes centered around the P8. Both temporal 

maxima where related to positive deflections of ERP amplitudes with the first 

component likely representing the P1 with its maximal deflection at PO8. The second 

component might indicate the EPN which has been previously described and 

detected at inferior parieto-occipital electrodes (Schupp et al., 2004). The third factor 

of the PCA explained 5.02% of total variance with a maximum at 161ms with 

maximal factor scores over inferior parieto-occipital regions (PO9, P7). The latter 

corresponds well to the N170 which showed its maximal negative amplitude 

deflection at electrode P8. All remaining factors of the PCA are not included here 

since they are not of importance for the present study. 

Based on the topographical distribution of factor scores and visual inspection of 

maximal deflection of ERP components average amplitudes were scored over 

different time windows for the P100 (90-120ms), N170 (140-180ms) and the EPN 

(240-280ms). For the P100 mean activity was scored at PO8, P8 and P6 and 

corresponding leads in the left hemisphere. Mean amplitudes of the N170 and EPN 

were scored average activity at PO10, PO8 and P8 and corresponding electrodes in 

the left hemisphere.  

Parietal LPP showed a temporally broad distribution with temporally varying peak 

amplitudes depending on the experimental trials. Several studies actually found 

different P3 and late positive components evoked by emotional stimuli (Johnston et 

al., 1986; Kolassa et al., 2007). Therefore, this time window was split up into an 

early (400-500ms) and a late LPP (500-600ms) and calculated average amplitude 

over these time windows at CP2, CP4, P2 and P4 and corresponding electrodes in the 

left hemisphere. 

For statistical analyses mean activity for each ERP component was entered into 

repeated measures ANOVAs with laterality (right, left), emotion (negative, neutral, 

positive) and congruence (congruent trials, incongruent trials) as within-subject 
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factors. To control for violations of sphericity Greenhouse-Geisser (GG) epsilon 

correction was applied to adjust degrees of freedom and significance levels if 

necessary. Post hoc comparisons between levels of main factors were done using 

LSD to adjust for multiple comparisons with a significance level of P<.05. Post hoc 

Student´s t-tests were used to evaluate significant interaction effects between main 

factors (P<.05). 

Source analysis was done using sLORETA as described in the methods section (see 

Section 2.3.2). 

 

 

 

3.4.3  Results 

3.4.3.1  Behavioral data 

For each subject mean reaction times (RTs) were computed for each kind of trials by 

including only trials where subjects made correct categorizations of facial 

expressions (see Tab. 1). Comparing congruent and incongruent trials (factor 

congruence) in each of the three valence categories of facial expressions (factor 

emotion: negative, neutral, positive) a 3x2 repeated measure ANOVA for RTs 

revealed main effects for both factors emotion (F(2,38)=5.23, P=.010) and congruence 

(F(1,19)=45.64, P<.001). There was a trend toward a significant interaction between 

both main factors (F(2,38)=2.78, P=.074). Post hoc paired t-tests between the 

congruent and incongruent condition in each emotional category confirmed a strong 

interference effect on RTs when comparing incongruent to congruent trials in each 

emotional category (negative: t(19)=6.65, P<.001; neutral: t(19)=5.32, P<.001; positive: 

t(19)=4.83, P<.001). 

An identical repeated measure ANOVA for error rates (see Tab. 1) showed 

significant main effects for the factors emotion (F(1.5,28.6)=3.96, P=.041, GG 

corrected) and congruence (F(1,19)=29.83, P<.001), and a significant interaction 

between these main factors (F(2,38)=3.77, P=.032) explained by differential effects of 

incongruence in each emotional category. Paired t-test showed interference effects 

for the negative (t(19)=5.27, P<.001), neutral (t(19)=3.09, P=.006) and positive 

emotional category (t(19)=2.56, P=.019) when comparing the congruent and 

incongruent trials in each category respectively. 
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Table 3.6. Behavioral data. Mean scores for congruent and incongruent trials in each 
emotional category (SD in brackets).  

 

facial  
expressions 

reaction time (ms) percent error (%) 

congruent incongruent congruent incongruent 

Negative 703  (142) 762  (167) 7.33  (8.10) 11.83  (9.93) 

Neutral 707  (149) 774  (184) 6.79  (8.33) 9.50    (10.67) 

Positive 674 (143) 714  (152) 2.88  (1.80) 4.42    (2.37) 

 

 

 

3.4.3.2  ERP data  

Since this study was designed to specifically examine effects of contextual 

incongruence during processing different facial expressions, statistical results with 

respect to the main factors emotion and congruence and interactions between these 

factors are primarily reported.  

P1. No differences in amplitude were found for different emotions (F(2,38)<1) nor for 

incongruent compared to congruent trials (F(1,19)<1). There was however a significant 

emotion x congruence interaction (F(2,38)=8.56, P=.001) due to larger amplitude for 

incongruent compared to congruent trials with neutral expressions (�M=0.62�V; 

t(19)=-3.105, P=.006) and decreased amplitude for incongruent compared to 

congruent trials with positive expressions (�M=-0.45�V; t(19)=2.78, P=.012) (see 

Fig. 2a). 

N170. Facial expression yielded different amplitudes (F(2,38)=9.32, P=.001) with 

negative expressions (-4.59�V) showing greater amplitude compared to positive (-

4.11�V; P=.026) and neutral expressions (-3.78�V; P=.001) and positive also 

showed greater amplitude than neutral expressions (P=.047). Whereas the factor 

congruence was not significant (F(1,19)<1) there was a 2-way emotion x congruence 

(F(2,38)=7.85, P=.001) and a 3-way laterality x emotion x congruence interaction 

(F(2,38)=3.87, P=.030). Incongruent compared to congruent trials with negative 

expressions showed decreased amplitude (�M=0.67�V; t(19)=-3.30, P=.004; see Fig. 

2b), an effect which was present both in the left (�M=0.48�V; t(19)=-2.19, P=.042) 

and right hemisphere (�M=0.89�V; t(19)=-3.42, P=.003). Increased amplitude was 

found for positive incongruent trials (�M=-0.57�V; t(19)=2.83, P=.011), but this 

effect was only present in the right hemisphere (�M=-0.72�V; t(19)=3.50, P=.002). 
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Figure 3.11. Evoked potentials for congruent (bold line) and incongruent trials (dotted line) depicted 
separately for the negative (left panel), neutral (middle panel) and positive facial expressions (right 
panel). Each horizontal panel shows activity at a representative electrode, for the P1 component at P6 
(a), the N170 and ERN components at PO10 (b) and the N450 and late LPP components at P2 (c) 
respectively.  
 

 

EPN. A significant main factor emotion (F(2,38)=40.90, P<.001) was due to a larger 

amplitude for negative (-0.14�V; P<.001) and positive expressions (0.11�V, P<.001) 

compared to neutral expression (1.04�V). Though the main factor congruence was 

not significant (F(1,19)<1) there was a significant emotion x congruence interaction 

 (F(2,38)=7.31, P=.002) with decreased negativity for negative incongruent 

(�M=0.59�V; t(19)=-3.60, P=.002) and increased negativity for neutral incongruent 

trials (�M=-0.27�V; t(19)=2.21, P=.039) (see Fig. 2b). 

LPP. The ANOVA for the early LPP (400-500ms) revealed a significant main factor 

emotion (F(2,38)=35.22, P<.001) due to a larger amplitude for negative (6.52�V) 

compared to both  positive (5.88�V, P=.001) and neutral expression (5.25�V, 

P<.001) as well as larger amplitude for positive compared to neutral expression 

(P=.001). Though there were only trends toward significant interaction for emotion x 

congruence (F(2,38)=2.59, P=.088) and laterality x emotion x congruence (F(2,38)=3.06, 
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Figure 3.12. Voltmap scalp distribution for successive time windows for the difference wave of 
incongruent minus congruent trials for each category of facial expressions (a). Scalp potentials are 
depicted for time epochs showing a statistical significant difference between congruent and 
incongruent trials. (b) Source estimation for each difference scalp potential map rendered as current 
source density (A/m2) on the right hemisphere (lateral view) or on both hemispheres (dorsal view with 
anterior up).  
 

 

P=.059) planned comparison for negative expressions actually revealed a 

significantly increased negativity for incongruent compared to congruent trials 

(�M=-0.40�V; t(19)=2.18, P=.042) which was most pronounced in the left 

hemisphere (�M=-0.62�V; t(19)=3.90, P=.001). The ANOVA for the late LPP (500-

600ms) similarly revealed a significance for the main factor emotion (F(2,38)=35.41, 
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P<.001) which was due to a larger amplitude for negative (7.01�V) compared to 

positive (5.89�V, P<.001) and neutral expression (5.65�V, P<.001). The significant 

main factor congruence (�M=0.21�V; F(1,19)=4.57, P=.046) indicates increased 

positivity for incongruent compared to congruent trials irrespective of emotional face 

category. 

 

 

3.4.3.3  Source Localization 

Interfering the processing of emotional expressions (negative, positive) was 

associated predominantly with parietal source activity (see Fig 2. and Tab. 2). 

Generator activity for interference effects during processing of negative expressions 

was located in inferior and superior parietal regions for the N170 (BA 40), EPN (BA 

7), the early LPP (BA 7) and late LPP (BA 7). Estimated generator location for 

interference effects during processing of positive expressions was located more 

inferior in parietal cortex for the P1 (BA 39), N170 (BA 39) and the late LPP 

component (BA 40). Distraction during processing of neutral expressions showed 

also source activity within parietal cortex for the late LPP (BA 7, 40) but revealed 

different source estimation in early time windows. For the P1 and EPN component 

neutral expressions showed source activity in inferior occipital (BA 19) and temporal 

cortex (BA 19, 22). 

In summary, emotional and especially negative facial expression revealed enhanced 

activation beginning with the time epoch of the N170 regardless of congruence of 

contextual features. Contextual interference during processing of negative expression 

induced decreased negativity in posterior inferior brain regions for the consecutive 

time epochs of the N170 and EPN additional to an increased parietal negativity 

during early LPP. All these effects were localized to posterior parietal brain regions. 

Inferior parietal regions were modulated by incongruence during processing positive 

facial expressions as revealed by modulatory effects on the P1 and N170 and during 

late parietal activity. A similarly increased parietal positivity was found for 

incongruence during processing neutral expressions with additional effects both on 

the P1 and EPN which were localized to occipito-temporal brain regions. 
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Table 3.7. Local maxima of current density (A/m2) for difference waves [ incongruent – congruent ] 
for each category of facial expressions. Source localization was estimated for all time epochs with a 
significant amplitude difference between incongruent and congruent trials. Coordinates are in 
Talairach space (Talairach & Tournoux, 1988). 
 

