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1 INTRODUCTION 

Positive social interactions are a prerequisite for interpersonal closeness, trust 

and social support. A mental disorder that is explicitly characterized by impairments 

in building such social bonds is borderline personality disorder (BPD). Patients with 

BPD suffer from difficulties in maintaining stable relationships and from frequently 

occurring interpersonal conflicts that may arise from misinterpretations of social 

signals (Lazarus, Cheavens, Festa, & Rosenthal, 2014; Lieb, Zanarini, Schmahl, 

Linehan, & Bohus, 2004). Studies on emotion recognition in BPD, however, revealed 

heterogeneous results, ranging from deficits to even higher sensitivity for emotions 

(Mitchell, Dickens, & Picchioni, 2014). Therefore, deepening the understanding of 

emotion recognition deficits and specific response patterns, like the so called 

“negative bias” in BPD, is a research topic of high importance and the primary aim of 

this dissertation. 

Successful social interactions require a comprehensive understanding of the 

interaction partner including his or her emotional and mental states, wishes and 

intentions (Frith & Frith, 1999; Gallese, Keysers, & Rizzolatti, 2004). These states 

can become apparent via different channels and are based on various sources. It is 

known that a combination of different sources can facilitate the understanding, but if 

taken separately the highest informational value is provided undoubtedly by the 

human face (Paulmann & Pell, 2011). Even if no other information is available, the 

facial expression can provide a large amount of valuable information about a 

person’s feelings, intentions and relations to the interaction partner immediately 

(Erickson & Schulkin, 2003; Frith, 2009; Horstmann, 2003). To understand a facial 

expression and use this information in social interaction, a number of information 

processing steps have to be completed. These steps are collectively described as 

„social cognition“ (Brothers, 1990, 1996). In a variety of mental disorders, social-

cognitive functions are known to be impaired (Happé & Frith, 2014; Rokita, 

Dauvermann, & Donohoe, 2018) with extensive negative consequences on the social 

integration of affected patients (Fett et al., 2011; Lazarus et al., 2014). 

This dissertation aimed at identifying specific factors influencing disturbed 

emotion recognition from facial expressions in a prominent clinical example of 

impairments in social interaction and interpersonal functioning. We investigated the 

negative bias in BPD as well as in a clinical comparison group of schizophrenia 



Introduction 

3 

patients. We tried to identify neural correlates of context dependent alterations in 

emotion recognition in healthy participants to further elucidate the mechanisms of 

disturbed social functioning in patients. This doctoral thesis will first give a brief 

introduction on emotion recognition and will present an overview on findings 

regarding this process in BPD. The main part will present empirical data on deficits in 

emotion recognition, the specificity of these deficits in BPD and potential neural 

correlates, investigated within the scope of this dissertation. The dissertation will 

conclude with a general discussion of a model of negatively biased perception in 

BPD. 

1.1 Emotion recognition 

Facial emotion recognition is a crucial component of social-cognitive 

processes, because it is an important ability allowing insight in the feelings and 

intentions of others. The correct identification of emotions in facial expressions of 

other people is a prerequisite of adequate social interaction (Herba & Phillips, 2004; 

Quintana, Guastella, Outhred, Hickie, & Kemp, 2012). When emotion recognition 

abilities are impaired, misunderstandings and social conflicts may occur frequently 

with far-reaching consequences for social integration and quality of life (Dyck et al., 

2009; Hofer et al., 2009; Renneberg et al., 2012). 

The neural correlates of face processing have been studied extensively and a 

clear model exists that describes the relevant brain regions. Haxby and colleagues 

proposed that facial emotion recognition relies on a core and an extended system 

(Haxby, Hoffman, & Gobbini, 2000). According to this model the core system, 

including the fusiform gyrus and superior temporal sulcus (STS), plays an important 

role for identifying changeable features in a face and integrating different sources of 

information. The extended system includes – besides other regions – amygdala and 

insula which are reciprocally connected to the STS, and thus, enable the recognition 

of emotions in facial expressions (Haxby et al., 2000).  

It is assumed that emotion recognition is primarily driven by perceptual (i.e. 

bottom-up) processing, although it seems to be continuously modulated by activation 

of prior experiences and knowledge in a top-down fashion as well as in an indirect 

manner via simulation (Adolphs, 2002). In other words, emotion processing 

represents a complex interplay between bottom-up stimulus driven and top-down 

modulated cognitive processes (Ochsner & Gross, 2014). Gilbert and Sigman state 

that no definable starting point of these interactions exists, since perception is a 
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result of resonance between feedforward and top-down processes (Gilbert & Sigman, 

2007). Each state of brain function can provide a context and influences upcoming 

information processing. Top-down modulation is defined as any kind of influence on 

basic processes through more complex information, for example, prior expectations, 

priming, memories, hypothesis testing, internal states and also trait variables. In 

dependence on the actual sensory stimulus input and contextual cues, the interplay 

of higher and lower order structures is reciprocally changed and adapted (Gilbert & 

Sigman, 2007). The interactions with contextual cues are important since top-down 

processes guide the selection of relevant information and influence the convergence 

between expectation and sensory reality (Gilbert & Sigman, 2007). This flexible 

adaptation might fail in patients due to alterations in specific brain structures, their 

functioning and their connectivity (Gilbert & Sigman, 2007). 

1.2 Emotion recognition in borderline personality disorder 

BPD is a mental disorder that is accompanied by severe functional 

impairments, high rates of comorbidity, and a high degree of psychological strain and 

burden for the patients concerned. This leads to a high rate of suicide as well as high 

utilization of the health care system with significant costs for the society (Soeteman, 

Hakkaart-van Roijen, Verheul, & Busschbach, 2008). The disorder is characterized 

by profound affective instability, difficulties in impulse control and an instable self-

image as well as interpersonal relationships. Patients show difficulties in emotion 

regulation and experience frequent problems in social interactions (Lieb et al., 2004). 

BPD – besides autism and schizophrenia (Couture, Penn, & Roberts, 2006; 

Sasson et al., 2007) – is one of the mental disorders explicitly characterized by 

substantial social impairments and frequently occurring interpersonal conflicts 

(Herpertz, Jeung, Mancke, & Bertsch, 2014). BPD patients often feel rejected and 

suffer from the fear of being abandoned. They tend to interpret the reactions of 

others as hostile, rejecting and negative (Arntz & Veen, 2001; Barnow et al., 2009; 

Sieswerda, Barnow, Verheul, & Arntz, 2013). In the sense of a self-fulfilling prophecy, 

this leads to increased social impairments, resulting in social isolation, enhanced 

experience of loneliness, a reduced quality of life, and a low level of social 

functioning (for an overview: Lazarus et al., 2014). One explanation why BPD 

patients come to such negative evaluations of others’ emotions and intentions and 

encounter these social impairments is a misattribution of social signals due to deficits 

in social-cognitive functions. 
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As mentioned above, a basic social-cognitive function is the identification of 

emotions in other people’s faces, which allows to correctly infer mental states, 

intentions and a prediction of action tendencies. In BPD, previous research has 

revealed heterogeneous results regarding facial emotion recognition performance 

ranging from severe and global deficits to an in general heightened sensitivity (Lynch 

et al., 2006; Mitchell et al., 2014). However, some evidence points towards deficits 

only in specific emotional categories or even performance comparable with healthy 

people (Daros, Zakzanis, & Ruocco, 2013; Mitchell et al., 2014). Recent meta-

analytic findings show a significant negative response bias for neutral and ambiguous 

facial expressions in BPD patients (Mitchell et al., 2014). Although there is clear 

evidence for a negative bias in emotion recognition in BPD, not all studies support its 

existence (e.g. Daros, Uliaszek, & Ruocco, 2014). Reasons could be differences in 

study design, small sample size (i.e., reduced statistical power) and varying 

participant characteristics – especially applied diagnostic criteria. Furthermore, the 

stimulus material, the specific task and task instructions varied highly between 

individual studies (Mitchell et al., 2014). However, there might be further causes for 

the fact that not all studies have found a negative bias in BPD. Heterogeneity in 

different disorder-specific traits or mood states is a conceivable factor of variance. 

Situational aspects that sometimes are related to but often irrelevant for the 

subsequent evaluation process may also play an important role. Study 1a and 1b of 

this dissertation aimed at specifying some of these factors possibly influencing the 

occurrence of a negative bias in BPD. 

1.2.1 Factors potentially contributing to the occurrence of a negative bias 

The severe emotional dysregulation in BPD is characterized by heightened 

sensitivity to emotional stimuli, intense reactions even to stimuli of low intensity and 

difficulties in returning to baseline level (Linehan, 1993b). This vulnerability may 

influence the adequate recognition of emotions and could result in biased response 

patterns leading to interpersonal misunderstandings and severe conflicts. In daily life, 

we are confronted with a great number of incoming emotional information, much of 

which is not relevant to us or the situations we are actually in. However, flexibly and 

quickly adapting to new incoming emotional information while disregarding other 

emotional information is crucial to navigate social interaction. Due to emotion 

regulation deficits BPD patients may have difficulties to suppress reactions to 

previous emotional information and, thus, be more susceptible to interfering 
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information. This specific relationship between emotion dysregulation and a negative 

bias in BPD is discussed in the following. 

1.2.1.1 Neural correlates of emotion recognition and emotional dysregulation 

On the neural level, emotion dysregulation is reflected by amygdala 

hyperactivation and reduced prefrontal control (Banks, Eddy, Angstadt, Nathan, & 

Phan, 2007). Evidence for an association between amygdala hyperactivation and 

emotion dysregulation has even been found in healthy individuals (Drabant, McRae, 

Manuck, Hariri, & Gross, 2009). The same association and reduced control of the 

prefrontal cortex (PFC) over the limbic system have been shown in various mental 

disorders (Etkin, Prater, Hoeft, Menon, & Schatzberg, 2010; Fan et al., 2013; Foland 

et al., 2008), including BPD (Johnson, Hurley, Benkelfat, Herpertz, & Taber, 2003; 

Leichsenring, Leibing, Kruse, New, & Leweke, 2011; Silbersweig et al., 2007). 

Interestingly, the pattern of aberrant brain activation during emotion recognition in 

BPD resembles to a great extent the pattern that usually characterizes emotion 

dysregulation. Facial emotion processing in BPD was frequently associated with 

hyperreactivity of the amygdala (Donegan et al., 2003; Koenigsberg et al., 2009; Mier 

et al., 2013; Minzenberg, Fan, New, Tang, & Siever, 2007) as well as hypoactivation 

in the inferior frontal gyrus (IFG) and STS during more complex social-cognitive tasks 

(Dziobek et al., 2011; Mier et al., 2013). These repeated observations of altered 

patterns of brain activation led to the assumption that enhanced emotional 

processing of social stimuli in patients with BPD may provide the neural basis of 

social-cognitive impairments (Mier et al., 2013). Amygdala hyperactivation in BPD 

was further shown to occur in concert with reduced prefrontal regulation, especially of 

the anterior cingulate cortex (ACC; Cullen et al., 2011; Minzenberg et al., 2007; 

Ruocco, Amirthavasagam, Choi-Kain, & McMain, 2013). Additionally, a recent meta-

analysis points towards hyperactivation of the insula in reaction to negative stimuli in 

BPD, which was assumed to underlie the increased experiences of negative 

emotions (Ruocco et al., 2013). Since the insula serves as a relay between frontal 

and subcortical regions, its hyperactivation supports the idea of a fronto-limbic 

dysregulation especially for negative emotions in BPD (Ruocco et al., 2013). 

Assuming the involvement of similar brain regions as in the face perception model by 

Haxby and colleagues (2000), Mitchell and colleagues (2014) propose a neural 

model of impaired facial emotion recognition in BPD based on their meta-analytic 

findings. Accordingly, as in the model by Haxby and colleagues (2000), the fusiform 
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gyrus is proposed to receive input from the visual cortex, leading to stimulus-driven 

amygdala activation. Regular top-down modulation of the amygdala may be reduced, 

due to altered connectivity to areas, such as the ACC or the IFG, that modulate the 

processing of face information in the limbic system. This abnormal modulation of the 

amygdala results in altered processing of emotional stimuli and in consequence 

yields altered activation in regions like the STS. The result may be a heightened 

sensitivity to emotional cues, a negative bias, as well as delusions that may occur 

during stress (Mitchell et al., 2014).  

Overall, these findings emphasize the importance of gaining more information 

on the role of emotion dysregulation for emotion recognition processes in BPD and 

suggest that understanding emotion recognition deficits on a brain system level may 

enhance our knowledge on social-cognitive deficits in BPD. 

1.2.1.2 Alexithymia 

An important concept that is clearly linked to emotion dysregulation and that 

may be also important for social-cognitive functions, like emotion recognition, is 

alexithymia (Domes, Grabe, Czieschnek, Heinrichs, & Herpertz, 2011; Erkic et al., 

2018; Laloyaux, Fantini, Lemaire, Luminet, & Laroi, 2015). Alexithymia is 

characterized by difficulties in identifying and describing feelings and to separate 

those from bodily sensations. Further it is associated with a lack of the ability of 

imagination and an external oriented mode of thinking (Hendryx, Haviland, & Shaw, 

1991). It was shown that alexithymia is related to a frequent use of maladaptive 

emotion regulation strategies in healthy individuals as well as in patient samples 

(Erkic et al., 2018; Taylor, 2000). Since BPD patients suffer from severe emotion 

dysregulation, it is not surprising that BPD patients score higher on alexithymia 

scales compared to healthy controls (New et al., 2012). Furthermore, higher scores 

of alexithymic traits were linked to lower emotion recognition accuracy in healthy 

individuals (Lane et al., 1996) and alexithymia was also previously associated with 

difficulties in emotion recognition in BPD (Domes et al., 2011). Given this overlap with 

emotion regulation difficulties and emotion recognition deficits, it seems important to 

account for alexithymia in the assessment of the negative bias in BPD patients. 

1.2.1.3 Emotional context information and processing time 

In case of disturbed emotion regulation abilities as observed in BPD patients, 

a current affective state may have a strong influence on emotion recognition and the 



Introduction 

8 

occurrence of a negative bias. Even in healthy participants affective states and 

emotion identification thresholds are correlated (Coupland et al., 2004). A 

comparable interference as elicited by the current affective state may also be induced 

via external emotional information that is not related to the emotional cue of interest. 

Mobbs and colleagues (2006) showed that face-related emotional context information 

preceding the presentation of facial expressions shifted the evaluation of identical 

faces. This seemed to be dependent on the valence of the emotional context 

information. Further studies showed that context information influences judgments of 

facial expressions in healthy individuals (Carroll & Russell, 1996; Righart & de 

Gelder, 2006) as well as in clinical samples (Hooker et al., 2011; Kim et al., 2011). 

Priming by emotional facial expressions for example led to more negative judgments 

of pleasantness for neutral faces in euthymic patients with bipolar disorder than in 

healthy controls (Kim et al., 2011). Negative affective priming through pictures from 

the International Affective Picture System (IAPS; Lang, Bradley, & Cuthbert, 2005) 

resulted in reduced trustworthiness ratings for faces in patients with schizophrenia 

compared to healthy controls (Hooker et al., 2011). These findings point towards a 

higher susceptibility for negative emotional information and a negative bias in 

schizophrenia as well as bipolar patients compared to controls. This sensitivity may 

also be present in BPD. In daily life, individuals are faced with a large amount of 

emotionally significant information arising from different sources and not necessarily 

related to each other. This may cause interference of prior with subsequent emotional 

information and may result in shifted evaluations.  

As basis for this dissertation, we assume that a negative bias can be provoked 

or enhanced by task-irrelevant, interfering emotional information, especially in BPD 

patients. In other words, we hypothesize that a negative bias during emotion 

recognition occurs because an independent context factor, such as incoming but 

unrelated emotional information (may it be a thought, or an affect elicited by a 

preceding situation (Lemerise & Arsenio, 2000)), may not be properly differentiated 

from information which is the actual target of emotion recognition. 

Furthermore, we argue that another important factor influencing correct 

emotion recognition is the available processing time. Longer processing time, or in an 

experimental setting prolonged presentation time of target emotions, may alleviate 

the abovementioned altered processes. In healthy individuals, a longer presentation 

time can increase recognition performance of emotional facial expressions (Esteves 
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& Öhman, 1993; Kirouac & Doré, 1984; Neath & Itier, 2014). However, presentation 

times in studies on emotion recognition in BPD vary a lot and the influence of these 

differences has not been evaluated systematically. Only one study examined the 

influence of processing time on emotion recognition in BPD, which showed that 

emotion discrimination under time pressure was associated with higher arousal and 

resulted in a greater amount of errors in patients with BPD compared to healthy 

controls. Especially neutral facial expressions were more often evaluated as 

negative, suggesting time constraints to be a relevant moderator of a negative bias in 

BPD (Dyck et al., 2009). 

In summary, several internal and external influencing factors are possibly 

impairing correct evaluations of facial expressions in BPD. While several studies 

showed that emotional context information can impair emotion recognition, no 

comparable study investigated the association of emotion regulation abilities, external 

emotional information and emotion recognition in BPD compared to healthy controls 

and other clinical samples, when we started our research on the negative bias in 

BPD. The primary aim of this dissertation was to identify determinants of the negative 

bias in BPD by investigating the influence of interfering contextual information and 

restrictions of processing time and to examine associations with relevant 

psychopathological measures. An additional aim was to assess the specificity of 

these factors for the negative bias in BPD by comparison to a clinical control group of 

schizophrenia patients. To examine the neurobiological mechanisms that may be 

disturbed in patients with BPD, brain responses to the described determinants were 

measured in a healthy group of participants. 

In the first study (study 1a) of this doctoral thesis we investigated a) the 

influence of previously presented task-irrelevant social emotional information, and b) 

time constraints on subsequent emotion recognition. Further, we examined c) 

whether impairments in emotion recognition can be explained by a negative bias in 

BPD patients, and d) whether a negative bias in BPD patients is associated with 

emotion dysregulation. 
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2 STUDY 1A: INVESTIGATING THE NEGATIVE BIAS IN 
BORDERLINE PERSONALITY DISORDER1 

2.1 Emotion recognition in borderline personality disorder: effects of emotional 
information on negative bias 

2.1.1 Abstract 

Background: Borderline Personality Disorder (BPD) is characterized by severe 

deficits in social interactions, which might be linked to deficits in emotion recognition. 

Research on emotion recognition abilities in BPD revealed heterogeneous results, 

ranging from deficits to heightened sensitivity. The most stable findings point to an 

impairment in the evaluation of neutral facial expressions as neutral, as well as to a 

negative bias in emotion recognition; that is the tendency to attribute negative 

emotions to neutral expressions, or in a broader sense to report a more negative 

emotion category than depicted. However, it remains unclear which contextual 

factors influence the occurrence of this negative bias. Previous studies suggest that 

priming by preceding emotional information and also constrained processing time 

might augment the emotion recognition deficit in BPD.  

Methods: To test these assumptions, 32 female BPD patients and 31 healthy 

females, matched for age and education, participated in an emotion recognition 

study, in which every facial expression was preceded by either a positive, neutral or 

negative scene. Furthermore, time constraints for processing were varied by 

presenting the facial expressions with short (100 ms) or long duration (up to 3000 

ms) in two separate blocks.  

Results: BPD patients showed a significant deficit in emotion recognition for 

neutral and positive facial expression, associated with a significant negative bias. In 

BPD patients, this emotion recognition deficit was differentially affected by preceding 

emotional information and time constraints, with a greater influence of emotional 

information during long face presentations and a greater influence of neutral 

information during short face presentations. 

                                            
1 Published paper: Fenske, S., Lis, S., Liebke, L., Niedtfeld, I., Kirsch, P., & Mier, D. (2015). Emotion 
recognition in borderline personality disorder: effects of emotional information on negative bias. 
Borderline Personal Disord Emot Dysregul, 2, 10. doi:10.1186/s40479-015-0031-z 
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Conclusions: Our results are in line with previous findings supporting the 

existence of a negative bias in emotion recognition in BPD patients and provide 

further insights into biased social perceptions in BPD patients. 

2.1.2 Background 

Borderline Personality Disorder (BPD) can be characterized by severe 

emotional dysregulation and affective instability (Schmahl et al., 2014). Patients 

suffering from BPD show a significant fear of being abandoned and pervasive 

problems in interpersonal relationships (Lieb et al., 2004; Lis & Bohus, 2013). One 

possible cause for these frequently occurring interpersonal conflicts might be a 

misattribution of social signals: Patients with BPD demonstrate a more negative and 

hostile perception of social relationships (Benjamin & Wonderlich, 1994), are 

characterized by an anxious attachment style (Meyer, Pilkonis, & Beevers, 2004), 

and judge others as more negative, rejecting and aggressive (e.g. Arntz & Veen, 

2001; Barnow et al., 2009; see also Lazarus et al., 2014 for a review; Sieswerda et 

al., 2013). However, previous studies directly investigating emotion recognition in 

BPD provide heterogeneous results, ranging from deficits to a heightened sensitivity 

for emotional expressions (Daros et al., 2013; Lazarus et al., 2014). Hence, it can be 

assumed that the emotion recognition performance in BPD is subject to influencing 

factors, such as the emotional context (Mobbs et al., 2006). 

Most of the early studies on emotion recognition in BPD reported deficits in 

emotion recognition, particularly in the identification of negative emotions (Bland, 

Williams, Scharer, & Manning, 2004; Guitart-Masip et al., 2009; Levine, Marziali, & 

Hood, 1997; Merkl et al., 2010; Unoka, Fogd, Fuzy, & Csukly, 2011). A recent meta-

analysis however (Daros et al., 2013), reported that BPD patients show an overall 

deficit in recognition accuracy (when including all basic emotions and neutral 

expressions in the analysis). Furthermore, this meta-analysis suggests that BPD 

patients are not impaired in the recognition of all negative emotions, but have a 

specific deficit in the recognition of disgust and anger. However interestingly, the 

largest deficit was revealed for the identification of neutral facial expressions, 

suggesting that BPD patients tend to misattribute emotions to faces that do not 

convey emotional information. In line with this meta-analysis of Daros and colleagues 

(2013), another recent meta-analysis of Mitchell and colleagues (2014) supports the 

assumption of a negative bias in BPD; i.e. that patients with BPD demonstrate a 

tendency to attribute negative emotions to neutral facial expressions.  
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In agreement with the idea that patients with BPD do not show profound 

deficits in the recognition of negative emotions, but rather a negative bias, there are 

several studies reporting either no significant emotion recognition deficit in BPD at all 

(Matzke, Herpertz, Berger, Fleischer, & Domes, 2014; Mier et al., 2013) or a deficit 

that occurs only under specific conditions. In some of these studies, difficulties in 

emotion recognition were only revealed by low intensity levels of emotional 

expression (Robin et al., 2012), or when a fast discrimination was required (Dyck et 

al., 2009). Furthermore, there are studies that demonstrate higher accuracy in the 

classification of emotional expressions in BPD (Lynch et al., 2006; Wagner & 

Linehan, 1999). Wagner and Linehan (Wagner & Linehan, 1999) for example, 

reported a heightened sensitivity in the recognition of fearful facial expressions only, 

and Lynch and colleagues (Lynch et al., 2006) showed that BPD patients tend to 

identify happy and angry faces at an earlier level of intensity. For male faces with an 

angry expression this was also true in a study by Veague and Hooley (2014). In 

addition, there are findings explicitly pointing to a response bias in BPD patients 

favoring negative emotion categories when confronted with ambiguous or neutral 

facial expressions (Domes et al., 2008; Domes et al., 2011; Domes, Schulze, & 

Herpertz, 2009; Dyck et al., 2009; Veague & Hooley, 2014). For ambiguous 

expressions (morphing from one emotion to another), BPD patients had a response 

bias, favoring anger over disgust and happiness (Domes et al., 2008). Among the 

studies using continuously morphed pictures (morphing from neutral to a full 

emotional display), several found no differences in recognition threshold between 

groups (Domes et al., 2008; Domes et al., 2011; Matzke et al., 2014), but higher error 

rates for fear and surprise in one of the studies (Domes et al., 2011). In addition, 

Veague and Hooley (2014), found not only that patients with BPD had a higher 

sensitivity for male faces that displayed anger, but also a response bias for anger in 

neutral faces and morphed faces that contained no anger-cues (happy and fearful). 

In contrast to these studies pointing to a negative bias, a recent study by Daros and 

colleagues (2014) suggested that a misattribution of emotional states may be linked 

to both a misinterpretation as negative as well as positive valent emotional states; i.e. 

a general tendency to attribute emotions to neutral facial expressions. Taken 

together, albeit not all individual studies found a significant negative bias in BPD (e.g. 

Daros et al., 2014), recent meta-analytic evidence suggest a negative response bias 

to neutral and ambiguous expressions (Mitchell et al., 2014) that might be 
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pronounced for the misattribution of anger (Domes et al., 2008; Veague & Hooley, 

2014). However, it is not clear why this deficit in the recognition of neutral as well as 

emotional facial expressions and especially the negative bias is not found 

consistently across studies. 

 One explanation is that when asking for basic emotions, a statistical bias for 

negative emotions is inherent. Another explanation is that emotion recognition 

performance in BPD is depending on the context and modulated by the prominent 

emotion regulation deficits in this patient group (Levine et al., 1997). 

Patients with BPD are known to experience frequent states of negative 

emotions and aversive tension (Ebner-Priemer et al., 2007; Reisch, Ebner-Priemer, 

Tschacher, Bohus, & Linehan, 2008). This affective instability seems to arise from a 

high susceptibility for emotional information in combination with a severe emotion 

regulation deficit (Putnam & Silk, 2005). It was shown in healthy participants that 

negative affect biases the processing of emotional information (Coupland et al., 

2004). Mobbs and colleagues (2006) showed that preceding emotional information 

shifted ratings for identical faces in the direction of the preceding emotional 

information (see also Carroll & Russell, 1996; Wallbott, 1988). Moreover, studies 

using emotional contextual information found that emotion recognition performance 

was biased by this contextual information (e.g. Mobbs et al., 2006; Righart & de 

Gelder, 2006). Interestingly, in a study with euthymic bipolar patients, it was shown 

that priming with emotional facial expressions resulted in a negative shift of 

pleasantness judgments for neutral target faces (Kim et al., 2011). Furthermore, 

Hooker and colleagues (Hooker et al., 2011) demonstrated that negative affective 

priming with pictures from the International Affective Picture System (Lang et al., 

2005) led to lower trustworthiness ratings of faces in schizophrenia patients than in 

healthy controls, indicating a higher susceptibility for negative emotional information 

in this patient group (Hooker et al., 2011). Hence, there is considerable evidence for 

an influence of emotional information on emotion perception in healthy people, as 

well as in clinical samples. 

However, to our knowledge - despite the vast evidence of emotion regulation 

deficits in patients with BPD - until now no comparable study exists that investigates 

the influence of emotional information on emotion recognition, and/or the association 

between emotion recognition and emotion regulation in BPD. 
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Another factor that affects emotion recognition performance is the available 

time to perceive and process the incoming information. Several authors showed that 

longer presentation times increased discrimination performance in healthy samples 

(e.g. (Esteves & Öhman, 1993; Kirouac & Doré, 1984; Neath & Itier, 2014). However, 

studies on emotion recognition in BPD differ in regard to the given time constraints. 

So far there are no studies that systematically investigated the effect of this factor. 

The first study emphasizing the important role of processing time for emotion 

recognition in BPD patients was conducted by Dyck and colleagues (2009). The 

authors demonstrated that fast emotion discrimination leads to higher arousal levels 

and more errors in emotion recognition in BPD patients than in healthy controls. In 

this case, particularly, neutral facial expressions were more often identified as 

negative. 

Therefore, the aim of the present study was to investigate the influence of 

emotional information on emotion recognition performance in BPD. We hypothesized 

that (1) patients with BPD show a deficit in emotion recognition compared to healthy 

participants. We further assumed (2) that this deficit is augmented when facial 

expressions are preceded by emotional information (i.e. that patients with BPD 

perform worse than healthy control participants when the preceding information is 

arousing and has an emotional valence in comparison to emotionally neutral 

preceding information). Since it was shown that time pressure causes an increase in 

arousal levels and results in stronger negative bias in BPD (Dyck et al., 2009), the 

influence of emotional information on emotion recognition in BPD was assessed with 

and without time pressure. It was hypothesized that (3) restricted presentation time of 

the facial expression leads to a pronounced influence of the emotional information on 

emotion recognition. Moreover, for neutral facial expressions, we expected that (4) 

the emotion recognition deficit in BPD is due to a negative bias. Lastly, it was 

hypothesized that (5) the negative bias is associated with self-reported deficits in 

emotion regulation. 

2.1.3 Methods 

2.1.3.1 Sample 

Before participating in the study, participants were informed about study 

procedures and gave written informed consent. The study was approved by the local 

Ethics Board of the Medical Faculty Mannheim, University of Heidelberg. 
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The sample consisted of 32 females with BPD and 31 healthy female controls 

(table 1). All patients met DSM-IV criteria for BPD (APA, 2000). 93.75% of them also 

had a comorbid psychiatric diagnosis, and 75% received psychotropic medication 

(see supplementary table S1 for percentages of specific diagnoses and medication). 

Diagnoses were made by experienced clinicians (psychologists or psychiatrists) at 

the Outpatient Unit of the Clinic for Psychosomatics and Psychotherapeutic Medicine 

at the Central Institute of Mental Health (CIMH) by means of a German version of the 

SCID-I interview (Wittchen, Wunderlich, Gruschwitz, & Zaudig, 1997), and the 

International Personality Disorder Examination (IPDE; Loranger et al., 1994). Patients 

with a comorbid diagnosis of schizophrenia, bipolar disorder, or addiction (currently 

or within the last 3 years), as well as with neurological diseases were excluded. 

Sixteen of the patients were inpatients. Healthy controls were recruited via local 

databases of the CIMH and participated in the SCID-I interview and completed the 

SCID-II questionnaire (Fydrich, Renneberg, Schmitz, & Wittchen, 1997) to exclude 

participants with current or life-time psychiatric diagnosis. Moreover, healthy 

participants were excluded when reporting a neurological disorder. General inclusion 

criteria were the ability to give written informed consent and sufficient command of 

the German language to understand task instructions and to complete the 

questionnaires. 

After participating in the experiment, all participants completed several 

questionnaires. Severity of borderline symptoms and emotion regulation deficits were 

assessed with the Borderline Symptom List-23 (BSL-23; Bohus et al., 2009; Bohus et 

al., 2001) and the Difficulties in Emotion Regulation Scale (DERS; Gratz & Roemer, 

2004). The current affective state was assessed before and after the experiment with 

the Positive and Negative Affect Schedule (PANAS; Krohne, Egloff, Kohlmann, & 

Tausch, 1996; Watson, Clark, & Tellegen, 1988). Concerning the PANAS and BSL-

23, data of two patients and one healthy control is missing. Further, data of the DERS 

is missing for three patients and one healthy control (see table 1 for group averages). 
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Table 1. Sample characteristics. 

 BPD 

N = 32 

HC 

N = 31 

p 

Mean age in years 30.35 (8.22) 29.84 (7.70) 0.838 

Mean years of education 11.03 (1.64) 11.52 (1.57) 0.235 

DERS sum score 128.10 (24.38) 59.77 (11.86) <0.001 

BSL-23 sum score 2.24 (0.79) 0.15 (0.19) <0.001 

PANAS_positive_pre 2.43 (0.64) 2.95 (0.60) 0.002 

PANAS_positive_post 2.07 (0.62) 2.51 (0.71) 0.012 

PANAS_negative_pre 1.97 (0.73) 1.07 (0.08) <0.001 

PANAS_negative_post 2.06 (0.79) 1.10 (0.19) <0.001 

Note. Means and standard deviations (in parentheses) of DERS = Difficulties in Emotion Regulation 

Scale, BSL-23 = Borderline Symptom List-23, PANAS = Positive and Negative Affect Schedule, 

positive_pre = positive affect before the experiment, positive_post = positive affect after the 

experiment, negative_pre = negative affect before the experiment, negative_post = negative affect 

after the experiment. 

2.1.3.2 Emotion recognition task 

An emotion recognition task was applied, in which each facial expression was 

preceded by a picture varying in valence and arousal. The preceding pictures were 

taken from the International Affective Picture System (IAPS; Lang et al., 2005). The 

IAPS pictures either showed a scene with positive valence and high arousal (e.g. 

depicting sport scenes), negative valence and high arousal (e.g. depicting crime 

scenes) or neutral valence and low arousal (e.g. depicting daily conversational 

situations). Importantly, we explicitly avoided the selection of pictures with a sexual 

theme for the positive IAPS category to prevent adverse responses in the BPD 

patients that are due to a history of sexual traumatization. Valences of the positive 

and negative pictures were matched to be equally distant from the neutral pictures 

(positive: M = 7.06, SD = 0.52; neutral: M = 5.02, SD = 0.36; negative: M = 3.02, SD 

= 0.45). Positive and negative pictures were also matched for arousal extent 

(positive: M = 5.98, SD = 0.52; negative: M = 5.99, SD = 0.47) while neutral pictures 

had a lower arousal (M = 3.09, SD = 0.37; see supplementary materials, table S2 for 

a list of all IAPS pictures that were presented in the course of the experiment). The 

facial stimuli were taken from the “NimStim Set of Facial Expressions” (Tottenham et 

al., 2009) and consisted of 5 male and 5 female actors. The faces showed an 

emotional (happy or angry) or neutral expression. To avoid ceiling effects in emotion 
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recognition performance, emotional facial expressions with reduced emotion intensity 

were applied (60% emotion, 40% neutral). The morphed facial expressions were 

taken from Matzke and colleagues (2014). Participants were instructed to look at all 

pictures, but to rate the valence of the facial expressions only, and not the valence of 

the scenes, by selecting one of three buttons (positive, neutral, negative) on a 

standard computer keyboard. We decided using only three emotion categories that 

were presented with equal probability to avoid a statistical bias for the selection of a 

negative emotion that is merely due to the presence of more negative categories; i.e. 

as it naturally occurs when using all basic emotions. 

The task was applied in two blocks, differing in the presentation time of the 

facial expression. In both blocks, IAPS pictures were shown for 3 seconds and were 

immediately followed by a picture with a facial expression (figure 1). In one of the 

blocks, the facial expressions were presented until one of the response buttons was 

pressed, but for 3 seconds at most (“self-paced” condition). In the other block, 

presentation time was restricted to 100 milliseconds (“timed” condition). In both 

blocks, participants had up to 3 seconds to rate the valence of the emotion, and the 

facial expression was followed by a mask (a grey rectangle) for 500 milliseconds. 