 
                                                facial expression 

negative neutral positive 

Time win- 
dow (ms) Region R / L 

BA 
TAL 
x, y, z Region R / L 

BA 
TAL 
x, y, z Region R / L 

BA 
TAL 
x, y, z 

          

90-120    MOG R 19 30, -91, 18 IPL R 39 45, -68, 45 

140-180 IPL R 40 40, -71, 45    AnG R 39 50, -71, 31 

240-280 SPL R 7 10, -60, 54 ITG 

STG 

R 19 

R 22 

50, -78, 0 

64, -48, 21 

   

400-500 SPL R 7 10, -60, 63       

500-600 SPL R 7 25, -63, 63 SPL R 7 10, -55, 67 IPL 

SPL 

R 40 

R 7 

45, -56, 56 

30, -68, 54 

 
Abbreviations: AnG, angular gyrus, BA, Brodmann area; IPL, inferior parietal lobule; MOG, middle occipital 
gyrus; PreCu, Precuneus; STG, superior temporal gyrus. 
 

 

 

 

3.4.4 Discussion 

3.4.4.1  Behavioral correlates of contextual interference 

Behavioral results revealed a general effect of interference during fast valence 

categorizations of emotional expressions indicated both by increased response 

latencies and error rates for trials containing conflicting contextual information. 

Depending on the valence of emotional expression differential effects of interference 

were indicated by a trend toward a significant interaction between emotional 

expressions and incongruence of the background color for response latencies and 

particularly with a significant effect for error rates. Whereas incongruent trials with 

neutral expression seem to be associated with elevated effects of interference (based 

on the absolute difference between incongruent and congruent trials) and followed by 

negative expressions with respect to response latencies, interaction effects for error 

rates showed the reversed pattern of greatest effects of interference for negative 

expression followed by neutral and positive expressions. These results are in line 
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with some previous findings showing reduced distractibility during the processing of 

positive facial expressions which have been shown to be processed in a fast and 

efficient manner (Leppänen & Hietanen, 2004) thereby reducing the possibility of 

task-irrelevant information to interfere this process (e.g., Eastwood & Fenske, 2003). 

Negative and especially neutral expressions are more ambiguous regarding their 

emotional valence and hence are more prone to contextual distraction.  

 

 

3.4.4.2  Effects of emotional context information on early ERP components 

Except for the P1 all remaining time epochs showed enhanced processing of 

emotional and especially negative expressions compared to neutral expressions. This 

corroborates existing evidence of a processing preference for emotional expressions 

starting with an early modulation of the N170 (Ashley et al. 2004; Batty & Taylor, 

2003; Caharel et al., 2005; Blau et al., 2007; Kolassa et al., 2007) and continues in 

subsequent time epochs (Streit et al. 2000; Schupp et al., 2004). Based on these 

valence specific modulatory effects of emotional expression during successive time 

epochs especially modulatory effects of incongruent emotional context information 

on these ERP components were tested. Contextual interference during the processing 

of facial expression revealed differential results depending on the valence of 

expressions.  

Contexts effects during categorizations of neutral expressions showed enhanced 

activation of the P1 and EPN. Though the visual P1 is originally thought to be 

responsible for low-level perceptual processes and spatial attention recent studies 

also demonstrated a modulation by emotional content of stimuli (Batty & Taylor, 

2003; Eger et al., 2003; Pourtois et al., 2005). More specifically, Meeren and 

colleagues (2005) reported increased amplitudes of the P1 when viewing facial 

expression in the context of emotional incongruent body postures indicating some 

sensitivity of the P1 for the presence of emotional conflicting information. Neutral 

facial expressions, by definition, signal almost no emotional information and are 

more emotional ambiguous especially during valence judgments. The enhanced P1 

for incongruent trials with neutral expressions might indicate some early processing 

sensitivity to the task-irrelevant emotional information conveyed by the background 

color. Different studies have shown that these early visual ERP components are 

modulated under passive viewing (Batty & Taylor, 2003; Eger et al., 2003; Schupp et 
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al., 2004) or task condition where the emotional content was task-irrelevant (Pourtois 

et al., 2004). Incongruent trials with neutral expression were the only one with 

emotional information solely in the task-irrelevant stimulus dimension. 

In line with this early sensitivity to emotional interference incongruent trials with 

neutral expressions enhanced activity of the EPN. The EPN has been assumed to be 

involved in cognitive encoding of emotional facial expression (Streit et al., 2000) 

additionally with a sensitivity to the intensity of the emotional stimulus (Schupp et 

al., 2004). This enhanced EPN was localized to right lateral occipito-temporal 

regions probably reflecting enhanced activation in inferior (e.g., Kanwisher et al., 

1997) and superior temporal regions (e.g., Allison et al., 2000) known to be 

specifically involved in face processing.  

On the other hand, effects of contextual interference during early processing of 

emotional (negative, positive) expressions were localized to parietal brain areas. 

Apart from these differences in source localization there were also differences in the 

temporal domain. Unlike incongruent trials with neutral expressions contextual 

incongruence during the processing of positive facial expressions revealed an 

enhanced N170 compared to trials with consistent background. Incongruent 

emotional information conveyed by the background colors therefore might enhance 

facial encoding of positive facial expressions. Conversely, this enhancement of the 

N170 amplitude might also be sensitive to additional non-positive emotional 

background information in terms of the presence of neutral and especially negative 

contextual information. For the latter there is evidence for a relationship between the 

intensity of negative facial expressions and increased amplitudes for the N170 (see 

Righart & de Gelder, 2006).  

Unlike incongruent trials with neutral expression, an enhanced P1 was found for 

congruent trials with positive expressions. Contextual incongruent information seems 

to have differential effects during processing neutral and positive expressions. The 

congruence of positive expressions in a positively related background might be more 

salient than positive expressions in a deviant and incongruent background. Besides 

the saliency of stimuli the P1 is also sensitive to low-level stimulus properties. 

Congruent and incongruent trials for each the negative, neutral and positive 

expressions differed with respect to these low-level features because of different 

background colors. Differential effects in the P1 amplitude might be affected by 

these different stimulus properties. However, congruent and incongruent trials with 
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negative expressions also differed in these low-level properties though there was no 

significant effect on P1 amplitude. Thus, modulation of the P1 in the present study 

might be partly sensitive to the emotional salience of facial expressions in different 

contexts though effects of low-level stimulus properties cannot completely be ruled 

out. 

Processing negative facial expressions under task conditions of contextual 

interference revealed a totally different temporal pattern when compared to neutral 

and positive facial expressions. For lateral posterior scalp regions there was an 

enhanced negativity for congruent compared to incongruent trials with negative 

expressions. Starting with an increased amplitude for the N170 this negativity 

sustained along the following components particularly with an increased EPN. These 

ERP results are somehow inconsistent with the behavioral performance of the 

participants showing strong effects of interference both for response times and error 

rates. However, similar to neutral and positive expressions incongruent trials with 

negative expressions affected the late LPP at parietal electrodes as will be described 

in the next section. Furthermore, incongruent trials with negative expressions were 

associated with an increased N450 as an electrophysiological marker of conflict 

processing (Liotti et al., 2000). All effects were localized to the superior parietal 

cortex known to be involved in selective attentional control during conflict 

processing (Serences et al., 2005). It seems, therefore, that early modulatory effects 

dissociate in their functional relevance from late modulatory effects of conflict 

control.  

The possibility of a sensitivity of the N170 to the amount or intensity of emotional 

information was already discussed in the former paragraphs. The N170 amplitude 

might be especially sensitive to the intensity of negative emotional information 

(Sprengelmeyer & Jentzsch, 2006; see also Leppänen et al., 2007). Congruent trials 

with negative facial expression include negative emotional information both with 

respect to the facial expressions and for the background color. Righart and de Gelder 

(2006) found highest amplitude of the N170 for fearful expressions in a fearful 

background context compared to neutral faces in a fearful and fearful faces in a 

neutral context. Surguladze and colleagues (2003) proposed that increased activity in 

extrastriate visual regions is due to the extent of danger (fear, disgust) signaled by a 

face and not merely to the amount of ambiguity. Taken together, the amount and 

intensity of negative emotional information seems to be associated with increased 
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negativity over lateral posterior brain regions. Negative expression presented with a 

negative associated background color yielded enhanced negativity for the N170 and 

the EPN. As already mentioned earlier, the EPN has additionally been proposed to be 

sensitive for the intensity of emotional stimuli (Schupp et al., 2004) and decodes 

facial expressions in more detail (Streit et al., 2000). 

In summary, at least for negative and positive expressions early electrophysiological 

activity is probably unrelated to interference effects that were remarkably present on 

a behavioral level. Several investigations found the N170 to be unaffected by 

attentional task demands during non-emotional face processing (Holmes et al., 2006; 

Furey et al., 2006), and more specifically for attentional manipulations during 

emotional face processing (Joyce et al., 2006). The present results of attentional 

processes during emotional face categorization are in line with this assumption and 

rather suggest a modulation of early components by emotional expressions and their 

emotional intensity. For instance, highest amplitudes of the N170 were found for 

fearful faces in a negatively associated context. 

 

 

3.4.4.3  ERP components of interference processing 

Unlike early face processing components, Furey and colleagues (2006) reported that 

ERP components 200ms after stimulus onset are sensitive to attentional modulations 

during face processing. Likewise, in an emotionally modulated Flanker task Dennis 

and Chen (2007) demonstrated a modulation of the N250 amplitude but not with 

earlier components. This emotional modulatory effect appeared only with subjects 

scoring high on measures of trait anxiety. Attentional interference effects during 

emotional processing therefore seem to be shifted to later processing stages of 

higher-order cognitive processing and attentional control. Early ERP components 

therefore might be relatively unaffected by task induced conflicts which might also 

be the case in the present study. The N450, typically represented as enhanced fronto-

central scalp negativity for incongruent trials during Stroop task performance, has 

been shown to appear as relative negative deflection of the posterior P3 especially 

with a manual Stroop task (Liotti et al., 2000). Visual inspection of late parietal 

activity in the present study actually revealed a similar effect of incongruence while 

processing different facial expressions (see Fig. 2c). Though there was only a 

statistical trend toward a significant interaction between emotional face category and 
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the task incongruence, planned comparisons revealed a statistically significant effect 

of incongruence on the N450. This modulation of the N450 appeared as a relative 

negativity during the positive wave at parietal sites for interference during processing 

negative expressions. Scalp voltmap distribution of this increased negativity in the 

time window 400-500ms poststimulus was centered along the scalp midline (see Fig. 

3a) and localized to the superior parietal cortex (see Fig. 3b). Schirmer and Kotz 

(2003) reported a similar effect of incongruence over parietal cortex using an 

auditory emotional Stroop task. The parietal negativity was interpreted as enhanced 

attentional processing and functionally separated from the N400 as specific marker 

of semantic violation (Kutas & Hillyard, 1989). This N450 incongruence effect in 

Stroop tasks is usually localized to the medial (Liotti et al., 2000; Hanslmayr et al., 

2008) or lateral frontal cortex (Markela-Lerenc et al., 2004; Qiu et al., 2008). Both of 

these brain regions are involved in conflict detection and conflict resolution. 

Contrary to these previous reports, the N450 in the present study was localized to 

dorsal parietal cortex though it showed a similar topographic voltage map 

distribution to manual versions of the classical Stroop task (see Liotti et al., 2000). 

This difference in localization of the N450 source might be due differences in source 

localization techniques. In a constraint approach, recent studies (Liotti et al., 2000; 

Markela-Lerenc et al., 2004; Hanslmayr et al., 2008; Qiu et al., 2008) mainly seeded 

dipoles using the »Brain Electrical Source Analysis« software (BESA). sLORETA 

on the other hand calculates underlying source activity without any apriori 

constraints on dipole locations. Apart from methodological differences this posterior 

shift of N450 localization in the present study could indicate functional differences. 

The source of the N450 modulation in the present study was located to superior 

parietal cortex which is directly involved in selective attentional control (Serences et 

al., 2005). Dorsal frontal regions, as a supposed source of the N450 effect in the 

classical Stroop task, rather resolves conflicts during executive control (Liotti et al., 

2000). 

Additionally to the increased N450 for incongruent trials with negative expressions, 

generally increased amplitudes were found during all incongruent trials in late ERP 

activity probably reflecting sustained activation. This sustained activity was localized 

to inferior and superior parietal cortex. Sustained activation of the late P3 and LPP 

respectively are supposed to contribute to an enhanced engagement with facial 

expressions (Schupp et al., 2004). This enhanced engagement might actually be 
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caused by the contextual interference in incongruent trials in the present study 

indicating the need for intensified recruitment of attentional resources. Actually, only 

trials were included where participants made correct valence categorizations of facial 

expressions. Thus, proper valence judgments of these facial expressions might 

depend on this intensified selective attentional control by means of enhanced parietal 

activation. Superior and inferior parietal regions are actually key structures in 

regulating selective information processing during intrusion of task-irrelevant 

information (Serences et al., 2005).  

 

 

3.4.4.4 Conclusions 

Two separate temporal stages during valence judgments of facial expressions under 

contextual modulation might serve different functional processes. An initial stage 

covering the early and mid-latency ERP components on posterior scalp regions is 

predominantly sensitive to the emotionality of the entire stimuli and particular for the 

negativity of the emotional content. Early source activity was located to occipito-

parietal areas for emotional expressions, whereas interference during processing of 

neutral expressions revealed activity in ventral occipito-temporal regions probably 

reflecting in-depth face processing.  

A second temporal stage is represented by modulatory effects in late processing 

epochs localized to the parietal cortex which resolves contextually induced conflicts. 

These late modulatory effects might indirectly relate to the performance decrements 

on a behavioral level. Especially contextual incongruence during processing of 

negative expressions affected the N450. Respectively, this late effect of contextual 

incongruence might be related to early processing preference of negative expressions 

when presented in an emotional congruent context. Sustained activation of the LPP 

for all trials of contextual interference finally indicates a general enhanced cognitive 

processing of any facial expression to control for these contextual intrusions. 



Chap te r  IV  

General discussion and
conclusions

During recent years affective neuroscience has accumulated evidences for a processing 

preference for emotional stimuli (Öhmann & Mineka, 2001; Carretie et al., 2001) and 

particularly for facial expressions of emotions (Schupp et al., 2004). Many behavioral, 

functional, and electrophysiological studies convincingly have shown that emotional 

expressions can be processed even when irrelevant to the task at hand (Maxwell et al., 

2005; Kolassa et al., 2007), when outside of the focus of attention (Vuilleumier et al., 

2001; Williams et al., 2005) or even with restricted (Whalen et al., 1998, 2004) or 

without any awareness (Vuilleumier et al., 2002; de Gelder et al., 2005). This evidence 

may lead to the obvious conclusion of a mandatory and automatic recognition of facial 

signals of emotions (see Öhman, 2002). Automaticity thereby means the relative 

independence of attentional resources which consequently renders the processing of 

facial affect immune to any form of interference. This processing automaticity of facial 

expressions is supposed to be strongly shaped by phylogenetical (Schupp et al., 2004) as 

well as ontongenetical determinants (e.g., Serrano et al., 1992; de Haan et al., 2003; 

Johnson, 2005) which provide strong arguments supporting the automaticity hypothesis. 

Facial expressions are indeed highly salient communicative signals guiding our social 

interactions. 

However, other studies already suggest that additional meaningful contextual features in 

the temporal and spatial environment surrounding the presentation of facial expression 

can modulate the processing of these expressions (Kim et al., 2003, 2004; Meeren et al., 

2005; Werheid et al., 2005; de Gelder et al., 2005; Righart & de Gelder, 2006). This 

might actually challenge the assumed processing automaticity of facial expressions. If 
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the processing of emotional expressions is actually capable for contextual influences 

then the automaticity hypothesis is not generally valid. Thus, introducing additional 

contextual features during recognition of facial expressions is, on the one hand, 

scientifically well motivated to further extend and deepen the knowledge about genuine 

processing properties of facial expressions. On the other hand, investigating facial 

expression embedded in specific contexts is ecologically more valid since facial 

expressions actually occur in broader material and social contexts in natural 

environments. 

In the experimental design used in the studies described throughout this work 

background colors were presented simultaneously with facial expressions. Background 

colors were associated with a specific emotional valence in a preceding experimental 

run. It was hypothesized that conflicting emotional information of these colors would 

induce substantial interference effects during fast valence categorizations of facial 

expressions. General effects of contextual interference were found for emotional 

expressions regardless of their emotional valence (Section 4.1). More specifically, 

different effects of interference were found depending on the valence of facial 

expressions (Section 4.2). However, interference effects not only varied with respect to 

emotional properties of the stimulus material but also depended on individual 

differences in personality and perceptual traits of subjects which participated in the 

fMRI study (Section 4.3). In summary, these results partly challenge the assumption of 

an automatic processing of facial expressions (Section 4.4). 

4.1  General effects of contextual interference

Presenting emotional expression within a colored background of different emotional 

association induced considerable interference effects during valence categorizations of 

these expressions. An initial behavioral study already revealed decrements in overt 

performance. Similar patterns of overt performances were found for behavioral data 

within the following fMRI and ERP experiments with general effects of interference 

irrespective of the valence of facial expressions. Comparing incongruent against 

congruent trials the fMRI analysis revealed increased activation in a fronto-parietal 

network as well as in the fusiform face area. Finally, ERP analyses revealed general 



103 

modulatory effects of contextual interference in late ERP components like the N450 and 

the LPP with a scalp voltmap distribution over parietal regions. These late modulatory 

effects were consistently localized to inferior and superior parietal regions as estimated 

sources for the scalp potential distribution.

In summary, background colors which convey specific emotional information can 

modulate the processing and valence categorization of facial expressions.  This effect 

appears as performance decrement on a behavioral level with neuronal correlates in 

fronto-parietal regions which, by several means, control for interference resolution 

(Serences et al., 2005; Nee et al., 2007) and which apparently became activated during 

late stages of cognitive processing indicated by the sustained parietal activation in the 

ERP study. This sustained parietal activation during trials of interference might not 

directly relate to overt behavioral measures of interference. Several electrophysiological 

studies of Stroop or Stroop-like tasks reported no relationship between behavioral 

measures of task induced interference and modulatory effects on late 

electrophysiological parietal components (e.g., Donchin & Coles, 1988; Ilan & Polich, 

1999; Qiu et al., 2006). Therefore, rather than a neuronal correlate of overt motor 

responses, the neuronal effects of contextual interference during emotional face 

processing in fronto-parietal regions might reflect late stages of enhanced cognitive 

processing which precede subsequent response execution. Similar, rather than an early 

feed-forward processing the activation in the left fusiform face area might reflect late 

recurrent activity for an in depth processing of the facial expressions (see Furey et al., 

2006).

In the ERP study, early ERP components were also modulated by the presence of 

additional contextual emotional information. However, these early effects most likely 

represent the initial detection of salient emotional stimulus properties regardless of a 

match or mismatch of the valence of the facial expression and the emotional 

information conveyed by the background color. Highest modulations of these early 

components were found, for instance, for negative expressions within negative 

associated contexts, actually an effect of a valence congruence of the emotional 

expressions and contextual information. 

In summary, regardless of their emotional valence emotional expression are prone to 

some kind of contextual interference at least in late stages of cognitive processing. 

However, apart from these general effects of interference, contextual modulation during 
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the processing of negative, neutral and positive expression additionally revealed 

differential effects of interference. 

4.2  Expression specific effects of contextual interference 

Lavie (2005) proposed a heightened proneness to cognitive interference with increasing 

cognitive processing load. Different emotional expression involve different processing 

patterns on a behavioral (Hietanen et al., 2006), functional (Phan et al., 2002) and 

electrophysiological level (Esslen et al., 200). Happy facial expressions, for instance, 

can be categorized fast and accurate (Green et al., 2003; Leppänen & Hietanen, 2004) 

which might actually reduce their proneness to contextual interference due to their 

efficient processing properties. 

In the present studies there was a tendency toward performance decrements mainly 

pronounced for neutral expressions. The results of the fMRI experiment confirmed this 

behavioral pattern. Strongest effects of contextual interference were actually found for 

neutral expressions with widespread activations along the ventral processing stream 

covering brain areas which are essential for processing the task-relevant (facial 

expression) and task-irrelevant stimulus dimensions (color). Signal increase was found 

in the fusiform (FFA) and occipital face area (OFA) as well as in regions responsible for 

color processing (V4). Source localization of interference effects during neutral 

expression processing with contextual interference in the ERP experiment revealed 

similar posterior ventral sources in early temporal stages of visual processing. 

Modulatory effects on the P1 and the EPN indicate early sensitivity to contextual 

interference during processing of neutral expressions. Taken together, behavioral, 

functional as well as electrophysiological data indicate increased distractibility of 

neutral expressions which occurs relatively early within visual processing in ventral 

extrastriate brain areas. Effects of contextual incongruence, therefore, might occur 

earlier during visual processing for neutral compared to emotional expressions. 