Trial order was pseudo-randomized and block order was counterbalanced across 

participants. Each block consisted of 90 trials, i.e. 10 combinations of each IAPS 

category (positive, neutral, negative) with each face category (happy, neutral, angry) 

and took about 11 minutes. While completing the emotion recognition task, galvanic 

skin response and heart rates were recorded. The results from this 

psychophysiological assessment will be reported elsewhere. 
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Figure 1. Experimental design with up to 3 seconds presentation of the facial expression in the “self-

paced” condition and 100 milliseconds presentation of the facial expression in the “timed” condition. 

2.1.3.3 Rating of experimental stimuli 

Immediately after the emotion recognition task, the applied pictures were 

presented again for valence and arousal ratings. This additional evaluation of 

stimulus valence and arousal was completed to assess ratings without an influence 

of the experimental setup. For this purpose, faces and scenes were presented to the 

participants in two separate blocks, always starting with the faces block. Participants 

were asked to indicate the valence and arousal of each of the pictures using the Self-

Assessment-Manikin (SAM; Hodes, Cook, & Lang, 1985; Lang, 1980) on a 5-point 

scale. This rating procedure was self-paced. 
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2.1.4 Results 

Statistical analyses were performed with SPSS Statistics 21 (IBM Corporation, 

New York). Applying one-sample Kolmogorov-Smirnov-tests, no significant violations 

of the normal distribution were revealed (all ps > 0.11). In the case that Levene-tests 

for equality of variances revealed significant differences in variance between groups, 

the according p-statistics are reported with Greenhouse-Geisser correction. Effect 

sizes are specified as Cohen’s f and d. 

2.1.4.1 Emotion recognition task 

Hypothesis 1 

To investigate the first hypothesis, that patients with BPD show impaired 

emotion recognition performance, a 2 (group) x 3 (face valence) repeated measures 

ANOVA was conducted (table 2). There was a significant face valence x group 

interaction: Post hoc comparisons revealed that BPD patients identified both neutral 

and positive facial expressions less often correctly than healthy controls (neutral: 

t(61) = 4.52, p < 0.001, d = 1.19; positive: t(61) = 2.80, p = 0.008, d = 0.79), but not 

negative ones (t(61) = 0.42, p = 0.678, d = 0.11) (see figure 2). Due to the higher-

order interaction effect, the interpretability of the main effect of group is restricted. 

However, there was also a main effect of face valence: Positive facial expressions 

were better recognized than neutral and negative facial expressions (neutral: t(62) = 

4.96, p < 0.001, d = 0.62; negative: t(62) = 9.86, p <0.001, d = 1.24). Further neutral 

facial expressions were more often recognized correctly than negative facial 

expressions (t(62) = 4.19, p < 0.001, d = 0.53).  

Table 2. a) Statistical data of the group × face valence repeated measures ANOVA for 

emotion recognition performance, and b) descriptive values for the percentages of correctly 

recognized facial expressions. 

a) 

 df F f p 

Group 1,61 19.32 0.65 <0.001 

Face valence 2,122 44.21 1.12 <0.001 

Group x Face valence 2,122 4.27 0.27 0.023 
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b) 

 BPD HC 

Valence of facial expression M SD M SD 

Positive  88.54 13.00 95.27 3.97 

Neutral  78.28 13.44 90.32 6.74 

Negative  73.85 12.26 75.00 9.30 

 

 

Figure 2. Mean numbers of correctly recognized facial expressions in percent correct, separated for 

group and face valence. Error bars display the standard errors, stars indicate significant group 

differences (p < 0.05). 

Hypotheses 2 and 3 

To further analyze whether the deficits in the perception of positive and neutral 

facial expressions are influenced by emotional information and time constraints, a 

group x face valence x IAPS valence x time repeated measures ANOVA was 

conducted (table 3). This analysis revealed a marginally significant four-way 

interaction, indicating that differences between groups were differentially affected for 

neutral and positive faces by the preceding IAPS picture and by the time constraints. 

Post-hoc comparisons to disentangle this interaction effect were conducted 

separately for the two presentation times, as well as for the comparison between the 
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presentation times. There was a stronger effect of preceding negative emotional 

information on the recognition of neutral versus positive facial expressions in the BPD 

group compared to healthy controls in the self-paced condition (t(61)= -2.17, p = 

0.034, d = -0.60). Moreover, there was a trend for more incorrect responses for 

neutral compared to positive facial expressions in the BPD group compared to 

healthy controls when the facial expressions were preceded by positive emotional 

information in the self-paced condition (t(61) = -1.70, p = 0.093, d = -0.44). In the 

timed condition, there was a marginally significant higher error rate for neutral 

compared to positive facial expressions in the BPD group compared to the healthy 

controls when the preceding information was neutral (t(61) = -1.99, p = 0.051, d = -

0,54). These difference values did not differ significantly between the two time 

conditions (figure 3). Due to the higher-order interaction effect, the interpretability of 

the main effects and lower-order interaction effects is restricted.  

Table 3. a) Statistical data of the group × face valence x IAPS valence x time repeated 

measures ANOVA for emotion recognition performance, and b) descriptive values for the 

percentage of incorrectly recognized facial expressions, depending on the IAPS-category 

and the timing. 

a) 

 df F f p 

Group 1,61 18.80 0.64 <0.001 

Face valence 1,61 26.49 0.79 <0.001 

IAPS valence 2,122 3.54 0.25 0.032 

Time 1,61 43.87 1.09 <0.001 

Group x Face valence 1,61 3.32 0.24 0.073 

Group x IAPS 2,122 0.59 0.1 0.557 

Group x time 1,61 0.19 0.05 0.664 

Face valence x IAPS valence 2,122 6.97 0.36 0.010 

Face valence x time 1,61 1.02 0.13 0.317 

IAPS valence x time 2,122 0.10 0.04 0.902 

Group x face valence x IAPS valence 2,122 1.07 0.13 0.346 

Group x face valence x time 1,61 0.053 0.03 0.819 

Group x IAPS valence x time 2,122 0.32 0.07 0.727 

Face valence x IAPS valence x time 2,122 2.35 0.20 0.099 

Group x face valence x IAPS valence x time 2,122 2.49 0.21 0.087 
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b) 

 BPD HC 

Incorrect responses M SD M SD 

Self-paced     

Positive IAPS 

Neutral face 

Positive face 

 

15.31 

4.38 

 

16.06 

8.40 

 

5.81 

0.32 

 

9.58 

1.80 

Neutral IAPS 

Neutral face 

Positive face 

 

19.06 

7.19 

 

15.32 

15.08 

 

8.71 

0.65 

 

10.56 

2.50 

Negative IAPS 

Neutral face 

Positive face 

 

18.75 

6.88 

 

19.80 

13.06 

 

4.84 

1.29 

 

8.51 

4.28 

Timed     

Positive IAPS 

Neutral face 

Positive face 

 

20.94 

16.25 

 

19.73 

16.61 

 

11.61 

7.42 

 

9.69 

7.73 

Neutral IAPS 

Neutral face 

Positive face 

 

29.06 

11.88 

 

22.91 

14.47 

 

14.52 

8.06 

 

10.60 

9.46 

Negative IAPS 

Neutral face 

Positive face 

 

23.13 

17.50 

 

18.22 

19.84 

 

11.61 

9.68 

 

11.28 

11.40 
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Figure 3. Difference values, showing percent of incorrectly recognized neutral minus incorrectly 

recognized positive facial expressions, separated for the preceding IAPS picture, time condition and 

group. Error bars display the standard errors, stars indicate significant group differences (p < 0.05), a 

plus indicates marginally significant group differences (p < 0.1). 

Hypothesis 4 

To examine whether the emotion recognition deficit for neutral facial 

expressions in the BPD patients was due to a negative bias, the incorrect answers in 

response to neutral facial expressions were sub-divided in negatively and positively 

biased responses, i.e. a misattribution of a positive or negative valence. A 2 (group) x 

2 (bias valence) repeated measures ANOVA was conducted (table 4). There was a 

significant group x bias interaction: Post hoc comparisons revealed that BPD patients 

showed a stronger negative bias than healthy controls (t(61) = -3.98, p < 0.001, d = -

1.09), while groups did not differ in the amount of positive bias (t(61) = -0.882, p = 

0.381, d = -0.22) (see Figure 4). Due to this higher-order interaction effect, the 

interpretability of the main effects of group and bias valence is restricted. 

Additional exploratory comparisons for the amount of negative bias between 

the three most common comorbidities in our BPD-sample, as well as between BPD-

in- and BPD-outpatients were not significant (depression: p = 0.615, PTSD: p = 

0.700, eating disorders, p = 0.181, inpatients: p = 0.324). 
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Table 4. a) Statistical data of the group × bias valence repeated measures ANOVA for the 

recognition of neutral facial expressions, and b) descriptive values for the percentages of 

biased responses. 

a) 

 df F f p 

Group 1,61 18.09 0.62 <0.001 

Bias valence 1,61 22.39 0.71 <0.001 

Group x Bias valence 1,61 11.17 0.47 0.001 

b) 

 BPD HC 

Valence of bias M SD M SD 

Positive  4.43 3.40 3.71 3.03 

Negative  16.61 14.38 5.81 5.34 

 

 

Figure 4. Bias x group interaction. Percentages of all responses to neutral facial expressions that were 

either positively or negatively biased, separated for the two groups. Error bars display the standard 

errors, stars indicate significant group differences (p < 0.05). 

Hypothesis 5 

To analyze hypothesis 5; i.e. the association between emotion regulation 

abilities and the negative bias, BSL- and DERS-scores were analyzed. Pearson 
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correlation coefficients of the questionnaire data and the amount of negative bias 

were calculated for all participants. There were significant correlations of the BSL-

score (r = 0.545, p < 0.001) and the DERS-total score (r = 0.606, p < 0.001) with the 

negative bias across all participants. In the control group, BSL-scores correlated 

significantly with the amount of negative bias (r = 0.629, p < 0.001), while this 

correlation was not significant in the BPD group (r = 0.287, p = 0.125). Further, 

correlations were only trend-level significant in the control group between the 

negative bias and the DERS-sum score (r = 0.347, p = 0.060), while in the BPD 

group, there was a significant correlation between the negative bias and the DERS-

sum score (r = 0.453, p = 0.014).  

2.1.4.2 Ratings of the experimental stimuli 

The analysis of the SAM ratings showed no group differences for valence 

ratings. All participants rated positive scenes and positive faces with higher and 

negative ones with lower valence than neutral pictures. Overall, negative IAPS 

pictures were rated with highest arousal. Positive IAPS pictures were rated with 

significantly lower arousal and neutral IAPS pictures with the lowest arousal. For 

neutral, negative and on a trend-level for positive facial expressions, higher arousal 

ratings were found in the BPD group. Arousal ratings were also higher in the BPD 

group than in the control group for the IAPS pictures. Arousal and valence ratings, as 

well as according analyses are reported in the supplementary materials. 

2.1.5 Discussion 

To investigate the influence of emotional information on emotion recognition in 

BPD, an emotion recognition task in which each facial expression was preceded by 

an IAPS picture, varying in valence and arousal, was applied. It was hypothesized 

that patients with BPD show an emotion recognition deficit and that this deficit is 

augmented when facial expressions are preceded by emotional information, and 

when processed under time constraints. Furthermore, it was assumed that the 

emotion recognition deficit for neutral faces in BPD patients is due to a negative bias, 

which in turn is associated with emotion regulation deficits. 

In accordance to our hypothesis, BPD patients showed a clear emotion 

recognition deficit that was evident for neutral and positive facial expressions. 

Moreover, this deficit was accompanied by a negative bias in the perception of 

neutral faces. These results are in line with findings indicating that patients with BPD 
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have the most pronounced difficulties in the classification of neutral facial 

expressions (Daros et al., 2013), as well as a negative bias (Mitchell et al., 2014). 

Interestingly and in contrast to previously reported higher error rates for BPD patients 

in the identification of negative emotions (Bland et al., 2004; Guitart-Masip et al., 

2009; Levine et al., 1997; Unoka et al., 2011), we found a comparable performance 

in the recognition of angry facial expressions as negative valent. Hence, our results 

suggest that BPD patients do not have a general emotion recognition deficit, but a 

deficit in the recognition of emotions without a negative valence. Alternatively, with 

regard to different negative emotions, especially the ability to recognize anger, might 

be spared in BPD. For example, Guitart-Masip and colleagues (2009) also showed 

no group differences for the recognition of angry facial expressions, as used in our 

paradigm as well, but for disgusted and fearful faces. From a neurobiological point of 

view, the often reported increased amygdala-activation in BPD patients in response 

to facial expressions (Donegan et al., 2003; Mier et al., 2013; Minzenberg et al., 

2007) might elicit a higher vigilance per se and especially a higher vigilance for 

threatening information, making BPD patients even more sensitive for angry facial 

expressions. Hence, threatening information might be more salient and subjectively 

more likely to occur to patients with BPD, leading to a “more accurate” recognition 

when an angry face is presented, but to more false positive responses when an 

expression is not negative, particularly not angry (Unoka et al., 2011). This 

proneness to false positives might be enhanced by the severe emotion regulation 

deficits in BPD (Lieb et al., 2004; Linehan, 1993a). In BPD patients’ daily life, this 

might lead to the often occurring negative expectations concerning others (e.g. Arntz 

& Veen, 2001; Barnow et al., 2009; Sieswerda et al., 2013).  

As mentioned before, on a neurobiological level, several authors (Donegan et 

al., 2003; Mier et al., 2013; Minzenberg et al., 2007) showed an enhanced amygdala-

activation in patients with BPD in response to facial expressions. This limbic 

hyperactivation occurs in concert with deficits in the regulatory function of the 

prefrontal cortex (PFC, particularly the anterior cingulate cortex) (Minzenberg et al., 

2007; Ruocco et al., 2013). Interestingly, a recent meta-analysis by Ruocco and 

colleagues (2013) additionally found evidence for insula hyperactivation in response 

to negative in comparison to neutral stimulus materials in BPD. The authors interpret 

this insula hyperactivation as possibly underlying the intensified subjective 

experience of negative emotions in BPD. With the insula as a connecting region 
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between frontal and subcortical brain regions, this hyperactivation also supports the 

assumption of impaired fronto-limbic regulation of negative emotions in BPD. To our 

knowledge, not explicitly in BPD (New et al., 2007), but in other disorders, this 

reduced control of the PFC over the limbic system has been repeatedly shown to be 

associated with deficits in emotion regulation (Etkin et al., 2010; Fan et al., 2013; 

Foland et al., 2008). In the context of social cognition, reduced control of the PFC 

over the amygdala might enhance the tendency to categorize neutral (and maybe 

also positive) stimuli as more negative (Domes et al., 2009). Hence, a deficit in 

emotion regulation should be associated with a more pronounced negative bias. 

Indeed, we found that the number of negatively biased responses was significantly 

correlated with emotion regulation deficits measured by the DERS across all 

participants, and within the BPD patient group. There was only a significant 

correlation with the strength of borderline symptoms measured by the borderline 

symptom list (BSL-23) in the healthy group, but not for the BPD patients. Accordingly, 

it can be concluded that deficits in emotion regulation are associated with the amount 

of negative bias in general, while the BSL (which serves as a more global 

measurement of emotion regulation deficits and borderline symptom severity) might 

only significantly explain variance below a specific cut-off (i.e. within a non-clinical 

range of occurrence).  

In addition to deficits in emotion regulation, other factors might influence 

emotion recognition performance in BPD. Considering previous findings from studies 

investigating the influence of emotional context information (Carroll & Russell, 1996; 

Mobbs et al., 2006; Righart & de Gelder, 2006; Wallbott, 1988) and priming (Hooker 

et al., 2011; Kim et al., 2011) on emotion recognition, we hypothesized that emotional 

information that precedes emotion recognition should impair the performance in BPD 

patients. It was further assumed that time restriction should enhance this effect of 

emotional information in BPD patients. This assumption was based on the study by 

Dyck and colleagues (Dyck et al., 2009) who failed to show a general emotion 

recognition deficit in BPD, but reported a deficit in a fast emotion discrimination task. 

In particular, it was assumed that a brief presentation time of the faces forces more 

intuitive emotion recognition and in consequence might result in a stronger influence 

of the preceding IAPS picture.  

We found a marginally significant interaction of IAPS valence, time condition, 

face valence and group. In the condition without time restriction, negative emotional 
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information was associated with more errors in the recognition of neutral facial 

expressions compared to positive expressions in the BPD group than in the control 

group. This was also (on a trend-level) true for positive emotional information. Hence, 

this provides first evidence for the assumption that emotional information influences 

emotion recognition performance in BPD to a higher extent than in healthy controls 

and that this is especially true for the recognition of neutral facial expressions. 

Interestingly, in the condition with time restriction, there were more errors for neutral 

in comparison to positive facial expressions in the BPD group compared to healthy 

controls when the preceding information was neutral. Thus, in the case of limited 

processing time of the facial information, especially neutral information seems to elicit 

false responses to neutral facial expressions. One explanation for that might be that 

neutral information is more ambiguous for patients with BPD, and in consequence is 

not perceived as neutral, especially when processed under time pressure. This 

perceived ambiguity could be augmented and results in misinterpretations when the 

target is also not showing an emotional valence. Considering that post hoc valence 

ratings of the IAPS pictures and the facial expressions did not differ significantly 

between the groups (see supplementary materials: rating of stimuli), it is remarkable 

that emotion recognition was more impaired and more negatively biased in the BPD 

group when it was combined with preceding information. Hence, it can be assumed 

that the experimental pairing of IAPS pictures with facial expressions fostered the 

emotion recognition deficit in BPD patients.  

However, it has to be acknowledged that the four-way interaction including the 

IAPS valence and time constraints was only marginally significant. Not disregarding 

the reduced statistical power of this four-way ANOVA, an explanation might be the 

occurrence of carry over effects resulting from the pseudo-randomized presentation 

of the different emotional categories. Indeed, all participants showed less positive 

affect after the experimental task (see supplementary materials: affective state). In 

agreement with our assumption, there was a significant correlation between the 

increase of negative affect in the course of the experiment and the amount of 

negative bias (see supplementary materials: correlations of negative bias with 

affective state), which again emphasizes current mood as an influencing factor for 

emotion recognition. It is important to mention that the applied IAPS pictures were 

selected to be appropriate for a sample of female BPD patients. Hence, due to the 

high prevalence of sexual traumatization in BPD (Lobbestael, Arntz, & Bernstein, 
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2010; Zanarini, 2000), no pictures depicting sexual scenes were used for the IAPS 

category with positive valence. In consequence, to match for arousal in the positive 

and the negative category, only pictures of average arousal and thus also average 

valence levels could be applied in both categories, which might have reduced the 

influence of the preceding emotional information. Future studies might use a block 

wise presentation of the different preceding valences or a mood induction to 

investigate whether a stronger differential influence of emotional information is 

elicited when carry-over effects can be excluded. Furthermore, it would be interesting 

to disentangle stimulus valence and arousal to investigate the effect of these 

dimensions on emotion recognition in BPD. The dependency of valence and arousal 

in our study is due to the fact that they represent different parameters of motivational 

systems: While the valence dimension indicates which system is activated (appetitive 

or aversive), arousal shows to which degree the system is activated (Lang, 

Greenwald, Bradley, & Hamm, 1993). Hence, valence and arousal ratings are highly 

correlated for the IAPS pictures (Lang et al., 1993), and it would be interesting to 

develop novel paradigms with other stimulus materials / arousal induction methods 

that allow to investigate whether the activation of the aversive system or the degree 

of activation – independent of the system – is more important for social-cognitive 

performance in BPD. 

A limitation of the current experimental design can be seen in the categorical 

response alternatives: False responses for positive facial expressions per se were 

negatively biased and for negative facial expressions per se were positively biased. 

Therefore, future studies might additionally include a response format that allows for 

shifting responses within one category by applying continuous response formats. 

Moreover, albeit we carefully matched the emotional IAPS pictures for the normative 

arousal levels provided with the IAPS database, participants in our study rated IAPS 

pictures with a negative valence with higher arousal levels than the ones with a 

positive valence. Hence, the potential influence of positive IAPS pictures was weaker 

than intended and has to be interpreted with care. However, Hooker and colleagues 

(Hooker et al., 2011) did not find a priming effect of positive IAPS pictures on 

trustworthiness ratings either, possibly suggesting a stronger influence of negative 

than positive emotional information on social cognition. Moreover, since the study 

was of an exploratory nature, to investigate the complex interaction between different 

emotional information, emotion recognition categories and processing time in BPD for 
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the first time, no experiment-wise error correction was applied. Thus, future studies 

are needed that replicate our findings, probably using paradigms with a more 

ecological experimental design. 

2.1.6 Conclusions 

In conclusion, the study replicated previous findings of an emotion recognition 

deficit for neutral and positive facial expressions in BPD patients. In addition, we 

could show a differential influence of valence of the preceding information and 

processing time: The emotion recognition deficit for neutral facial expressions was 

augmented in the BPD group when faces were presented after emotional information, 

when processing time of the preceding information was not restricted, and after 

neutral information, when processing time was restricted. While previous studies 

revealed heterogeneous results concerning the existence of a negative bias in 

emotion recognition in BPD, our findings provide clear evidence for a negative bias. 

We suggest that this negative bias in emotion recognition forms a basis for the more 

negative judgments of others in BPD (e.g. Arntz & Veen, 2001; Barnow et al., 2009; 

Sieswerda et al., 2013). Moreover, we propose that current mood states can 

influence the social perception of patients with BPD and with this might explain the 

misperceptions of social signals in social interactions. This negative bias can 

significantly impair the quality of social interactions and the stability of social bonds. 

Hence, psychotherapeutic interventions should focus on training patients with BPD in 

their ability to consciously perceive the influence of situational factors that could 

affect their current mood and arousal levels, and by this to enable them to reflect on 

the potential benevolence of interaction partners. Learning to differentiate between 

current feelings and newly incoming information could help BPD patients to establish 

more adequate interpretations and behavioral reactions in social interactions. 

  



Study 1a: Investigating the negative bias in borderline personality disorder 

31 

2.1.7 Supplementary materials 

Table S1. Comorbid psychiatric diagnoses and psychotropic medication of BPD patients. 

Comorbid psychiatric diagnosis 93.75% 

Recurrent depressive disorder (of these remitted) 66.7% (10.0%) 

Posttraumatic stress disorder 46.7% 

Eating disorders 43.3% 

Alcohol or Cannabis abuse 20.0% 

Social phobia 13.3% 

Attention deficit hyperactivity disorder 10.0% 

Specific phobia 6.7% 

Panic disorder 6.7% 

Generalized anxiety disorder 6.7% 

Adaptation disorder 6.7% 

Dysthymia 3.3% 

Obsessive-compulsive disorder 3.3% 

Somatoform pain disorder 3.3% 

  

Psychotropic medication 75.0% 

Antidepressants 91.7% 

Antipsychotics 45.8% 

Sedativa 20.8% 

Methylphenidate 12.5% 

Anticonvulsants 8.3% 

Anti-epileptics 4.2% 

Opioid antagonists 4.2% 

Note. Italic typed diagnoses and medication indicate the sub-proportion of patients having this specific 

diagnosis or taking this medication, of all patients having any comorbid diagnosis or taking any 

psychotropic medication. 
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Table S2. IAPS-codes for the pictures used as emotional information cues in the emotion 

recognition task. 

Positive pictures Neutral pictures Negative pictures 

1650 

2303 

5260 

5480 

5621 

8031 

8170 

8260 

8400 

8500 

2216 

5622 

5623 

7501 

7502 

8034 

8179 

8191 

8200 

8496 

2345 

5626 

5629 

8210 

8250 

8300 

8370 

8467 

8490 

8499 

2393 

2579 

2870 

5390 

5731 

7037 

7038 

7041 

7234 

9700 

2191 

2396 

2440 

2580 

2595 

2880 

5120 

5510 

7000 

7493 

2038 

2102 

2235 

2383 

2480 

5740 

7034 

7036 

7130 

7180 

2661 

2683 

2688 

2691 

3216 

3500 

6211 

6213 

8485 

9925 

1932 

6244 

6550 

6821 

6836 

6940 

8480 

9050 

9427 

9520 

5971 

6250 

6838 

9160 

9424 

9429 

9495 

9621 

9622 

9630 
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2.1.7.1 Affective state 

To explore the affective state before and after the experiment pre- and post-

measurement ratings of the PANAS were analyzed by conducting a 2 (group) x 2 

(time) x 2 (PANAS) repeated measures ANOVA. There was a significant group x 

PANAS interaction: BPD patients showed a lower positive affect (t(61) = 3.22, p = 

0.002, d = 0.82), and a higher negative affect compared to healthy controls (t(61) = -

7.81, p < 0.001, d = -2,41). Further there was a significant time x PANAS interaction: 

Post hoc comparisons revealed that participants had higher positive affect before the 

experiment (Pre: M = 2.69, SD = 0.67, Post: M = 2.29, SD = 0.70, t(62) = 5.98, p < 

0.001, d = 0.75). Negative affect did not differ between the two assessment time 

points (Pre: M = 1.53, SD = 0.69, Post: M = 1.59, SD = 0.75, t(62) = -0.89, p = 0.378, 

d = 0.11). However, no group x time x PANAS interaction occurred, which indicates 

that patients with BPD were not more affected in their mood over the course of the 

experiment. Due to the higher-order interaction effects, the interpretability of the main 

effects is restricted (table S3). 

Table S3. a) Statistical data of group × time x PANAS repeated measures ANOVA and b) 

descriptive values of the PANAS. 

a) 

 df F f p 

Group 1,61 5.61 0.32 0.021 

Time 1,61 18.31 0.62 <0.001 

PANAS 1,61 99.18 2.07 <0.001 

Group x time 1,61 0.69 0.11 0.409 

Group x PANAS 1,61 55.51 1.32 <0.001 

Time x PANAS 1,61 17.73 0.61 <0.001 

Group x time x PANAS 1,61 0.011 0.0 0.918 

b) 

 BPD HC 

PANAS M SD M SD 

Positive  2.25 0.56 2.73 0.61 

Negative  2.02 0.67 1.08 0.10 
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2.1.7.2 Correlations of negative Bias with affective state 

Pearson correlation coefficients of the current affective state and the amount 

of negative bias were calculated for all participants. There were significant 

correlations of the PANAS-score for negative affect before (r = 0.418, p = 0.001) and 

after the experiment with the negative bias (r = 0.673, p < 0.001), as well as of the 

difference between the time points (r = 0.397, p = 0.001), while there was no 

significant correlation of the negative bias and the PANAS-score for positive affect 

across the whole sample. In the BPD group there were significant correlations only 

for the PANAS-score for negative affect after the experiment (r = 0.609, p < 0.001) 

and for the difference between time points with the amount of negative bias (r = 

0.486, p = 0.005). Interestingly, correlation analysis also revealed a negative 

significant correlation of the change in positive affect over the experiment with the 

amount of negative bias (r = -0.354, p = 0.047). In the control group there was only a 

significant correlation of the PANAS-score for negative affect before the experiment 

with the amount of negative bias (r = 0.413, p = 0.021). 

2.1.7.3 Rating of stimuli 

A 2 (group) x 3 (face valence) ANOVA for the face ratings revealed a highly 

significant main effect of face valence: As expected, positive facial expressions (M = 

1.67, SD = 0.43) were rated with a higher valence than neutral (M = 3.07, SD = 0.35, 

t(62) = 25.03, p < 0.001, d = 3.13) and negative facial expressions (M = 4.13, SD = 

0.43, t(62) = -34.81, p < 0.001, d = 4.39). Neutral facial expression had higher 

valence ratings than negative expressions (t(62) = -24.78, p < 0.001, d = 3.13). There 

was no significant main effect of group for the valence ratings of the facial 

expressions, as well as no significant interaction for group face valence (table S4). 

Table S4. Statistical data of group x face valence repeated measures ANOVA. 

 df F f p 

Group 1,61 0.16 0.0 0.901 

Face valence 2,122 909.08 15.36 <0.001 

Group x face valence 1,61 0.46 0.08 0.634 

To explore arousal-ratings for the faces, a 2 (group) x 3 (face arousal) ANOVA 

was conducted. There was a significant main effect of group: BPD patients rated 

faces with a higher arousal than healthy controls (BPD: M = 2.52, SD = 0.61, HC: M 
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= 1.91, SD = 0.52; t(61) = -4.24, p < 0.001, d = 1.08). Moreover there was a 

significant group x face arousal interaction: Ratings for arousal were higher in the 

BPD group compared to the healthy controls for neutral (t(61) = -5.88, p < 0.001, d = 

1.54), and negative faces (t(61) = -3.34, p = 0.001, d = 0.85), and on trend-level for 

positive faces (t(61) = -1.79, p = 0.078, d = 0.45). Due to this higher-order interaction 

effect, the interpretability of the main effect of face arousal is restricted (table S5).  

Table S5. a) Statistical data of group x face arousal ANOVA and b) descriptive values of 

arousal ratings. 

a) 

 df F f p 

Group 1,61 17.99 0.62 <0.001 

Face arousal 2,122 95.77 2.01 <0.001 

Group x face arousal 2,122 4.02 0.27 0.023 

b) 

 BPD HC 

Valence of facial expression M SD M SD 

Positive  2.04 0.70 1.74 0.62 

Neutral  2.17 0.65 1.41 0.33 

Negative  3.34 0.88 2.58 0.91 

For IAPS pictures, a 2 (group) x 3 (IAPS valence) ANOVA revealed a 

significant main effect of IAPS valence: Positive IAPS pictures were rated with a 

higher valence (M = 1.99, SD = 0.44) compared to neutral (M = 2.76, SD = 0.38; t(62) 

= 14.57, p < 0.001, d = 1.84) and negative IAPS pictures (M = 4.28, SD = 0.44; t(62) 

= -27.22, p < 0.001, d = 3.45), and neutral IAPS pictures with a higher valence than 

negatives ones (t(62) = -26.63, p < 0.001, d = 3,37). There was no significant main 

effect of group, as well as no significant interaction of group x IAPS valence (table 

S6). 
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Table S6. Statistical data of group x IAPS valence ANOVA. 

 df F f p 

Group 1,61 0.58 0.08 0.450 

IAPS valence 2,122 611.09 10.48 <0.001 

Group x IAPS valence 2,122 0.72 0.03 0.931 

To explore arousal-ratings for the IAPS pictures, a 2 (group) x 3 (IAPS 

arousal) ANOVA was conducted. There was a significant main effect of group with 

BPD patients having higher arousal ratings overall (BPD: M = 2.67, SD = 0.68; HC: M 

= 2.30, SD = 0.64; t(61) = -2.21, p = 0.031, d = 0.56), and a main effect of IAPS 

arousal: Negative IAPS scenes were rated with higher arousal (M = 3.48, SD = 0.89) 

compared to positive IAPS scenes (M = 2.48, SD = 0.89, t(62) = -13.08, p < 0.001, d 

= 1.65) and neutral IAPS scenes (M = 1.52, SD = 0.57, t(62) = -19.58, p < 0.001, d = 

2.47). Positive IAPS scenes were rated with higher arousal than neutral IAPS scenes 

(t(62) = -10.87, p < 0.001, d = 1.37). No significant interaction for group x IAPS 

arousal occurred (table S7). 

Table S7. Statistical data of group x IAPS arousal ANOVA. 

 df F f p 

Group 1,61 4.88 0.29 0.031 

IAPS arousal 2,122 246.69 4.52 <0.001 

Group x IAPS arousal 2,122 0.72 0.03 0.931 
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3 STUDY 1B: SPECIFICITY OF THE NEGATIVE BIAS IN 
BORDERLINE PERSONALITY DISORDER 

The results of the first study confirm the assumption of a negative bias in facial 

emotion recognition in BPD patients and provide some first evidence for its 

relationship with interfering emotional information as well as available processing 

time (Fenske et al., 2015). In Fenske and colleagues (2015), we conclude that this 

negative bias might cause impaired social interactions in BPD. Since reduced social 

functioning and interpersonal conflicts are also frequent in other mental disorders, the 

question arises whether this response pattern is specific for BPD. However, studies 

assessing the specificity of a negative bias in BPD are rare (e.g. Catalan et al., 2016; 

van Dijke, van 't Wout, Ford, & Aleman, 2016). One additional mental disorder – 

besides autism - that is well-known to be characterized by deficient social cognition is 

schizophrenia (Brüne, 2003; Green, Horan, & Lee, 2015; Pinkham, 2014). Deficits in 

social cognition have been constantly shown in these patients and are usually 

accompanied by reduced functional outcome and quality of life (Cohen, Forbes, 

Mann, & Blanchard, 2006; Couture et al., 2006; Hooker & Park, 2002; Sasson et al., 

2007). In schizophrenia, social perception and social cognition were even found to 

predict social functioning to a higher degree than non-social cognition (Brüne, 2005; 

Green, Uhlhaas, & Coltheart, 2005), indicating the relevance of impaired social 

cognition in these patients, and making them a suitable comparison group to 

investigate the specificity of biased emotion recognition in BPD. 

3.1 Schizophrenia as a clinical control group 

Accordingly, the literature on facial emotion recognition in schizophrenia is 

vast and impairments are well-described (Kohler, Walker, Martin, Healey, & Moberg, 

2010). Deficits were found across all emotional valences (Feingold et al., 2016; 

Morrison, Bellack, & Mueser, 1988) with the greatest degree of impairments in the 

recognition of negative emotions (Marwick & Hall, 2008), although some studies did 

not find reduced performance across all emotional categories (e.g. Weisgerber et al., 

2015). However, differences in findings of emotion recognition deficits were 

associated with methodological variations between studies (Edwards, Jackson, & 

Pattison, 2002; Kohler et al., 2010; Mandal, Pandey, & Prasad, 1998). Meta-analytic 

findings point towards a task-independent deficit, but modulation by demographic 
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factors like age, sex, inpatient status, age of onset, number of positive and negative 

symptoms, and antipsychotic medication was observed (Kohler et al., 2010). As in 

BPD, it is likely that additional internal and external influence emotion recognition in 

schizophrenia. In BPD and in schizophrenia, disturbed affective processes are 

important factors of illness (Koenigsberg et al., 2002; Kring & Elis, 2013) and emotion 

dysregulation as well as alexithymia are apparent in both groups (Carpenter & Trull, 

2013; Glenn & Klonsky, 2009; Lysaker et al., 2017; Moran, Culbreth, & Barch, 2018). 