Unlike neutral expression, interference during processing of emotional expressions 

(negative, positive) revealed attenuated effects of distraction. Interestingly, interference 

effects during processing of positive expressions in the initial behavioral study revealed 

highest effects in terms of behavioral interference with strongly increased response 
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latencies for incongruent compared to congruent trials. However, as already mentioned 

in the specific discussion of the results of the behavioral experiment there is some 

evidence that decreased response latencies for congruent compared to incongruent trials 

including positive expressions might, in turn, reflect an effect of facilitation due to a 

congruence of the valence of the facial expression and emotional information conveyed 

by the background color. Results of functional activations within the fMRI experiment 

might further substantiate this assumption since functional effects during interference of 

positive expressions produced only slight activations. Furthermore, congruent trials with 

positive expression produced enhanced amplitude of the P1 compared to incongruent 

trials probably reflecting early congruence effects for positive expressions. This 

emotional congruence might have increased the salience of the entire stimulus and 

therefore induced an early modulation of the P1. 

Interfering the processing of negative expression resembled some of the processing and 

interference characteristics of positive expression. Negative expressions revealed 

extenuated interference effects when compared to neutral expression, especially on a 

behavioral level. Contextual emotional information during the processing of negative as 

well as positive expression, for instance, modulated the N170 with similar source 

activity in parietal regions. Contrasting incongruent against congruent trials with 

negative expressions in the fMRI analysis revealed similar effects in superior medial 

and lateral temporo-parietal cortex. Some of these regions like V3a, MT+ and STS are 

part of a hypothetical STS stream (see O´Toole et al., 2002; Vaina et al., 2003) which 

covers regions involved in processing motion in dynamic but partly also in static stimuli 

(Krekelberg et al., 2005). Therefore, interference resolution during negative expression 

processing partly relies on an extraction of these implied dynamics which might be 

retrieved when subjects are exposed to static negative expressions (see Davies & 

Hoffman, 2003). Thus, interference resolution during negative expression processing 

still involves some deeper processing of facial properties for a proper judgment of these 

expressions. This resembles some processing properties of neutral expressions under 

contextual interference. On the other hand, negative expressions also showed similar 

effects of contextual modulation when compared to positive expressions, such as 

attenuated behavioral effects of interference as well as reduced functional activation 

during interference resolution compared to neutral expression. Interestingly, early ERP 

components in the electrophysiological study revealed strong modulatory effects for 

congruent trials including negative expressions presented in a negatively associated 
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color context. Therefore, the processing of negative expression might be more sensitive 

to a congruence rather than incongruence of additional emotional information, at least in 

early stages of visual processing (see Righart & de Gelder, 2006).

Taken together, emotional expression showed general effects of contextual interference 

but this effect varied during the processing of negative, neutral and positive expressions. 

These differences probably depended on inherent processing demands of specific 

emotional expressions. The electrophysiological data indicates some early sensitivity to 

contextual interference during neutral expressions processing in ventral visual 

processing regions. Significant difference of interference during processing negative, 

neutral or positive expressions were also observed in extrastriate visual processing 

regions in the fMRI study. Differential activations were found in brain regions which 

are specifically involved in processing those stimulus features in more detail which are 

essential for the specific emotional expression. In trials of contextual interference, the 

categorization of neutral expressions activated regions responsible for a detailed 

stimulus processing. Interference during the processing of negative expression induced 

activation in regions responsible to process their unique implicit dynamics. Finally, 

positive expressions are processed quite accurately and efficiently. These processing 

properties implicate some form of interference control as indicated by sparse frontal 

activations and late sustained parietal activity, but apparently needs no further in depth 

processing of facial feature and expression specific characteristics.  

4.3  Individual differences in contextual interference resolution 

Hamann and Canli (2004) pointed out that individual differences in emotional 

processing are the rule rather than the exception. This assumption becomes most evident 

if emotional processing properties are compared between individuals with extreme 

characteristics of personality traits. These dimensions of personality have previously 

been shown to relate to differences in neuronal activations during emotional processing. 

More specifically, subjects vary in their capability to contextual interference during 

emotional face processing as indicated by the present comparative analysis of subjects 

with different patterns of personality. Especially higher levels of neuroticism, anxiety 

and depressivity were closely associated with increased effects of emotional 
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interference on a neuronal level. Likewise, higher scores on these dimensions of 

personality render subjects vulnerable for emotional disorders (Widiger & Trull, 1992; 

Malouff et al., 2005). Emotional interference processing, therefore, might be a valuable 

tool to identify subjects which are at risk for subclinical and clinical disorders. In the 

initial behavioral study interference effects for incongruent trials including positive 

expression where uniquely related to interference effects while processing neutral or 

negative expressions. Usually, positive expressions are processed fast and accurate even 

in tasks of contextual interference as observed in the present fMRI study. Therefore, 

increased interference effects during processing of positive expressions might be a valid 

marker for premorbid characteristics of personality. Future research might determine 

individual personality profiles which involve a vulnerability to increased interference 

during processing of positive expression. There is already evidence for deviant signal 

patterns in fusiform gyrus in depressed individuals when exposed to linear increasing 

intensities of happy facial expressions (Surguladze et al., 2005). Furthermore, subjects 

exhibiting high social anxiety need longer to recognize happy facial expressions 

compared to control subjects (Silvia et al., 2006). 

The individual encoding style figures as a perceptual trait and is not directly connected 

to emotional processing. However, extreme variants of personality which are similar to 

manifestations of emotional disorders might involve specific perceptual encoding 

schemata. According to Beck (1987) manifestations of clinical depression comprise a 

triade of negative cognitive schemata about the self, the environment and the future. 

These schemata determine a specific perception and interpretation of internal and 

external experiences. Similarly, subjects exhibiting an internal or external encoding 

style might also differ in trait dimensions of personality which are associated with 

differences in emotional processing. An internal encoding style actually resembles 

processing properties of the self-perpetuating schemata involved in depression. Internal 

encoders rely on their internal schemata thereby denying relevant external information. 

Depressive patients rely on their negative cognitive schemata thereby depriving 

themselves of positive experiences with their environment (see Lewinsohn, 1974). In 

both cases, there is an insufficient consideration of external information leading to a 

fatal self-perpetuation of internal schemata.  

General effects of interference during the recognition of facial affect revealed activation 

in the fronto-parietal network of interference control and resolution as well as in regions 

along the ventral processing stream, particular in the fusiform face area. The group of 



108 

social-anxious subjects as well as the subjects with internal encoding style almost 

identically resembled these activations of the entire sample. The group of social-

extraverted subjects and subjects with external encoding style on the other hand 

revealed only sparse activation during interference processing. Internal encoders as well 

as neurotic-anxious subjects apparently dominated the activation patterns of the entire 

sample. For both groups it was already reasonable argued that increased processing 

capacities need to be recruited to overcome task induced conflict though the quality of 

this conflict might fundamentally differ between both groups. Neurotic-anxious subjects 

might experience this conflict as emotionally arousing whereas internal encoders are 

cognitively confronted with deviation of a mental schema. 

Studies which required passive processing of emotional stimuli (Canli et al., 2001, 

2002) or where emotional stimuli were task-irrelevant (Bishop et al., 2004a, 2004b, 

2007; Most et al., 2006) revealed valuable but still inconsistent results concerning the 

neuronal activation patterns associated with higher levels of neuroticism and anxiety. 

Active processing of emotional stimuli on the other hand might be more suitable to 

investigate neuronal correlates of personality traits since active tasks directly tap the 

problems of subjects scoring high on neuroticism and anxiety. Psychological deficits of 

depressive, anxious and probably neurotic subjects are presumably based on a fronto-

limbic dysregulation during emotional processing. In a study of emotional conflict 

processing during the categorization of emotional expressions, Etkin and colleagues 

(2006) have shown that subgenual cortex exerts inhibitory influences on activity in the 

amygdala during conflicting trials. Haas and colleagues (2007) used an identical face-

word Stroop task and found linear relationships between parametric measures of 

neuroticism and activation in the amygdala and subgenual cingulated cortex during 

emotional conflicting trials. Therefore, active tasks involving emotional conflict 

processing might be better suitable to investigate fronto-limbic regulations in normal 

subjects and dysregulations in neurotic and anxious subjects.

Similar, the impact of internal encoding styles on task performances and functional 

activations might be pronounced in tasks which require active responses. Internal 

encoders in the present experiment were cognitively misled by their rapidly activated 

schemata. To overcome this schema induced conflicts for an active judgment of facial 

expression internal encoders had to invest more processing resources compared to 

external encoders. Thus, additional processing resources might only be recruited when 
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sustained cognitive processing and interference control are indispensable for a 

subsequent overt behavioral response.

One final methodological remark concerns the sample size of the subgroups which were 

built by individual differences in encoding style or differences in personality traits. 

Reliable and replicable functional activations in fMRI using random effects analyses 

can be revealed with a sample size of at least 20 independent data sets (Desmond & 

Glover, 2002; Murphy & Garavan, 2004; Thirion et al., 2007). Therefore, functional 

activation patterns in the subsamples which consisted of about 10 subjects might not 

necessarily represent reliable activation patterns. However, activations were quite 

consistent within each group on the single subject level. Furthermore, specific contrast 

of incongruent against congruent trials in each emotional category revealed similar 

activation differences as for the general contrast irrespective of the emotional face 

category. Therefore, functional activation patterns were consistent over subjects and 

over contrasts suggesting some degree of reliability.  

4.4  Emotional face processing is not entirely automatic 

Judging the valence of facial expressions of emotions is quite easily to accomplish if the 

face signals some clear cut emotional expressions. Negative and positive emotional 

expression include expression specific features (Williams et al., 2001; Whalen et al., 

2004) and a typical holistic impression (Calder et al., 2000; Fallshore & Bartholow, 

2003) which makes them easy and rapid to categorize. In this sense, the processing of 

emotional expression is indeed automatic, a prerequisite finally for some immunity 

against contextual interference as actually confirmed by empirical data in the current 

experiments. 

However, judging the valence of neutral expressions in turn might be quite laborious. 

Neutral expression are emotional ambiguous since emotional neutrality is hard to define 

and consequently hard to judge. Neutrality can sufficiently be defined only, ex negativo,

as the absence of any emotional feature. This is obviously indicated by prolonged scan 

paths during neutral compared to emotional face processing (Groner et al., 1984; 

Williams et al., 2001; Green et al., 2003). Furthermore, emotional neutrality is affected 

by the task specific context in which neutral stimuli are presented (Murphy & Zajonc, 
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1993; Murphy et al., 1995; Rotteveel et al., 2001). Incongruent trials with neutral 

expressions in the present experiments contained emotional information in the 

background context. This context information might additionally mislead the correct 

valence classification of neutral expressions which are already hard to classify when 

presented solely. Extended scanning of the neutral face is necessary to reliable exclude 

the possibility of an emotional content in the face. 