Another important aspect that suggests schizophrenia patients as a valuable 

clinical control group is the growing evidence for a negative bias in emotion 

recognition in both disorders (Kohler et al., 2003; Mier et al., 2014; Mitchell et al., 

2014; Premkumar et al., 2008). This raises the question whether impairments and 

biased perceptions occur due to the same mechanism in both disorders, or have 

different sources of impairment. However, in schizophrenia findings of biased 

perception are mixed regarding its direction of effect, suggesting different 

mechanisms between the disorders. Daros and colleagues (2014) for example found 

differences in the direction of biased perception depending on the stage of illness 

and emotional valence of the target faces. Furthermore, in remitted patients with low 

levels of negative symptoms a negative bias for ambiguous stimuli (positive and 

negative pictures at one time point) and a positive bias in the recognition of neutral 

scene stimuli was found (Constant et al., 2011). A more recent study showed a 

generalized pattern of emotion recognition deficits and a higher tendency to 

misattribute emotions to neutral facial expressions in these patients that pointed to a 

general emotional bias in schizophrenia (Romero-Ferreiro et al., 2016). 

Neuroimaging studies revealed abnormalities in structure and functioning of 

the amygdala with a hyperactivation in reaction to neutral facial expressions (Marwick 

& Hall, 2008) as well as a hyperactivation in the STS in schizophrenia (Mier et al., 

2010), while other results are inconsistent (Li, Chan, McAlonan, & Gong, 2010). 

Activation in these regions was also altered in BPD patients in response to neutral 

facial expressions (Mier et al., 2013; Mitchell et al., 2014). 

Only a few recent studies compared emotion recognition performance and 

error patterns directly between patients with BPD and schizophrenia. Van Dijke and 

colleagues (2016) showed that patients with schizophrenia and patients with BPD 

both are impaired in emotion recognition, but differ regarding the type of errors made 

in affect recognition. BPD patients tended to label neutral expressions more often as 
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fearful compared to schizophrenia patients and healthy controls, whereas 

schizophrenia patients misattributed neutral facial expressions more often as happy 

compared to BPD patients (van Dijke et al., 2016). Furthermore, Andreou and 

colleagues (2015) state that different mentalizing errors are characteristic for each of 

the disorders and that these errors are dependent on different predictors. Over-

mentalizing was more characteristic for BPD patients, while schizophrenia patients 

exhibited more under-mentalizing errors (Andreou et al., 2015). 

Catalan and colleagues (2016) found differences in the recognition of neutral 

faces between first episode psychosis (FEP) and BPD patients as well as healthy 

controls in a task with angry, happy, fearful and neutral facial expressions. Both 

patient groups had a deficit in the recognition of neutral faces. FEP patients further 

performed worse in the recognition of anger. Both patient groups more often 

attributed negative emotions to happy faces and BPD patients also tended to 

interpret neutral facial expressions as negative, supporting the assumption of a 

negative bias. Interestingly, FEP patients recognized fearful expressions more often 

as neutral or happy (Catalan et al., 2016), which leads to the hypothesis that these 

patients do not show specifically negative biased perceptions. This is in line with 

findings of a generalized pattern of emotion recognition deficits and a higher 

tendency to misattribute emotions to neutral facial expressions in these patients, 

which points to a general emotional but not necessarily to a negative bias (Romero-

Ferreiro et al., 2016).  

To assess the specificity of emotion recognition deficits as well as a negative 

bias after previously presented emotional information in BPD patients, we included 

an extended sample with schizophrenia patients as a clinical control group in study 

1b. 

3.2 Sex effects 

The pattern of impairments however, could not only be specific for disorder but 

also for other interindividual factors, such as sex. Hall and Matsumoto (2004) for 

example found differences in emotion recognition based on sex in healthy 

participants. They showed that women performed better even when little information 

about the stimuli was available. Furthermore, women showed more intense ratings 

than men (Hall & Matsumoto, 2004). Another investigation of sex differences in 

emotion recognition revealed less accurate emotion labeling and lower sensitivity in 

men compared to women in a student sample (Montagne, Kessels, Frigerio, de 
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Haan, & Perrett, 2005). Meta-analytic findings also point towards advantages in 

emotion recognition for women (McClure, 2000). This was also replicated in a more 

recent study (Schmid & Schmid Mast, 2010). In a meta-analysis of neuroimaging 

findings, there was no evidence for higher activation in response to emotional stimuli 

in women compared to men, but men showed higher lateralization of activation 

(Wager, Phan, Liberzon, & Taylor, 2003). However, Li and colleagues (2008) found 

that women demonstrated a greater sensitivity to negative stimuli which had a low 

salience compared to men. As a neural correlate for that, the right prefrontal cortex 

was revealed and discussed (Li et al., 2008). 

With a lifetime risk of about 1%, prevalence rates are comparable between 

BPD and schizophrenia (Paris, 2018). In both disorders, women and men are equally 

often affected (Coid, Yang, Tyrer, Roberts, & Ullrich, 2006; DGPPN, 2006; 

Lenzenweger, Lane, Loranger, & Kessler, 2007). Sex differences are present 

regarding age of onset in schizophrenia with an earlier onset in men (Stilo & Murray, 

2010). In BPD, a difference occurs regarding use of treatment since a majority of 

patients in clinical settings are female (Gunderson & Links, 2014). These factors may 

influence the female to male ratio of samples and, thus, may influence findings. 

In schizophrenia, there is also evidence for sex differences in overall emotion 

recognition performance (Vaskinn et al., 2007) as well as for differences in the 

patterns of biased perceptions (Weiss et al., 2007). Male patients with schizophrenia 

labeled neutral facial expressions more often as angry while female patients 

recognized the same stimuli more often as sad. Furthermore, both sexes performed 

better in recognizing fear in same sex faces and anger in faces of the opposite sex 

(Weiss et al., 2007). The authors state that malevolent ascriptions to neutral facial 

expressions in male patients may contribute to sex differences in aggressive 

behavior in schizophrenia patients (Weiss et al., 2007). Based on these findings, sex 

effects may also occur in our paradigm (Fenske et al., 2015) in schizophrenia 

patients.  

Research on sex effects in emotion recognition and especially on the negative 

bias in BPD is completely missing. Studies investigating emotion recognition in BPD 

mostly focused on female or sampled very small numbers of males, resulting in 

underpowered studies to investigate sex differences (Daros et al., 2013; Domes et 

al., 2008; Unoka et al., 2011).  
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In this thesis, specificity of disturbed emotion recognition and the negative bias 

in BPD was assessed by a) adding patients with schizophrenia to the initial sample. 

Since we concentrated only on female participants in study 1a b) male participants 

were recruited for all groups to allow the investigation of sex-specific effects. In 

addition, c) associations between psychopathology, such as emotion dysregulation 

and in schizophrenia positive and negative symptomatology and biases in emotion 

recognition were investigated. 

3.3 Methods 

3.3.1 Sample 

The extended sample consisted of 105 participants with 35 in each group. For 

BPD patients and healthy controls, the recruitment was identical to study 1a with 

diagnostic procedures and inclusion- and exclusion criteria being the same. Patients 

with schizophrenia were recruited from the inpatient and the outpatient units of the 

Clinic for Psychiatry at the CIMH. Diagnoses were made by experienced clinicians 

(psychologists or psychiatrists) at the CIMH who were not involved in the study, 

according to ICD-10-GM (Graubner, 2013). Before participating in the study, 

participants completed the SCID-II questionnaire (Fydrich et al., 1997) and the follow-

up interview was conducted when indicated. Patients with comorbid diagnoses of a 

personality disorder, bipolar disorder or substance use disorder (currently or within 

the last 3 years) and neurological diseases were excluded. The current 

symptomatology of schizophrenia patients was assessed by the Positive and 

Negative Syndrome Scale (PANSS; Kay, Opler, & Fiszbein, 2000) and the Scale for 

the Assessment of Negative Symptoms (SANS; Andreasen, 1989) prior to the 

experiment. Borderline symptomatology was assessed with the BSL-23 (Bohus et al., 

2007; Bohus et al., 2001). Emotion dysregulation was measured using the DERS 

(Gratz & Roemer, 2004) and alexithymia was assessed with the Toronto Alexithymia 

Scale-20 (TAS-20; Bach, Bach, de Zwaan, Serim, & Böhmer, 1996). Sample 

characteristics are presented in table B1.  

  



Study 1b: Specificity of the negative bias in borderline personality disorder 

42 

Table B1. Sample characteristics. 

 HC BPD SZ F p 

female/male 17/18 20/15 16/19 0.981 0.612 

age 32.09 (8.76) 32.26 (6.99) 32.51 (9.26) 0.02 0.977 

education 11.34 (1.55) 10.89 (1.76) 11.14 (1.63) 0.68 0.511 

in-/out-patient - 22/13 20/15 0.242 0.404 

BSL-23 0.13 (0.17) 1.99 (0.82) 0.56 (0.55) 99.86 <0.001 

DERS sum 
60.91 

(11.00) 

126.09 

(22.80) 
85.00 (19.00) 101.23 <0.001 

TAS-20 1.99 (0.37) 3.14 (0.55) 2.54 (0.52) 49.15 <0.001 

PANSS-pos   12.52 (4.24)   

PANSS-neg   18.79 (5.05)   

PANSS-GPP   32.82 (6.40)   

SANS   38.82 (17.29)   

PANAS      

pos_pre 2.83 (0.58) 2.64 (0.70) 2.66 (0.78)   

pos_post 2.60 (0.56) 2.19 (0.69) 2.40 (0.80)   

neg_pre 1.09 (0.16) 1.79 (0.61) 1.48 (0.60)   

neg_post 1.12 (0.18) 2.00 (0.81) 1.49 (0.48)   

DSS pre 0.08 (0.19) 1.26 (1.29) 0.84 (0.91)   

DSS post 0.08 (0.25) 1.68 (1.45) 0.67 (0.96)   

Arousal pre 1.50 (0.62) 2.54 (0.78) 2.34 (1.00)   

Arousal post 1.76 (0.65) 2.77 (0.97) 2.49 (0.98)   

Note. HC = healthy controls, BPD = borderline personality disorder, SZ = schizophrenia, BSL-23 = 

Borderline Symptom List-23, DERS sum = sum score of the Difficulties in Emotion Regulation Scale, 

TAS-20 = 20-item Toronto Alexithymia Scale, PANSS-pos = positive scale of the Positive and 

Negative Syndrome Scale, PANSS-neg = negative scale of the Positive and Negative Syndrome 

Scale, PANSS-GPP = general psychopathology scale of the Positive and Negative Syndrome Scale, 

SANS = Scale for the Assessment of Negative Symptoms, PANAS = Positive and Negative Affect 

Schedule (pos = positive affect, neg = negative affect), DSS = Dissociative Symptoms Scale, Arousal 

= self-reported arousal in the Self-Assessment-Manikin, pre = before the experiment, post = after the 

experiment. 
1Chi-square score (Kruskal-Wallis-Test), 2Chi-square score (Chi-square-Test).  

Schizophrenia patients were diagnosed with paranoid schizophrenia (F20.0; n 

= 31; 88.6%), disorganized schizophrenia (F20.1; n = 3; 8.6%) or catatonic 

schizophrenia (F20.2; n = 1; 2.8%). BPD patients were diagnosed with emotionally 

unstable personality disorder, either borderline type (F60.31; n = 30; 85.7%) or 
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impulsive type (F60.30; n = 2; 5.7%) or mixed personality disorder with clear 

presence and dominance of emotionally unstable criteria (F61; n = 3; 8.6%). BPD 

patients further met criteria for two comorbid diagnoses on average while 

schizophrenia showed fewer comorbidities (table B2). 

Table B2. Comorbid psychiatric diagnoses in the patients. 

Comorbid psychiatric diagnosis N total BPD SZ 

(Recurrent) depressive disorder  

(of these remitted) 

24 

(3) 

19 

(3) 

5 

(0) 

Anxiety disorder 11 10 1 

Posttraumatic stress disorder 11 11 0 

Eating disorder 9 9 0 

Attention-deficit hyperactivity disorder 6 6 0 

Alcohol or cannabis abuse/dependence 10 21/22 62 

Other disorder 10 7 3 

Note. N total = total number of cases, BPD = borderline personality disorder, SZ = schizophrenia. 
1cannabis or alcohol dependence, currently abstinent since ≥ 3 years, 2 cannabis or alcohol abuse, 

abstinent at least since beginning of treatment. 

Psychotropic medication of the patient samples is presented in table B3. 

Chlorpromazine (CPZ) equivalent scores were calculated according to Andreasen 

and colleagues (2010) and Gardner and colleagues (2010). 25.7% of the BPD 

patients had antipsychotic medication (CPZ: M = 111.78 mg, SD = 67.02 mg), and 

82.9% of the schizophrenia patients (CPZ: M = 505.28 mg, SD = 242.20 mg). 

Table B3. Psychotropic medication of the patient samples. 

Psychotropic medication N total BPD SZ 

Antipsychotics 42 11 31 

Antidepressants  29 21 8 

Antiepileptics  8 2 6 

Methylphenidate 4 4 0 

Sedativa1 4 1 3 

Note. N total = total number of cases, BPD = borderline personality disorder, SZ = schizophrenia. 
1patients had the last intake at least one day before participation. 
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3.3.2 Data collection and analysis 

The experimental procedure was identical with study 1a (for a description of 

the task see 2.1.3.2). Statistical analyses were performed with SPSS Statistics 25 

(IBM Corporation, New York).  

3.4 Results 

3.4.1 Emotional context and time pressure 

To disentangle whether the patient groups show an emotion recognition deficit 

compared to healthy controls and whether this deficit is restricted to or pronounced in 

specific conditions, a 3 (group) x 2 (timing) x 3 (IAPS valence) x 3 (Face valence) 

repeated measures ANOVA was conducted (table B4). The analysis revealed a main 

effect of group. Bonferroni-adjusted post-hoc comparisons revealed that healthy 

controls showed the best overall performance (M = 85.21%, SD = 4.54%) and 

performed significantly better than BPD patients (M = 79.94%, SD = 6.81%, p = 

0.016) and schizophrenia patients (M = 75.44%, SD = 10.67%, p < 0.001). BPD 

patients performed marginally better than schizophrenia patients (p = 0.052). 
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Table B4. Statistical data of the group x timing x IAPS valence x face valence 

repeated measures ANOVA for emotion recognition performance.  

 df F η²p p 

Group 2,102 13.86 0.214 <0.001 

Timing 1,102 263.29 0.721 <0.001 

IAPS valence 2,204 4.63 0.043 0.011 

Face valence 2,204 53.68 0.345 <0.001 

Group x Timing 2,103 0.56 0.011 0.556 

Group x IAPS valence 4,204 0.61 0.012 0.656 

Group x Face valence 4,204 3.61 0.066 0.007 

Timing x IAPS valence 2,204 2.01 0.019 0.137 

Timing x Face valence 2,204 60.64 0.373 <0.001 

IAPS x Face valence 4,408 5.45 0.051 <0.001 

Group x IAPS valence x Face valence 8,408 0.21 0.004 0.989 

Group x IAPS valence x Timing 4,204 1.41 0.027 0.233 

Group x Face valence x Timing 4,204 0.49 0.009 0.746 

IAPS valence x Face valence x Timing 4,408 2.12 0.020 0.077 

Group x IAPS valence x Face valence x Timing 8,408 0.76 0.015 0.639 

Note. Significant effects are displayed in bold. 

There was a significant group by face valence interaction (figure B1). 

Bonferroni-adjusted post-hoc comparisons revealed that both patient groups 

performed worse than healthy controls for neutral and positive facial expressions. 

BPD patients showed significantly more correct responses for positive and marginally 

significant for negative expressions compared to schizophrenia patients (table B5). 

Despite these group differences regarding face valence, positive faces were 

recognized significantly better than neutral (p ≤ 0.014) and negative expressions (p < 

0.001) in all groups. In healthy controls, neutral expressions were also identified 

better than negative expressions (p < 0.001) while in both patient groups 

performance between neutral and negative expressions did not differ significantly (p 

≥ 0.205). 
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Table B5. Post-hoc pairwise comparisons for the interaction effect of group x face 

valence. 

Facial 

expression  

groups Mean 

differences 

Standard 

error 
padj 95%-CI 

Positive HC vs. BPD 0.57 0.24 0.059 -0.02 – 1.16 

 HC vs. SZ 1.28 0.24 <0.001 0.69 – 1.87 

 BPD vs. SZ -0.71 0.24 0.012 -1.30 – -0.12  

Neutral HC vs. BPD 1.26 0.38 0.004 0.33 – 2.18 

 HC vs. SZ 1.23 0.38 0.005 0.31 – 2.16 

 BPD vs. SZ 0.02 0.38 1.000 -0.90 – 0.95 

Negative HC vs. BPD -0.25 0.28 1.000 -0.94 – 0.44 

 HC vs. SZ 0.41 0.28 0.444 -0.28 – 1.11 

 BPD vs. SZ -0.66 0.28 0.066 -1.35 – 0.03 

Note. Significant effects are displayed in bold. adj = Bonferroni-adjusted. HC = healthy controls, BPD = 

borderline personality disorder, SZ = schizophrenia. 

 

Figure B1. Interaction effect of group x face valence. Number of correctly identified facial expressions 

in percent separated by groups and face valences. Error bars display standard errors, parentheses 

indicate significant differences between groups (p < 0.05). 
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Furthermore, the analysis revealed significant main effects of timing, IAPS and 

face valence, a significant timing by face valence interaction as well as a significant 

IAPS by face valence interaction (Figure B2). The according three-way interaction of 

timing x IAPS valence x face valence reached marginal significance, indicating that 

time constraints as well as the valence of the scene and the facial expression had an 

influence on emotion recognition performance, but these influences did not differ 

significantly between groups and therefore according post-hoc comparisons are not 

reported in detail here, being beyond the scope of this thesis.  

 

  

Figure B2. a) Interaction effect of face valence x IAPS valence. Percentages of correctly identified 

facial expressions separated for the different face valences and IAPS valences, parentheses indicate 

significant differences depending on the IAPS-pictures (p < 0.05). b) Interaction effect of timing x face 

valence. Percentages of correctly identified facial expressions separated for the different face 

valences and time conditions. All pairwise comparisons reached significance (all ps < 0.001), except 

that one displayed with parentheses. Error bars display standard errors. 

Including sex as an additional factor in the analyses revealed no significant 

main or interaction effects. Since previous research consistently found an advantage 

for healthy women in emotion recognition tasks (e.g. Hall & Matsumoto, 2004; 

McClure, 2000), the general emotion recognition performance of healthy controls was 

analyzed separately in an independent samples t-test. The analysis revealed a 

significant difference in performance, with females showing a better performance 

(t(33) = 2.32, p = 0.027). 

3.4.2 Analyses of response biases 

To test the hypothesis that BPD patients and schizophrenia patients show a 

(negative) response bias for neutral facial expressions a bias valence x group 

ANOVA was conducted. The analysis revealed a significant group x bias valence 

interaction (table B6, figure B3). Adding sex as an additional factor to the analysis 

revealed no significant effect (p = 0.231). 
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Table B6. Statistical data of the group × bias repeated measures ANOVA for emotion 

recognition performance. 

 df F η²p p 

Group 2,102 5.84 0.103 0.004 

Bias valence 2,204 46.20 0.312 <0.001 

Group x Bias valence 2,102 5.07 0.090 0.008 

Note. Significant effects are displayed in bold. 

Games-Howell post-hoc analysis showed a significantly higher negative bias 

in both patient groups compared to control subjects. There was no significant 

difference in negative bias between BPD and schizophrenia patients. The amount of 

positive biased responses did not differ significantly between groups (table B7). 

Although, there was a significant correlation between the negative and the positive 

bias in schizophrenia (r = 0.397, p = 0.018), which was neither significant in healthy 

controls (r = 0.172, p = 0.323), nor in BPD patients (r = 0.006, p = 0.974). Including 

sex as additional factor into the ANOVA revealed no significant main or interaction 

effects of sex. 

Table B7. Interaction effect of group x bias valence: post-hoc pairwise comparisons.  

Bias 

valence  

Groups Mean 

differences 

Standard 

error 
padj 95%-CI 

Negative BPD > HC 11.05 3.19 0.004 3.28 – 18.82 

 SZ > HC 7.52 3.19 0.013 -0.25 – 15.29 

 BPD > SZ 3.52 3.19 0.609 -4.25 – 11.29 

Positive BPD > HC 0.86 1.44 0.590 -4.37 – 2.65 

 SZ > HC 2.76 1.44 0.231 -0.75 – 6.27 

 SZ > BPD 1.90 1.44 0.485 -1.60 – 5.41 

Note. Significant effects are displayed in bold. padj = Games-Howell-adjusted p-value because 

Levene’s test showed that equal variances could not be assumed. HC = healthy controls, BPD = 

borderline personality disorder, SZ = schizophrenia. 
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Figure B3. Bias x group interaction. Percentages of all responses to neutral facial expressions that 

were either positively or negatively biased, separated for the three groups. Error bars display standard 

errors and parentheses indicate significant group differences (p < 0.05). 

3.4.3 Response bias and clinical scores 

To investigate the association between emotion regulation abilities and biased 

perception, BSL-23- and DERS-scores were used. To explore correlations with 

alexithymia we further used TAS-20-scores. Associations between positive and 

negative symptoms in schizophrenia patients and biases in recognition of neutral 

facial expressions were assessed using PANSS-scores. Pearson correlation 

coefficients of the questionnaire and interview data and the amount of negative bias 

as well as positive bias were calculated for all participants. To differentiate between a 

specific negative bias and a general deficit in the recognition of neutral facial 

expressions a difference score was calculated for negative and positive bias which 

was also correlated with the variables reported in table B8 a – d. It has to be noted 

that some of the reported correlations were not significant after correction for multiple 

testing. There was no significant association between antipsychotic medication (CPZ 

equivalent scores) and the negative bias (BPD: n = 9, r = 0.039, p = 0.920; SZ: n = 

29, r = -0.233, p = 0.224). 
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Table B8. Correlational analyses. 

a) Group (n) Neg - Pos Negative Bias Positive Bias 

  r p r p r p 

BSL-score All (104) 0.295 0.002 0.279 0.004 -0.033 0.736 

 HC (35) 0.409 0.015 0.273 0.113 -0.302 0.078 

 BPD (35) 0.146 0.401 0.164 0.346 0.075 0.668 

 SZ (34) -0.023 0.896 -0.115 0.519 -0.132 0.457 

 

b) Group (n) Neg - Pos Negative Bias Positive Bias 

  r p r p r p 

DERS sum All (103) 0.376 <0.001 0.380 <0.001 0.012 0.903 

 HC (35) 0.333 0.050 0.245 0.157 -0.202 0.244 

 BPD (35) 0.373 0.028 0.316 0.064 -0.315 0.065 

 SZ (33) -0.139 0.441 0.031 0.863 0.223 0.211 

 

c) Group (n) Neg - Pos Negative Bias Positive Bias 

  r p r p r p 

TAS-20 All (103) 0.427 <0.001 0.404 <0.001 -0.049 0.623 

 HC (35) 0.064 0.715 0.037 0.832 -0.058 0.739 

 BPD (35) 0.454 0.006 0.430 0.010 -0.162 0.351 

 SZ (33) 0.214 0.232 0.097 0.592 -0.150 0.406 

Note: Significant correlations were also revealed for the TAS-20 scales “difficulty describing feelings” 

and “difficulty identifying feelings”, but not for the scale “external thinking”, in the whole sample, as well 

as in BPD patients. 

d) Group (n) Neg - Pos Negative Bias Positive Bias 

  r p r p r p 

PANSS-pos SZ (35) 0.096 0.582 0.354 0.037 0.378 0.025 

PANSS-neg SZ (35) 0.348 0.040 0.197 0.257 -0.200 0.248 

Note. Significant effects are displayed in bold. All = all participants, HC = healthy controls, BPD = 

borderline personality disorder, SZ = schizophrenia, Neg – Pos = negatively minus positively biased 

responses, BSL = Borderline Symptom List, DERS sum = sum score of the Difficulties in Emotion 

Regulation Scale, TAS-20 = 20-item Toronto Alexithymia Scale, PANSS-pos = positive scale of the 

Positive and Negative Syndrome Scale, PANSS-neg = negative scale of the Positive and Negative 

Syndrome Scale. 
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Since we were also interested in sex specific correlations, the above reported 

analyses were also conducted separately for female and male participants in each 

group (table B9 a – d). 

Table B9. Correlational analyses separated by sex.  

a) Group/Sex (n) Neg - Pos Negative Bias Positive Bias 

  r/z p r/z p r/z p 

BSL- all/fem (53) 0.407 0.003 0.431 0.001 0.063 0.657 

score all/male (52) 0.182 0.197 0.162 0.250 -0.031 0.827 

 z-test 1.24 0.109 1.48 0.069 0.47 0.320 

 HC/fem (17) 0.764 <0.001 0.620 0.008 -0.477 0.053 

 HC/male (18) 0.134 0.597 0.056 0.824 -0.164 0.516 

 z-test 2.34 0.010 1.80 0.036 -0.95 0.171 

 BPD/fem (20) 0.366 0.112 0.395 0.084 0.003 0.988 

 BPD/male (15) -0.034 0.903 0.028 0.920 0.333 0.225 

 z-test 1.11 0.134 1.18 0.119 -0.91 0.181 

 SZ/fem (15) 0.005 0.986 0.108 0.702 0.237 0.395 

 SZ/male (19) -0.105 0.668 -0.245 0.312 -0.188 0.441 

 z-test 0.29 0.386 0.94 0.174 1.13 0.129 

 

b) Group/Sex (n) Neg - Pos Negative Bias Positive Bias 

  r/z p r/z p r/z p 

DERS  All/fem (53) 0.535 <0.001 0.537 <0.001 -0.049 0.735 

sum All/male (52) 0.239 0.088 0.285 0.040 0.108 0.447 

 z-test 1.76 0.039 1.53 0.063 -0.78 0.217 

 HC/fem (17) 0.837 <0.001 0.614 0.009 -0.665 0.004 

 HC/male (18) 0.035 0.891 0.019 0.939 -0.033 0.897 

 z-test 3.17 0.001 1.87 0.030 -2.07 0.019 

 BPD/fem (20) 0.454 0.044 0.423 0.063 -0.316 0.175 

 BPD/male (15) 0.357 0.191 0.310 0.261 -0.234 0.401 

 z-test 0.31 0.379 0.35 0.364 -0.24 0.407 

 SZ/fem (14) 0.206 0.479 0.270 0.351 0.103 0.726 

 SZ/male (19) -0.274 0.256 -0.043 0.862 0.274 0.257 

 z-test 1.25 0.105 0.82 0.207 -0.45 0.325 
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c) Group/Sex (n) Neg - Pos Negative Bias Positive Bias 

  r/z p r/z p r/z p 

TAS-20 All/fem (53) 0.599 <0.001 0.620 <0.001 0.007 0.959 

 All/male (52) 0.294 0.034 0.262 0.061 -0.051 0.719 

 z-test 1.93 0.027 2.27 0.012 0.29 0.386 

 HC/fem (17) 0.049 0.851 0.013 0.961 -0.090 0.731 

 HC/male (18) 0.072 0.777 0.029 0.908 -0.090 0.723 

 z-test -0.06 0.475 -0.04 0.483 0 0.5 

 BPD/fem (20) 0.664 0.001 0.670 0.001 -0.217 0.357 

 BPD/male (15) 0.257 0.356 0.242 0.386 -0.066 0.814 

 z-test 1.45 0.074 1.52 0.065 -0.42 0.339 

 SZ/fem (14) 0.310 0.281 0.221 0.448 -0.182 0.532 

 SZ/male (19) 0.119 0.628 0.020 0.937 -0.117 0.633 

 z-test 0.51 0.304 0.52 0.301 -0.17 0.433 

 

d) Group/Sex (n) Neg - Pos Negative Bias Positive Bias 

  r/z p r/z p r/z p 

PANSS 

pos 

SZ/fem (16) 0.104 0.701 0.405 0.120 0.733 0.001 

SZ/male (19) 0.116 0.636 0.354 0.137 0.315 0.189 

 z-test -0.03 0.487 0.16 0.437 1.63 0.051 

PANSS 

neg 

SZ/fem (16) 0.228 0.279 0.217 0.419 -0.147 0.586 

SZ/male (19) 0.452 0.052 0.225 0.354 -0.252 0.298 

 z-test -0.68 0.247 -0.02 0.491 0.29 0.385 

Note. Comparisons of correlation coefficients between females and males are reported with z-statistics 

in italics. All = all participants, HC = healthy controls, BPD = borderline personality disorder, SZ = 

schizophrenia, fem = females, male = males, Neg – Pos = negatively minus positively biased 

responses, BSL = Borderline Symptom List, DERS sum = sum score of the Difficulties in Emotion 

Regulation Scale, TAS-20 = 20-item Toronto Alexithymia Scale, PANSS-pos = positive scale of the 

Positive and Negative Syndrome Scale, PANSS-neg = negative scale of the Positive and Negative 

Syndrome Scale. 

3.4.4 Rating of experimental stimuli 

After the experiment all participants rated the experimental stimuli for valence 

and arousal separately for the stimulus category (faces vs. IAPS-pictures). A 3 

(group) x 3 (face valence) repeated measures ANOVA on valence ratings for the 

faces revealed a main effect of face valence (F(2,204) = 1082.32, p < 0.001, η²p = 

0.914), but no significant group differences (F(2,102) = 0.22, p = 0.803, η²p = 0.004) 
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or interaction (F(4,204) = 0.52, p = 0.720, η²p = 0.010). Bonferroni-corrected post-hoc 

comparisons showed that positive facial expressions were rated with highest, neutral 

with moderate and negative facial expressions with lowest valence (all ps < 0.001).  

A 3 (group) x 3 (face valence) repeated measures ANOVA on arousal ratings 

for the faces showed a main effect of group (F(2,102) = 3.77, p = 0.026, η²p = 0.069), 

a main effect of face valence (F(2,204) = 150.90, p < 0.001, η²p = 0.597) and a 

marginally significant interaction (F(4,204) = 2.27, p = 0.069, η²p = 0.043) (figure B4). 

 

Figure B4. Marginally significant group x face valence interaction regarding arousal ratings. Error bars 

display standard errors and parentheses indicate significant group differences (p < 0.05). 

A 3 (group) x 3 (IAPS valence) repeated measures ANOVA on valence ratings 

for the IAPS-scenes was conducted. It revealed a main effect of IAPS valence 

(F(2,204) = 804.55, p < 0.001, η²p = 0.887). No significant group differences 

(F(2,102) = 0.24, p = 0.786, η²p = 0.005) or interaction effects were found (F(4,204) = 

0.79, p = 0.507, η²p = 0.015). Bonferroni-corrected post-hoc comparisons showed 

that positive scenes were rated with highest, neutral with moderate and negative 

facial expressions with lowest valence (all ps < 0.001).  

A 3 (group) x 3 (IAPS valence) repeated measures ANOVA of arousal ratings 

for the IAPS-scenes showed a main effect of IAPS valence (F(2,204) = 370.70, p < 

0.001, η²p = 0.784), a marginally significant main effect of group (F(2,204) = 2.59, p < 

0.080, η²p = 0.048) and a marginally significant interaction (F(4,204) = 2.16, p < 
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0.080, η²p = 0.041). Bonferroni-corrected post-hoc comparisons revealed that 

negative scenes were rated with higher arousal than positive and neutral scenes. 

Neutral scenes were rated with lower arousal than positive scenes (all ps < 0.001). 

3.4.5 Ratings of affective state, aversive tension and arousal 

Ratings of positive affect differed significantly before and after the experiment 

(table B10): Positive affect was significantly lower after the experiment (p < 0.001). 

Ratings of negative affect were not affected significantly by the experimental 

procedure, but differed significantly between groups (table B11). BPD patients 

showed higher negative affect than schizophrenia patients (p = 0.001) and healthy 

controls (p < 0.001). Schizophrenia patients also showed higher negative affect than 

healthy controls (p = 0.002). 

Table B10. Statistical data of the group × time point repeated measures ANOVA for 

positive affect (PANAS pos).  

 df F η²p p 

Group 2,101 2.02 0.039 0.138 

time point 1,101 33.03 0.246 <0.001 

Group x time point 2,101 1.56 0.030 0.216 

Note. Significant effects are displayed in bold. 

Table B11. Statistical data of the group × time point repeated measures ANOVA for 

negative affect (PANAS neg). 

 df F η²p p 

Group 2,101 26.57 0.345 <0.001 

time point 1,101 2.19 0.021 0.142 

Group x time point 2,101 1.32 0.025 0.271 

Note. Significant effects are displayed in bold.  

Self-reported arousal differed between groups and before and after the 

experiment (table B12). BPD patients and schizophrenia patients reported 

significantly higher arousal levels than healthy controls (p < 0.001). The patient 

groups did not differ in arousal (p = 0.530). Arousal was lower before than after the 

experiment (p = 0.009). 
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Table B12. Statistical data of the group × time point repeated measures ANOVA for 

self-reported arousal. 

 df F η²p p 

Group 2,101 17.68 0.259 <0.001 

time point 1,101 7.04 0.065 0.009 

Group x time point 2,101 0.20 0.004 0.816 

Note. Significant effects are displayed in bold. 

Self-reported dissociative symptoms measured by DSS varied dependent on 

group and time point (table B13). BPD patients showed higher values than 

schizophrenia patients (p = 0.005) and healthy controls (p < 0.001). Schizophrenia 

patients also reported higher values than healthy controls (p = 0.008; figure B5). 

Table B13. Statistical data of the group × time point repeated measures ANOVA for 

self-reported dissociative symptoms (DSS).  

 df F η²p p 

Group 2,102 19.92 0.281 <0.001 

time point 1,102 2.07 0.020 0.153 

Group x time point 2,102 9.61 0.159 <0.001 

Note. Significant effects are displayed in bold. 

 
Figure B5. Group x time point interaction regarding DSS ratings. Error bars display the standard 

errors, parentheses indicate significant time point differences (p < 0.05). 
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3.5 General discussion of study 1 

The first study of this dissertation was conducted to explore the nature of 

emotion recognition deficits and to specify factors influencing a negative bias in BPD. 

We assumed that preceding emotional information as well as time constraints reduce 

emotion recognition performance in BPD and provoke a negative bias. Further, we 

hypothesized that this negative bias is associated with emotion dysregulation and 

increased arousal. To address the question whether the negative bias is specific for 

BPD, a clinical comparison group with schizophrenia patients was included and 

additionally sex effects were explored. We assumed that emotion recognition deficits 

in schizophrenia would be less specific in a negative direction, suggesting a more 

general emotional bias. The previously reported emotion recognition advantage of 

healthy females may also exist in female patients. However, also the opposite could 

be true, since most of the previous studies reporting a negative bias predominantly 

investigated women. Thus, it was an explorative question for our study whether the 

negative bias in BPD is dependent on sex. 

In the first part of this study (1a) we investigated a female sample of BPD 

patients and matched female controls. The analyses revealed an emotion recognition 

deficit for facial expression without a negative valence in women with BPD compared 

to healthy female controls. This finding was also revealed in another recent study on 

emotion recognition performance in BPD (Anupama, Bhola, Thirthalli, & Mehta, 

2018). We found the most pronounced deficit in BPD patients for neutral facial 

expressions. This deficit in emotion recognition was due to a negative bias, which is 

in line with existing meta-analytic findings (Mitchell et al., 2014). The deficit seemed 

to be susceptible to the influence of preceding visual scene information as well as 

time constraints. In the condition with longer presentation times of the facial 

expressions, female BPD patients (study 1a) showed a higher number of incorrectly 

recognized neutral compared to positive faces when preceded by an emotional and 

especially negative IAPS picture. When time constraints were strong female BPD 

patients more often showed incorrect classifications of neutral compared to positive 

faces when preceded by non-emotional scenes. However, these interaction effects 

have to be interpreted cautiously because they only marginally reached significance. 

When processing time was not restricted at all, no differences in the evaluation of the 

valence of facial expressions occurred between healthy subjects and BPD patients. 
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In conclusion, available processing time has an important influence on emotion 

recognition performance in females with BPD. 

In the second part of the first study (1b), we focused on investigating the 

specificity of emotion recognition deficits and the negative bias by comparing BPD 

patients not only to a healthy control group, but also to a clinical control group of 

schizophrenia patients. The same pattern of emotion recognition deficits was 

observed in the extended BPD sample with male subjects and schizophrenia 

patients. This supports the negative bias in both patient groups while no group 

differences in the amount of positive biased evaluations were present. Contrary to 

our hypothesis, the patient groups did not differ in the amount of negatively biased 

responses and showed a comparable negative bias in the recognition of neutral facial 

expressions in comparison to the healthy controls. However, schizophrenia patients 

showed the lowest performance in emotion recognition overall, indicating the most 

pronounced difficulties in social-cognitive processing in this group. Further, our 

findings show again that BPD patients are most impaired in the evaluation of neutral 

facial expressions and to a lesser extent in recognizing positive expressions, while 

schizophrenia patients exhibit also clear deficits in recognizing positive faces. In 

contrast to study 1a, no 4-way interaction between group, time, face and IAPS 

valence was revealed. This may be due to the small effect size and the fact that the 

interaction reached only marginally significance even in study 1a. Hence, our primary 

hypothesis that preceding negative context information would pronounce the 

negative bias in BPD patients compared to healthy controls was not consistently 

supported. 

Interestingly, in the healthy control group, the amount of negative bias was 

associated with borderline symptomatology and emotion dysregulation pointing 

towards the general relevance of emotion regulation abilities for accurate emotion 

recognition. In agreement, higher emotion dysregulation scores were accompanied 

by a predominance of the negatively biased over positively biased responses in BPD 

patients, supporting the high relevance of emotion dysregulation for the negative bias 

in BPD. In schizophrenia, biased perception was correlated with positive and 

negative symptomatology instead. Negative and also positive biases were highly 

correlated with positive symptoms while a predominance of negatively biased 

responses was associated with a higher number of negative symptoms. These 

correlations suggest different factors influencing the negative bias in BPD and 
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schizophrenia. One preliminary conclusion from our results may be that in 

comparison to patients with schizophrenia, patients with BPD have a specific 

negative bias without any further emotion recognition deficits. 

3.5.1 Available processing time 

Presentation time of the facial expressions substantially influenced overall 

recognition performance in all groups. In the condition with short processing time of 

the facial expressions, there was a reduced performance for all valence categories 

compared to longer presentation times of facial expressions. However, no specific 

enhancement of the negative bias in the patient groups due to higher time pressure 

was observed. 

At first glance, this seems to contradict the existing results by Dyck and 

colleagues (2009), showing impaired emotion recognition performance and a 

negative bias in BPD patients compared to healthy controls only under conditions of 

time pressure. In their study a stimulus presentation time of 2 s in the fast 

discrimination experiment and no time limit in the emotion recognition task was 

applied. Against this background and to be precise, processing time was restricted in 

both of our experimental conditions (100 ms vs. 3000 ms). We showed that patients 

exhibited a higher negative bias compared to healthy participants in both conditions 

but no further increase of negative biased responses due to more severe restriction 

of processing time. Interestingly, as mentioned before, valence ratings of the 

experimental stimuli after our experiment without any time restriction differed not 

between groups. Comparing the two different experimental timing conditions with the 

self-paced ratings after the experiment may be more suitable to evaluate the 

consistency between previous results on restricted processing time (see Dyck et al., 

2009) and the present investigation. We add to these findings by Dyck and 

colleagues (2009) that further reduction of processing time results in an increased 

overall impairment of emotion recognition, but not in a group specific enhancement of 

the negative bias. The amplified overall impairment could be simply a result of 

increased task difficulty and reduced processing capacity as well as a need of more 

cognitive effort (Derntl, Seidel, Kainz, & Carbon, 2009). 

In line with the findings by Derntl and colleagues (2009), an explanation why 

the negative bias is not differentially affected and linearly increased with the 

enhanced restriction of processing time could be that it is subject to disturbed top-

down modulation processes that can only be compensated during conscious and 
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effortful information processing. Whether a facial expression is presented for 3000 

ms or only 100 ms may not have a crucial impact since both conditions do not allow 

the necessary regulation processes. Successful emotion recognition under 

circumstances of unlimited processing time may involve other processes that 

compensate for impaired automatic top-down regulation processes. Conscious, 

controlled emotion regulation (e.g. reappraisal) has been shown to be effective in 

modulating the reaction to negative emotional stimuli (McRae et al., 2010) and was 

associated with downregulation of activation in the amygdala (Buhle et al., 2014). 

This kind of effect may diminish negative shifts in evaluation of emotional stimuli. 

However, studies investigating such emotion regulation strategies, usually allow for 

more time (usually ≥ 8 s) then it was the case in our experiment (e.g. Eippert et al., 

2007; Schulze et al., 2011). If conscious and effortful regulation processes generally 

require more time to be executed, patients may not be able to engage these 

strategies when processing capacities are restricted. Thus, the presentation times in 

both of our conditions may have equally impeded the use of compensation strategies 

for impaired automatic top-down regulation in patients. In daily life, the absence of 

conscious emotion regulation in the context of emotion recognition is the norm rather 

than the exception, explaining the occurrence of negative biases in social-cognitive 

processing. Consequently, evidence-based therapy approaches for BPD often 

emphasize mindful perception and identification as well as awareness of emotions 

(Byrne & Egan, 2018). Future research, therefore, should determine if these 

strategies may also enhance automatic top-down control to maintain performance 

even in situations of low processing capacities.  

3.5.2 Emotional interference 

Another interpretation of the data is that emotionally interfering information is a 

relevant factor for the emergence of a negative response bias in BPD additionally to 

mere time restriction. Our results showed a complex interaction of emotional 

information, time constraints and group in study 1a. In BPD compared to healthy 

controls, longer presentation time was associated with more incorrect evaluations of 

neutral compared to positive faces when they were preceded by emotional, 

especially negative information. This supported our hypothesis that interfering 

negative social information leads to impaired recognition of neutral facial 

expressions, resulting in a negative bias. In contrast, under highly limited processing 

time, BPD patients showed more incorrect evaluations of neutral compared to 
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positive faces after preceding neutral information compared to healthy controls. That 

could be explained by increased ambiguity that results in higher error rates especially 

under time pressure. 

It is important to note that these rather small effects were not significant in the 

second part of the study. We could not clearly confirm our prior hypothesis of an 

increased negative bias in BPD patients due to negative preceding information. The 

absence of group differences depending on prime valence is in line with an affective 

priming study in BPD, that was published concurrently with study 1a (Donges, 

Dukalski, Kersting, & Suslow, 2015). In the study by Donges and colleagues (2015) 

happy, neutral, and angry facial expressions (stimulus material from Ekman & 

Friesen, 1976) were used as subliminal primes. Prime faces were shown for 33 ms 

followed by a 467 ms presentation of the neutral mask faces. Subjects were 

instructed to evaluate the expressions (neutral masks) as negative or positive on a 

six-point rating scale. The authors found an effect of the prime face but no group 

differences or interaction between group and prime category. Angry primes led to 

negative shifts in the evaluation of the neutral masks. Happy primes did not result in 

significant evaluative shifts (Donges et al., 2015). Importantly and in contrast to our 

experiment, primes were presented without conscious awareness of the participants 

(subliminal priming) and priming effects were only examined within the same stimulus 

category and identity (i.e. emotional differences in the same faces). While we did not 

observe differential influence of preceding emotional information between groups in 

all of our subsamples the negative bias occurred consistently in all patient groups 

during our experiment.  

Especially when considering that the ratings of the stimulus materials after the 

experiment revealed no negative bias in the patient groups, different explanations are 

possible for the occurrence of the negative bias within the experimental setting: First, 

it could have occurred exclusively due to restricted processing time as discussed 

above. Second, the experimental setting itself (additionally) created a more negative 

context for patients including increased arousal and changes in affective state. In 

addition to influences of the preceding information and in the light of habitual emotion 

dysregulation thereby altered perception might have occurred and led to negatively 

biased evaluations. 

Increased negativity could have resulted from the preceding negative 

emotional information that could be even more salient to the patients than to the 
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healthy controls. As known from literature on emotional stroop effects (McKenna & 

Sharma, 2004; Phaf & Kan, 2007), there might have been carry-over effects between 

trials due to the negative information. Such carry-over effects are also known as 

“slow stroop” and describe interference of emotional information that is transferred 

from one trial to the following (McKenna & Sharma, 2004; Phaf & Kan, 2007). 

According to Waters and colleagues (2005) such effects are representations of 

attentional processes and result from difficulties in disregarding salient stimuli. BPD 

patients might be more prone to carry-over effects of negative emotional information 

than healthy participants due to increased emotional sensitivity, as well as slower 

habituation (Linehan, 1993a). BPD patients in our sample reported higher negative 

affect and arousal at baseline, which could reflect a pronounced sensitivity for 

negative information and heightened emotionality. 

Interference of negative emotional information could have also occurred via 

different pathway, if the transferred emotional information resulted in an induction of 

negative affect and thereby shifted response tendencies in patients. Assessment of 

current affect before and after the experiment could support the assumption of an 

overall influence of the negative preceding information. However, it should be noted, 

that reduced positive affect after the experiment could also be due to negative effects 

of participation itself (e.g. annoyance of the participant due to duration of the 

experiment or boredom).  

Since self-reported arousal levels increased during the experiment in all 

participants, increased perceived arousal could also play a role in determining the 

negative bias. As mentioned before, patients reported higher baseline arousal levels. 

Due to higher starting values and insufficient regulation strategies, patients might be 

less able to down-regulate their arousal level and distinguish the sources of it. This 

was also described by Linehan as “slow return to baseline level” (Linehan, 1993a), 

which is reflected on the neural level by a slow habituation of amygdala responding 

(Hazlett et al., 2012). Difficulties in down-regulation of arousal level might be also 

reflected in the increase of dissociative symptoms in our BPD sample during the 

experimental procedure, which could be a reaction to the accumulation of aversive 

inner tension due to arousal (Korzekwa, Dell, & Pain, 2009; Stiglmayr et al., 2008; 

Stiglmayr, Shapiro, Stieglitz, Limberger, & Bohus, 2001). In summary, several factors 

could contribute to a negative bias in BPD, ranging from specific circumstances, such 

as restricted processing time, up to general negative affectivity that biases 
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perception. Furthermore, the assumed carry-over effects are difficult to disentangle 

from the proposed slow habituation. Thus, future studies should attempt to design 

experimental paradigms that allow separating these factors to investigate the 

influence of each of them on disturbed emotion processing in BPD. 

A model explicitly explaining hyper-mentalization in BPD (Bo, Sharp, Fonagy, 

& Kongerslev, 2017; referring to Sharp, 2014) might be also beneficial for the 

understanding of the negative bias. Hyper-mentalizing describes an over-attribution 

of mental states to others while there is no objective support for it (Sharp et al., 2013; 

Sharp et al., 2011). The negative bias seems to be a comparable phenomenon 

reflecting the over-attribution of emotions to faces not containing and representing 

this information. The authors argue that deficits in mentalizing occur in BPD patients 

only when different co-occurring processes, such as emotional and cognitive 

mentalizing must be integrated. Different factors, however, determine why in specific 

situations integration or selection of the correct interpretation fails. One important 

influencing factor on this is the available capacity to integrate different sources and 

processes (Sharp et al., 2013; Sharp et al., 2011). Following this argumentation, 

reduced processing time is again a promising candidate enhancing the probability for 

a negative bias. However, processing capacity can also be reduced by high states of 

arousal, intense emotions and context factors (Pessoa, 2009). It might not only be 

necessary to consciously perceive that there are different sensory inputs driving one 

reaction, but to regulate the emotional reactions triggered by them. Therefore, one 

has to differentiate between the competing sources and decide which one should be 

considered for an evaluation of the present situation (Lemerise & Arsenio, 2000). Due 

to difficulties in top-down modulation, this regulation could take much longer in 

patients compared to healthy people and can therefore only be successful when time 

is unlimited. Time restriction might additionally increase arousal level, which in turn 

reduces the ability to regulate emotional interference. 

The negative bias was further associated with emotional dysregulation in BPD, 

which points to the relevance of successful top-down control in unbiased emotion 

recognition. This complex interplay between heightened negative affect and arousal, 

increased sensitivity to emotional stimuli resulting from hyperactivation in the 

amygdala (Donegan et al., 2003; Herpertz et al., 2001), and slow return to baseline 

(Linehan, 1993a) as well as reduced prefrontal control resulting in persistent 

dysregulation of emotions (Silbersweig et al., 2007) might result in negative biased 
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perception of neutral facial expressions when interfering emotional information is not 

discriminated from the target. 

3.5.3 Specificity of emotion recognition deficits and a negative bias for borderline 
personality disorder – comparison with schizophrenia 

Although schizophrenia patients exhibited a tendency for lower overall 

performance in emotion recognition compared to patients with BPD, both patient 

groups showed comparable response patterns. That is a significant negative bias in 

the recognition of neutral facial expressions. Although there was previous research 

that rather pointed to a general emotional bias instead of a preference for negative 

evaluations in schizophrenia (Catalan et al., 2016; Romero-Ferreiro et al., 2016), our 

sample was characterized by a significant negative response bias. This provides 

further support for a number of studies, indicating that besides a general emotion 

recognition impairment (Kohler et al., 2010), these patients also exhibit a negative 

bias (Kohler et al., 2003; Mier et al., 2014). Further, in agreement with our results, 

previous findings by Catalan and colleagues (2016) showed that overall emotion 

recognition performance was worse for schizophrenia patients, although not 

significantly reduced compared to BPD, and that BPD as well as schizophrenia 

subjects showed an impaired recognition for neutral faces. In a further recent study, it 

was shown that there were no significant differences in affect labeling between 

schizophrenia and BPD in an emotion discrimination task, but a higher negative bias 

in BPD (van Dijke et al., 2016). 

BPD patients and schizophrenia patients did not significantly differ in the 

amount of negatively biased responses. However, in BPD the negative bias was 

clearly associated with emotion dysregulation. Interestingly, although schizophrenia 

is characterized by reduced top-down control and emotional dysregulation as well 

(Gilbert & Sigman, 2007; van der Meer, van't Wout, & Aleman, 2009), there was no 

significant correlation between the negative bias and emotion regulation deficits in 

this group. This points to a specificity of the negative bias in BPD regarding its 

underlying causes which might differ from that in schizophrenia patients. 

Schizophrenia patients by contrast showed a correlation between the negative bias 

(and also positive bias) with positive symptoms. This is in line with the assumption 

that aberrant salience and a reduced top-down modulation (Cook, Barbalat, & 

Blakemore, 2012; Laviolette, 2007; Mier & Kirsch, 2017) are involved in the 

emergence of a negative bias in schizophrenia. Fretland and colleagues (2015) 
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found an association between positive symptoms and over-mentalizing in a theory of 

mind task in schizophrenia patients, which could also be an explanation for 

negatively biased responses, since emotions are attributed to faces that do not 

contain emotional information. 

Another significant correlation was revealed in schizophrenia: The more 

negative symptoms were reported, the greater was the difference between negative 

and positive biases favoring the negative bias. This might point to an association 

between disturbed or flattened emotional responding and the negative bias. In 

schizophrenia different symptom constellations could contribute to the negative bias 

which fits to the interpretation that patients with schizophrenia exhibit more under-

mentalizing errors in social cognitive tasks compared to BPD (Andreou et al., 2015). 

While the biased responses in schizophrenia increase in general with positive 

symptoms and could be due to a tendency to over-mentalize, an excess of the 

negative bias over positively biased response may be more likely when negative 

symptoms are pronounced. The underlying basis of a predominance of negatively 

biased responses might be enhanced negative affect. In line with that, there is a 

great overlap between negative symptoms and depressive symptom as well as 

frequent co-occurrence of these symptom-patterns (An der Heiden, Leber, & Hafner, 

2016; Krynicki, Upthegrove, Deakin, & Barnes, 2018). A more general influence of 

positive and negative symptoms on impairments in emotion recognition was also 

shown before (Kohler, Bilker, Hagendoorn, Gur, & Gur, 2000). 

3.5.4 Sex specificity 

Most studies on emotion recognition and biased perception in BPD only 

included female patients or a very low number of male patients, making conclusions 

about male BPD patients hard and a comparison of sex specific alterations nearly 

impossible. In contrast to our hypothesis of an emotion recognition advantage in 

females, there was no significant effect of sex regarding performance or error 

patterns across all participants. Since some authors have found such an advantage 

especially in healthy groups (e.g. Hall & Matsumoto, 2004; Hampson, van Anders, & 

Mullin, 2006; McClure, 2000; Schmid & Schmid Mast, 2010), this group was analyzed 

separately. This analysis indeed revealed that healthy females performed superior to 

men. Therefore, we assume our healthy control group as being representative for 

healthy populations. Within the patient groups there were no sex specific differences 

in emotion recognition performance or amount of negatively biased responses, 
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suggesting emotion recognition deficits to occur independently of sex in these 

disorders. This is remarkable, since previous research at least in schizophrenia 

pointed to sex effects in emotion recognition favoring female patients (Scholten, 

Aleman, Montagne, & Kahn, 2005). However, when going into study details, some 

revealed no overall sex difference. For example, male patients performed only worse 

for auditory stimuli (Vaskinn et al., 2007), or sex differences occurred regarding the 

accuracy in differentiating between different negative emotions (Weiss et al., 2007). 

In the study by Weiss and colleagues (2007) for example, female patients more often 

evaluated neutral faces as sad, while male subjects interpreted the same faces more 

often as angry. The authors conclude that this tendency might be important in the 

context of pronounced aggressive behavior in male schizophrenia patients (Weiss et 

al., 2007). In the present study we focused on visual stimuli and response format 

included only a classification of different valences not a differentiation between 

negative emotions. These could be possible reasons why we did not find an 

advantage in emotion recognition for female schizophrenia patients. We conclude 

from our data that in overt behavior, when the mere classification of valence is 

required in a visual task, female and male schizophrenia and BPD patients show 

comparable deficits and biases. 

Interestingly, in the healthy control group, the correlation between the amount 

of negatively biased responses and higher borderline symptomatology as well as 

higher degree of difficulties in emotion regulation was driven by female subjects and 

differed significantly between females and males. However, a comparable pattern 

was not revealed in the BPD group. Since we found a trend for higher emotion 

dysregulation in BPD females than BPD males, it seems possible that an advantage 

by female sex is confounded with higher emotion dysregulation, resulting in equal 

performance between sexes. 

3.5.5 Limitations 

A major reason for conducting the study was the existing heterogeneity of 

findings regarding emotion recognition and a negative bias in BPD. Some of the 

previous studies might have facilitated or reduced the occurrence of a negative bias 

due to stimulus composition or response formats (e.g. comparison of forced choice 

discrimination tasks with different number of response alternatives in the study by 

Dyck and colleagues (2009)).  
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We explicitly used a valence evaluation to provide a balanced design neither 

favoring specific positive nor negative emotions. A limitation that arises from this is of 

course that we do not gain information about advantages or biases for specific 

emotions and it might be argued that labeling of valence does not reflect emotion 

recognition in a narrower sense when referring to discrimination between specific 

emotions. However, to determine a direction of biased perception it seems rather 

sufficient and economic. To get a more sensitive measure for shifts in response 

patterns (also for positive and negative expressions) we used a continuous rating 

scale in our follow-up fMRI study. Another limitation of the first study was the 

possibility of carry over effects of negative emotional information on the other 

conditions due to the pseudorandomized trial order as mentioned above. A potential 

solution for that is provided within the following fMRI study and described in the next 

section in more detail. 

3.6 Summary 

In summary, the results of study 1 point to a sex and disorder unspecific 

occurrence of emotion recognition deficits and a negative bias in BPD and 

schizophrenia. However, the occurrence of an overtly similar negative bias might be 

driven to a different extent by distinct underlying mechanisms. In BPD emotion 

dysregulation should be emphasized, while in schizophrenia severity of positive and 

negative symptomatology seems to play an important role regarding biased 

perception. Disorder-specific features are important moderators of a negative bias 

which was evoked in both patient groups when processing time was restricted. While 

those disorder-specific mechanisms might not be observable on the behavioral level, 

they might be evident when looking on the neurobiological level. Therefore, 

neuroimaging studies should uncover specific mechanistic impairments in mental 

disorders. The next study presents such a neuroimaging approach in healthy 

participants, allowing a deeper understanding of the influence of emotional context 

information on emotion recognition. 
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4 STUDY 2: IDENTIFICATION OF NEUROBIOLOGICAL 
CORRELATES OF NEGATIVELY PRIMED EMOTION 
RECOGNITION IN HEALTHY INDIVIDUALS AND IMPLICATIONS 
FOR DISTURBED MECHANISMS IN PATIENTS 

The results of study 1 are in line with previous findings of a negative bias in 

facial emotion recognition in patients with BPD as well as schizophrenia (e.g. Kohler 

et al., 2003; Mitchell et al., 2014). Albeit, the influence of preceding emotional 

information was less differential than hypothesized, we conclude that indeed there is 

an influence of previously presented social information on subsequent emotion 

recognition processes and that this influence might differ between patients and 

healthy subjects. This was also indicated by evaluations of the experimental stimuli 

after the experiment which did not differ significantly between groups regarding 

valence ratings.  

As already described in the introduction as well as in study 1, contextual 

influences on emotion recognition have previously been shown also in healthy 

participants (Mobbs et al., 2006). It was shown that perceptions of subsequent 

situations and emotional displays were altered by situational context and prior 

experiences (Barbalat, Bazargani, & Blakemore, 2013). Most of the literature 

investigating shifts in the evaluation of emotions refers to affective priming 

procedures. That is, they either used subliminal presentation of emotional faces (e.g. 

Dannlowski et al., 2007; Hietanen & Astikainen, 2013; Nomura et al., 2004) or 

contextual information as primes (e.g Kim et al., 2004; Mobbs et al., 2006; Schwarz, 

Wieser, Gerdes, Mühlberger, & Pauli, 2013). Although context primes were either 

presented simultaneously or were even explicitly associated with the target, 

enhancing the probability of being considered for the evaluation, these tasks 

provided insights in the neural processing of emotional primes. Emotional contexts 

(positive and negative sentences) provoked heightened amygdala activation in 

response to neutral facial expressions compared to baseline (Schwarz et al., 2013). 

Increased activation in this region could be associated with negative shifts in 

evaluation, emphasizing the role of the amygdala in biasing response tendencies 

(Dannlowski et al., 2007; Kim et al., 2004; Schwarz et al., 2013; Suslow et al., 2013). 

During emotion recognition stronger activation after negative emotional priming has 

also been found in the temporal pole, STS, insula and ACC (Mobbs et al., 2006). 
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Moreover, a negative correlation between amygdala activation and the IFG (ventral 

PFC) could be shown during the evaluation of facial expressions when primed by 

angry faces (Nomura et al., 2004). These findings point to a top-down modulated 

process of facial emotion perception with influences due to prior expectations and 

focus of attention rather than mere bottom-up sensory processing (Cook et al., 2012). 

In study 2, we hypothesized that during evaluation of facial expressions 

consciously perceived, negative, task-irrelevant priming would produce increased 

activation in a network for emotion and intention recognition. This network was shown 

to be altered in BPD patients in response to social stimuli per se (Mitchell et al., 

2014) and during social-cognitive tasks in particular (e.g. Mier et al., 2013). Such 

altered brain activation patterns might also be involved in the mechanisms driving the 

negative bias in emotion recognition as it has been observed under various 

conditions in BPD (e.g. Dyck et al., 2009; Fenske et al., 2015).  

In a previous study we found that even marginal variations of a social-

cognitive task (emotional vs. motoric imitation of facial expressions) resulted in 

differential activation of the network, especially the amygdala in healthy subjects 

(Fenske, 2012). Emotional imitation compared to a motoric imitation produced a 

neural response pattern that seems to reflect an enhanced emotional processing of 

social stimuli. As described above a similar pattern was also found partly in BPD 

patients in reaction to facial emotional stimuli (Mier et al., 2013).  

To investigate neural processes underlying the negatively biased emotion 

recognition shown in the previous study we adapted our experimental paradigm. The 

rather small effects between prime categories could have resulted from the study 

design: First of all, scenes had an only moderate intensity, which might have reduced 

their capability to produce emotional interference. Even more importantly, the 

pseudorandomized order of the different priming valences could have produced carry 

over effects across trials and thereby obscured the effects of the different categories. 

Negative emotional information might have been more salient during the course of 

the experiment and could have influenced not only the perception of subsequent 

facial expressions but also preceding information and faces in other trials. Another 

restriction could be the categorial response alternatives used in study 1. False 

responses for positive faces resulted automatically in a negative bias, since there 

was no alternative for that. The same is true for negative faces vice versa. This might 

skew the resulting picture of responses. 
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To overcome these limitations, we implemented several changes in the 

experimental paradigm. For one thing, the presentation of neutral and negative 

preceding social information was moved to separate sessions. Task-irrelevant 

information was presented as before, but the possibility of carry over effects between 

prime emotions was excluded. Further, we decided to increase the difference in 

emotional valence between negative and neutral scenes. We also dropped the 

positive scenes that only served as an additional control condition in the initial 

paradigm. Response format was changed into a continuous rating scale allowing for 

positive shifts also when positive faces were presented and negative shifts of already 

negative facial expressions. Applying the improved paradigm, we intended to 

examine the neural mechanisms underlying shifted responses in emotion recognition. 

We hypothesized that our adapted paradigm would not only activate the 

described network in a differential fashion, but also help to understand which parts of 

the network can be related to the negative shifts in emotion recognition elicited by 

task-irrelevant emotional information. This should in turn provide insights into the 

underlying mechanisms of disturbed emotion recognition and a negative bias by 

provoking response patterns similar to these occurring in patients in reaction to facial 

stimuli. 

To clarify associations between brain functioning and biases in emotion 

recognition performance as well as BPD-traits, correlations between these measures 

will be explored. 
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4.1 The influence of negative affective priming on neural mechanisms of emotion 
recognition2 

4.1.1 Abstract 

The correct identification of emotional facial expressions is essential for 

successful social interactions. A negative bias in emotion recognition however, is 

characteristic for several mental disorders and can impair social functioning. The 

present study aimed at investigating the neural mechanism of such biased emotion 

recognition with an affective priming task in a healthy sample. 

In our functional magnetic resonance imaging study, we investigated in 31 

healthy participants whether task-unrelated negative social scene-pictures produce a 

negative bias in the recognition of facial expressions. In this paradigm emotional 

facial expressions that were preceded by either neutral or negative social scenes 

(which were not related to the faces) had to be classified as positive, neutral or 

negative. 

A negative response shift occurred only for happy facial expressions that were 

preceded by negative social scenes. Analyses of brain activation showed enhanced 

recruitment of amygdala, nucleus accumbens, and superior temporal sulcus for 

neutral facial expressions under negative priming compared to neutral priming. 

Higher activation in nucleus accumbens was revealed for angry facial expressions 

and enhanced activation in the superior temporal sulcus for happy faces when 

preceded by a negative social scene.  

These findings support the assumption that task-irrelevant negative contextual 

information biases the perception of facial expressions and leads to specific 

alterations in brain activation depending on face valence. We conclude that even in 

healthy participants, brain functioning is modulated by task-irrelevant negative 

contextual information which could result in biased emotion recognition. 

  

                                            
2 Manuscript submitted: Fenske, S. C., Stößel, G., Kirsch, P., & Mier, D. (submitted). The influence of 
negative affective priming on neural mechanisms of emotion recognition. 
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4.1.2 Introduction 

Accurate emotion recognition is essential for social functioning. Deficits in this 

domain cause biased perceptions which are characteristic for a variety of mental 

disorders. Of special interest in this context is a negative bias in response to (i.e. the 

attribution of negative emotions to) neutral or ambiguous facial expressions, because 

it may lead to heightened hostility and social conflicts. Interestingly, in the context of 

affective priming, negative response shifts can also be provoked in healthy 

participants. In the present study, we aimed on investigating the neural basis of a 

negative bias in the context of affective priming in healthy participants.  

Mental disorders that are often characterized by severe social impairments are 

– besides autism – schizophrenia and Borderline Personality Disorder (BPD; Green 

et al., 2012; Lieb et al., 2004). Both patient groups were found to have a negative 

bias in emotion recognition (Daros et al., 2013; Fenske et al., 2015; Kohler et al., 

2003; Mier et al., 2014; Mitchell et al., 2014; Premkumar et al., 2008), and can be 

characterized by aberrant amygdala, superior temporal sulcus (STS) and inferior 

frontal gyrus (IFG) activation in response to facial expressions (Donegan et al., 2003; 

Marwick & Hall, 2008; Mier et al., 2013; Mier et al., 2010; Minzenberg et al., 2007; 

Seiferth et al., 2008). Importantly, in schizophrenia there is first evidence for a link 

between the negative bias for neutral facial expressions and amygdala activity (Mier 

et al., 2014). Further, schizophrenia is linked to aberrant salience attribution and 

changes in functioning of regions of the dopaminergic system, such as the nucleus 

accumbens (NAcc; Heinz & Schlagenhauf, 2010; Howes & Kapur, 2009; Kapur, 

2003). In both disorders reduced connectivity between the amygdala and the 

prefrontal cortex was shown (Minzenberg et al., 2007; Ruocco et al., 2013; Williams 

et al., 2004), suggesting low control of the prefrontal cortex over the limbic system 

(Meyer-Lindenberg & Tost, 2012; Stein et al., 2007). Altered amygdala and 

amygdala-prefrontal circuit functioning in combination with impairments in dopamine 

transmission might affect the integration of motivational and emotional information in 

the NAcc, resulting in aberrant processing of emotionally salient sensory information 

(Laviolette, 2007). In consequence for schizophrenia, it has been assumed that 

reduced prefrontal control of the NAcc (Cook et al., 2012) in concert with amygdala 

hyperactivity might contribute to the negative bias for neutral facial expressions (Mier 

& Kirsch, 2017). 
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In line with findings of reduced prefrontal-limbic connectivity in schizophrenia 

and BPD, one mechanism that could explain biased perceptions is an atypical top-

down modulation of social signal perception (Cook et al., 2012). Such top-down 

modulation of affective information can be investigated by affective priming tasks 

(Zajonc, 1980). Per definition, the valence of a prime alters subsequent judgments by 

shifting them in a congruent direction (Herr, Sherman, & Fazio, 1983; Klauer, Mierke, 

& Musch, 2003). Literature on affective priming effects in healthy samples often 

refers to subliminal, that is, masked affective priming by emotional faces (e.g. 

Dannlowski et al., 2007; Hietanen & Astikainen, 2013; Nomura et al., 2004), and 

several studies used contextual information as primes (e.g. Kim et al., 2004; Mobbs 

et al., 2006; Schwarz et al., 2013). In principle however, an affective prime can be 

any preceding emotional information that influences subsequent recognition of 

emotions like contextual cues, a foregoing mood or other previous information. In 

agreement, there is evidence for alterations in emotion perception due to the current 

affective state (Dunn & Schweitzer, 2005), and it has been shown that especially 

negative affect biases emotion processing (Coupland et al., 2004). In daily life, 

situational context and prior experiences can also influence the perception of 

subsequent situations including emotional displays (Barbalat et al., 2013).  

On a neurobiological level there is evidence for heightened amygdala 

activation in response to emotional primes (Schwarz et al., 2013), and an association 

between a negative bias, due to affective priming, and amygdala activation was 

found repeatedly (Dannlowski et al., 2007; Kim et al., 2004; Schwarz et al., 2013; 

Suslow et al., 2013). Hence, the amygdala might contribute to biased perception by 

automatically shifting response tendencies (Dannlowski et al., 2007). Additionally, 

greater activation was found in BA 6 when faces were preceded by negative 

compared to positive contextual cues (Schwarz et al., 2013) as well as in the 

temporal pole, STS, insula and ACC for faces paired with emotional compared to 

neutral contexts (Mobbs et al., 2006). In a study by Nomura and colleagues (2004) a 

negative correlation between activation in the amygdala and the IFG (ventral PFC) 

was revealed during emotion recognition after priming with angry faces compared to 

neutral primes. This result supports the assumption that emotion recognition is not 

only influenced by bottom-up sensory, in this case visual processing, but is also 

modulated by top-down processes, which involve the focus of attention and 

influences due to prior expectations (Cook et al., 2012). 
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Further, the influence of the affective prime might not only depend on the 

valence or salience of the emotional stimulus, but also on factors within the 

considered persons. Few studies investigated affective priming of social information 

in schizophrenia and BPD. In schizophrenia, it is assumed that the underlying basis 

for alteration in top-down modulation is caused in general by an abnormal integration 

of new evidence into prior expectations (Blackwood, Howard, Bentall, & Murray, 

2001; Freeman, 2007; Moritz & Woodward, 2006). This inflexibility to take new 

incoming information into account (or to differentiate between prior and newly 

incoming information) might explain the high susceptibility for affective priming in 

schizophrenia (Höschel & Irle, 2001), which has been shown to result in a negative 

bias for the evaluation of neutral facial expressions (Höschel & Irle, 2001; Suslow, 

Roestel, & Arolt, 2003). Hooker and colleagues (2011) further showed that preceding 

affective information alters subsequent trait judgments in schizophrenia: Negative 

affective primes in the form of pictures of the International Affective Picture System 

(IAPS; Lang, Bradley, & Cuthbert, 1999) resulted in lower trustworthiness ratings of 

consecutively judged persons and this effect was associated with severity of positive 

symptoms (Hooker et al., 2011). To our knowledge, in BPD there is only one affective 

priming study examining evaluative shifts in the recognition of neutral faces. The 

authors used masked happy or angry facial expressions (Donges et al., 2015), and 

revealed that BPD patients show valence-congruent shifts in the perception of neutral 

faces. However, there were no differences in the amount of biased reactions between 

patients and healthy participants (Donges et al., 2015). From a dimensional 

approach, factors that are psychopathologically relevant in patients like severe 

emotion dysregulation or difficulties in top-down modulation of information processing 

might also affect the influence of prior emotional information on emotion recognition 

in healthy people. Therefore, specific personality features, or emotion regulation 

abilities should result in specific sensitivities or biases in non-clinical samples as well. 