Taken together, the current results partly confirm existing assumptions of a processing 

automaticity of facial expressions since contextual interference effects are considerably 

reduced for emotional compared to neutral expressions. Nevertheless, the processing of 

emotional expressions is still capable of being influenced by contextual interference. 

This contextual modulation, however, depends on the valence of facial expressions. 

Even early components, which usually represent an automatic decoding of emotional 

stimuli, were modulated by contextual information, though not in a strict sense of 

interference but as modulatory effects of meaningful contextual information. Finally, 

the automaticity of processing facial affect should be a common principle underlying 

visual processing of facial expressions. However, contextual induced interference 

effects varied substantially and systematically between groups of subjects, at least with 

respect to functional activations in the fMRI study. 

Öhman (2002) proposed that the amygdala is involved in an automatic decoding of 

emotional expressions and that the amygdala is a core structure in a system which is 

called »fear module« (Öhman & Mineka, 2001). In the present fMRI experiment no 

amygdala activation was found not even for negative facial expressions. The only 

exception was a correlation with trait anxiety of subjects during interference resolution 

while processing negative expressions. But this correlation more likely reflects a 

neuronal correlate of emotional dysregulation in anxiety. Furthermore, the missing 

amygdala activation might be partly owed to the subtraction contrasts used in the fMRI 

analysis which directly compare different forms of emotional processing. More 

interestingly, cognitive and active processing of emotional stimuli actually shifts the 

foci of activation from ventral to dorsal brain regions (Hariri et al., 2000; Lange et al., 

2003; Compton et al., 2003; Grimm et al., 2006). These activated dorsal regions, in turn, 

inhibit ventral systems of elementary emotional processing like the amygdala (Nomura 

et al., 2004; Etkin et al., 2006; see also Compton et al., 2003). Automatic emotional 

processing in the amygdala is apparently suppressed when cognitive processing of 

emotional stimuli is required by the task demands.  
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In conclusion, though a processing preference of emotional expressions is indicated 

even in trials of contextual interference, the processing of emotional expressions is not 

entirely automatic at least with respect to the brain physiological results of the present 

studies. Contextual information can interfere the processing of facial expressions and 

substantially modulate brain physiological responses. Since the classification of neutral 

expression is less well determined contextual information could easily interfere their 

processing.

But finally, this pattern of results might critically depend on task requirements in the 

present studies. Lange and colleagues (2003) reported different functional activations 

profiles during the processing of fearful facial expression. Functional activations varied 

between activations in medial temporal and occipital lobe during passive viewing and 

activations in inferior frontal cortex during gender-decisions on the actor or evaluative 

judgments of the emotional expressions. Task instructions in the present experiments 

favored the processing of emotional expressions since emotional valence decisions were 

twice as likely as neutral valence decisions. If the task instructions would be 

hypothetically changed to promote the processing of neutral expressions the brain 

physiological patterns of activation might consequently change to indicate a possible 

processing advantage of neutral compared to emotional expressions. But this possibility 

needs to be empirically determined in future studies.  
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Table A1

Regions of significant activation for the [ incongruent > congruent ] contrast of 
each emotional category.  

Brain region 
Right / 

Left BA Cluster size T x y z 

NEGATIVE: incongruent > congruent 
F r o n t a l  L o b e         
Middle Frontal Gyrus L 8 73 4.09 -50 13 36 
 L 9  3.87 -51 23 34 
 L 9  3.66 -48 17 29 
 L 10 22 4.45 -44 50 -13 
Inferior Frontal Sulcus R 45 14 3.38 40 33 9 

P a r i e t a l  L o b e         
Precuneus R 31 4968 6.95 10 -67 18 
 R 19  4.61 36 -66 42 
Intraparietal Sulcus L 40  3.82 -42 -38 46 
 R 7  4.61 30 -45 41 
Inferior Parietal Lobule L 40 56 3.84 -42 -36 53 
 L 40  3.79 -46 -31 44 
 R 40 484 4.64 32 -37 37 
O c c i p i t a l  L o b e         
Cuneus L 18  6.44 -6 -75 22 
Parieto-Occipital Sulcus R 18  6.55 12 -75 20 

T e m p o r a l  L o b e         
Fusiform Gyrus  L 37 91 4.70 -50 -49 -16 
Inferior Temporal Sulcus L 37  4.01 -53 -57 -4 
 L 37 83 4.32 -44 -58 -2 
 R 21 31 4.33 51 -49 -1 
Inferior Temporal Gyrus R 20 21 4.61 57 -41 -10 

C e r e b e l l u m        
Culmen L  22 3.99 -38 -44 -31 
 R  47 4.36 38 -46 -26 
 R  26 4.10 26 -57 -21 
Declive R  38 4.15 14 -83 -21 
Tuber R  10 3.26 48 -56 -27 
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Table A1 (continued) 

Brain region 
Right / 

Left BA Cluster size T x y z 

NEUTRAL: incongruent > congruent 

F r o n t a l  L o b e         
Middle Frontal Gyrus L 9 127 5.79 -55 19 32 
 L 11 111 6.38 -38 48 -16 
 R 10 179 5.43 42 58 -6 
 R 10  5.40 48 48 -14 
 R 11  4.58 38 44 -19 
Inferior Frontal Gyrus R 47 29 4.78 42 24 -20 
 R  9 13 3.19 40 9 29 
P a r i e t a l  L o b e         
Precuneus L 7 120 5.20 -10 -73 53 
 L 7  3.62 -20 -73 53 
Superior Parietal Lobule L 19 219 4.48 -24 -68 37 
 L 7  4.25 -28 -62 44 
 R 7 188 5.09 30 -67 53 
 R 7  3.85 16 -69 55 
Intraparietal Sulcus L 40 43 4.20 -38 -41 33 
 R 7  4.42 32 -58 40 

O c c i p i t a l  L o b e         
Lingual Gyrus L 18  6.05 -6 -80 -6 
 L 19 93 4.60 -16 -60 -2 
 R 18 5117 6.45 4 -79 4 
Middle Occipital Gyrus L 19 29 4.41 -38 -80 1 
Inferior Occipital Sulcus R 18  6.37 34 -82 -11 

T e m p o r a l  L o b e         
Fusiform Gyrus L 37 14 3.59 -48 -50 -23 
 R 37 36 4.16 40 -57 -16 
 R 37 86 5.12 42 -44 -21 

C e r e b e l l u m        
Pyramis R  16 3.33 10 -83 -24 
Cerebellar Tonsil L  15 3.71 -42 -62 -36 
        
POSITIVE: incongruent > congruent 

F r o n t a l  L o b e         
Medial Frontal Gyrus L 6 34 4.19 -6 22 50 
Superior Frontal Gyrus L 6  4.44 -22 -5 65 
 R 6 14 3.79 -18 16 54 
Middle Frontal Gyrus L 6 115 4.65 -30 -1 55 
Inferior Frontal Gyrus R 47 15 3.41 32 25 -6 
Precentral Gyrus L 4 32 4.33 -34 -21 54 

O c c i p i t a l  L o b e         
Cuneus L 18 44 4.20 -14 -100 11 
        

All reported regions are significant at P<.001 (uncorrected) with a spatial extent threshold of k=10.
Abbreviations: BA, Brodmann area; x, y, z, coordinates of peak activations in Talairach coordinates. 
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Table A2 

Regions of conjunct activation of all [ incongruent > congruent ] contrasts taken 
from each emotional category. 

Brain region Right / 
Left BA Cluster size T x y z 

F r o n t a l  L o b e        
Medial Frontal Gyrus R 8 30 2.39 6 20 47 
Middle Frontal Gyrus L 9 169 2.83 -53 23 34 
 R 8 166 2.89 40 11 27 
Inferior Frontal Sulcus L 44 11 3.29 -36 7 29 
Inferior Frontal Gyrus L 9  2.14 -50 13 27 
 L 47 36 2.31 -32 21 -6 
 R 47 68 2.49 34 23 -6 

P a r i e t a l  L o b e        
Superior Parietal Lobule L 7  2.63 -26 -63 57 
 R 7 399 2.77 36 -64 49 
Intraparietal Sulcus L 40  2.73 -44 -38 48 
 L 40 1126 2.80 -34 -45 41 
 R 7  2.53 34 -64 35 
Inferior Parietal Lobule R 40  2.74 36 -54 40 

O c c i p i t a l  L o b e         
Fusiform Gyrus L 19 12 3.37 -44 -68 -8 
 R 19 46 2.53 44 -72 -12 

T e m p o r a l  L o b e         
Inferior Temporal Gyrus L 37 17 3.35 -46 -57 -6 
Fusiform Gyrus L 37 57 2.21 -46 -47 -16 

C e r e b e l l u m        
Pyramis R  10 3.57 32 -68 -34 
        

Regions of conjunct activation are significant at P<.001 (uncorrected) which is equivalent to T>1.89.
Spatial extend threshold was k=10. Conjunction analysis was computed with the intermediate null 
hypothesis. 
Abbreviations: BA, Brodmann area; x, y, z, coordinates of peak activations in Talairach coordinates. 
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Table A3 

Regions of specific activation revealed by the interaction analysis for the negative 
and neutral incongruent trials. 

Brain region Right / 
Left BA Cluster size T x y z 

[ negative incongruent > (neutral incongruent + positive incongruent) ] 

P a r i e t a l  L o b e         
Parieto-Occipital Sulcus R  31 4153 8.05 10 -69 18 

O c c i p i t a l  L o b e         
Cuneus  L 18  7.72 -6 -73 20 
Lingual Gyrus R 18  6.39 14 -62 9 
Middle Occipital Gyrus R 19  3.55 50 -68 9 

T e m p o r a l  L o b e         
Superior Temporal Sulcus R 21 10 3.36 50 -50 15 
Middle Temporal Gyrus R 37 91 3.80 53 -60 3 
 R 37  3.45 50 -52 1 
        
[ neutral incongruent > (negative incongruent + positive incongruent) ] 

F r o n t a l  L o b e         
Middle Frontal Gyrus R 10 36 4.02 44 56 -6 

T e m p o r a l  L o b e         
Superior Temporal Gyrus R 38 14 3.59 46 22 -18 

O c c i p i t a l  L o b e         
Lingual Gyrus L 18 4924 6.20 -14 -76 -6 
 R 19 13 3.27 16 -51 -1 
Fusiform Gyrus R  19  5.55 20 -72 -10 
Cuneus R 17  5.91 16 -97 1 
        

All reported regions are significant at P<.001 (uncorrected) with a spatial extent threshold of k=10.
Abbreviations: BA, Brodmann area; x, y, z, coordinates of peak activations in Talairach coordinates. 
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A4

Encoding Style Questionnaire (ESQ / »NISREO«; German version) 
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Table A5a 

Regions of significant activation for the [ negative incongruent > negative 
congruent ] contrast of each emotional category for the neurotic-anxious cluster 
(cluster 1). 