The aim of the current study was to assess whether task-unrelated negative 

social scene-pictures produce a negative bias in the recognition of facial expressions 

in healthy participants on the behavioral as well as on the neural level. Furthermore, 

we were interested in the link between schizophrenia and BPD related traits and the 

negative bias. We applied an adapted affective priming emotion recognition task 

(Fenske et al., 2015; Hooker et al., 2011; Mobbs et al., 2006) and hypothesized that 

preceding negative emotional information results in a negative shift of facial emotion 
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ratings; i.e. a negative bias. Further, we hypothesized that recognition of facial 

expressions after preceding negative social scenes compared to neutral social 

scenes would be associated with heightened limbic activation, especially of amygdala 

and NAcc as well as enhanced activation in IFG (BA44) and STS. Additionally, 

amygdala activation was assumed to correlate with the amount of negative bias. 

Furthermore, we suppose that shifts in the evaluation of facial expressions as well as 

its neural correlates are associated with traits that occur in schizophrenia and BPD, 

and are linked to reduced top-down control, such as emotion dysregulation (Petrovic 

& Castellanos, 2016) and schizotypy (Koychev, Deakin, Haenschel, & El-Deredy, 

2011; Papousek et al., 2014). 

4.1.3 Methods 

4.1.3.1 Sample 

The study was approved by the local ethics board of the Medical Faculty 

Mannheim, University of Heidelberg and was conducted in accordance to the 

declaration of Helsinki. Prior to attendance participants received detailed information 

about the study procedure and gave written informed consent. Five of 36 initially 

recruited participants had to be excluded due to high movement (> 3mm translation, 

or 3° rotation), headache, or low compliance during scanning. The final sample 

consisted of 31 healthy participants (for sample characteristics see table 1). 

Participants were recruited via local databases of the CIMH and were right-handed. 

All of them negated having a current or lifetime history of neurological disease. To 

exclude current or life-time psychiatric diagnoses, participants were screened with a 

German version of the SCID-I interview and completed the SCID-II questionnaire and 

interview when indicated (Fydrich et al., 1997; Wittchen et al., 1997). General 

inclusion criteria were sufficient command of the German language, MR inclusion 

criteria, as well as the ability to give written informed consent. 

Before the experiment, fluid and crystallized intelligence were assessed by 

means of 5 subtests of the Leistungsprüfsystem 2 (LPS-2; subtests: 1) 

Allgemeinwissen, 2) Anagramme, 3) Figurenfolgen, 4) Zahlenfolgen, 5) 

Buchstabenfolgen; Kreuzpointner, Lukesch, & Horn, 2013) and the Wortschatztest 

(WST; Schmidt & Metzler, 1992). After scanning, participants completed several 

questionnaires, including the Difficulties in Emotion Regulation Scale (DERS; Gratz & 

Roemer, 2004), the emotion regulation questionnaire (ERQ; Abler & Kessler, 2009), 
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as well as the schizotypal personality questionnaire (SPQ; Klein, Andresen, & Jahn, 

1997). 

Table 1. Sample characteristics. 

 N = 31 

Sex 16 females, 15 males 

Age (in years) 33.61 (12.28) 

Education (in school-years) 11.26 (1.44) 

WST-IQ 104.71 (11.42) 

LPS-2 CI 107.19 (17.75) 

LPS-2 FI 99.39 (12.44) 

DERS sum 65.94 (10.97) 

ERQ-CR 29.23 (6.83) 

ERQ-ES 14.10 (4.62) 

SPQ 8.00 (7.24) 

Note. Means and standard deviations (in parentheses) of WST-IQ = Wortschatztest IQ, LPS-2 = 
Leistungsprüfsystem 2, CI = crystallized intelligence, FI = fluid intelligence, DERS sum =Difficulties in 
Emotion Regulation Scale sum score, ERQ = emotion regulation questionnaire (subscales: CR = 
cognitive reappraisal, ES = expressive suppression), SPQ = Schizotypal Personality Questionnaire. 

4.1.3.2 Emotion recognition task 

Functional MRI data was collected during an affective priming emotion 

recognition task (modified from Fenske et al., 2015), which was applied in two 

separate sessions representing two priming conditions. In both sessions facial 

expressions were preceded by a scene picture, which served as prime. These 

preceding pictures were taken from the IAPS (Lang et al., 1999) and all depicted 

humans. In the first session IAPS pictures showed scenes with neutral valence (M = 

5.46, SD = 1.34) and low arousal (M = 3.50, SD = 1.97; e.g. depicting daily 

conversations) while in the second session negative valent IAPS pictures (M = 2.01, 

SD = 1.36) with high arousal (M = 6.02, SD = 2.20; e.g. depicting interpersonal 

violence) were shown (see supplementary materials for a list of the presented IAPS 

pictures, table S1). The separate sessions were used to avoid carry over effects 

between the prime categories. In comparison to our former study, we did not use 

positive primes, since our current research question was focused on the effect of 

negative preceding information and a negative bias. Facial stimuli consisted of 5 

male (20, 25, 26, 34, 36) and 5 female actors (1, 6, 7, 8, 9; ethnicity: all european-

american) and were taken from the NimStim Set of Facial Expressions (Tottenham et 
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al., 2009). Facial expressions were either emotional (happy or angry) or contained no 

emotion (neutral). Morphed facial expressions with reduced emotion intensity were 

applied (60% emotion, 40% neutral; (Matzke et al., 2014)) to avoid ceiling effects in 

emotion recognition performance. For each face valence category, a set of 10 

different primes was selected that was matched for content, valence and arousal in 

each session (see supplementary materials for a comparison of the picture sets, 

table S2). Participants were instructed to look at all pictures, but to rate the valence of 

the facial expressions only (the left end of the scale was indicated as “negative” and 

was coded with -100, the middle position as “neutral”, coded with 0 and the right end 

of the scale was named as “positive” and coded with 100 in data analyses). After 

determining the valence of the faces, participants had to rate how certain they were 

with their decision from “very uncertain” (0) to very certain (100). For both ratings 

visual analogue scales were used.  

In both sessions IAPS pictures were shown for 1 s and were followed after a 

variable ISI of 1-3 s by a picture with a facial expression that was also presented for 1 

s (figure 1). Rating scales were presented for 5 seconds each. Each trial had a mean 

duration of 18.5 s including a variable ITI (2 - 4 s) in which zero-events were defined 

that had the same duration as the picture presentations. Ratings were given by 

button presses on a 4-Button Diamond Fiber Optic Response Pad (Current Designs 

Inc.). By the first button press, participants could decide whether they want to jump to 

one of the two ends, or to the middle of the scale. By continuously pressing a button 

after that first decision, participants were able to additionally adjust their initial 

answer. Each session consisted of 30 trials, i.e. 10 combinations of the primes with 

each facial category (happy, neutral, angry) and took about 9.5 minutes.  

In addition, the current affective state was assessed before and after each 

session with the Positive and Negative Affect Schedule (PANAS; Krohne et al., 1996; 

Watson et al., 1988). The task as well as the PANAS were presented via monitor and 

mirror using Presentation software (Version 18.1, Neurobehavioral Systems). Due to 

an additional imitation task, participants were videotaped during the whole MRI-

session.  
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Figure 1. Experimental design: exemplary course of one trial per session with neutral facial 
expressions. 

4.1.3.3 Rating of experimental stimuli 

After the scanning, the applied pictures were presented again outside of the 

scanner on a computer screen to allow valence and arousal ratings, independent of 

the priming context. Faces and scenes were presented to the participants in two 

separate blocks, always starting with the faces block. Participants were asked to 

indicate the valence and arousal of each of the pictures using the Self-Assessment-

Manikin (SAM; Hodes et al., 1985; Lang, 1980) on a 9-point scale. This rating 

procedure was self-paced. 

4.1.3.4 Data acquisition and data analysis 

A 3 T Siemens TIM TRIO (Siemens Medical Systems, Erlangen) scanner with 

a 12-channel head coil was used for fMRI data acquisition. Prior to the experiment, a 

3D-T1-weighted MPRage was acquired (192 slices, slice thickness 1x1x1 mm, 

256x256 matrix). 278 volumes were collected in each experimental session in a 

descending order with an T2*-weighted echo-planar sequence (28 slices, slice 

thickness 3x3x4 mm, TR 2000, TE 30, alpha 80°, FoV 192, 64x64 matrix). Slides 

were adjusted to AC-PC and tilted with -25°. 

Data was pre-processed and analyzed using SPM12 (The FIL methods group, 

2011). Pre-processing consisted of slice time correction, realignment with unwarping, 

normalization to the MNI standard template with coregistration to the MPRage and 

smoothing (8 mm full width at half maximum, Gaussian isotropic kernel). For 

statistical analyses, data was entered into a first level analysis. Both sessions were 

modulated together in one model using the onsets for face categories, scenes, 

control condition, and ratings as events, convolved with the hemodynamic response 

function (HRF). The resulting regressors were entered as predictors into a general 
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linear model. Regressors for the six movement parameters as well as for 

cerebrospinal fluid (CSF) and white matter (WM) were included as covariates. After 

model estimation, linear contrasts were defined for comparisons of the experimental 

conditions and the control condition (zero-events), as well as for comparisons 

between the experimental conditions. Second-level analyses were conducted, using 

T-tests and full factorial designs. Whole-brain activations are reported at an 

exploratory significance level of p < 0.001 uncorrected, k = 10. Region of interest 

(ROI) analyses were conducted for the STS, the inferior frontal gyrus (BA 44), the 

amygdala and the NAcc with a significance level of p < 0.05 small volume corrected 

(svc), k = 10. For correlation purposes, first eigenvariates of these ROIs were 

extracted (without applying a significance or cluster size threshold) for the neutral 

face events. 

Behavioral and questionnaire data were analyzed using SPSS Statistics 

Version 24 (IBM Corporation). The assumptions of normality were assessed by 

graphical means and Kolmogorov-Smirnov-tests. The outcome variables were all 

approximately normally distributed. Repeated measures ANOVAs and post hoc t-

tests were conducted to test the hypotheses related to the behavioral data. In the 

case of a significant Mauchly test of sphericity, the according p-values are reported 

with Greenhouse-Geisser correction. Effect sizes are specified as Cohen’s f and d. 

Pearson’s correlation coefficients were calculated to investigate the association 

between the ratings, questionnaire data and activation within the ROIs. 

4.1.4 Results 

4.1.4.1 Behavioral data 

Effects of negative priming on valence ratings 

To investigate the first hypothesis, that participants show a negative priming 

effect (negative bias) in emotion recognition, a 2 (prime valence) x 3 (face valence) 

repeated measures ANOVA was conducted. A significant priming by face valence 

interaction (F(2;60) = 11.90, p < 0.001, f = 0.86) was revealed (figure 2). Bonferroni-

adjusted post-hoc comparisons revealed that participants rated positive facial 

expressions less positive when they were preceded by negative (M = 44.90, SD = 

22.46) compared to neutral priming scenes (M = 52.84, SD = 18.94). For neutral and 

negative facial expressions no significant negative priming effect was revealed 

(according pairwise comparisons are reported in the supplementary materials, table 
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S3). Due to this interaction, the interpretability of the main effect of face valence 

(F(2;60) = 191.41, p < 0.001, f = 2.63) might be restricted. However, Bonferroni-

adjusted post-hoc analysis revealed significant differences between all levels of face 

valence. Positive facial expressions were rated with highest valence (M = 48.87, SD 

= 19.93) and negative faces with the lowest (M = -46.94, SD = 22.07), while neutral 

faces received ratings in between (M = -8.79, SD = 7.94; according pairwise 

comparisons are reported in the supplementary materials, table S4). Exploratory 

analyses of certainty ratings and reaction times can also be found in the 

supplementary results (table S5-S7). 

 
Figure 2. Prime valence by face valence interaction. Mean ratings of facial expressions separated for 

face valence and prime valence. Error bars display the standard errors, stars indicate significant 

differences (p < 0.05). 

The ratings of facial expressions and prime pictures after the experiment 

served as a manipulation check and revealed that happy facial expressions were 

rated with the highest and angry facial expressions with the lowest valence, while 

ratings for neutral faces lay in between (table S8, S9). Arousal was highest for angry 

facial expressions followed by happy and neutral expressions. Neutral primes were 

rated with higher valence and lower arousal compared to negative primes (table 

S10).  
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4.1.4.2 Functional brain imaging 

Manipulation check 

As a manipulation check differences in brain activation in reaction to negative 

compared to neutral scenes were analyzed. In agreement with previous studies, 

using IAPS-scenes (Britton, Taylor, Sudheimer, & Liberzon, 2006; Lang et al., 1998), 

whole-brain analyses revealed that participants showed greater activation in visual 

association cortex as well as in fusiform gyrus in reaction to negative scenes (table 

S11). Applying ROI-analyses for this contrast additionally showed stronger activation 

in the left amygdala (peak voxel -24 -1 -19, cluster size 16, T = 3.16, p = 0.036 svc). 

Negative priming effects 

Effects of prime valence on brain activation during emotion recognition were 

assessed by means of whole-brain analyses with a full-factorial model and revealed a 

main effect of prime valence in putamen, dorsal striatum, thalamus, primary visual 

and visual association cortex, superior temporal gyrus, inferior frontal gyrus, 

supramarginal gyrus and anterior cingulate cortex (table S12). Further, whole-brain 

analyses revealed an interaction between prime valence and face valence in primary 

somatosensory cortex, anterior and medial prefrontal cortex, inferior and middle 

temporal gyrus, fusiform gyrus and amygdala (table S13). To disentangle the 

interaction and to investigate our specific hypotheses, post hoc t-tests were 

conducted for our ROIs. 

For negatively primed neutral faces in comparison to neutral faces that were 

presented after neutral scenes, stronger activation was found in amygdala bilaterally 

(left: peak voxel -24 -4 -16, cluster size 37, T = 4.41, p = 0.002 svc; right: peak voxel 

27 -7 -16, cluster size 38, T = 4.40, p = 0.002 svc), STS bilaterally (left: peak voxel -

60 -49 11, cluster size 231, T = 4.23, p = 0.018 svc; right: peak voxel 48 -61 17, 

cluster size 117, T = 4.61, p = 0.003 svc) and NAcc bilaterally (left: peak voxel -21 8 -

4, cluster size 31, T = 3.42, p = 0.043 svc; right: peak voxel 21 5 -7, cluster size 27, T 

= 4.44, p = 0.004 svc; figure 3). No significant difference depending on prime valence 

occurred for BA 44.  
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Figure 3. Enhanced activation for negatively primed compared to neutrally primed neutral facial 
expressions. A) horizontal view, B) lateral view. Note: significance level for display purposes is p = 
0.001 uncorrected, k = 10. 

Negatively primed happy faces compared to happy faces that were preceded 

by a neutral picture revealed stronger activation in right STS (peak voxel 51 -61 20, 

cluster size 107, T = 4.33, p = 0.007 svc), only. Angry faces that were preceded by 

negative compared to neutral prime stimuli revealed stronger activation in left NAcc 

(peak voxel -21 11 -1, cluster size 13, T = 3.62, p = 0.030 svc), only.  

Correlational analyses 

To test the assumption that amygdala activation is positively correlated with 

the amount of negative bias, Pearson correlation coefficients of first eigenvariates of 

amygdala activation for neutral faces preceded by negative compared to neutral 

scenes and the amount of negatively biased responses were calculated. The 

analysis revealed no significant association. 

The supposed associations between shifts in the ratings of facial expressions 

and its neural correlates with emotion regulation capabilities and schizotypy were 

tested by calculating Pearson correlation coefficients of the questionnaire data as 

well as the behavioral ratings and differences in brain activation in the ROIs for 

neutral faces depending on the priming condition. Only one correlation survived the 

correction for multiple testing: A higher difference in activation in right BA 44 in 

reaction to neutral facial expressions between neutral and negative priming condition 

was associated with less cognitive reappraisal (r = -0.562, p < 0.001).  

4.1.5 Discussion 

To investigate the influence of negative affective information on subsequent 

emotion recognition in healthy participants, we conducted an emotion recognition 

task in which each facial display was preceded by either a neutral or a negative 

prime. It was hypothesized that ratings of face valence will be shifted in a negative 
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direction when a negative picture was shown before (i.e. that a negative bias occurs). 

Further, it was assumed that emotion recognition in a negative context will provoke 

heightened activation in the limbic system as well as in the IFG and the STS. The 

findings of our study suggest a dissociation between brain activation and overt 

behavior, which we assume to be due to different mechanisms that drive the specific 

response patterns. 

On the behavioral level, it was shown that preceding negative information 

resulted in a negative shift in the valence evaluation of happy, but not neutral or 

angry facial expressions. Schmid and Schmid Mast (Schmid & Schmid Mast, 2010) 

applied movie scenes as mood priming and showed that emotion recognition was 

shifted in the direction of the prime when the target expressions were mood-

incongruent. The authors state that incongruity drives this effect and that it only 

occurs on a level of general valence and not for specific emotions. In accordance 

with mood congruity theories (Bower, 1981; Schwarz, 1989), as well as the findings 

of Schmid and Schmid Mast (Schmid & Schmid Mast, 2010), we assume that 

dissonance between the negative prime and the positive valence of the facial 

expression is reduced by evaluating the facial expression as less positive. Since 

dissonance between negative primes and negative or neutral facial expressions was 

lower, healthy participants might be able to compensate the effect of the negative 

preceding pictures in these trials without a process of dissonance reduction. Since 

we did not explicitly aim on mood induction, but on creating an emotional context or 

frame for the emotion recognition task, an alternative label for the mechanism in our 

study might be “emotional interference reduction”, which accounts for the competing 

emotional information that is resolved by a negative shift in emotional ratings. 

While in schizophrenia patients, one explanation for the high susceptibility for 

affective priming is an atypical top-down modulation due to the abnormal integration 

of new information in prior expectations (Blackwood et al., 2001; Freeman, 2007; 

Moritz & Woodward, 2006), healthy participants in our study showed this seeming 

inflexibility only for newly incoming positive information that result in incongruence to 

the prior negative picture. It is important to note that we did not use a positive prime, 

which might have led to a positive bias in the evaluation of negative facial 

expressions by implication of the abovementioned mechanism. Further, we 

conducted a former version of this experimental design with BPD patients who 

showed a negative bias for positive and neutral facial expressions following negative 
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primes (Fenske et al., 2015). In an extended sample including BPD and 

schizophrenia patients as well as healthy subjects, all participants showed a negative 

shift in the evaluation of positive faces when preceded by negative scenes (Fenske 

et al., unpublished data). Thus, this susceptibility to emotional inference seems only 

to be reflected in overt behavior when the dissonance is high, but manifests 

regardless of group.  

Although we did not find a general negative bias in the rating of facial 

expressions due to the affective priming, there was a clear effect on brain activation, 

pointing to a higher sensitivity of neural reactions than of overt behavior to negative 

primes. Meaux and Vuilleumier (2016) state that different parts of the face processing 

networks are involved and modulated by the demands of a specific task. Such 

individual requirements might be evoked by the identification of neutrality or different 

emotional valences in a face that is preceded by namely irrelevant, but negative 

scenes resulting in the specific activation patterns. In particular, for neutral facial 

expressions that were preceded by negative IAPS pictures we found heightened 

activation in the limbic system, especially in amygdala and NAcc, as well as in the 

STS, a pattern that was indeed expected also for emotional facial expressions 

preceded by negative primes. Neutral facial expressions contain a high amount of 

ambiguity, which might require a more elaborated information processing. Negative 

preceding information could further increase this ambiguity, which might be reflected 

by the enhanced activation for neutral facial expressions that were preceded by 

negative emotional information. Mobbs and colleagues (2006) found - amongst other 

regions - enhanced STS activation due to emotional compared to neutral contexts in 

healthy participants, too. This region was revealed in our experiment not only for 

neutral facial expressions under negative priming conditions, but also for happy facial 

expressions. The STS is known to be associated with face processing in general and 

processing of variable aspects in a face like its expression in particular (Haxby et al., 

2000). Meaux and Vuilleumier (2016) showed that the STS and prefrontal areas were 

recruited for the evaluation of independent features when a full face was presented 

under conditions of incongruence. Thus, we suggest that for happy faces following 

negative scenes a process of incongruence reduction occurred in our healthy 

sample. We do assume that this specific emotional interference reduction, which 

results in less positive evaluations of happy faces, differs substantially from the 

negative bias in the recognition of neutral faces that occurs in BPD patients. We 
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further argue that this interference reduction would conversely and regardless of 

group result in positively shifted responses for angry faces, when preceded by 

positive primes. However, since we did not use positive primes, we do not have 

empirical support for this assumption. In a mixed sample including BPD patients, 

schizophrenia patients and healthy subjects, we have found a similar effect for 

positive faces that were preceded by negative IAPS pictures (Fenske et al., 

unpublished data). All participants showed a negative shift in the recognition of 

positive faces after a negative scene picture. This effect did not differ between 

groups, indicating that this negative shift occurs in all participants including healthy 

participants. The negative bias in the evaluation of neutral facial expressions that was 

found in our previous studies in BPD and schizophrenia patients, but not in healthy 

participants (Fenske et al., 2015; Fenske et al., unpublished data) therefore might be 

a separate mechanism that is due to enhanced amygdala activation. In line with that, 

in our current study, increased amygdala activation was only revealed for negatively 

primed neutral, but not positive faces. 

Aberrant amygdala activation, as it occurred in response to neutral faces, after 

negative priming, was also found for patients in reaction to facial expressions in 

general (Donegan et al., 2003; Marwick & Hall, 2008; Mier et al., 2013; Mier et al., 

2010; Minzenberg et al., 2007; Seiferth et al., 2008) and in association with a 

negative bias (Donegan et al., 2003; Mier et al., 2014; Minzenberg et al., 2007). 

Further, for neutral, as well as for angry facial expressions that were preceded by a 

negative scene left NAcc activation was enhanced by negative preceding 

information, although there was no behavioral correlate for that. The enhanced NAcc 

activation might reflect the heightened salience that is elicited by threat and negative 

information (Vuilleumier, 2005). The shorter reaction times for angry facial 

expressions support this assumption of heightened salience of negative information. 

The generally faster responses in the session with negative primes seem also in 

agreement (see supplementary table S6), but it cannot be ruled out that this was due 

to learning effects caused by session order. Since our healthy sample showed no 

biased evaluations for neutral and angry facial expressions on the behavioral level, 

the results might point to an effectively working regulation mechanism in healthy 

participants, although brain activation is altered by irrelevant emotional information 

prior to the target emotion. More intense alterations in brain response might be 
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necessary to evoke impairments on the behavioral level, as we would expect them to 

occur in BPD patients. 

A higher difference in activation in right BA 44 in reaction to neutral facial 

expression between neutral and negative priming conditions was associated with less 

cognitive reappraisal. In other words, the higher the difference in BA 44 activation in 

response to neutral faces between negative and neutral primed neutral faces, the 

lower was the habitual emotion regulation ability via cognitive reappraisal. This result 

is in line with the assumed associations between emotion regulation abilities and the 

negative bias. Further, these results are in agreement with our earlier findings in a 

behavioral study with BPD-patients that showed an association between emotion 

dysregulation and a negative bias for neutral faces (Fenske et al., 2015). BA 44 is 

part of the mirror neuron system and assumed to enable embodied simulation 

(Iacoboni & Dapretto, 2006). Thus, our results might suggest a tendency to over-

attribute mental states to neutral faces when preceded by a negative situation. Since 

emotion regulation has been linked to top-down control (Braunstein, Gross, & 

Ochsner, 2017), we assume that a reduction of top-down control, as reflected in less 

cognitive reappraisal abilities might be causal to the negative bias in BPD. In our 

healthy participants however, this enhanced vulnerability on the neural level did not 

lead to behavioral deficits. 

Except for the association with cognitive reappraisal, there were no further 

associations between assessed personality features and traits that are linked to 

reduced top-down control and the negative bias in our sample that survived 

correction for multiple testing. However, this might be attributable to the rather low 

values and variance of schizotypy and emotion regulation difficulties in our healthy 

participants. Since the SPQ-scores in our sample are comparable with earlier 

findings for healthy participants of Moritz and Andresen (2002) we assume our 

sample to reflect a representative picture of this population. Hence, further research 

to elucidate the relationship between emotion regulation and schizotypy by 

investigating groups with higher variance in the clinical measures, or directly by 

assessing patient samples is needed. 

In contrast to our expectation, we found a response shift on the behavioral 

level, only for positive faces. An additional explanation to the presented incongruency 

hypothesis why there was no general priming effect due to the negative scenes could 

also be our study design. Short SOAs and non-consciously perceived (subliminal) 
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primes have been shown to elicit target-unspecific priming effects in healthy 

participants (e.g. Murphy & Zajonc, 1993), and evaluations of time courses further 

proved that short prime presentation times elicit the strongest priming effects in the 

sense of congruent affective evaluations. Primes that were presented for 1000 ms or 

longer did not result in such general shifts (e.g. Hermans, De Houwer, & Eelen, 

2001). A longer presentation allows a higher degree of cognitive processing and 

provides more information about specific features of the prime that might cancel the 

priming effect on behavioral level. This conscious evaluation might be the reason for 

more accurate emotion recognition and reduced automatic priming effects in our 

study. Hence, we speculate that in healthy participants, mood or valence 

incongruence can cause a shift in emotion recognition especially under conditions of 

consciously perceived presentation of the irrelevant context information and the 

target. 

In summary, we could show that in healthy people the neural level seems to 

be more sensitive to negative preceding information than the behavioral level and 

that negatively primed facial emotion recognition reveals resembling neural correlates 

in healthy participants that are known to be associated with a negative bias in 

response to facial expressions in patients with schizophrenia and borderline 

personality disorder (Donegan et al., 2003; Mier et al., 2014; Minzenberg et al., 

2007), especially enhanced amygdala, NAcc and STS activation. Further, our results 

suggest that incongruence may lead to negative shifts in the evaluation of positive 

facial expressions. We conclude that emotion recognition in healthy people is 

affected by preceding context, albeit the effect seems to be less pronounced than it 

has been found in previous studies in patients (Fenske et al., 2015; Hooker et al., 

2011). Further, we assume that these context driven biases in emotion recognition 

present on a continuum ranging from aberrations in brain responses to aberrations in 

overt behavior. 
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4.1.6 Supplementary materials 

Table S1. List of presented IAPS-pictures separated in sets for each face category. 

 neutral negative 

 
name picture-code name picture-code 

SET 1 - primes prior to Man 2512 Toddler 2095 

happy facial expressions Casino 7506 SadChildren 2703 

 Chess 2580 Attack 3500 

 NeuWoman 2038 OpenGrave 3005,1 

 Man 2357 DyingMan 3230 

 Woman 2025 Mutilation 3225 

 Couple 4605 BeatenFem 6315 

 Woman 2513 Infant 3350 

 Tourist 2850 Police 6838 

 Golfer 8311 ManOnFire 9635,1 

SET 2 - primes prior to NeutralMale 2499 SadChild 2800 

angry facial expressions Market 2597 CarAccident 9910 

 Couple 2396 Attack 3530 

 Butcher 2235 Suicide 6570 

 NeuMan 2102 Hospital 3220 

 Office 7550 BurntFace 3101 

 Woman 2305 BatteredFem 3180 

 Men 2593 Kids 9520 

 Mom/Son 2435 Soldier 9410 

 Girl 2381 Fire 9921 

SET 3 - primes prior to Medicalworker 2394 InjuredChild 3301 

neutral facial expressions Jet 7620 PlaneCrash 9050 

 Bakers 2579 Attack 6350 

 Man 7493 Gun 2811 

 Factoryworker 2393 Hospital 2205 

 Farmer 2191 Mutilation 3051 

 Man 2485 BatteredFem 3181 

 Shopping 2745,1 BabyTumor 3170 

 Woman 2620 Soldier 6212 

 Teenager 2870 StarvingChild 9040 
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Table S2. One-factorial ANOVAs for the comparison of IAPS-picture-Sets separated for 

valence and arousal. 

 
SET 1 SET 2 SET 3 F p total 

negative       

valence 1.99 (1.36) 2.02 (1.33) 2.02 (1.40) 0.023 0.977 2.01 (1.36) 

arousal 6.00 (2.30) 6.06 (2.13) 6.00 (2.17) 0.026 0.975 6.02 (2.20) 

neutral       

valence 5.47 (1.36) 5.42 (1.23) 5.48 (1.42) 0.096 0.908 5.46 (1.34) 

arousal 3.48 (1.97) 3.49 (1.91) 3.53 (2.02) 0.031 0.970 3.50 (1.97) 

Note. Means and standard deviations (in parentheses) of the matched picture sets on the basis of 

norm data of ratings for valence and arousal from Lang, P.J., Bradley, M.M., & Cuthbert, B.N. (2008). 

International affective picture system (IAPS): Affective ratings of pictures and instruction manual. 

Technical Report A-8. University of Florida, Gainesville, FL. 

Table S3. Interaction effect of face valence x prime valence: post-hoc pairwise comparisons. 

Neg – Neu  
Mean 

differences 
Standard error padj 95%-CI 

happy -7.94 2.11 < 0.001 -12.24 – -3.63 

neutral -0.36 1.74 0.840 -3.91 – 3.21 

angry 2.13 1.56 0.182 -1.06 – 5.31 

Note. Neg = negative priming, Neu = neutral priming, adj = Bonferroni-adjusted. 

Table S4. Main effect of face valence on valence ratings: post-hoc pairwise comparisons. 

 
Mean 

differences 
Standard error padj 95%-CI 

happy - neutral 57.66 4.25 < 0.001 46.90 – 68.43 

happy - angry 95.81 6.66 < 0.001 78.91 – 112.70 

neutral - angry 38.15 3.24 < 0.001 29.92 – 46.37 

Note. adj = Bonferroni-adjusted. 

4.1.6.1 Effects of negative priming on certainty ratings 

A 2 (prime valence) x 3 (face valence) repeated measures ANOVA was conducted to 

explore priming effects on certainty ratings. There was no significant interaction between 

prime valence and face valence, as well as no main effect of prime valence in this analysis. 

However, a main effect of face valence (F(2;60) = 13.28, p < 0.001, f = 0.89) was revealed. 

Post-hoc comparisons are shown in table S5: Participants’ ratings of certainty differed 

between the face conditions with the highest reported certainty for happy faces (M = 81.07, 

SD = 14.02) followed by negative facial expressions (M = 76.60, SD =14.94). For neutral 



Study 2: Identification of neurobiological correlates of negatively primed emotion recognition in healthy 
individuals and implications for disturbed mechanisms in patients 

89 

facial expressions they reported the lowest certainty (M = 70.99, SD = 17.81) compared to 

happy and negative faces. Negative primes did not affect certainty ratings significantly. 

Table S5. Main effect of face valence on certainty ratings: post-hoc pairwise comparisons. 

 
Mean 

differences 
Standard error padj 95%-CI 

happy - neutral 10.07 2.43 0.001 3.91 – 16.24 

happy - angry 4.46 1.41 0.010 0.89 – 8.02 

angry - neutral 5.61 1.90 0.018 0.79 – 10.44 

Note. adj = Bonferroni-adjusted. 

4.1.6.2 Effects of negative priming on reaction times 

A 2 (prime valence) x 3 (face valence) repeated measures ANOVA was conducted to 

explore priming effects on reaction times. In this analysis no significant prime valence x face 

valence interaction between occurred. However, a main effect of priming was revealed 

(F(1;30) = 8.78, p = 0.006, f = 0.78). Bonferroni-adjusted post hoc comparison showed that 

reaction times for the valence ratings were shorter after preceding negative (M = 687.18, SD 

= 222.86) compared to neutral preceding pictures (M = 751.86, SD = 230.77) (see table S6).  

Table S6. Main effect of prime valence on reaction times for valence ratings: post-hoc 

pairwise comparison. 

 
Mean 

differences 
Standard error padj 95%-CI 

negative - neutral -64.68 21.83 0.006 -171.25 – 24.73 

Note. adj = Bonferroni-adjusted. 

Furthermore, a main effect of face valence was shown (F(2;60) = 12.22, p < 0.001, f = 

0.87). Bonferroni-adjusted post-hoc comparisons revealed that reaction times for angry faces 

(M = 646.17, SD = 208.80) were shorter than for happy facial expressions (M = 719.57, SD = 

212.13) and neutral facial expressions (M = 792.83, SD = 286.32). Differences between 

happy and neutral faces were not significant (table S7). 
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Table S7. Main effect of face valence on reaction times: post-hoc pairwise comparisons.  

 
Mean 

differences 
Standard error padj 95%-CI 

happy - neutral -73.26 38.64 0.203 -171.25 – 24.73 

happy - angry 73.39 20.79 0.004 20.68 – 126.11 

neutral - angry 146.65 26.73 < 0.001 78.87– 214.43 

Note. adj = Bonferroni-adjusted. 

4.1.6.3 Valence and arousal ratings of experimental stimuli after the experiment 

Ratings of experimental stimuli were analyzed conducting one factorial repeated 

measures ANOVAs separately for valence and arousal ratings of the facial expressions (see 

table S8, S9) and paired t-tests for ratings of the prime pictures (see table S10).  

Table S8. Repeated measures ANOVAs for ratings of face stimuli: main effects.  

 happy neutral angry F p 

Valence M = 6.60  

(SD = 0.64)  

M = 4.46  

(SD = 0.39) 

M = 3.15  

(SD = .96) 

162.74 < 0.001 

Arousal M = 2.73 

(SD = 1.53) 

M = 2.44 

(SD = 1.24) 

M = 3.57  

(SD = 1.92) 

12.13 < 0.001 

Table S9. Repeated measures ANOVAs for ratings of face stimuli: post-hoc pairwise 

comparisons for a) valence ratings and b) arousal ratings. 

a) 

valence 
Mean 

differences 
Standard error padj 95%-CI 

happy - neutral 2.15 0.15 < 0.001 1.77 – 2.53 

happy - angry 3.46 0.26 < 0.001 2.80 – 4.11 

neutral - angry 1.31 0.15 < 0.001 0.93 – 1.70 

adj = Bonferroni-adjusted. 
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b) 

arousal 
Mean 

differences 
Standard error padj 95%-CI 

happy - neutral 0.29 0.23 0.679 -0.30 – 0.88 

angry - happy 0.84 0.27 0.011 0.16 – 1.52 

angry - neutral 1.23 0.21 < 0.001 0.59 – 1.66 

Note. adj = Bonferroni-adjusted. 