Brain region Right / 
Left BA Cluster size T x y z 

F r o n t a l  L o b e  
Middle Frontal Gyrus L 9 73 6.94 -32 4 40 
Postcentral Gyrus L 3 24 6.16 -50 -11 47 
Paracentral Lobule R 5 31 7.63 18 -38 53 

P a r i e t a l  L o b e  
Superior Parietal Lobule L 7 35 7.01 -24 -44 54 
 L 7 41 5.94 -24 -65 29 
Inferior Parietal Lobule       L    40  5.13 -46 -31 46 
 L 40 23 5.19 -42 -36 50 
 R 40 104 7.06 36 -53 38 
 R 40  5.73 44 -51 38 
 R 19 15 5.20 32 -62 38 
 R 40 15 5.20 -42 -49 28 
Paracentral Lobe R 5 31 7.63 18 -38 53 

T e m p o r a l  L o b e
Superior Temporal Gyrus L 38 10 5.33 -30 5 -22 
Middle Temporal Gyrus L 21 41 6.56 -59 -33 -7 

O c c i p i t a l  L o b e  
Hippocampal Gyrus L 19  6.19 -10 -49 -6 
Lingual Gyrus L 30  4.64 -14 -47 1 
 R 18  5.81 16 -64 5 
Cuneus L 18 683 7.98 -6 -75 18 
Lingual Gyrus L 19 122 6.56 -8 -57 -4 
        

All reported regions are significant at P<.001 (uncorrected) with a spatial extent threshold of k=10.
Abbreviations: BA, Brodmann area; x, y, z, coordinates of peak activations in Talairach coordinates. 
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Table A5b 

Regions of significant activation for the [ negative incongruent > negative 
congruent ] contrast of each emotional category for the social-extraverted cluster 
(cluster 2). 

Brain Region Right / 
Left BA Cluster size T x y z 

P a r i e t a l  L o b e  
Precuneus L 18  4.71 -18 -73 20 
 L 7 16 4.66 -4 -79 45 
 R 31  4.65 8 -67 20 

T e m p o r a l  L o b e  
Middle Temproal Gyrus R 20 20 4.56 55 -40 -13 

O c c i p i t a l  L o b e
Cuneus L 18 74 5.82 -6 -84 21 
 L 18  4.41 -14 -79 17 
 R 18 70 5.08 14 -77 20 

L i m b i c  L o b e  
Posterior Cingulate Gyrus R 31 10 4.57 18 -62 9 
        

All reported regions are significant at P<.001 (uncorrected) with a spatial extent threshold of k=10.
Abbreviations: BA, Brodmann area; x, y, z, coordinates of peak activations in Talairach coordinates. 
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Table A6a 

Regions of significant activation for the [ neutral incongruent > neutral congruent ] 
contrast of each emotional category for the neurotic-anxious cluster (cluster 1). 

Brain Region Right / 
Left BA Cluster size T x y z 

F r o n t a l  L o b e
Superior Frontal Gyrus R 11 20 6.92 18 56 -15 
Middle Frontal Gyrus L 10 262 10.00 -36 41 -2 
 L 46 48 7.72 -40 15 32 
 R 46  8.15 48 38 20 
 R 46  7.43 42 30 21 
 R 10 112 6.65 42 58 -5 
 R 10  6.01 40 48 -6 
 R 10  5.73 40 58 4 
Inferior Frontal Gyrus L 47  11.03 -20 7 -15 
 L 47  9.11 -28 19 -13 
 L 46  8.92 -44 31 8 
 R 47 420 11.00 42 24 -18 
 R 47  8.03 30 15 -4 
 R 47  8.89 30 23 -11 
 R 46 261 10.67 57 32 17 
 R 45 23 5.81 51 37 6 

P a r i e t a l  L o b e
Superior Parietal Lobule L 7 117 7.69 -26 -42 50 
 L 7  5.24 -28 -39 42 
 L 7  4.64 -30 -56 51 
 R 7 560 14.26 26 -62 44 
 R 7  8.47 16 -58 51 
 R 7  6.69 26 -51 62 
Inferior Parietal Lobule L 40 23 5.65 -36 -43 33 
 R 40 15 5.20 32 -62 38 

T e m p o r a l  L o b e
Middle Temporal Gyrus R 37 40 7.03 42 -65 9 
 R 37 44 5.98 30 -53 -19 
 R 37  5.19 40 -53 -14 
 R 37 10 5.62 34 -46 -26 
 R 37  4.64 42 -48 -26 
Inferior Temproal Gyrus R 20 27 8.52 34 -7 -33 
Fusiform Gyrus L 19 21 7.05 -42 -67 -24 

O c c i p i t a l  L o b e
Middle Occipital Gyrus R 19 118 8.57 28 -79 17 
Lingual Gyrus L 18 2593 10.71 -12 -72 -6 
 L 19  10.52 -16 -60 0 
 R 18 13 7.04 16 -58 3 
 R 18 12 5.07 8 -76 -15 
Cuneus L 19 43 7.53 -22 -68 29 
 R 18  10.25 16 -99 0 

       

B r a i n  S t e m  /  C e r e b e l l u m
Putamen L  356 13.97 -18 13 -7 
 R  74 11.13 14 11 -4 
        

All reported regions are significant at P<.001 (uncorrected) with a spatial extent threshold of k=10.
Abbreviations: BA, Brodmann area; x, y, z, coordinates of peak activations in Talairach coordinates. 
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Table A6b 

Regions of significant activation for the [ neutral incongruent > neutral congruent ] 
contrast of each emotional category for the ocial-extraverted cluster (cluster 2). 

Brain Region Right / 
Left BA Cluster size T x y z 

F r o n t a l  L o b e
Middle Frontal Gyrus L 11 23 5.90 -40 48 -16 
 R 11 39 6.49 42 48 -18 
Inferior Frontal Gyrus R 47  4.80 40 38 -20 

T e m p o r a l  L o b e
Fusiform Gyrus R 19  4.98 20 -72 -12 

O c c i p i t a l  L o b e
Lingual Gyrus R 18 12 5.39 6 -78 2 
 R 18  4.95 12 -80 -4 
        

All reported regions are significant at P<.001 (uncorrected) with a spatial extent threshold of k=10.
Abbreviations: BA, Brodmann area; x, y, z, coordinates of peak activations in Talairach coordinates. 
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Table A7a 

Regions of significant activation for the [ positive incongruent > positive 
congruent ] contrast of each emotional category for the neurotic-anxious cluster 
(cluster 1). 

Brain Region Right / 
Left BA Cluster size T x y z 

F r o n t a l  L o b e
Middle Frontal Gyrus L  6 6.19 -28 5 31 

P a r i e t a l  L o b e
Postcentral Gyrus L 3 16 5.06 -36 -27 49 

L i m b i c  L o b e
Cingulate Gyrus R 24 14 7.48 16 -4 41 
        

All reported regions are significant at P<.001 (uncorrected) with a spatial extent threshold of k=10.
Abbreviations: BA, Brodmann area; x, y, z, coordinates of peak activations in Talairach coordinates. 

Table A7b 

Regions of significant activation for the [ positive incongruent > positive 
congruent ] contrast of each emotional category for the social-extraverted cluster 
(cluster 2). 

Brain Region Right / 
Left BA Cluster size T x y z 

F r o n t a l  L o b e
Superior Frontal Gyrus L 6 14 5.21 -18 -6 65 

O c c i p i t a l  L o b e
Cuneus L 18 56 6.49 -16 -97 7 
        

All reported regions are significant at P<.001 (uncorrected) with a spatial extent threshold of k=10.
Abbreviations: BA, Brodmann area; x, y, z, coordinates of peak activations in Talairach coordinates. 
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Table A8a 

Peak activations for the [ incongruent > congruent ] contrast for the neurotic-
anxious cluster (Cluster 1). 

Brain region Right / 
Left BA Cluster size T x y z 

F r o n t a l  L o b e
Medial Frontal Gyrus L 8 19 5.14 -8 18 45 

Subcallosal Gyrus R 25 14 5.33 14 15 -14 

Middle Frontal Gyrus L 10 38 7.69 -40 46 20 
L 9 6.38 -48 23 28 
L 8 28 7.00 -26 16 49 
L 8 15 5.45 -48 12 38 
L 8 5.94 -36 11 34 
L 6 10 4.74 -24 -2 42 
R 46 288 8.03 50 42 18 
R 46 7.52 53 34 20 
R 46 15 5.04 42 42 27 
R 10 28 6.69 34 44 20 
R 8 13 5.62 36 29 39 
R 6 9.98 26 2 48 

Inferior Frontal Gyrus L 47 33 5.33 -28 25 -10 
L 45 418 9.02 -46 30 13 
R 47 74 5.86 42 24 -18 
R 47 5.76 36 27 -8 
R 46 5.55 55 39 9 
R 9 44 5.76 34 9 25 

Precentral Gyrus L 4 7.86 -34 -17 49 
L 4 7.11 -36 -25 53 
R 4 10 5.59 26 -21 51 

P a r i e t a l  L o b e
Superior Parietal Lobule R 7 47 6.51 18 -65 59 

R 19 7.28 30 -62 40 
R 7 970 9.40 32 -44 45 

Postcentral Gyrus R 2 18 6.19 46 -23 44 

T e m p o r a l  L o b e
Middle Temporal Gyrus L 39 297 7.67 -44 -56 12 

L 37 6.47 -46 -56 3 
R 21 35 8.38 59 -56 3 

Inferior Temporal Gyrus L 20 73 7.37 -32 -6 -37 
L 37 6.68 -55 -59 -12 
R 37 7.33 50 -61 -22 
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Table A8a (continued)       

Brain region Right / 
Left BA Cluster size T x y z 

Fusiform Gyrus L 37 6.93 -34 -55 -16 
L 19 145 6.99 -38 -67 -20 
R 37 55 5.41 28 -53 -21 

R 37 5.20 34 -50 -24 

O c c i p i t a l  L o b e
Superior Occipital Gyrus L 19 123 7.38 -24 -68 31 

Middle Occipital Gyrus L 19 5.34 -34 -81 4 
R 19 15 5.38 32 -75 13 
R 19 15 5.52 26 -85 15 
R 19 29 5.56 46 -84 -3 

Inferior Occipital Gyrus L 18 31 5.45 -36 -91 5 
R 18 10 4.82 34 -88 -2 
R 19 317 8.28 46 -69 -18 
R 18 18 6.18 42 -75 -15 

Lingual Gyrus L 19 60 6.95 -14 -55 -2 
L 18 14 5.03 0 -81 2 
R 18 105 7.68 10 -80 -11 

Postcentral Gyrus L 2 722 10.58 -46 -29 51 

L i m b i c  L o b e
Cingulate Gyrus L 32 5.10 0 29 34 

L 32 40 5.95 -6 27 26 
R 24 137 11.87 18 -6 41 

Parahippocampal Gyrus L 30 5.37 -22 -52 1 

S u b - C o r t i c a l
Pulvinar R 20 5.66 22 -29 5 

Substantia Nigra 39 6.01 -8 -26 -19 
17 6.00 10 -20 -19 

        

All reported regions are significant at P<.001 (uncorrected) with a spatial extent threshold of k=10.
Abbreviations: BA, Brodmann area; x, y, z, coordinates of peak activations in Talairach coordinates. 
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Table A8b 

Peak activations for the [ incongruent > congruent ] contrast for the social-
extraverted cluster (Cluster 2). 

Brain region Right / 
Left BA Cluster size T x y z 

F r o n t a l  L o b e
Middle Frontal Gyrus L 9 15 5.13 -53 23 34

L 9 4.49 -57 23 26
R 11 15 6.58 42 46 -19

P a r i e t a l  L o b e
Superior Parietal Lobule L 7 22 5.01 -42 -42 63

T e m p o r a l  L o b e
Fusiform Gyrus R 4.72 46 -48 -25

O c c i p i t a l  L o b e
Cuneus L 18 12 4.68 -16 -101 7

        

All reported regions are significant at P<.001 (uncorrected) with a spatial extent threshold of k=10.
Abbreviations: BA, Brodmann area; x, y, z, coordinates of peak activations in Talairach coordinates. 
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Table A9a 

Peak activations for the [ incongruent > congruent ] contrast for the group of 
internal encoders. 

Brain region Right / 
Left BA Cluster size T x y z 

F r o n t a l  L o b e
Medial Frontal Gyrus L 8 4.75 -8 24 49 

L 6 77 5.00 -6 16 45 

R 8 14 5.89 4 55 43 

R 8 4.63 8 31 39 
R 8 80 5.14 6 30 48 

Superior Frontal Gyrus L 9 19 8.26 -4 60 34 

L 8 44 6.48 -36 18 54 

Middle Frontal Gyrus L 46 152 7.04 -48 21 28 

L 9 5.3 -36 13 32 

L 6 99 5.87 -36 2 40 

L 6 4.75 -36 2 50 

R 46 279 7.46 53 34 22 

R 46 6.02 50 40 16 

R 6 86 7.18 28 2 48 

R 6 10 4.61 42 5 53 

Inferior Frontal Gyrus L 47 145 5.98 -30 23 -3 

L 46 12 4.41 -44 37 7 

L 45 29 5.32 -38 28 15 

R 47 108 6.16 36 25 -5 

R 46 6.55 42 33 9 

R 45 19 4.81 48 16 16 

R 44 24 5.26 38 7 25 

Precentral Gyrus L 4 4.52 -42 -5 46 

L 4 31 5.2 -36 -24 56 

P a r i e t a l  L o b e
Superior Parietal Lobule L 7 4.65 -32 -52 50 

L 7 95 4.91 -26 -70 39 
L 7 4.73 -26 -68 29 
L 40 211 6.14 -28 -38 48 
R 7 422 6.64 34 -62 45 

Inferior Parietal Lobule L 40 4.96 -36 -36 53 
L 40 4.76 -51 -41 35 
L 40 69 5.83 -38 -43 33 
L 40 14 5.63 -36 -33 31 
R 40 6.01 38 -48 43 
R 40 4.69 44 -52 50 

Postcentral Gyrus R 2 78 6.22 44 -25 44 
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Table A9a (continued) 

Brain region Right / 
Left BA Cluster size T x y z 

T e m p o r a l  L o b e
Fusiform Gyrus L 37 6.12 -48 -53 -18 

L 37 5.61 -36 -53 -16 
L 19 8.52 -18 -78 -13 
R 37 5.88 38 -57 -14 
R 19 24 5.02 20 -63 -15 

Inferior Temporal Gyrus L 37 329 6.23 -51 -55 -11 
R 20 26 5.81 42 -15 -30 
R 20 19 5.02 57 -23 -24 

O c c i p i t a l  L o b e
Lingual Gyrus L 18 1779 9.87 -2 -78 -3 

L 19 11 5.04 -14 -53 -2 
R 18 7.25 18 -76 2 

Middle Occipital Gyrus L 19 110 6.45 -51 -76 -3 
R 19 6.54 48 -78 -3 

Inferior Occipital Gyrus L 18 4.85 -40 -86 -9 
L 18 4.35 -40 -87 -1 
R 19 528 8.23 46 -69 -18 
R 18 183 6.61 44 -86 -4 
R 18 5.65 28 -92 -9 

Cuneus L 18 39 5.63 -12 -84 21 

S u b - C o r t i c a l
Lentiform Nucleus R 47 6.70 22 -8 2 

R 4.67 26 -8 -5 
        

All reported regions are significant at P<.001 (uncorrected) with a spatial extent threshold of k=10.
Abbreviations: BA, Brodmann area; x, y, z, coordinates of peak activations in Talairach coordinates. 
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Table A9b 

Peak activations for the [ incongruent > congruent ] contrast for the group of 
external encoders. 

Brain region Right / 
Left BA Cluster size T x y z 

F r o n t a l  L o b e
Middle Frontal Gyrus L 9 14 5.23 -53 23 34 

Inferior Frontal Gyrus L 44 5.2 -57 19 29 

O c c i p i t a l  L o b e
Cuneus L 18 11 5.63 -18 -99 3 

P a r i e t a l  L o b e
Superior Parietal Lobule L 7 32 6.47 -28 -68 38 

        

All reported regions are significant at P<.001 (uncorrected) with a spatial extent threshold of k=10.
Abbreviations: BA, Brodmann area; x, y, z, coordinates of peak activations in Talairach coordinates. 
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Table A9c 

Peak activations for the [ incongruent > congruent ] contrast regressed against 
individual standardized encoding style scores in the ESQ questionnaire. 

Brain region Right / 
Left BA Cluster size T x y z 

F r o n t a l  L o b e
Superior Frontal Gyrus L 8 19 4.05 -10 26 54 

R 6 77 4.79 14 32 57 
R 8 4.26 8 32 50 
R 8 60 4.42 10 51 45 
R 9 3.79 8 56 40 

Middle Frontal Gyrus L 6 15 3.91 -36 2 39 
R 8 68 4.85 42 24 50 

Inferior Frontal Gyrus L 44 53 4.55 -48 -1 22 
L 44 27 4.08 -42 39 0 
R 46 22 3.94 38 41 3 

Precentral Gyrus L 4 39 4.54 -42 -11 45 

P a r i e t a l  L o b e
Inferior Parietal Lobule L 40 39 4.18 -40 -54 43 

R 40 161 4.46 46 -51 36 
R 40 4.27 50 -52 45 

T e m p o r a l  L o b e
Middle Temporal Gyrus L 21 63 5.02 -67 -25 -4 

R 21 10 3.83 59 -28 -15

Inferior Temporal Gyrus L 20 27 4.41 -53 -7 -32
L 20 17 4.19 -57 -19 -26

Fusiform Gyrus L 37 79 5.42 -34 -43 -15

L i m b i c  L o b e
Cingulate Gyrus L 32 3.94 -4 38 20 

L 24 86 3.96 0 30 13 
R 24 10 3.80 10 -10 28 

O c c i p i t a l  L o b e
Lingual Gyrus L 18 50 4.47 -6 -80 1 

L 17 26 4.12 -14 -99 -7 

Cuneus R 17 15 3.81 20 -71 13 
        

All reported regions are significant at P<.001 (uncorrected) with a spatial extent threshold of k=10.
Abbreviations: BA, Brodmann area; x, y, z, coordinates of peak activations in Talairach coordinates. 
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A10

Subjects gave written and informed consent for participation in the behavioral, fMRI or 
EEG study. Below is an example for the consent which participants gave prior to the 
fMRI examination. 

E i n w i l l i g u n g s e r k l ä r u n g 
Über die geplante kernspintomographische Untersuchung im Rahmen einer wissen-
schaftlichen Studie hat mich Frau / Herr ........................................... in einem 
Aufklärungsgespräch ausführlich informiert. Auch habe ich das entsprechende 
Informationsblatt gelesen und den Fragebogen zu möglichen Ausschlusskriterien 
ausgefüllt. Ich konnte alle mir wichtig erscheinenden Fragen, z.B. über die in meinem 
Fall speziellen Risiken und möglichen Komplikationen und über die Neben- und 
Folgemaßnahmen stellen, die zur Vorbereitung oder während der Untersuchung 
erforderlich sind. Die mir erteilten Informationen habe ich inhaltlich verstanden. Mir ist 
bekannt, dass ich meine Einwilligung jederzeit ohne Angaben von Gründen widerrufen 
kann. 

Ich weiß, dass die bei Untersuchungen mit mir gewonnenen Daten auf der Basis 
elektronischer Datenverarbeitung weiterverarbeitet und eventuell für wissenschaftliche 
Veröffentlichungen verwendet werden sollen. Ich bin mit der anonymisierten 
Verarbeitung und Veröffentlichung dieser Daten einverstanden. Auch diese Einwilligung 
kann ich jederzeit ohne Angabe von Gründen widerrufen. 

Ich gebe hiermit meine Einwilligung, dass bei mir im Rahmen eines Forschungs-
vorhabens eine Kernspintomographie des Gehirns durchgeführt wird. 

Ich erkläre mich damit einverstanden, dass meine persönlichen Daten in einer für die 
Öffentlichkeit nicht zugänglichen Datenbank erfasst werden. Die Speicherung meiner 
Daten dient ausschließlich der Möglichkeit einer erneuten Kontaktaufnahme des Instituts 
zum Zwecke der Vereinbarung weiterer Untersuchungen. Informationen zu meiner 
Person werden im Rahmen datenschutzrechtlicher Bedingungen verwaltet. 

___________  ________________  _____________________ 

Ort, Datum   Unterschrift/Proband   Unterschrift Untersucher 

Name ........................................................................................................................ 

Adresse ..................................................................................................................... 

Telefonnummer ........................................................................................................ 

Geburtsdatum .................................... Alter ………….............................................

e-mail .........................................................................................................................

Händigkeit .......................................... Geschlecht ...................................................
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A11

Handout for participants about general aims of the fMRI investigation and about fMRI 
specific risks during measurement. 