Table S10. T-tests for the comparison of ratings for prime pictures. 

 neutral prime negative prime T p 

Valence M = 5.79 (SD =0.68) M = 2.31 (SD =0.72) 15.86 <0.001 

Arousal M = 2.55 (SD =1.19) M = 6.26 (SD =1.51) -14.10 <0.001 

Table S11. Activation during presentation of negative scenes compared to the presentation 

of neutral scenes, p = 0.001 uncorrected, k = 10. 

Negative IAPS > neutral IAPS   MNI  

 Area BA k x y z T-value 

Fusiform Gyrus  37 50 -42 -64 -7  4.77 

Visual association cortex  19 25 48 -58 -7  4.70 

Note. BA = Brodmann area, coordinates = MNI (Montreal Neurological Institute) coordinates of the 

peak voxel in the cluster, k = cluster-size. 
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Table S12. Main-effect of prime valence, p = 0.001, k = 10. 

   MNI  

 Area BA k x y z F-value 

Lentiform Nucleus (Putamen)  164 30 -13 -1 33.54 

Lentiform Nucleus    30 -4 -4 29.35 

Lentiform Nucleus    27 5 11 14.21 

Caudate   29 6 2 11 25.87 

Lentiform Nucleus   181 -30 -4 2 21.48 

Lentiform Nucleus    -27 -7 14 21.42 

Lentiform Nucleus    -30 -13 -4 20.19 

Thalamus (Pulvinar)  13 15 -37 14 18.87 

Inferior Frontal Gyrus  BA 45 24 60 26 20 18.62 

Supramarginal Gyrus  BA 40 87 60 -58 26 17.64 

Anterior cingulate  BA 33  15 6 5 23 16.72 

Culmen   26 9 -46 -7 15.18 

Lingual Gyrus  BA 18 15 0 -85 -16 14.73 

Inferior Occipital Gyrus  BA 17  -9 -94 -16 12.98 

Superior Temporal Gyrus  BA 22 11 69 -43 5 14.52 

Superior Temporal Gyrus  BA 38 15 42 14 -19 14.28 

Note. BA = Brodmann area, coordinates = MNI (Montreal Neurological Institute) coordinates of the 

peak voxel in the cluster, k = cluster-size. 
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Table S13. Interaction prime valence x face valence p = 0.001, k = 10. 

   MNI  

 Area BA k x y z F-value 

Medial Frontal Gyrus  10 181 9 53 20 11.43 

Medial Frontal Gyrus  10   -3 56 17 10.61 

Superior Frontal Gyrus  10   -6 62 29 8.97 

Postcentral Gyrus  2 20 36 -31 38 11.32 

Subcallosal Gyrus  25 21 -3 14 -13 11.30 

Fusiform Gyrus 37 10 42 -52 -7 10.82 

Parahippocampal 

Gyrus/Amygdala  39 -24 -4 -16 10.47 

Culmen   16 9 -28 -34 9.73 

Middle Temporal Gyrus  21 33 66 -25 -10 9.35 

Middle Temporal Gyrus  21   54 -28 -7 8.54 

Inferior Temporal Gyrus  21 11 57 -13 -25 9.29 

Inferior Temporal Gyrus  20 10 60 -34 -22 9.26 

Amygdala/Parahippocampal 

Gyrus   17 18 -1 -19 9.17 

Amygdala/Uncus    27 -1 -25 7.51 

Superior Frontal Gyrus  9 11 -6 56 41 8.96 

Inferior Temporal Gyrus  20 10 -57 -22 -22 8.34 

Middle Temporal Gyrus  21 10 45 11 -34 8.11 

Superior Temporal Gyrus  38   36 14 -34 7.92 

Note. BA = Brodmann area, coordinates = MNI (Montreal Neurological Institute) coordinates of the 

peak voxel in the cluster, k = cluster-size. 
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5 GENERAL DISCUSSION 

The present dissertation aimed at investigating the nature of emotion 

recognition deficits in BPD patients in general and the negative bias in particular, as 

well as its specificity for BPD, and its dependence on influencing factors. Addressing 

this issue seems highly relevant as many studies found heterogeneous results with 

respect to emotion recognition deficits in BPD (Mitchell et al., 2014). A deeper 

understanding of these impairments is crucial, since a negative perceptual bias might 

explain the interpersonal difficulties in BPD. It could thereby strongly contribute to the 

psychological strain of the disorder as well as the resulting general healthcare costs. 

The paradigm we used to disentangle influences on emotion recognition assessed 

the ability to suppress reactions to irrelevant stimuli, and the recognition performance 

as well as the resulting error patterns under time constraints. To realize this aim 

within one task, a combined affective priming emotion recognition task was 

developed and applied to patients with BPD and patients with schizophrenia as well 

as to healthy participants. Emotion recognition performance and the negative bias 

were assessed via behavioral measures and during neuroimaging. Additionally, 

associations between these measures and potentially relevant symptomatology were 

examined. In the first study, the influences of task-irrelevant, social-emotional 

information and time pressure on the occurrence of the negative bias were 

investigated in a sample of female BPD patients and female healthy controls (study 

1a). These factors were also explored in an extended sample including a clinical 

comparison group of schizophrenia patients as well as male participants (study 1b). 

Another aim of this dissertation was to assess the neurobiological mechanisms of 

biased emotion recognition. Therefore, the initial paradigm was adapted and applied 

during fMRI in a healthy sample (study 2). Emotion regulation abilities and other 

psychopathological indices were collected in all samples to gain further insight into 

associated states and traits. 

5.1 Summary of study results 

BPD as well as schizophrenia patients both showed clear emotion recognition 

deficits. Although, especially in schizophrenia previous studies reported an overall 

impairment in emotion recognition (Kohler et al., 2003) we found deficits in both 

patient groups only when processing time was restricted and not independent of 
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interfering emotional information. In these particular instances, deficits were obtained 

especially for neutral facial expressions and partly also for positive faces, but not for 

negative facial expressions. This points to an intact or referring to previous literature 

regarding BPD even heightened sensitivity for negative information (e.g. Lynch et al., 

2006; Wagner & Linehan, 1999), even under conditions of reduced processing 

capacity and interfering information. The deficits in the recognition not only of neutral 

facial expressions, but also of positive facial expressions might increase difficulties in 

social interaction. Possible explanations might be the attribution of negative emotions 

to others, but also preventing the perception of cues signaling affiliation and safety 

(Bertsch, Hillmann, & Herpertz, 2018). 

The negative bias in emotion recognition for neutral facial expressions in BPD 

and schizophrenia is in line with previous findings (Daros et al., 2013; Kohler et al., 

2003; Mitchell et al., 2014). It did not differ between patient groups, although 

schizophrenia patients were more impaired in emotion recognition than BPD patients. 

This difference in general impairment could be due to the fact that schizophrenia 

patients suffer from considerably stronger cognitive disturbances (Javitt, 2009; Volk & 

Lewis, 2014) than BPD patients. Due to this overall impaired functioning, the 

experimental task might be more demanding for schizophrenia patients than for BPD 

patients resulting in pronounced deficits in emotion recognition performance. This 

assumption is supported by correlations of neurocognitive performance with emotion 

recognition in schizophrenia (Kohler et al., 2000). 

Interestingly, these deficits disappeared when the evaluation of facial 

expressions was separated from other possible interfering information and conducted 

without any time constraints. That is, in the self-paced valence ratings for facial 

expressions, which were obtained after the main experiment in which faces were not 

preceded by emotional scenes, patients and healthy controls performed comparably 

well in emotion classification. This is in line with previous studies that did not find an 

emotion recognition deficit and a negative bias in BPD at all (Fertuck et al., 2009; 

Lynch et al., 2006) or only under specific circumstances, such as time constraints 

(Dyck et al., 2009).  

It is important to mention that valence and arousal of the stimuli were rated 

separately after the experiment and while valence ratings of facial expressions did 

not differ between groups, the elicited arousal by facial stimuli was evaluated with 

higher values in the patient groups (especially in BPD patients for neutral and 
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negative faces). Attributing a higher arousal to facial expressions, especially to facial 

expressions which do not contain emotional information, points to a fundamental 

difference in the perception of facial expressions in BPD, which could be caused by 

the hyperreactive amygdala (e.g. Donegan et al., 2003; Mier et al., 2013), higher 

negative affect in general as well as higher aversive tension (as measured in study 1 

by PANAS and DSS). This might represent a vulnerability that does not per se lead to 

a negative bias in facial emotion recognition, but causes it when other factors reduce 

processing capacity and top-down modulated interference reduction. We suggest that 

higher arousal in the course of the experiment, as well as higher arousal values 

ascribed to the stimuli might therefore also contribute to the negative bias. 

Although error patterns in the two patient groups looked almost identical, there 

were distinctive associations between clinical measures and negatively biased 

responses. While in BPD in comparison to schizophrenia a stronger relation to 

emotion dysregulation was found, the level of positive and negative symptoms 

seemed to be closely related to the occurrence of a negative bias in schizophrenia 

suggesting differences in the mechanisms of developing negatively biased 

perceptions. 

Comparing female and male patients did not reveal a differential pattern in 

emotion recognition performance in general or regarding the negative bias in 

particular. That is, female and male participants of both clinical groups showed 

comparable error rates in recognizing emotions in facial expressions independent of 

the emotional valence they judged. In contrast, female healthy controls performed 

better than male healthy subjects.  

Study 2 used an adapted version of the paradigm to investigate neural 

correlates of negatively primed emotion recognition in healthy participants. Negative 

priming increased activation in amygdala, STS, and NAcc. These activation patterns 

point to a rather emotion-driven processing state – a pattern one would expect to find 

in BPD patients. This supports the idea of increased emotional processing of non-

emotional information in patients with BPD. 

Based on previous theories and current research findings, a theoretical model 

of the occurrence of the negative bias will be proposed in the following section. 

Based on this theoretical model, future research perspectives will be discussed. 

Furthermore, clinical and psychotherapeutic implications derived from the insights 

into preconditions promoting the occurrence of the negative bias will be presented.  
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5.2 Models of a negative bias in borderline personality disorder and schizophrenia 

The proposed model (figure 1) summarizes the current state of existing 

literature as well as the findings of the studies derived from the present dissertation. 

Neurobiological models for facial emotion recognition processes assign the amygdala 

a crucial role in disturbed emotionality in BPD patients (e.g. Mitchell et al., 2014). It is 

assumed that hyperactivation of the amygdala in concert with reduced modulatory 

control by the PFC might provide a framework based on which subsequent 

disturbances in social cognition are composed. Emotional hypersensitivity and 

emotion dysregulation end up in negatively biased perceptions, especially under 

conditions of frequently changing and therefore interfering emotional information and 

short processing time. The model of a negative bias in schizophrenia (adapted from 

Mier & Kirsch, 2017) shows a substantial overlap with the model for BPD with regard 

to neurobiological findings of a hyperactivation in the amygdala as well as reduced 

coupling between prefrontal and subcortical regions. In contrast to BPD, reduced 

prefrontal control of the NAcc (Cook et al., 2012) in addition to hyperactivity of the 

amygdala is supposed to contribute to the negative bias for neutral facial expressions 

(Mier & Kirsch, 2017). Schizophrenia patients consistently showed functional 

alterations in the ventral striatum (i.e. the NAcc) which are associated with aberrant 

salience processing (Heinz & Schlagenhauf, 2010; Kapur, 2003; Winton-Brown, 

Fusar-Poli, Ungless, & Howes, 2014). In contrast to that, the functioning of the NAcc 

in BPD remains rather unexamined. An influence of alterations in salience processing 

might be also possible in BPD given the heightened emotional sensitivity. There were 

further hypotheses of dopamine dysfunction contributing to emotion dysregulation, 

impulse control and cognitive-perceptual disturbances in BPD, but clear empirical 

evidence for that is pending (Friedel, 2004). Since successful social interactions can 

be highly rewarding (Krach, Paulus, Bodden, & Kircher, 2010), negatively biased 

perception in BPD might also entail a loss of potential reward, which could also have 

a neural correlate in the reward system.  

The role of the STS also seems to differ between the two patient groups. 

While in BPD aberrations of STS functioning are more heterogeneous regarding the 

direction of either hyper- or hypoactivation (Koenigsberg et al., 2009; Mier et al., 

2013) and were rather associated to higher social-cognitive processes like theory of 

mind (Mier et al., 2013), its hyperactivation in schizophrenia was associated with 
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 Figure 1. Neurobiological models of a negative bias in Borderline Personality Disorder and schizophrenia
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processing of neutral faces and emotion recognition (Mier et al., 2010; Pinkham, 

Hopfinger, Pelphrey, Piven, & Penn, 2008). 

Modulation of the increased emotional processing seems to be impaired due 

to abnormal connectivity of the amygdala with the PFC/ACC resulting in reduced top-

down control in cortico-limbic circuits. The reduced inhibition of the emotionally driven 

hyperarousal might provide the neural underpinning of the less adequate and 

effective regulation strategies frequently observed in BPD patients. In BPD there are 

several hints for a disturbed top-down modulation in the context of emotional 

processing involving these areas (e.g. Bertsch et al., 2018; Koenigsberg et al., 2009). 

This is for example indicated by reduced connectivity between the amygdala and the 

prefrontal cortex (Minzenberg et al., 2007; Ruocco et al., 2013). Hypoactivation in 

frontal regions in concert with limbic hyperactivation was also revealed during explicit 

emotion regulation (Schulze et al., 2011), which reflects a typical top-down process. 

A deficit in emotion regulation should therefore also be associated with the negative 

bias. We found such a correlation between difficulties in emotion regulation and the 

negative bias in BPD. Schizophrenia patients, just like BPD patients, reported higher 

negative affect and enhanced arousal levels compared to healthy subjects. 

Moreover, they also showed significantly pronounced emotion dysregulation 

compared to healthy controls. However, in contrast to BPD, emotion dysregulation 

seemed to play a minor role in the occurrence of a negative bias in this disorder. This 

remarkable difference between BPD and schizophrenia cannot be sufficiently 

explained by the amount or intensity of emotion dysregulation, since there was also a 

significant association of emotion dysregulation with the negative bias in healthy 

subjects, i.e. the group with the lowest emotion regulation difficulties at all. 

Also, our findings are in line with another study that revealed no association 

between social cognition and emotion regulation in schizophrenia (Rowland et al., 

2013). Instead, symptom severity and especially positive symptoms appear to be 

more relevant for the occurrence of negatively biased responses. Since the 

development of positive symptoms is explained by aberrant salience processing and 

difficulties in the integration of newly incoming stimuli to previously processed 

information (Blackwood et al., 2001; Freeman, 2007; Moritz & Woodward, 2006), 

alterations in NAcc functioning might contribute to the emergence of the negative 

bias. As mentioned before, not much is known about the role of the NAcc in BPD. 

However, there is some evidence in BPD for interactions between disturbed 
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emotional processing and altered activation in the reward system (Enzi et al., 2013). 

It could be an interesting research question to investigate whether there is aberrant 

salience attribution also in BPD, or whether the disturbance in salience attribution 

differentiates between BPD and schizophrenia. These questions would have to be 

answered before conclusions regarding the specificity of the correlation between 

negative bias and positive symptoms in schizophrenia can be finally drawn. 

Since BPD patients often present with negative prior experiences and 

corresponding assumptions, these preconditions might also contribute to more 

negative evaluations. If the hyperreactivity of the emotion processing brain network is 

primarily a result of previous experiences or rather the prerequisite for the 

development of the prominent emotion dysregulation in response to negative 

experiences, cannot be concluded from the present findings. According to the 

biosocial theory, BPD develops as a result of the interaction between biological 

vulnerabilities and environmental risk-factors (Crowell, Beauchaine, & Linehan, 

2009). The previously presented results provide clear evidence for the proposed 

relation of impaired emotion processing and difficulties in emotion regulation. 

Neuroimaging data points to the role of the described network as a neural 

mechanism mediating emotional interference and disturbed evaluation of emotional 

stimuli. 

In daily life people are confronted with a huge amount of emotional information 

that changes with high frequency whereby a large part of this information is actually 

not related to previous information. For BPD patients who have a hyperreactive 

amygdala in combination with a prolonged habituation and a reduced top-down 

modulation this might result in interference of subsequently processed emotional 

information. That is, processing of one emotional input has not yet finished when the 

next stimulus encounters the social cognitive processing network. Emotional stimuli 

of different valences being processed at the same time and in absence of intact 

inhibitory processes might yield mixed-up emotions that can hardly be discriminated 

and cannot be attributed correctly to their original source. In summary, amygdala 

hyperreactivity could provide the neural basis for emotional dysregulation that 

comprises a high sensitivity for emotional cues, intense reactions to them and a long 

persistence of emotional reactions. Reduced top-down modulation adds to it by 

lacking adequate regulation strategies. The result is a highly emotion-driven 

subjective experience and behavior characterized by negatively biased perceptions. 
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Compensation for these disturbances requires a setting that provides enough time 

and capacity for conscious evaluation and reappraisal of automatically shifted 

responses. 

5.3 Future research 

Since the present sample of study 2 only consisted of healthy participants, 

patients with BPD as well as schizophrenia should also be included in the fMRI 

experiment to study the neural correlates and to test the previously described model 

assumptions. The inclusion of patient samples should further provide detailed 

information about group differences in the adapted task. We would assume that 

patients with BPD will show a greater susceptibility to the negative preceding 

emotional information leading to an augmented negative bias as well as 

corresponding amygdala hyperreactivity in concert with reduced PFC modulation. 

Connectivity analyses should be performed to further elucidate the interplay of 

relevant brain areas and the assumption of reduced top-down control. Originally, the 

inclusion of the patient samples was also planned for the current thesis. However, 

unfortunately it was not possible to acquire a sufficient sample size in the patient 

groups within the realms of time limitations for a doctoral thesis. 

As mentioned in the meta-analysis of Mitchell and colleagues, there is a great 

diversity of tasks, stimuli, sample characteristics and methods in the research field of 

emotion recognition and biased perception in BPD (Mitchell et al., 2014). This 

dissertation tried to explain some of the contradicting results by integrating different 

influencing factors in one task. Although, we were able to replicate previous findings 

and add further insights to the existing knowledge, future research would clearly 

benefit from further integration of existing evidence and comparison of inconsistent 

findings through direct experimental manipulation. A direct comparison of response 

formats in emotion recognition paradigms would be necessary to rule out that 

differences in response patterns are solely attributable to differing assessments of 

emotion recognition. A classification of valence might require other capacities than a 

differentiation between specific emotional categories. Forced choice between 

alternatives could also be different from continuous ratings. Such clarification might 

further be important for administered stimulus material, such as static or dynamic 

facial expressions or information stemming from different modalities. However, only 

few studies already addressed this particular issue, for example by using multi-modal 

information (Minzenberg, Poole, & Vinogradov, 2006; Niedtfeld et al., 2017) or by 
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comparing different processing steps in reaction to a changing stimulus (Lowyck et 

al., 2016). In our study, interfering emotional information was not investigated without 

time constraints. Therefore, potential confounding between emotional interference 

and timing could be seen as a limiting factor that hampers the interpretation of the 

observed effects. One important adaptation directly suggested by the findings of this 

dissertation could be, to separate the influence of time constraints and interfering 

emotional information. Since it is possible that context effects only occur given a 

restricted processing, emotional interference should be investigated in a completely 

self-paced design. Furthermore, the investigation of the neural correlates of these 

influencing factors on the negative bias in patients would be the next consecutive 

approach. In this context it would also be interesting to test the hypothesis that slow 

amygdala habituation (Hazlett et al., 2012) directly contributes to the occurrence of a 

negative bias in BPD. Another region of interest could be the NAcc and the question 

whether altered salience attribution directly influences the negative bias specifically in 

schizophrenia, but also in BPD. There are first hints for altered salience also in BPD 

patients (Catalan et al., 2018; Winter, Koplin, & Lis, 2015). For this purpose and to 

clarify whether the association of positive symptoms with biased perception is 

specific for schizophrenia, the analysis of correlations with stress related psychotic 

symptoms in BPD could be helpful. Connecting of all these loose ends could finally 

complete the fragmentary and to some extent heterogeneous picture of emotion 

recognition deficits in BPD. 

5.4 Implications for psychotherapeutic interventions 

BPD patients often report difficulties in describing and labeling their own current 

feelings and what they derive from (Derks, Westerhof, & Bohlmeijer, 2017). This was 

supported by the significant higher alexithymia scores in BPD patients compared to 

healthy controls found in our sample. Furthermore, they face a lot of interpersonal 

conflicts and disturbances in social relationships. An implication of the recent findings 

for psychotherapeutic interventions in BPD would be to put a stronger focus on 

situational factors that could influence current affective states of BPD patients and 

subsequent evaluations. Although, emotional information might be perceived 

consciously, it could often not be assigned to the right source and interfering 

emotions might result in negatively biased perception. BPD patients might tend to be 

overwhelmed by this variety of incoming information and not be able to discriminate 

irrelevant emotions from their current affective state and the present situation. To 
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some extent existing cognitive-behavioral interventions already account for this issue. 

For example, the SORKC-model (Kanfer & Saslow, 1974) that is widely used in 

cognitive behavioral therapy does include the organism-variable that explains 

interactions between a person’s traits and the perception of a certain situation. 

Dialectical behavior therapy (DBT) that has been developed to particularly address 

problems that frequently occur in BPD comprises even more elaborated methods to 

target these interactions (Linehan, 1993a). However, none of these interventions 

specifically aims at reducing interference of subsequently perceived events. That is, 

most DBT interventions rather focus on interferences arising from biographical 

experiences and prior knowledge (Bohus & Wolf-Arehult, 2013). Thus, existing 

interventions may not be sufficiently explicit in helping patients to become more 

aware of situational and irrelevant emotional interferences. To train them to 

differentiate between a previous situation and new emotional information that is 

independent from the earlier perception (e.g. by extending the analysis of the 

organism-variable) could help to establish more adequate evaluations. There is first 

evidence for effects of DBT on neural responsiveness to negative stimuli and arousal 

in the amygdala (Schnell & Herpertz, 2007) as well as for better amygdala 

habituation after treatment (Goodman et al., 2014). However, which specific 

interventions led to the effect is not yet clearly described. Further research on the 

effect of well-defined psychotherapeutic interventions on interference reduction is 

needed to evaluate whether existing interventions really address this phenomenon 

sufficiently or whether adapted interventions are necessary to address the disturbed 

top-down modulation in the case of emotional interference. Andreou and colleagues 

(2015) argued that in the treatment of social-cognitive deficits in BPD and 

schizophrenia, there is no “one-size fits all approach”. First promising evidence 

however for an effective reduction of contextual influences in schizophrenia was 

provided by Chung and Barch (2011). An enhancement of attention to contextual 

cues evoked by a specific categorization resulted in less interference (Chung & 

Barch, 2011). Combined with an emotion regulation approach this might also be a 

promising intervention for BPD patients. 

5.5 Conclusion 

Even though in the past decades a growing number of studies have been 

conducted on emotion recognition in BPD, still many questions remain open. 

Especially the numerous possible interdependencies between neurobiological, 
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behavioral and situational factors contributing to the social-cognitive deficits occurring 

in daily life of the patients appear to be barely understood. Since social 

misunderstandings and interpersonal disturbances are core problems of patients with 

BPD, extending the existing knowledge about these impairments and their basis is 

crucial for progress in treatment development.  

We claim that emotion recognition based on facial expressions is an important 

ability for successful social interaction. Facial expressions frequently serve as the 

main or even only source of information and impairments in processing facial 

expressions can initiate a cascade of misattributions that substantially disturb social 

interactions. Therefore, we applied a paradigm that provides the possibility to not only 

look at different factors influencing this process but also to describe the nature of the 

impairments in more detail. 

Given the data presented and discussed above we conclude that BPD patients 

do not show a general emotion recognition deficit, but a specific impairment for 

emotional expressions that are not negative. This deficit seems to be pronounced 

especially for neutral facial expressions, where obvious indicators for evaluations are 

missing. It is worth noting that the stimulus material and response format may 

considerably account for heterogeneous findings in previous studies. 

Moreover, BPD patients exhibit a negative bias in the recognition of neutral 

expressions only under specific circumstances. We have shown that restricted 

processing time is an essential factor for the bias to occur. Additionally, preceding 

emotional contextual information, which is not directly associated to the actual 

content, but interferes with the subsequent emotion recognition, has an influence on 

negatively biased perception. This could be caused by an interaction of aberrant 

bottom-up (hyperarousal) and top-down processing (emotion dysregulation), resulting 

in an aggravated negative bias. 

We could further show that processing of non-emotional facial expressions 

that were preceded by negative emotional information resulted in responses in brain 

regions linked with emotional processing, even in healthy participants. This response 

pattern might not be strong enough to result in disturbances in emotion recognition 

behavior in healthy people, but could be much more pronounced in BPD patients and 

thereby explaining the negatively biased behavioral responses. 

However, such a negative bias in the evaluation of neutral faces emerges not 

uniquely in BPD patients but also in schizophrenia. Nevertheless, there seem to be 
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disorder-specific mechanisms, such as differential associations with emotion 

dysregulation, underlying comparable overt behavior. These specificities should be 

further clarified in additional experiments and might inform adaptations of currently 

applied psychotherapeutic interventions.  

This dissertation was the first to investigate the influence of task-irrelevant 

preceding information and time pressure on facial emotion recognition by directly 

comparing BPD with schizophrenia patients. It provides valuable insights into 

neurobiological and behavioral factors, influencing the occurrence of a negative bias 

in emotion recognition in BPD and can be indicatory for adaptations in 

psychotherapeutic treatment of core symptoms in BPD. 
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6 SUMMARY 

Patients with Borderline Personality Disorder (BPD) suffer from severe 

emotion dysregulation, instable relationships, and tend to perceive their interaction 

partners as hostile and rejecting. Causal to these negative perceptions of others 

might be deficits in social cognition, in particular a negative bias in emotion 

recognition (i.e. the attribution of negative emotions to neutral or ambiguous facial 

expressions). However, until now, findings regarding such a negative bias are 

heterogeneous, and influencing factors of its occurrence are neither well-described, 

nor systematically examined. The aim of this dissertation was to investigate internal 

and external determinants, as well as the specificity of the negative bias in BPD.  

A behavioral study combining affective priming, emotion recognition and a 

manipulation of the available processing time in one paradigm was conducted with 

BPD patients, a healthy and a clinical control group of schizophrenia patients. The 

results support the existence of a negative bias in patients with BPD, and suggest 

that preceding emotional information, as well as available processing time are 

relevant factors for the occurrence of the negative bias. In addition, an association 

between the negative bias and emotion dysregulation was revealed in BPD. While 

schizophrenia patients showed a similar error pattern, the extent of negatively biased 

responses was not associated with emotion dysregulation, pointing to distinct 

mechanisms underlying the disturbed processing of facial expressions. 

Further, an adapted task of affective priming combined with emotion 

recognition was applied to healthy participants in a functional magnetic resonance 

imaging study. Increased activation due to negative preceding information was 

revealed in brain regions such as the amygdala, the superior temporal sulcus, and 

the nucleus accumbens. These areas have been previously found to be disturbed in 

patients with BPD and also in patients with schizophrenia. The results of this study 

suggest that the brain’s response to facial expressions is sensitive to interfering 

negative emotional information, possibly reflecting a vulnerability factor for the 

emergence of the negative bias.  

The findings of this dissertation fit well into existing literature of a negative bias 

in BPD and provide new insights into the mechanisms of disturbed emotion 

recognition. It was shown that processing time as well as context information 
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influence emotion recognition. Further, the results indicate a specific association 

between emotion dysregulation and the negative bias in BPD. 



References 

108 

7 REFERENCES 

Abler, B., & Kessler, H. (2009). Emotion Regulation Questionnaire – Eine 
deutschsprachige Fassung des ERQ von Gross und John. Diagnostica, 55(3), 
144-152. doi:10.1026/0012-1924.55.3.144 

Adolphs, R. (2002). Recognizing emotion from facial expressions: psychological and 
neurological mechanisms. Behav Cogn Neurosci Rev, 1(1), 21-62. 
doi:10.1177/1534582302001001003 

American Psychiatric Association, APA (2000). Diagnostic and statistical manual of 
mental disorders (text revision, 4th ed.). Washington DC: Author. 

An der Heiden, W., Leber, A., & Hafner, H. (2016). Negative symptoms and their 
association with depressive symptoms in the long-term course of 
schizophrenia. Eur Arch Psychiatry Clin Neurosci, 266(5), 387-396. 
doi:10.1007/s00406-016-0697-2 

Andreasen, N. C. (1989). The Scale for the Assessment of Negative Symptoms 
(SANS): conceptual and theoretical foundations. Br J Psychiatry Suppl, 
155(7), 49-58. doi:10.1192/S0007125000291496 

Andreasen, N. C., Pressler, M., Nopoulos, P., Miller, D., & Ho, B. C. (2010). 
Antipsychotic dose equivalents and dose-years: a standardized method for 
comparing exposure to different drugs. Biol Psychiatry, 67(3), 255-262. 
doi:10.1016/j.biopsych.2009.08.040 

Andreou, C., Kelm, L., Bierbrodt, J., Braun, V., Lipp, M., Yassari, A. H., & Moritz, S. 
(2015). Factors contributing to social cognition impairment in borderline 
personality disorder and schizophrenia. Psychiatry Res, 229(3), 872-879. 
doi:10.1016/j.psychres.2015.07.057 

Anupama, V., Bhola, P., Thirthalli, J., & Mehta, U. M. (2018). Pattern of social 
cognition deficits in individuals with borderline personality disorder. Asian J 
Psychiatr, 33, 105-112. doi:10.1016/j.ajp.2018.03.010 

Arntz, A., & Veen, G. (2001). Evaluations of others by borderline patients. J Nerv 
Ment Dis, 189(8), 513-521.  

Bach, M., Bach, D., de Zwaan, M., Serim, M., & Böhmer, F. (1996). [Validation of the 
German version of the 20-item Toronto Alexithymia Scale in normal persons 
and psychiatric patients]. Psychother Psychosom Med Psychol, 46(1), 23-28.  

Banks, S. J., Eddy, K. T., Angstadt, M., Nathan, P. J., & Phan, K. L. (2007). 
Amygdala-frontal connectivity during emotion regulation. Soc Cogn Affect 
Neurosci, 2(4), 303-312. doi:10.1093/scan/nsm029 

Barbalat, G., Bazargani, N., & Blakemore, S. J. (2013). The influence of prior 
expectations on emotional face perception in adolescence. Cereb Cortex, 
23(7), 1542-1551. doi:10.1093/cercor/bhs140 



References 

109 

Barnow, S., Stopsack, M., Grabe, H. J., Meinke, C., Spitzer, C., Kronmuller, K., & 
Sieswerda, S. (2009). Interpersonal evaluation bias in borderline personality 
disorder. Behav Res Ther, 47(5), 359-365. doi:10.1016/j.brat.2009.02.003 

Benjamin, L. S., & Wonderlich, S. A. (1994). Social perceptions and borderline 
personality disorder: the relation to mood disorders. J Abnorm Psychol, 
103(4), 610-624.  

Bertsch, K., Hillmann, K., & Herpertz, S. C. (2018). Behavioral and Neurobiological 
Correlates of Disturbed Emotion Processing in Borderline Personality 
Disorder. Psychopathology, 51(2), 76-82. doi:10.1159/000487363 

Blackwood, N. J., Howard, R. J., Bentall, R. P., & Murray, R. M. (2001). Cognitive 
neuropsychiatric models of persecutory delusions. Am J Psychiatry, 158(4), 
527-539. doi:10.1176/appi.ajp.158.4.527 

Bland, A. R., Williams, C. A., Scharer, K., & Manning, S. (2004). Emotion processing 
in borderline personality disorders. Issues Ment Health Nurs, 25(7), 655-672. 
doi:10.1080/01612840490486692 

Bo, S., Sharp, C., Fonagy, P., & Kongerslev, M. (2017). Hypermentalizing, 
attachment, and epistemic trust in adolescent BPD: Clinical illustrations. 
Personal Disord, 8(2), 172-182. doi:10.1037/per0000161 

Bohus, M., Kleindienst, N., Limberger, M. F., Stieglitz, R. D., Domsalla, M., 
Chapman, A. L., . . . Wolf, M. (2009). The short version of the Borderline 
Symptom List (BSL-23): development and initial data on psychometric 
properties. Psychopathology, 42(1), 32-39. doi:10.1159/000173701 

Bohus, M., Limberger, M. F., Frank, U., Chapman, A. L., Kuhler, T., & Stieglitz, R. D. 
(2007). Psychometric properties of the Borderline Symptom List (BSL). 
Psychopathology, 40(2), 126-132. doi:10.1159/000098493 

Bohus, M., Limberger, M. F., Frank, U., Sender, I., Gratwohl, T., & Stieglitz, R. D. 
(2001). [Development of the Borderline Symptom List]. Psychother 
Psychosom Med Psychol, 51(5), 201-211. doi:10.1055/s-2001-13281 

Bohus, M., & Wolf-Arehult, M. (2013). Interaktives Skillstraining für Borderline-
Patienten: Schattauer Verlag. 

Bower, G. H. (1981). Mood and memory. Am Psychol, 36(2), 129-148.  

Braunstein, L. M., Gross, J. J., & Ochsner, K. N. (2017). Explicit and implicit emotion 
regulation: a multi-level framework. Soc Cogn Affect Neurosci, 12(10), 1545-
1557. doi:10.1093/scan/nsx096 

Britton, J. C., Taylor, S. F., Sudheimer, K. D., & Liberzon, I. (2006). Facial 
expressions and complex IAPS pictures: common and differential networks. 
Neuroimage, 31(2), 906-919. doi:10.1016/j.neuroimage.2005.12.050 

Brothers, L. (1990). The social brain: a project for integrating primate behaviour and 
neurophysiology in a new domain. Concepts neurosci, 1, 27-51.  



References 

110 

Brothers, L. (1996). Brain mechanisms of social cognition. J Psychopharmacol, 10(1), 
2-8. doi:10.1177/026988119601000102 

Brüne, M. (2003). Social cognition and behaviour in schizophrenia. In The social 
brain: Evolution and pathology (pp. 277-313). 

Brüne, M. (2005). Emotion recognition, 'theory of mind,' and social behavior in 
schizophrenia. Psychiatry Res, 133(2-3), 135-147. 
doi:10.1016/j.psychres.2004.10.007 

Buhle, J. T., Silvers, J. A., Wager, T. D., Lopez, R., Onyemekwu, C., Kober, H., . . . 
Ochsner, K. N. (2014). Cognitive reappraisal of emotion: a meta-analysis of 
human neuroimaging studies. Cereb Cortex, 24(11), 2981-2990. 
doi:10.1093/cercor/bht154 

Byrne, G., & Egan, J. (2018). A Review of the Effectiveness and Mechanisms of 
Change for Three Psychological Interventions for Borderline Personality 
Disorder. Clinical Social Work Journal, 46(3), 174-186. doi:10.1007/s10615-
018-0652-y 

Carpenter, R. W., & Trull, T. J. (2013). Components of emotion dysregulation in 
borderline personality disorder: a review. Curr Psychiatry Rep, 15(1), 335. 
doi:10.1007/s11920-012-0335-2 

Carroll, J. M., & Russell, J. A. (1996). Do facial expressions signal specific emotions? 
Judging emotion from the face in context. J Pers Soc Psychol, 70(2), 205-218. 
doi:10.1037/0022-3514.70.2.205 

Catalan, A., de Artaza, M. G., Fernandez-Rivas, A., Angosto, V., Aguirregomoscorta, 
F., Bustamante, S., . . . Gonzalez-Torres, M. A. (2018). Affectively salient 
signal to random noise might be used to identify psychosis vulnerability in 
severe mental disorders. Eur Psychiatry, 49, 37-42. 
doi:10.1016/j.eurpsy.2017.12.008 

Catalan, A., Gonzalez de Artaza, M., Bustamante, S., Orgaz, P., Osa, L., Angosto, 
V., . . . Gonzalez-Torres, M. A. (2016). Differences in Facial Emotion 
Recognition between First Episode Psychosis, Borderline Personality Disorder 
and Healthy Controls. PLoS One, 11(7), e0160056. 
doi:10.1371/journal.pone.0160056 

Chung, Y. S., & Barch, D. M. (2011). The effect of emotional context on facial 
emotion ratings in schizophrenia. Schizophr Res, 131(1-3), 235-241. 
doi:10.1016/j.schres.2011.05.028 

Cohen, A. S., Forbes, C. B., Mann, M. C., & Blanchard, J. J. (2006). Specific 
cognitive deficits and differential domains of social functioning impairment in 
schizophrenia. Schizophr Res, 81(2-3), 227-238. 
doi:10.1016/j.schres.2005.09.007 

Coid, J., Yang, M., Tyrer, P., Roberts, A., & Ullrich, S. (2006). Prevalence and 
correlates of personality disorder in Great Britain. Br J Psychiatry, 188(5), 423-
431. doi:10.1192/bjp.188.5.423 



References 

111 

Constant, E. L., Lancereau, J., Gillain, B., Delatte, B., Ferauge, M., & Bruyer, R. 
(2011). Deficit in negative emotional information processing in schizophrenia: 
does it occur in all patients? Psychiatry Res, 185(3), 315-320. 
doi:10.1016/j.psychres.2009.08.026 

Cook, J., Barbalat, G., & Blakemore, S. J. (2012). Top-down modulation of the 
perception of other people in schizophrenia and autism. Front Hum Neurosci, 
6, 175. doi:10.3389/fnhum.2012.00175 

Coupland, N. J., Sustrik, R. A., Ting, P., Li, D., Hartfeil, M., Singh, A. J., & Blair, R. J. 
(2004). Positive and negative affect differentially influence identification of 
facial emotions. Depress Anxiety, 19(1), 31-34. doi:10.1002/da.10136 

Couture, S. M., Penn, D. L., & Roberts, D. L. (2006). The functional significance of 
social cognition in schizophrenia: a review. Schizophr Bull, 32 Suppl 
1(suppl_1), S44-S63. doi:10.1093/schbul/sbl029 

Crowell, S. E., Beauchaine, T. P., & Linehan, M. M. (2009). A biosocial 
developmental model of borderline personality: Elaborating and extending 
Linehan's theory. Psychol Bull, 135(3), 495-510. doi:10.1037/a0015616 

Cullen, K. R., Vizueta, N., Thomas, K. M., Han, G. J., Lim, K. O., Camchong, J., . . . 
Schulz, S. C. (2011). Amygdala functional connectivity in young women with 
borderline personality disorder. Brain Connect, 1(1), 61-71. 
doi:10.1089/brain.2010.0001 

Dannlowski, U., Ohrmann, P., Bauer, J., Kugel, H., Arolt, V., Heindel, W., & Suslow, 
T. (2007). Amygdala reactivity predicts automatic negative evaluations for 
facial emotions. Psychiatry Res, 154(1), 13-20. 
doi:10.1016/j.pscychresns.2006.05.005 

Daros, A. R., Uliaszek, A. A., & Ruocco, A. C. (2014). Perceptual biases in facial 
emotion recognition in borderline personality disorder. Personal Disord, 5(1), 
79-87. doi:10.1037/per0000056 

Daros, A. R., Zakzanis, K. K., & Ruocco, A. C. (2013). Facial emotion recognition in 
borderline personality disorder. Psychol Med, 43(9), 1953-1963. 
doi:10.1017/S0033291712002607 

Derks, Y. P., Westerhof, G. J., & Bohlmeijer, E. T. (2017). A Meta-analysis on the 
Association Between Emotional Awareness and Borderline Personality 
Pathology. J Pers Disord, 31(3), 362-384. doi:10.1521/pedi_2016_30_257 

Derntl, B., Seidel, E. M., Kainz, E., & Carbon, C. C. (2009). Recognition of emotional 
expressions is affected by inversion and presentation time. Perception, 38(12), 
1849-1862. doi:10.1068/p6448 

Deutsche Gesellschaft für Psychiatrie Psychotherapie und Nervenheilkunde, DGPPN 
(Ed.) (2006). S3 Praxisleitlinien in Psychiatrie und Psychotherapie. Band 1 – 
Behandlungsleitlinie Schizophrenie (1 ed.). Darmstadt: Steinkopff-Verlag. 



References 

112 

Domes, G., Czieschnek, D., Weidler, F., Berger, C., Fast, K., & Herpertz, S. C. 
(2008). Recognition of facial affect in Borderline Personality Disorder. J Pers 
Disord, 22(2), 135-147. doi:10.1521/pedi.2008.22.2.135 

Domes, G., Grabe, H. J., Czieschnek, D., Heinrichs, M., & Herpertz, S. C. (2011). 
Alexithymic traits and facial emotion recognition in borderline personality 
disorder. Psychother Psychosom, 80(6), 383-385. doi:10.1159/000325828 

Domes, G., Schulze, L., & Herpertz, S. C. (2009). Emotion recognition in borderline 
personality disorder-a review of the literature. J Pers Disord, 23(1), 6-19. 
doi:10.1521/pedi.2009.23.1.6 

Donegan, N. H., Sanislow, C. A., Blumberg, H. P., Fulbright, R. K., Lacadie, C., 
Skudlarski, P., . . . Wexler, B. E. (2003). Amygdala hyperreactivity in 
borderline personality disorder: implications for emotional dysregulation. Biol 
Psychiatry, 54(11), 1284-1293. doi:10.1016/S0006-3223(03)00636-X 

Donges, U. S., Dukalski, B., Kersting, A., & Suslow, T. (2015). Automatic processing 
of facial affects in patients with borderline personality disorder: associations 
with symptomatology and comorbid disorders. Ann Gen Psychiatry, 14, 20. 
doi:10.1186/s12991-015-0058-y 

Drabant, E. M., McRae, K., Manuck, S. B., Hariri, A. R., & Gross, J. J. (2009). 
Individual differences in typical reappraisal use predict amygdala and 
prefrontal responses. Biol Psychiatry, 65(5), 367-373. 
doi:10.1016/j.biopsych.2008.09.007 

Dunn, J. R., & Schweitzer, M. E. (2005). Feeling and believing: the influence of 
emotion on trust. J Pers Soc Psychol, 88(5), 736-748. doi:10.1037/0022-
3514.88.5.736 

Dyck, M., Habel, U., Slodczyk, J., Schlummer, J., Backes, V., Schneider, F., & 
Reske, M. (2009). Negative bias in fast emotion discrimination in borderline 
personality disorder. Psychol Med, 39(5), 855-864. 
doi:10.1017/S0033291708004273 

Dziobek, I., Preissler, S., Grozdanovic, Z., Heuser, I., Heekeren, H. R., & Roepke, S. 
(2011). Neuronal correlates of altered empathy and social cognition in 
borderline personality disorder. Neuroimage, 57(2), 539-548. 
doi:10.1016/j.neuroimage.2011.05.005 

Ebner-Priemer, U. W., Welch, S. S., Grossman, P., Reisch, T., Linehan, M. M., & 
Bohus, M. (2007). Psychophysiological ambulatory assessment of affective 
dysregulation in borderline personality disorder. Psychiatry Res, 150(3), 265-
275. doi:10.1016/j.psychres.2006.04.014 

Edwards, J., Jackson, H. J., & Pattison, P. E. (2002). Emotion recognition via facial 
expression and affective prosody in schizophrenia: a methodological review. 
Clin Psychol Rev, 22(6), 789-832. doi:10.1016/S0272-7358(02)00130-7 

Eippert, F., Veit, R., Weiskopf, N., Erb, M., Birbaumer, N., & Anders, S. (2007). 
Regulation of emotional responses elicited by threat-related stimuli. Hum Brain 
Mapp, 28(5), 409-423. doi:10.1002/hbm.20291 



References 

113 

Ekman, P., & Friesen, W. V. (1976). Pictures of facial affect consulting psychologists 
press. Palo Alto, CA.  

Enzi, B., Doering, S., Faber, C., Hinrichs, J., Bahmer, J., & Northoff, G. (2013). 
Reduced deactivation in reward circuitry and midline structures during emotion 
processing in borderline personality disorder. World J Biol Psychiatry, 14(1), 
45-56. doi:10.3109/15622975.2011.579162 

Erickson, K., & Schulkin, J. (2003). Facial expressions of emotion: a cognitive 
neuroscience perspective. Brain Cogn, 52(1), 52-60. doi:10.1016/S0278-
2626(03)00008-3 

Esteves, F., & Öhman, A. (1993). Masking the face: recognition of emotional facial 
expressions as a function of the parameters of backward masking. Scand J 
Psychol, 34(1), 1-18. doi:10.1111/j.1467-9450.1993.tb01096.x 

Etkin, A., Prater, K. E., Hoeft, F., Menon, V., & Schatzberg, A. F. (2010). Failure of 
anterior cingulate activation and connectivity with the amygdala during implicit 
regulation of emotional processing in generalized anxiety disorder. Am J 
Psychiatry, 167(5), 545-554. doi:10.1176/appi.ajp.2009.09070931 

Fan, F. M., Tan, S. P., Yang, F. D., Tan, Y. L., Zhao, Y. L., Chen, N., . . . Zuo, X. N. 
(2013). Ventral medial prefrontal functional connectivity and emotion 
regulation in chronic schizophrenia: a pilot study. Neurosci Bull, 29(1), 59-74. 
doi:10.1007/s12264-013-1300-8 

Feingold, D., Hasson-Ohayon, I., Laukka, P., Vishne, T., Dembinsky, Y., & Kravets, 
S. (2016). Emotion recognition deficits among persons with schizophrenia: 
Beyond stimulus complexity level and presentation modality. Psychiatry Res, 
240, 60-65. doi:10.1016/j.psychres.2016.04.015 

Fenske, S. (2012). Neuronale Korrelate emotionaler und kognitiver Imitation - 
Bedeutung von Borderline-Persönlichkeitsmerkmalen und Empathiefähigkeit. 
(Master Thesis), University of Mannheim, unpublished.  

Fertuck, E. A., Jekal, A., Song, I., Wyman, B., Morris, M. C., Wilson, S. T., . . . 
Stanley, B. (2009). Enhanced 'Reading the Mind in the Eyes' in borderline 
personality disorder compared to healthy controls. Psychol Med, 39(12), 1979-
1988. doi:10.1017/S003329170900600X 

Fett, A. K., Viechtbauer, W., Dominguez, M. D., Penn, D. L., van Os, J., & 
Krabbendam, L. (2011). The relationship between neurocognition and social 
cognition with functional outcomes in schizophrenia: a meta-analysis. Neurosci 
Biobehav Rev, 35(3), 573-588. doi:10.1016/j.neubiorev.2010.07.001 

Foland, L. C., Altshuler, L. L., Bookheimer, S. Y., Eisenberger, N., Townsend, J., & 
Thompson, P. M. (2008). Evidence for deficient modulation of amygdala 
response by prefrontal cortex in bipolar mania. Psychiatry Res, 162(1), 27-37. 
doi:10.1016/j.pscychresns.2007.04.007 

Freeman, D. (2007). Suspicious minds: the psychology of persecutory delusions. Clin 
Psychol Rev, 27(4), 425-457. doi:10.1016/j.cpr.2006.10.004 



References 

114 

Fretland, R. A., Andersson, S., Sundet, K., Andreassen, O. A., Melle, I., & Vaskinn, 
A. (2015). Theory of mind in schizophrenia: error types and associations with 
symptoms. Schizophr Res, 162(1-3), 42-46. doi:10.1016/j.schres.2015.01.024 

Friedel, R. O. (2004). Dopamine dysfunction in borderline personality disorder: a 
hypothesis. Neuropsychopharmacology, 29(6), 1029-1039. 
doi:10.1038/sj.npp.1300424 

Frith, C. (2009). Role of facial expressions in social interactions. Philos Trans R Soc 
Lond B Biol Sci, 364(1535), 3453-3458. doi:10.1098/rstb.2009.0142 

Frith, C. D., & Frith, U. (1999). Interacting minds - a biological basis. Science, 
286(5445), 1692-1695. doi:10.1126/science.286.5445.1692 

Fydrich, T., Renneberg, B., Schmitz, B., & Wittchen, H.-U. (1997). SKID-II 
Strukturiertes Klinisches Interview für DSM-IV Achse II: 
Persönlichkeitsstörungen. Göttingen: Hogrefe. 

Gallese, V., Keysers, C., & Rizzolatti, G. (2004). A unifying view of the basis of social 
cognition. Trends Cogn Sci, 8(9), 396-403. doi:10.1016/j.tics.2004.07.002 

Gardner, D. M., Murphy, A. L., O'Donnell, H., Centorrino, F., & Baldessarini, R. J. 
(2010). International consensus study of antipsychotic dosing. Am J 
Psychiatry, 167(6), 686-693. doi:10.1176/appi.ajp.2009.09060802 

Gilbert, C. D., & Sigman, M. (2007). Brain states: top-down influences in sensory 
processing. Neuron, 54(5), 677-696. doi:10.1016/j.neuron.2007.05.019 

Glenn, C. R., & Klonsky, E. D. (2009). Emotion dysregulation as a core feature of 
borderline personality disorder. J Pers Disord, 23(1), 20-28. 
doi:10.1521/pedi.2009.23.1.20 

Goodman, M., Carpenter, D., Tang, C. Y., Goldstein, K. E., Avedon, J., Fernandez, 
N., . . . Hazlett, E. A. (2014). Dialectical behavior therapy alters emotion 
regulation and amygdala activity in patients with borderline personality 
disorder. J Psychiatr Res, 57, 108-116. doi:10.1016/j.jpsychires.2014.06.020 

Gratz, K. L., & Roemer, L. (2004). Multidimensional Assessment of Emotion 
Regulation and Dysregulation: Development, Factor Structure, and Initial 
Validation of the Difficulties in Emotion Regulation Scale. J Psychopathol 
Behav Assess, 26(1), 41-54. doi:10.1023/B:JOBA.0000007455.08539.94 

Graubner, B. (2013). ICD-10-GM 2014 Systematisches Verzeichnis: Internationale 
statistische Klassifikation der Krankheiten und verwandter 
Gesundheitsprobleme 11. Revision-German Modification Version 2014: 
Deutscher Ärzteverlag. 

Green, M. F., Bearden, C. E., Cannon, T. D., Fiske, A. P., Hellemann, G. S., Horan, 
W. P., . . . Nuechterlein, K. H. (2012). Social cognition in schizophrenia, Part 1: 
performance across phase of illness. Schizophr Bull, 38(4), 854-864. 
doi:10.1093/schbul/sbq171 



References 

115 

Green, M. F., Horan, W. P., & Lee, J. (2015). Social cognition in schizophrenia. Nat 
Rev Neurosci, 16(10), 620-631. doi:10.1038/nrn4005 

Green, M. J., Uhlhaas, P. J., & Coltheart, M. (2005). Context Processing and Social 
Cognition in Schizophrenia. Current Psychiatry Reviews, 1(1), 11-22. 
doi:10.2174/1573400052953529 

Guitart-Masip, M., Pascual, J. C., Carmona, S., Hoekzema, E., Berge, D., Perez, V., . 
. . Vilarroya, O. (2009). Neural correlates of impaired emotional discrimination 
in borderline personality disorder: an fMRI study. Prog Neuropsychopharmacol 
Biol Psychiatry, 33(8), 1537-1545. doi:10.1016/j.pnpbp.2009.08.022 

Gunderson, J. G., & Links, P. L. (2014). Handbook of good psychiatric management 
(GPM) for Borderline Personality Disorder. In (pp. 180): Washington: American 
Psychiatric Press. 

Hall, J. A., & Matsumoto, D. (2004). Gender differences in judgments of multiple 
emotions from facial expressions. Emotion, 4(2), 201-206. doi:10.1037/1528-
3542.4.2.201 

Hampson, E., van Anders, S. M., & Mullin, L. I. (2006). A female advantage in the 
recognition of emotional facial expressions: Test of an evolutionary 
hypothesis. Evolution and Human Behavior, 27(6), 401-416. 
doi:10.1016/j.evolhumbehav.2006.05.002 

Happé, F., & Frith, U. (2014). Annual research review: Towards a developmental 
neuroscience of atypical social cognition. J Child Psychol Psychiatry, 55(6), 
553-557. doi:10.1111/jcpp.12162 

Haxby, J. V., Hoffman, E. A., & Gobbini, M. I. (2000). The distributed human neural 
system for face perception. Trends Cogn Sci, 4(6), 223-233. 
doi:10.1016/S1364-6613(00)01482-0 

Hazlett, E. A., Zhang, J., New, A. S., Zelmanova, Y., Goldstein, K. E., Haznedar, M. 
M., . . . Chu, K. W. (2012). Potentiated amygdala response to repeated 
emotional pictures in borderline personality disorder. Biol Psychiatry, 72(6), 
448-456. doi:10.1016/j.biopsych.2012.03.027 

Heinz, A., & Schlagenhauf, F. (2010). Dopaminergic dysfunction in schizophrenia: 
salience attribution revisited. Schizophr Bull, 36(3), 472-485. 
doi:10.1093/schbul/sbq031 

Hendryx, M. S., Haviland, M. G., & Shaw, D. G. (1991). Dimensions of alexithymia 
and their relationships to anxiety and depression. J Pers Assess, 56(2), 227-
237. doi:10.1207/s15327752jpa5602_4 

Herba, C., & Phillips, M. (2004). Annotation: Development of facial expression 
recognition from childhood to adolescence: behavioural and neurological 
perspectives. J Child Psychol Psychiatry, 45(7), 1185-1198. 
doi:10.1111/j.1469-7610.2004.00316.x 



References 

116 

Hermans, D., De Houwer, J., & Eelen, P. (2001). A time course analysis of the 
affective priming effect. Cognition & Emotion, 15(2), 143-165. 
doi:10.1080/02699930125768 

Herpertz, S. C., Dietrich, T. M., Wenning, B., Krings, T., Erberich, S. G., Willmes, K., . 
. . Sass, H. (2001). Evidence of abnormal amygdala functioning in borderline 
personality disorder: a functional MRI study. Biol Psychiatry, 50(4), 292-298. 
doi:10.1016/S0006-3223(01)01075-7 

Herpertz, S. C., Jeung, H., Mancke, F., & Bertsch, K. (2014). Social dysfunctioning 
and brain in borderline personality disorder. Psychopathology, 47(6), 417-424. 
doi:10.1159/000365106 

Herr, P. M., Sherman, S. J., & Fazio, R. H. (1983). On the consequences of priming: 
Assimilation and contrast effects. Journal of Experimental Social Psychology, 
19(4), 323-340. doi:10.1016/0022-1031(83)90026-4 

Hietanen, J. K., & Astikainen, P. (2013). N170 response to facial expressions is 
modulated by the affective congruency between the emotional expression and 
preceding affective picture. Biol Psychol, 92(2), 114-124. 
doi:10.1016/j.biopsycho.2012.10.005 

Hodes, R. L., Cook, E. W., 3rd, & Lang, P. J. (1985). Individual differences in 
autonomic response: conditioned association or conditioned fear? 
Psychophysiology, 22(5), 545-560. doi:10.1111/j.1469-8986.1985.tb01649.x 

Hofer, A., Benecke, C., Edlinger, M., Huber, R., Kemmler, G., Rettenbacher, M. A., . . 
. Wolfgang Fleischhacker, W. (2009). Facial emotion recognition and its 
relationship to symptomatic, subjective, and functional outcomes in outpatients 
with chronic schizophrenia. Eur Psychiatry, 24(1), 27-32. 
doi:10.1016/j.eurpsy.2008.06.008 

Hooker, C., & Park, S. (2002). Emotion processing and its relationship to social 
functioning in schizophrenia patients. Psychiatry Res, 112(1), 41-50. 
doi:10.1016/S0165-1781(02)00177-4 

Hooker, C. I., Tully, L. M., Verosky, S. C., Fisher, M., Holland, C., & Vinogradov, S. 
(2011). Can I trust you? Negative affective priming influences social judgments 
in schizophrenia. J Abnorm Psychol, 120(1), 98-107. doi:10.1037/a0020630 

Horstmann, G. (2003). What do facial expressions convey: Feeling states, behavioral 
intentions, or actions requests? Emotion, 3(2), 150-166. doi:10.1037/1528-
3542.3.2.150 

Höschel, K., & Irle, E. (2001). Emotional priming of facial affect identification in 
schizophrenia. Schizophr Bull, 27(2), 317-327. 
doi:10.1093/oxfordjournals.schbul.a006877 

Howes, O. D., & Kapur, S. (2009). The dopamine hypothesis of schizophrenia: 
version III--the final common pathway. Schizophr Bull, 35(3), 549-562. 
doi:10.1093/schbul/sbp006 



References 

117 

Iacoboni, M., & Dapretto, M. (2006). The mirror neuron system and the 
consequences of its dysfunction. Nat Rev Neurosci, 7(12), 942-951. 
doi:10.1038/nrn2024 

Javitt, D. C. (2009). When doors of perception close: bottom-up models of disrupted 
cognition in schizophrenia. Annu Rev Clin Psychol, 5, 249-275. 
doi:10.1146/annurev.clinpsy.032408.153502 

Johnson, P. A., Hurley, R. A., Benkelfat, C., Herpertz, S. C., & Taber, K. H. (2003). 
Understanding emotion regulation in borderline personality disorder: 
contributions of neuroimaging. J Neuropsychiatry Clin Neurosci, 15(4), 397-
402. doi:10.1176/jnp.15.4.397 

Kanfer, F., & Saslow, G. (1974). Verhaltenstheoretische Diagnostik. Diagnostik in der 
Verhaltenstherapie, 24-59.  

Kapur, S. (2003). Psychosis as a state of aberrant salience: a framework linking 
biology, phenomenology, and pharmacology in schizophrenia. Am J 
Psychiatry, 160(1), 13-23. doi:10.1176/appi.ajp.160.1.13 

Kay, S. R., Opler, L. A., & Fiszbein, A. (2000). The  Positive  and  Negative  
Syndrome  Scale (PANSS) –  Manual and Structured-Clinical- Interview (SCI-
PANSS). New York: MHS. 

Kim, H., Somerville, L. H., Johnstone, T., Polis, S., Alexander, A. L., Shin, L. M., & 
Whalen, P. J. (2004). Contextual modulation of amygdala responsivity to 
surprised faces. J Cogn Neurosci, 16(10), 1730-1745. 
doi:10.1162/0898929042947865 

Kim, T. S., Lee, S. Y., Ha, R. Y., Kim, E., An, S. K., Ha, K., & Cho, H. S. (2011). 
Emotional priming with facial exposures in euthymic patients with bipolar 
disorder. J Nerv Ment Dis, 199(12), 971-977. 
doi:10.1097/NMD.0b013e3182392903 

Kirouac, G., & Doré, F. Y. (1984). Judgment of facial expressions of emotion as a 
function of exposure time. Percept Mot Skills, 59(1), 147-150. 
doi:10.2466/pms.1984.59.1.147 

Klauer, K. C., Mierke, J., & Musch, J. (2003). The positivity proportion effect: a list 
context effect in masked affective priming. Mem Cognit, 31(6), 953-967. 
doi:10.3758/BF03196448 

Klein, C., Andresen, B., & Jahn, T. (1997). Erfassung der schizotypen Persönlichkeit 
nach DSM-III-R: Psychometrische Eigenschaften einer autorisierten 
deutschsprachigen Übersetzung des "Schizotypal Personality Questionnaire" 
(SPQ) von Raine. Diagnostica.  

Koenigsberg, H. W., Harvey, P. D., Mitropoulou, V., Schmeidler, J., New, A. S., 
Goodman, M., . . . Siever, L. J. (2002). Characterizing affective instability in 
borderline personality disorder. Am J Psychiatry, 159(5), 784-788. 
doi:10.1176/appi.ajp.159.5.784 



References 

118 

Koenigsberg, H. W., Siever, L. J., Lee, H., Pizzarello, S., New, A. S., Goodman, M., . 
. . Prohovnik, I. (2009). Neural correlates of emotion processing in borderline 
personality disorder. Psychiatry Res, 172(3), 192-199. 
doi:10.1016/j.pscychresns.2008.07.010 

Kohler, C. G., Bilker, W., Hagendoorn, M., Gur, R. E., & Gur, R. C. (2000). Emotion 
recognition deficit in schizophrenia: association with symptomatology and 
cognition. Biol Psychiatry, 48(2), 127-136. doi:10.1016/S0006-3223(00)00847-
7 

Kohler, C. G., Turner, T. H., Bilker, W. B., Brensinger, C. M., Siegel, S. J., Kanes, S. 
J., . . . Gur, R. C. (2003). Facial emotion recognition in schizophrenia: intensity 
effects and error pattern. Am J Psychiatry, 160(10), 1768-1774. 
doi:10.1176/appi.ajp.160.10.1768 

Kohler, C. G., Walker, J. B., Martin, E. A., Healey, K. M., & Moberg, P. J. (2010). 
Facial emotion perception in schizophrenia: a meta-analytic review. Schizophr 
Bull, 36(5), 1009-1019. doi:10.1093/schbul/sbn192 

Korzekwa, M. I., Dell, P. F., & Pain, C. (2009). Dissociation and borderline personality 
disorder: an update for clinicians. Curr Psychiatry Rep, 11(1), 82-88. 
doi:10.1007/s11920-009-0013-1 

Koychev, I., Deakin, J. F., Haenschel, C., & El-Deredy, W. (2011). Abnormal neural 
oscillations in schizotypy during a visual working memory task: support for a 
deficient top-down network? Neuropsychologia, 49(10), 2866-2873. 
doi:10.1016/j.neuropsychologia.2011.06.012 

Krach, S., Paulus, F. M., Bodden, M., & Kircher, T. (2010). The rewarding nature of 
social interactions. Front Behav Neurosci, 4(22). 
doi:10.3389/fnbeh.2010.00022 

Kreuzpointner, L., Lukesch, H., & Horn, W. (2013). Leistungsprüfsystem 2. LPS-2. 
Manual: Hogrefe. 

Kring, A. M., & Elis, O. (2013). Emotion deficits in people with schizophrenia. Annu 
Rev Clin Psychol, 9, 409-433. doi:10.1146/annurev-clinpsy-050212-185538 

Krohne, H. W., Egloff, B., Kohlmann, C.-W., & Tausch, A. (1996). Untersuchungen 
mit einer deutschen Version der "Positive and Negative Affect Schedule" 
(PANAS). Diagnostica, 42(2), 139-156.  

Krynicki, C. R., Upthegrove, R., Deakin, J. F. W., & Barnes, T. R. E. (2018). The 
relationship between negative symptoms and depression in schizophrenia: a 
systematic review. Acta Psychiatr Scand, 137(5), 380-390. 
doi:10.1111/acps.12873 

Laloyaux, J., Fantini, C., Lemaire, M., Luminet, O., & Laroi, F. (2015). Evidence of 
Contrasting Patterns for Suppression and Reappraisal Emotion Regulation 
Strategies in Alexithymia. J Nerv Ment Dis, 203(9), 709-717. 
doi:10.1097/NMD.0000000000000353 



References 

119 

Lane, R. D., Sechrest, L., Reidel, R., Weldon, V., Kaszniak, A., & Schwartz, G. E. 
(1996). Impaired verbal and nonverbal emotion recognition in alexithymia. 
Psychosom Med, 58(3), 203-210. doi:10.1097/00006842-199605000-00002 

Lang, P. J. (1980). Self-assessment manikin. Gainesville, FL: The Center for 
Research in Psychophysiology, University of Florida.  

Lang, P. J., Bradley, M. M., & Cuthbert, B. N. (1999). International affective picture 
system (IAPS): Instruction manual and affective ratings. The center for 
research in psychophysiology, University of Florida.  

Lang, P. J., Bradley, M. M., & Cuthbert, B. N. (2005). International affective picture 
system (IAPS): Affective ratings of pictures and instruction manual. Technical 
Report A-6. . Gainesville, FL: University of Florida. 

Lang, P. J., Bradley, M. M., Fitzsimmons, J. R., Cuthbert, B. N., Scott, J. D., Moulder, 
B., & Nangia, V. (1998). Emotional arousal and activation of the visual cortex: 
an fMRI analysis. Psychophysiology, 35(2), 199-210. doi:10.1111/1469-
8986.3520199 

Lang, P. J., Greenwald, M. K., Bradley, M. M., & Hamm, A. O. (1993). Looking at 
pictures: affective, facial, visceral, and behavioral reactions. 
Psychophysiology, 30(3), 261-273. doi:10.1111/j.1469-8986.1993.tb03352.x 

Laviolette, S. R. (2007). Dopamine modulation of emotional processing in cortical and 
subcortical neural circuits: evidence for a final common pathway in 
schizophrenia? Schizophr Bull, 33(4), 971-981. doi:10.1093/schbul/sbm048 

Lazarus, S. A., Cheavens, J. S., Festa, F., & Rosenthal, M. Z. (2014). Interpersonal 
functioning in borderline personality disorder: a systematic review of 
behavioral and laboratory-based assessments. Clin Psychol Rev, 34(3), 193-
205. doi:10.1016/j.cpr.2014.01.007 

Leichsenring, F., Leibing, E., Kruse, J., New, A. S., & Leweke, F. (2011). Borderline 
personality disorder. Lancet, 377(9759), 74-84. doi:10.1016/S0140-
6736(10)61422-5 

Lemerise, E. A., & Arsenio, W. F. (2000). An integrated model of emotion processes 
and cognition in social information processing. Child Dev, 71(1), 107-118. 
doi:10.1111/1467-8624.00124 

Lenzenweger, M. F., Lane, M. C., Loranger, A. W., & Kessler, R. C. (2007). DSM-IV 
personality disorders in the National Comorbidity Survey Replication. Biol 
Psychiatry, 62(6), 553-564. doi:10.1016/j.biopsych.2006.09.019 

Levine, D., Marziali, E., & Hood, J. (1997). Emotion processing in borderline 
personality disorders. J Nerv Ment Dis, 185(4), 240-246. 
doi:10.1097/00005053-199704000-00004  

Li, H., Chan, R. C., McAlonan, G. M., & Gong, Q. Y. (2010). Facial emotion 
processing in schizophrenia: a meta-analysis of functional neuroimaging data. 
Schizophr Bull, 36(5), 1029-1039. doi:10.1093/schbul/sbn190 



References 

120 

Li, H., Yuan, J., & Lin, C. (2008). The neural mechanism underlying the female 
advantage in identifying negative emotions: an event-related potential study. 
Neuroimage, 40(4), 1921-1929. doi:10.1016/j.neuroimage.2008.01.033 

Lieb, K., Zanarini, M. C., Schmahl, C., Linehan, M. M., & Bohus, M. (2004). 
Borderline personality disorder. Lancet, 364(9432), 453-461. 
doi:10.1016/S0140-6736(04)16770-6 

Linehan, M. M. (1993a). Cognitive-behavioral treatment of borderline personality 
disorder. New York, NY, US: Guilford Press. 

Linehan, M. M. (1993b). Dialectical behavior therapy for treatment of borderline 
personality disorder: implications for the treatment of substance abuse. NIDA 
Res Monogr, 137, 201-216.  