I n f o r m a t i o n s b l a t t  f ü r  P r o b a n d e n  
Sehr geehrte Probandin, sehr geehrter Proband,  

vielen Dank für Ihr Interesse an einer Studie, bei der die Aktivität im Gehirn während der 
Verarbeitung von Gesichtern untersucht werden soll. Wir möchten Sie zunächst über den 
Ablauf informieren, um Ihnen einen Überblick über die geplanten Messungen zu 
ermöglichen und Ihnen das Ziel der Untersuchung zu erklären. 
Die Untersuchungen werden mit einem Magnetresonanztomographen (kurz MRT) 
durchgeführt, der uns Messungen der Durchblutung im Gehirn schmerzfrei und ohne 
zusätzliche Gabe von Medikamenten ermöglicht. Einige Personen werden die 
Untersuchung schon einmal erlebt haben, wenn hochauflösende Bilder vom Kopf im 
Rahmen der Diagnostik durchgeführt wurden. 

Was ist eine Magnetresonanztomographie? 
Im Rahmen der Studie ist eine funktionelle Magnetresonanztomographie des Gehirns 
vorgesehen. Mit Hilfe dieser Methode ist es möglich, die Durchblutung in Ihrem Gehirn 
zu messen und daraus Rückschlüsse auf die bei der Aufgabe beteiligten Bereiche zu 
ziehen. Hierbei treffen Radiowellen, die in dem Magnetfeld erzeugt worden sind, auf den 
Körper, der Signale zurückschickt. Diese Echosignale werden von speziellen Antennen 
aufgefangen und in einem Computer ausgewertet. 
Ein Kontrastmittel ist n i c h t  erforderlich. Es werden  k e i n e  Röntgenstrahlen 
eingesetzt. 

Wie läuft die Untersuchung ab? 
Vor der Untersuchung werden Sie vom Untersuchungsleiter ausführlich über die für den 
Tag geplanten Messungen und Ziele informiert. Sie haben das Recht, ohne Angabe von 
Gründen die Teilnahme an der Messung abzulehnen. Auch im Verlauf der Untersuchung 
werden Sie vom Untersucher jederzeit gehört. 
Für die Untersuchung müssen Sie sich auf eine Liege legen. Im Messbereich wird eine 
Kopf-spule angebracht. Mit der Liege werden Sie dann langsam in die Röhre des 
Kernspintomographen geschoben. Dort befinden Sie sich während der gesamten 
Untersuchung, die ca. 60 Minuten dauert, in einem starken Magnetfeld, das für die 
Untersuchung benötigt wird. Während der eigentlichen Messung sind sehr laute 
Klopfgeräusche zu hören, die völlig normal sind und von elektromagnetischen 
Schaltungen herrühren. Das Magnetfeld selbst können Sie weder spüren noch hören. Es 
ist von großer Bedeutung für die Qualität der Messungen, dass Sie während der 
Untersuchung möglichst ruhig liegen bleiben. Um dies zu erleichtern, werden Ihr Kopf 
und Arme mit Polstern und anderen Hilfsmitteln schmerzfrei gelagert. Die Aufgaben, die 
Sie während der Untersuchung zu bearbeiten haben, werden Ihnen über einen an der 
Kopfspule angebrachten Spiegel dargeboten. 

Mögliche Risiken der Methode? 
Der Kernspintomograph hält alle für die Sicherheit des Betriebes und insbesondere die 
Sicherheit der Probanden/Patienten erforderlichen Grenzwerte ein. Er wurde vom TÜV 
einer Sicherheitsprüfung unterzogen und wird darüber hinaus in den vorgeschriebenen 
Intervallen überprüft. Dennoch müssen folgende Punkte beachtet werden. 
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1.  Auf ferromagnetische Gegenstände (z.B. Gegenstände, die Eisen oder Nickel 
enthalten) im Bereich des Magneten (z.B. Messer, Schraubenzieher, Kugelschreiber, 
Münzen, Haarspangen, ..) wird eine starke Anziehungskraft ausgeübt. Dadurch 
werden die Gegenstände mit großer Geschwindigkeit in den Magneten gezogen und 
können Personen erheblich verletzten. 

2.  Metallkörper und andere Fremdkörper wie Geschossteile können ebenfalls 
ferromagnetisch sein, durch magnetische Kräfte ihre Position im Körper verändern 
und dadurch innere Verletzungen hervorrufen.  

3.  Kleine Metallsplitter im Auge können durch magnetische Kräfte bewegt oder 
gedreht werden und das Auge verletzen. 

4.  Personen mit Chochlea-Implantaten, Defibrillatoren oder Pumpensystemen sollten 
nicht einem starken Magnetfeld ausgesetzt werden, da es auch in diesen Fällen zu 
Risiken durch magnetische Kräfte kommen kann. 

5.  Herzschrittmacher können im Magnetfeld ihre Funktionsfähigkeit verlieren. Deshalb 
dürfen Personen mit Herzschrittmachern nicht an Untersuchungen teilnehmen. 

6.  Bei der Messung mit dem Kernspintomographen kommt es zur Abstrahlung von 
hochfrequenter elektromagnetischer Strahlung, wie sie z.B. bei Radiosendern und 
Funktelefonen auftritt. Dies kann zu einer geringfügigen Erwärmung des 
untersuchten Gewebes führen. 

7. Das Schalten der Magnetfeldgradienten führt in Teilen des Gradientensystems zu 
mechanischen Verformungen, die Geräusche mit Lautstärken über 100 dB erzeugen 
können. Deshalb müssen Sie bei allen Messungen entweder schallabsorbierende 
Kopfhörer oder Lärmschutzstopfen tragen, die von uns zur Verfügung gestellt 
werden. Bei Einhaltung dieser Vorsichtsmaßnahmen kann eine Schädigung des 
Hörsystems ausgeschlossen werden. 

8.  Manche Menschen erleben enge Räume als bedrohlich. Sie berichten über 
Unwohlsein z.B. in Fahrstühlen oder in großen Menschenansammlungen. Obwohl 
diese Angsterkrankung meist über die Anamnese ausgeschlossen werden kann, ist 
ein erstmaliges Auftreten während der Messung im Kernspintomographen möglich. 
Der Untersucher ist bei der Messung anwesend; bei dem Auftreten von Symptomen 
kann der Proband über Sprechkontakt bzw. über eine Notklingel jederzeit auf sich 
aufmerksam machen, so das eine rasche Intervention bei Symptomen gewährleistet 
ist.
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A12

Handout for participants about general aims of the EEG investigation and about EEG 
specific risks during measurement. 

I n f o r m a t i o n s b l a t t  f ü r  P r o b a n d e n  

Sehr geehrte Probandin, sehr geehrter Proband, 
vielen Dank für Ihr Interesse, an unserer Studie teilzunehmen, in der wir die Arbeit des 
Gehirns bei der Verarbeitung emotionaler Gesichtsausdrücke untersuchen möchten. Wir 
möchten Sie zunächst über den Ablauf informieren, um Ihnen einen Überblick über die 
geplanten Messungen zu ermöglichen und Ihnen das Ziel der Untersuchung zu erklären. 
Wir bitten Sie im Falle Ihrer Teilnahme um eine aktive Mitarbeit bei den nachfolgend 
erläuterten Untersuchungen. Sie haben das Recht, jederzeit ohne Angabe von Gründen 
und ohne persönlichen Nachteil die Teilnahme an der Untersuchung abzulehnen oder 
während der Messung abzubrechen. 

Ziele und Ablauf der Untersuchung 
Die Studie soll die Veränderung der Aktivität im Gehirn bei der Verarbeitung 
emotionaler Gesichtsausdrücke unter verschiedenen Bedingungen bestimmen. Zu 
diesem Zweck werden Ihnen bei der Untersuchung wiederholt visuelle Reize gezeigt, 
die Sie entsprechend einer vorher vom Versuchsleiter erklärten Aufgabe bearbeiten 
sollen. Während dieser Tätigkeit wird Ihre Hirnaktivität gemessen. In zwei 
unterschiedlichen experimentellen Durchgängen werden Ihnen jeweils Gesichter von 
Personen gezeigt, die verschiedene emotionale Zustände über ihre Gesichtsmorphologie 
darstellen. In einem ersten Durchgang werden dabei Prozesse der genaueren 
Gesichtswahrnehmung untersucht, während im zweiten Durchgang schnelle Prozesse 
der Verarbeitung von emotionalen Gesichtsausdrücken untersucht werden. Die 
Untersuchungen werden mit Hilfe der Elektroenzephalographie (kurz EEG) 
durchgeführt, die Messungen der Nervenzell-Aktivität im Gehirn ohne Eingriff, 
schmerzfrei und ohne zusätzliche Gabe von Medikamenten ermöglicht. 

Beschreibung des Elektroenzephalogramms (EEG) 
Aufgrund der Aktivität der Nervenzellen lässt sich an der Kopfoberfläche fortlaufend 
eine elektrische Spannung messen – das Elektroenzephalogramm (EEG). Für die EEG-
Messung müssen an verschiedenen Stellen des Kopfes Elektroden platziert werden, die 
eine Verbindung zwischen Kopfoberfläche und Messgerät herstellen. Die Elektroden 
bestehen aus Silber/Silberchlorid, Zinn oder Gold. Zur Verbesserung der Leitfähigkeit 
wird eine Paste verwendet, die im Wesentlichen aus Wasser, Kochsalz und 
Verdickungsmittel besteht. Um zwischen Haut und Elektrode einen hinreichend guten 
Kontakt herzustellen, werden die Elektroden an einer speziellen Haube, ähnlich einer 
Badekappe, fixiert. 

Ablauf der EEG-Untersuchung 
Vor der Untersuchung werden Sie vom Untersuchungsleiter ausführlich über die für den 
Tag geplanten Messungen und Ziele informiert. Die Untersuchung dauert ca. 90 
Minuten. Im Verlauf der Untersuchung werden Sie vom Untersucher jederzeit gehört, 
so dass Sie sich jederzeit nach außen bemerkbar machen können. Während der 
Untersuchung sitzen Sie auf einem Untersuchungsstuhl. Um Störungen der Messung zu 
vermeiden, findet die Untersuchung in einem eigenen, abgeschirmten und 
störungsarmen Raum statt. Während der Messung sind Sie allein in diesem Raum (auf 
besonderen Wunsch kann auch ein Mitarbeiter mit im Raum sitzen). Sie werden 
allerdings unmittelbar vor dem Raum. Sie haben das Recht, jederzeit ohne Angabe von 
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Gründen und ohne persönlichen Nachteil die Teilnahme an der Untersuchung 
abzulehnen oder während der Messung abzubrechen.  

Risiken der EEG-Messung 
Die EEG-Messung ist vollständig gefahrlos. Für das EEG werden nur solche Geräte 
verwendet, die den einschlägigen Sicherheitsbestimmungen genügen. Sie werden in 
gleicher Form auch für die klinische Routine eingesetzt. 