Lis, S., & Bohus, M. (2013). Social interaction in borderline personality disorder. Curr 
Psychiatry Rep, 15(2), 338. doi:10.1007/s11920-012-0338-z 

Lobbestael, J., Arntz, A., & Bernstein, D. P. (2010). Disentangling the relationship 
between different types of childhood maltreatment and personality disorders. J 
Pers Disord, 24(3), 285-295. doi:10.1521/pedi.2010.24.3.285 

Loranger, A. W., Sartorius, N., Andreoli, A., Berger, P., Buchheim, P., 
Channabasavanna, S. M., . . . et al. (1994). The International Personality 
Disorder Examination. The World Health Organization/Alcohol, Drug Abuse, 
and Mental Health Administration international pilot study of personality 
disorders. Arch Gen Psychiatry, 51(3), 215-224. 
doi:10.1001/archpsyc.1994.03950030051005 

Lowyck, B., Luyten, P., Vanwalleghem, D., Vermote, R., Mayes, L. C., & Crowley, M. 
J. (2016). What's in a face? Mentalizing in borderline personality disorder 
based on dynamically changing facial expressions. Personal Disord, 7(1), 72-
79. doi:10.1037/per0000144 

Lynch, T. R., Rosenthal, M. Z., Kosson, D. S., Cheavens, J. S., Lejuez, C. W., & 
Blair, R. J. (2006). Heightened sensitivity to facial expressions of emotion in 
borderline personality disorder. Emotion, 6(4), 647-655. doi:10.1037/1528-
3542.6.4.647 

Lysaker, P. H., George, S., Chaudoin-Patzoldt, K. A., Pec, O., Bob, P., Leonhardt, B. 
L., . . . Dimaggio, G. (2017). Contrasting metacognitive, social cognitive and 
alexithymia profiles in adults with borderline personality disorder, 
schizophrenia and substance use disorder. Psychiatry Res, 257, 393-399. 
doi:10.1016/j.psychres.2017.08.001 

Mandal, M. K., Pandey, R., & Prasad, A. B. (1998). Facial expressions of emotions 
and schizophrenia: a review. Schizophr Bull, 24(3), 399-412. 
doi:10.1093/oxfordjournals.schbul.a033335 

Marwick, K., & Hall, J. (2008). Social cognition in schizophrenia: a review of face 
processing. Br Med Bull, 88(1), 43-58. doi:10.1093/bmb/ldn035 



References 

121 

Matzke, B., Herpertz, S. C., Berger, C., Fleischer, M., & Domes, G. (2014). Facial 
reactions during emotion recognition in borderline personality disorder: a facial 
electromyography study. Psychopathology, 47(2), 101-110. 
doi:10.1159/000351122 

McClure, E. B. (2000). A meta-analytic review of sex differences in facial expression 
processing and their development in infants, children, and adolescents. 
Psychological Bulletin, 126(3), 424-453. doi:10.1037/0033-2909.126.3.424 

McKenna, F. P., & Sharma, D. (2004). Reversing the emotional Stroop effect reveals 
that it is not what it seems: the role of fast and slow components. J Exp 
Psychol Learn Mem Cogn, 30(2), 382-392. doi:10.1037/0278-7393.30.2.382 

McRae, K., Hughes, B., Chopra, S., Gabrieli, J. D., Gross, J. J., & Ochsner, K. N. 
(2010). The neural bases of distraction and reappraisal. J Cogn Neurosci, 
22(2), 248-262. doi:10.1162/jocn.2009.21243 

Meaux, E., & Vuilleumier, P. (2016). Facing mixed emotions: Analytic and holistic 
perception of facial emotion expressions engages separate brain networks. 
Neuroimage, 141, 154-173. doi:10.1016/j.neuroimage.2016.07.004 

Merkl, A., Ammelburg, N., Aust, S., Roepke, S., Reinecker, H., Trahms, L., . . . 
Sander, T. (2010). Processing of visual stimuli in borderline personality 
disorder: a combined behavioural and magnetoencephalographic study. Int J 
Psychophysiol, 78(3), 257-264. doi:10.1016/j.ijpsycho.2010.08.007 

Meyer-Lindenberg, A., & Tost, H. (2012). Neural mechanisms of social risk for 
psychiatric disorders. Nat Neurosci, 15(5), 663-668. doi:10.1038/nn.3083 

Meyer, B., Pilkonis, P. A., & Beevers, C. G. (2004). What's in a (neutral) face? 
Personality disorders, attachment styles, and the appraisal of ambiguous 
social cues. J Pers Disord, 18(4), 320-336. doi:10.1521/pedi.18.4.320.40344 

Mier, D., & Kirsch, P. (2017). Social-Cognitive Deficits in Schizophrenia. Curr Top 
Behav Neurosci, 30, 397-409. doi:10.1007/7854_2015_427 

Mier, D., Lis, S., Esslinger, C., Sauer, C., Hagenhoff, M., Ulferts, J., . . . Kirsch, P. 
(2013). Neuronal correlates of social cognition in borderline personality 
disorder. Soc Cogn Affect Neurosci, 8(5), 531-537. doi:10.1093/scan/nss028 

Mier, D., Lis, S., Zygrodnik, K., Sauer, C., Ulferts, J., Gallhofer, B., & Kirsch, P. 
(2014). Evidence for altered amygdala activation in schizophrenia in an 
adaptive emotion recognition task. Psychiatry Res, 221(3), 195-203. 
doi:10.1016/j.pscychresns.2013.12.001 

Mier, D., Sauer, C., Lis, S., Esslinger, C., Wilhelm, J., Gallhofer, B., & Kirsch, P. 
(2010). Neuronal correlates of affective theory of mind in schizophrenia out-
patients: evidence for a baseline deficit. Psychol Med, 40(10), 1607-1617. 
doi:10.1017/S0033291709992133 

Minzenberg, M. J., Fan, J., New, A. S., Tang, C. Y., & Siever, L. J. (2007). Fronto-
limbic dysfunction in response to facial emotion in borderline personality 



References 

122 

disorder: an event-related fMRI study. Psychiatry Res, 155(3), 231-243. 
doi:10.1016/j.pscychresns.2007.03.006 

Minzenberg, M. J., Poole, J. H., & Vinogradov, S. (2006). Social-emotion recognition 
in borderline personality disorder. Compr Psychiatry, 47(6), 468-474. 
doi:10.1016/j.comppsych.2006.03.005 

Mitchell, A. E., Dickens, G. L., & Picchioni, M. M. (2014). Facial emotion processing 
in borderline personality disorder: a systematic review and meta-analysis. 
Neuropsychol Rev, 24(2), 166-184. doi:10.1007/s11065-014-9254-9 

Mobbs, D., Weiskopf, N., Lau, H. C., Featherstone, E., Dolan, R. J., & Frith, C. D. 
(2006). The Kuleshov Effect: the influence of contextual framing on emotional 
attributions. Soc Cogn Affect Neurosci, 1(2), 95-106. doi:10.1093/scan/nsl014 

Montagne, B., Kessels, R. P., Frigerio, E., de Haan, E. H., & Perrett, D. I. (2005). Sex 
differences in the perception of affective facial expressions: do men really lack 
emotional sensitivity? Cogn Process, 6(2), 136-141. doi:10.1007/s10339-005-
0050-6 

Moran, E. K., Culbreth, A. J., & Barch, D. M. (2018). Emotion Regulation Predicts 
Everyday Emotion Experience and Social Function in Schizophrenia. Clin 
Psychol Sci, 6(2), 271-279. doi:10.1177/2167702617738827 

Moritz, S., & Andresen, B. (2002). Analyse der Schizophreniespezifität 
schizotypischer Fragebogenskalen - Entwicklung eines Instrumentes zur 
Erfassung schizophrenie-naher Schizotypiemerkmale. Z Psychol, 210(3), 141-
150.  

Moritz, S., & Woodward, T. S. (2006). A generalized bias against disconfirmatory 
evidence in schizophrenia. Psychiatry Res, 142(2-3), 157-165. 
doi:10.1016/j.psychres.2005.08.016 

Morrison, R. L., Bellack, A. S., & Mueser, K. T. (1988). Deficits in facial-affect 
recognition and schizophrenia. Schizophr Bull, 14(1), 67-83. 
doi:10.1093/schbul/14.1.67 

Murphy, S. T., & Zajonc, R. B. (1993). Affect, cognition, and awareness: affective 
priming with optimal and suboptimal stimulus exposures. J Pers Soc Psychol, 
64(5), 723-739. doi:10.1037//0022-3514.64.5.723 

Neath, K. N., & Itier, R. J. (2014). Facial expression discrimination varies with 
presentation time but not with fixation on features: a backward masking study 
using eye-tracking. Cogn Emot, 28(1), 115-131. 
doi:10.1080/02699931.2013.812557 

New, A. S., aan het Rot, M., Ripoll, L. H., Perez-Rodriguez, M. M., Lazarus, S., 
Zipursky, E., . . . Siever, L. J. (2012). Empathy and alexithymia in borderline 
personality disorder: clinical and laboratory measures. J Pers Disord, 26(5), 
660-675. doi:10.1521/pedi.2012.26.5.660 

New, A. S., Hazlett, E. A., Buchsbaum, M. S., Goodman, M., Mitelman, S. A., 
Newmark, R., . . . Siever, L. J. (2007). Amygdala-prefrontal disconnection in 



References 

123 

borderline personality disorder. Neuropsychopharmacology, 32(7), 1629-1640. 
doi:10.1038/sj.npp.1301283 

Nomura, M., Ohira, H., Haneda, K., Iidaka, T., Sadato, N., Okada, T., & Yonekura, Y. 
(2004). Functional association of the amygdala and ventral prefrontal cortex 
during cognitive evaluation of facial expressions primed by masked angry 
faces: an event-related fMRI study. Neuroimage, 21(1), 352-363. 
doi:10.1016/j.neuroimage.2003.09.021 

Ochsner, K. N., & Gross, J. J. (2014). The neural bases of emotion and emotion 
regulation: A valuation perspective. In J. J. Gross (Ed.), Handbook of emotion 
regulation (pp. 23-42). NewYork: Guilford Press. 

Papousek, I., Weiss, E. M., Mosbacher, J. A., Reiser, E. M., Schulter, G., & Fink, A. 
(2014). Affective processing in positive schizotypy: Loose control of social-
emotional information. Brain Cogn, 92C, 84-91. 
doi:10.1016/j.bandc.2014.10.008 

Paris, J. (2018). Clinical features of borderline personality disorder. In W. J. Livesley 
& R. Larstone (Eds.), Handbook of Personality Disorders: Theory, Research, 
and Treatment (2 ed., pp. 419). 

Paulmann, S., & Pell, M. D. (2011). Is there an advantage for recognizing multi-modal 
emotional stimuli? Motivation and Emotion, 35(2), 192-201. 
doi:10.1007/s11031-011-9206-0 

Pessoa, L. (2009). How do emotion and motivation direct executive control? Trends 
Cogn Sci, 13(4), 160-166. doi:10.1016/j.tics.2009.01.006 

Petrovic, P., & Castellanos, F. X. (2016). Top-Down Dysregulation-From ADHD to 
Emotional Instability. Front Behav Neurosci, 10, 70. 
doi:10.3389/fnbeh.2016.00070 

Phaf, R. H., & Kan, K. J. (2007). The automaticity of emotional Stroop: a meta-
analysis. J Behav Ther Exp Psychiatry, 38(2), 184-199. 
doi:10.1016/j.jbtep.2006.10.008 

Pinkham, A. E. (2014). Social cognition in schizophrenia. J Clin Psychiatry, 75 Suppl 
2, 14-19. doi:10.4088/JCP.13065su1.04 

Pinkham, A. E., Hopfinger, J. B., Pelphrey, K. A., Piven, J., & Penn, D. L. (2008). 
Neural bases for impaired social cognition in schizophrenia and autism 
spectrum disorders. Schizophr Res, 99(1-3), 164-175. 
doi:10.1016/j.schres.2007.10.024 

Premkumar, P., Cooke, M. A., Fannon, D., Peters, E., Michel, T. M., Aasen, I., . . . 
Kumari, V. (2008). Misattribution bias of threat-related facial expressions is 
related to a longer duration of illness and poor executive function in 
schizophrenia and schizoaffective disorder. Eur Psychiatry, 23(1), 14-19. 
doi:10.1016/j.eurpsy.2007.10.004 

Putnam, K. M., & Silk, K. R. (2005). Emotion dysregulation and the development of 
borderline personality disorder. Dev Psychopathol, 17(4), 899-925.  



References 

124 

Quintana, D. S., Guastella, A. J., Outhred, T., Hickie, I. B., & Kemp, A. H. (2012). 
Heart rate variability is associated with emotion recognition: direct evidence for 
a relationship between the autonomic nervous system and social cognition. Int 
J Psychophysiol, 86(2), 168-172. doi:10.1016/j.ijpsycho.2012.08.012 

Reisch, T., Ebner-Priemer, U. W., Tschacher, W., Bohus, M., & Linehan, M. M. 
(2008). Sequences of emotions in patients with borderline personality disorder. 
Acta Psychiatr Scand, 118(1), 42-48. doi:10.1111/j.1600-0447.2008.01222.x 

Renneberg, B., Herm, K., Hahn, A., Staebler, K., Lammers, C. H., & Roepke, S. 
(2012). Perception of social participation in borderline personality disorder. 
Clin Psychol Psychother, 19(6), 473-480. doi:10.1002/cpp.772 

Righart, R., & de Gelder, B. (2006). Context influences early perceptual analysis of 
faces--an electrophysiological study. Cereb Cortex, 16(9), 1249-1257. 
doi:10.1093/cercor/bhj066 

Robin, M., Pham-Scottez, A., Curt, F., Dugre-Le Bigre, C., Speranza, M., Sapinho, 
D., . . . Kedia, G. (2012). Decreased sensitivity to facial emotions in 
adolescents with Borderline Personality Disorder. Psychiatry Res, 200(2-3), 
417-421. doi:10.1016/j.psychres.2012.03.032 

Rokita, K., Dauvermann, M. M., & Donohoe, G. (2018). S6. Early Life Adversities and 
Social Cognitive Dysfunction in Schizophrenia and Other Major Psychiatric 
Disorders: A Systematic Review. Schizophrenia Bulletin, 44(suppl_1), S325-
S326. doi:10.1093/schbul/sby018.793 

Romero-Ferreiro, M. V., Aguado, L., Rodriguez-Torresano, J., Palomo, T., 
Rodriguez-Jimenez, R., & Pedreira-Massa, J. L. (2016). Facial affect 
recognition in early and late-stage schizophrenia patients. Schizophr Res, 
172(1-3), 177-183. doi:10.1016/j.schres.2016.02.010 

Rowland, J. E., Hamilton, M. K., Vella, N., Lino, B. J., Mitchell, P. B., & Green, M. J. 
(2013). Adaptive Associations between Social Cognition and Emotion 
Regulation are Absent in Schizophrenia and Bipolar Disorder. Front Psychol, 
3(607). doi:10.3389/fpsyg.2012.00607 

Ruocco, A. C., Amirthavasagam, S., Choi-Kain, L. W., & McMain, S. F. (2013). 
Neural correlates of negative emotionality in borderline personality disorder: 
an activation-likelihood-estimation meta-analysis. Biol Psychiatry, 73(2), 153-
160. doi:10.1016/j.biopsych.2012.07.014 

Sasson, N., Tsuchiya, N., Hurley, R., Couture, S. M., Penn, D. L., Adolphs, R., & 
Piven, J. (2007). Orienting to social stimuli differentiates social cognitive 
impairment in autism and schizophrenia. Neuropsychologia, 45(11), 2580-
2588. doi:10.1016/j.neuropsychologia.2007.03.009 

Schmahl, C., Herpertz, S. C., Bertsch, K., Ende, G., Flor, H., Kirsch, P., . . . Bohus, 
M. (2014). Mechanisms of disturbed emotion processing and social interaction 
in borderline personality disorder: state of knowledge and research agenda of 
the German Clinical Research Unit. Borderline Personal Disord Emot 
Dysregul, 1(12), 1-17. doi:10.1186/2051-6673-1-12 



References 

125 

Schmid, P. C., & Schmid Mast, M. (2010). Mood effects on emotion recognition. 
Motivation and Emotion, 34(3), 288-292. doi:10.1007/s11031-010-9170-0 

Schmidt, K.-H., & Metzler, P. (1992). Wortschatztest: WST: Beltz. 

Schnell, K., & Herpertz, S. C. (2007). Effects of dialectic-behavioral-therapy on the 
neural correlates of affective hyperarousal in borderline personality disorder. J 
Psychiatr Res, 41(10), 837-847. doi:10.1016/j.jpsychires.2006.08.011 

Scholten, M. R., Aleman, A., Montagne, B., & Kahn, R. S. (2005). Schizophrenia and 
processing of facial emotions: sex matters. Schizophr Res, 78(1), 61-67. 
doi:10.1016/j.schres.2005.06.019 

Schulze, L., Domes, G., Kruger, A., Berger, C., Fleischer, M., Prehn, K., . . . Herpertz, 
S. C. (2011). Neuronal correlates of cognitive reappraisal in borderline patients 
with affective instability. Biol Psychiatry, 69(6), 564-573. 
doi:10.1016/j.biopsych.2010.10.025 

Schwarz, K. A., Wieser, M. J., Gerdes, A. B., Mühlberger, A., & Pauli, P. (2013). Why 
are you looking like that? How the context influences evaluation and 
processing of human faces. Soc Cogn Affect Neurosci, 8(4), 438-445. 
doi:10.1093/scan/nss013 

Schwarz, N. (1989). Feelings as information: Informational and motivational functions 
of affective states. In E. T. Higgins & R. M. Sorrentino (Eds.), Handbook of 
motivation and cognition - Foundations of social behavior (Vol. 2, pp. 527-
561). New York: Guilford Press. 

Seiferth, N. Y., Pauly, K., Habel, U., Kellermann, T., Shah, N. J., Ruhrmann, S., . . . 
Kircher, T. (2008). Increased neural response related to neutral faces in 
individuals at risk for psychosis. Neuroimage, 40(1), 289-297. 
doi:10.1016/j.neuroimage.2007.11.020 

Sharp, C. (2014). The social–cognitive basis of BPD: A theory of hypermentalizing. In 
Handbook of borderline personality disorder in children and adolescents (pp. 
211-225): Springer. 

Sharp, C., Ha, C., Carbone, C., Kim, S., Perry, K., Williams, L., & Fonagy, P. (2013). 
Hypermentalizing in adolescent inpatients: treatment effects and association 
with borderline traits. J Pers Disord, 27(1), 3-18. doi:10.1521/pedi.2013.27.1.3 

Sharp, C., Pane, H., Ha, C., Venta, A., Patel, A. B., Sturek, J., & Fonagy, P. (2011). 
Theory of mind and emotion regulation difficulties in adolescents with 
borderline traits. J Am Acad Child Adolesc Psychiatry, 50(6), 563-573 e561. 
doi:10.1016/j.jaac.2011.01.017 

Sieswerda, S., Barnow, S., Verheul, R., & Arntz, A. (2013). Neither dichotomous nor 
split, but schema-related negative interpersonal evaluations characterize 
borderline patients. J Pers Disord, 27(1), 36-52. 
doi:10.1521/pedi.2013.27.1.36 

Silbersweig, D., Clarkin, J. F., Goldstein, M., Kernberg, O. F., Tuescher, O., Levy, K. 
N., . . . Stern, E. (2007). Failure of frontolimbic inhibitory function in the context 



References 

126 

of negative emotion in borderline personality disorder. Am J Psychiatry, 
164(12), 1832-1841. doi:10.1176/appi.ajp.2007.06010126 

Soeteman, D. I., Hakkaart-van Roijen, L., Verheul, R., & Busschbach, J. J. (2008). 
The economic burden of personality disorders in mental health care. J Clin 
Psychiatry, 69(2), 259-265. doi:10.4088/JCP.v69n0212 

Stein, J. L., Wiedholz, L. M., Bassett, D. S., Weinberger, D. R., Zink, C. F., Mattay, V. 
S., & Meyer-Lindenberg, A. (2007). A validated network of effective amygdala 
connectivity. Neuroimage, 36(3), 736-745. 
doi:10.1016/j.neuroimage.2007.03.022 

Stiglmayr, C. E., Ebner-Priemer, U. W., Bretz, J., Behm, R., Mohse, M., Lammers, C. 
H., . . . Bohus, M. (2008). Dissociative symptoms are positively related to 
stress in borderline personality disorder. Acta Psychiatr Scand, 117(2), 139-
147. doi:10.1111/j.1600-0447.2007.01126.x 

Stiglmayr, C. E., Shapiro, D. A., Stieglitz, R. D., Limberger, M. F., & Bohus, M. 
(2001). Experience of aversive tension and dissociation in female patients with 
borderline personality disorder — a controlled study. Journal of Psychiatric 
Research, 35(2), 111-118. doi:10.1016/s0022-3956(01)00012-7 

Stilo, S. A., & Murray, R. M. (2010). The epidemology of schizophrenia: replacing 
dogma with knowledge. Dialogues Clin Neurosci, 12(3), 305-315.  

Suslow, T., Kugel, H., Ohrmann, P., Stuhrmann, A., Grotegerd, D., Redlich, R., . . . 
Dannlowski, U. (2013). Neural correlates of affective priming effects based on 
masked facial emotion: an fMRI study. Psychiatry Res, 211(3), 239-245. 
doi:10.1016/j.pscychresns.2012.09.008 

Suslow, T., Roestel, C., & Arolt, V. (2003). Affective priming in schizophrenia with 
and without affective negative symptoms. Eur Arch Psychiatry Clin Neurosci, 
253(6), 292-300. doi:10.1007/s00406-003-0443-4 

Taylor, G. J. (2000). Recent developments in alexithymia theory and research. Can J 
Psychiatry, 45(2), 134-142. doi:10.1177/070674370004500203 

Tottenham, N., Tanaka, J. W., Leon, A. C., McCarry, T., Nurse, M., Hare, T. A., . . . 
Nelson, C. (2009). The NimStim set of facial expressions: judgments from 
untrained research participants. Psychiatry Res, 168(3), 242-249. 
doi:10.1016/j.psychres.2008.05.006 

Unoka, Z., Fogd, D., Fuzy, M., & Csukly, G. (2011). Misreading the facial signs: 
specific impairments and error patterns in recognition of facial emotions with 
negative valence in borderline personality disorder. Psychiatry Res, 189(3), 
419-425. doi:10.1016/j.psychres.2011.02.010 

van der Meer, L., van't Wout, M., & Aleman, A. (2009). Emotion regulation strategies 
in patients with schizophrenia. Psychiatry Res, 170(2-3), 108-113. 
doi:10.1016/j.psychres.2009.07.010 



References 

127 

van Dijke, A., van 't Wout, M., Ford, J. D., & Aleman, A. (2016). Deficits in Degraded 
Facial Affect Labeling in Schizophrenia and Borderline Personality Disorder. 
PLoS One, 11(6), e0154145. doi:10.1371/journal.pone.0154145 

Vaskinn, A., Sundet, K., Friis, S., Simonsen, C., Birkenaes, A. B., Engh, J. A., . . . 
Andreassen, O. A. (2007). The effect of gender on emotion perception in 
schizophrenia and bipolar disorder. Acta Psychiatr Scand, 116(4), 263-270. 
doi:10.1111/j.1600-0447.2007.00991.x 

Veague, H. B., & Hooley, J. M. (2014). Enhanced sensitivity and response bias for 
male anger in women with borderline personality disorder. Psychiatry Res, 
215(3), 687-693. doi:10.1016/j.psychres.2013.12.045 

Volk, D. W., & Lewis, D. A. (2014). Early developmental disturbances of cortical 
inhibitory neurons: contribution to cognitive deficits in schizophrenia. 
Schizophr Bull, 40(5), 952-957. doi:10.1093/schbul/sbu111 

Vuilleumier, P. (2005). How brains beware: neural mechanisms of emotional 
attention. Trends Cogn Sci, 9(12), 585-594. doi:10.1016/j.tics.2005.10.011 

Wager, T. D., Phan, K. L., Liberzon, I., & Taylor, S. F. (2003). Valence, gender, and 
lateralization of functional brain anatomy in emotion: a meta-analysis of 
findings from neuroimaging. Neuroimage, 19(3), 513-531. doi:10.1016/S1053-
8119(03)00078-8 

Wagner, A. W., & Linehan, M. M. (1999). Facial expression recognition ability among 
women with borderline personality disorder: implications for emotion 
regulation? J Pers Disord, 13(4), 329-344. doi:10.1521/pedi.1999.13.4.329 

Wallbott, H. G. (1988). Big girls don't frown, big boys don't cry - Gender differences of 
professional actors in communicating emotion via facial expression. J 
Nonverbal Behav, 12(2), 98-106. doi:10.1007/BF00986928 

Waters, A. J., Sayette, M. A., Franken, I. H., & Schwartz, J. E. (2005). 
Generalizability of carry-over effects in the emotional Stroop task. Behav Res 
Ther, 43(6), 715-732. doi:10.1016/j.brat.2004.06.003 

Watson, D., Clark, L. A., & Tellegen, A. (1988). Development and validation of brief 
measures of positive and negative affect: the PANAS scales. J Pers Soc 
Psychol, 54(6), 1063-1070. doi:10.1037//0022-3514.54.6.1063  

Weisgerber, A., Vermeulen, N., Peretz, I., Samson, S., Philippot, P., Maurage, P., . . . 
Constant, E. (2015). Facial, vocal and musical emotion recognition is altered in 
paranoid schizophrenic patients. Psychiatry Res, 229(1-2), 188-193. 
doi:10.1016/j.psychres.2015.07.042 

Weiss, E. M., Kohler, C. G., Brensinger, C. M., Bilker, W. B., Loughead, J., Delazer, 
M., & Nolan, K. A. (2007). Gender differences in facial emotion recognition in 
persons with chronic schizophrenia. Eur Psychiatry, 22(2), 116-122. 
doi:10.1016/j.eurpsy.2006.05.003 

Williams, L. M., Das, P., Harris, A. W., Liddell, B. B., Brammer, M. J., Olivieri, G., . . . 
Gordon, E. (2004). Dysregulation of arousal and amygdala-prefrontal systems 



References 

128 

in paranoid schizophrenia. Am J Psychiatry, 161(3), 480-489. 
doi:10.1176/appi.ajp.161.3.480 

Winter, D., Koplin, K., & Lis, S. (2015). Can't stand the look in the mirror? Self-
awareness avoidance in borderline personality disorder. Borderline Personal 
Disord Emot Dysregul, 2(1), 13. doi:10.1186/s40479-015-0034-9 

Winton-Brown, T. T., Fusar-Poli, P., Ungless, M. A., & Howes, O. D. (2014). 
Dopaminergic basis of salience dysregulation in psychosis. Trends Neurosci, 
37(2), 85-94. doi:10.1016/j.tins.2013.11.003 

Wittchen, H.-U., Wunderlich, U., Gruschwitz, S., & Zaudig, M. (1997). SKID-I 
Strukturiertes Klinisches Interview für DSM-IV Achse I: Psychische Störungen. 
Göttingen: Hogrefe. 

Zajonc, R. B. (1980). Feeling and thinking: Preferences need no inferences. 
American Psychologist, 35(2), 151-175. doi:10.1037/0003-066x.35.2.151 

Zanarini, M. C. (2000). Childhood experiences associated with the development of 
borderline personality disorder. Psychiatr Clin North Am, 23(1), 89-101. 
doi:10.1016/S0193-953X(05)70145-3 

 
 
  



References 

129 

AUTHOR‘S PUBLICATIONS 

Bailer, J., Rist, F., Müller, T., Mier, D., Diener, C., Ofer, J., Fenske, S., & Witthöft, M. 
(2013). Erfassung von Krankheitsangst mit dem Short Health Anxiety 
Inventory (SHAI). Verhaltenstherapie & Verhaltensmedizin, 34, 378-398.  

 
Bumb, J. M., Mier, D., Noelte, I., Schredl, M., Kirsch, P., Hennig, O., Liebrich, L., 

Fenske, S.,. . . Sobanski, E. (2016). Associations of pineal volume, chronotype 
and symptom severity in adults with attention deficit hyperactivity disorder and 
healthy controls. Eur Neuropsychopharmacol, 26(7), 1119-1126. 
doi:10.1016/j.euroneuro.2016.03.016 
 

Eisenacher, S., Rausch, F., Ainser, F., Englisch, S., Becker, A., Mier, D., Fenske, S., 
. . . Zink, M. (2018). Early cognitive basic symptoms are accompanied by 
neurocognitive impairment in patients with an 'at-risk mental state' for 
psychosis. Early Interv Psychiatry, 12(4), 586-595. doi:10.1111/eip.12350 

 
Eisenacher, S., Rausch, F., Mier, D., Fenske, S., Veckenstedt, R., Englisch, S., . . . 

Zink, M. (2016). Bias against disconfirmatory evidence in the 'at-risk mental 
state' and during psychosis. Psychiatry Res, 238, 242-250. 
doi:10.1016/j.psychres.2016.02.028 

 
Erkic, M., Bailer, J., Fenske, S. C., Schmidt, S. N. L., Trojan, J., Schroder, A., . . . 

Mier, D. (2018). Impaired emotion processing and a reduction in trust in 
patients with somatic symptom disorder. Clin Psychol Psychother, 25(1), 163-
172. doi:10.1002/cpp.2151 

 
Fenske, S., Lis, S., Liebke, L., Niedtfeld, I., Kirsch, P., & Mier, D. (2015). Emotion 

recognition in borderline personality disorder: effects of emotional information 
on negative bias. Borderline Personal Disord Emot Dysregul, 2, 10. 
doi:10.1186/s40479-015-0031-z 

 
Fenske, S. C., Stößel, G., Kirsch, P., & Mier, D. (submitted). The influence of 

negative affective priming on neural mechanisms of emotion recognition. 
 
Niedtfeld, I., Defiebre, N., Regenbogen, C., Mier, D., Fenske, S., Kirsch, P., . . . 

Schmahl, C. (2017). Facing the Problem: Impaired Emotion Recognition 
During Multimodal Social Information Processing in Borderline Personality 
Disorder. J Pers Disord, 31(2), 273-288. doi:10.1521/pedi_2016_30_248 

 
Rausch, F., Mier, D., Eifler, S., Fenske, S., Schirmbeck, F., Englisch, S., . . . Zink, M. 

(2015). Reduced activation in the ventral striatum during probabilistic decision-
making in patients in an at-risk mental state. J Psychiatry Neurosci, 40(3), 
163-173. doi:10.1503/jpn.140191 

Zamoscik, V., Niemeyer, C., Gerchen, M. F., Fenske, S. C., Witthöft, M., & Kirsch, P. 
(2017). [Sensory Inventory (SI): self-assessment of sensory sensitivity for 
adults and adolescents]. Fortschr Neurol Psychiatr, 85(9), 541-551. 
doi:10.1055/s-0043-117885 

 



Curriculum vitae 

130 

8 CURRICULUM VITAE 

PERSONALIEN 
 

Vorname und Name: Sabrina Christina Fenske 

Geburtsdatum: 07.06.1987 

Geburtsort: Aachen 

Familienstand: ledig 

Vater: Volker Richard Wilhelm Fenske 

Mutter: Sonja Fenske 

 
 
SCHULISCHER WERDEGANG 
 

1994 – 1998 Augst Grundschule, Neuhäusel 

1998 - 2007 Goethe-Gymnasium, Bad Ems 

20.03.2007 Abitur (Note: 1,6) 

 
 
UNIVERSITÄRER WERDEGANG 
 

2007 – 2010 
 

Studium der Psychologie, Bachelor of Science an der 
Universität Mannheim 

 
Bachelorarbeit: Einfluss des Informationsgehaltes von Aussagen 
auf das Gedächtnis für Wahrheit und Falschheit (Note: 1,3) 

30.06.2010 Abschluss Bachelor of Science Psychologie, Note: 1,9 

2010 – 2012 
 

Studium der Psychologie, Master of Science an der 
Universität Mannheim 

 
Masterarbeit: Neuronale Korrelate emotionaler und kognitiver 
Imitation - Bedeutung von Borderline-Persönlichkeitsmerkmalen 
und Empathiefähigkeit (Note: 1,3) 

21.08.2012 Abschluss Master of Science Psychologie, Note: 1,3 

 



Danksagung 

131 

9 DANKSAGUNG 

Mein besonderer Dank gilt meinem Doktorvater Prof. Dr. Peter Kirsch, der mein Interesse für 

die Forschung und meine Freude am wissenschaftlichen Arbeiten geweckt und seit Jahren 

gefördert hat. Ich bin sehr dankbar dafür, dass er mir die Möglichkeit gab, ein Teil dieser 

wunderbaren Abteilung für Klinische Psychologie zu sein und diese Doktorarbeit nach 

meinen Vorstellungen zu gestalten. Ebenso danke ich ihm für seine immerwährende 

Unterstützung, die wertvollen fachlichen Anregungen und das uneingeschränkte Vertrauen, 

das er in mich und meine Arbeit gesetzt hat.  

Meinen sicherlich vielfältigsten Dank möchte ich Dr. Daniela Mier aussprechen, die mir vom 

ersten Tag an immer unterstützend zur Seite stand und deren Begeisterung für die 

Erforschung sozialer Kognition wesentlich dazu beigetragen hat, dass ich mich für eine 

Promotion in diesem Bereich entschieden habe. Sie hat die inhaltliche Ausrichtung dieser 

Arbeit und die Gestaltung meiner wissenschaftlichen Tätigkeit mit ihrem fachlichen Wissen 

und ihrer Kreativität maßgeblich geprägt und mich gleichzeitig dabei unterstützt, meine 

eigenen Ideen im Rahmen dieser Arbeit zu verwirklichen. In ihr habe ich nicht nur eine 

ausgezeichnete Betreuerin, sondern auch eine wertvolle Freundin gefunden. 

Auch Dr. Stefanie Lis und Dr. Inga Niedtfeld möchte ich meinen herzlichen Dank für die 

angenehme Zusammenarbeit und gute Kooperation sowie den bereichernden fachlichen 

Austausch aussprechen. 

Bedanken möchte ich mich auch bei Lisa Liebke, Nadine Defiebre, Ellen Schmucker, Vera 

Eymann und Manuel Vietze, die mich bei der Probandenrekrutierung und Datenerhebung 

tatkräftig unterstützt haben.  

All meinen derzeitigen und ehemaligen Kolleginnen und Kollegen der Abteilung Klinische 

Psychologie danke ich von Herzen für Ihre fachliche und emotionale Unterstützung während 

der Zeit meiner Promotion. Der Zusammenhalt und die gegenseitige Unterstützung, die ich in 

den letzten Jahren mit ihnen dort erlebt habe, sind für mich unglaublich wertvoll und ich 

möchte diese Zeit niemals missen. 

Mein ausdrücklicher Dank gilt außerdem allen Studienteilnehmerinnen und -teilnehmern, die 

sich bereit erklärt haben, meine Forschung zu unterstützen und die durch ihre Teilnahme die 

Grundlage für diese Arbeit geliefert und ihr Entstehen damit überhaupt erst ermöglicht 

haben. 

Meinen Eltern möchte ich für ihren unerschütterlichen Glauben an meine Fähigkeiten und die 

stetige Ermutigung danken, die mir geholfen hat, mein Ziel nicht aus den Augen zu verlieren. 

Unabhängig davon, wofür ich mich in meinem Leben entschieden habe, sie haben mich in 

jeder dieser Entscheidungen unterstützt und sind die Wege mit mir gegangen.  

Unendlich dankbar bin ich auch Simon Desch für seine nie endende Bereitschaft und seine 

Unermüdlichkeit darin, mich zu unterstützen. Ganz egal zu welcher Uhrzeit, sei es 

persönlicher oder fachlicher Natur, ich konnte immer auf ihn zählen. Mit ihm an meiner Seite 

bin ich sicher, jedes Ziel erreichen zu können.  

Es gibt eine ganze Reihe weiterer Menschen, denen ich aus tiefstem Herzen dankbar für ihre 

Geduld und Unterstützung in den letzten Jahren bin. Auch ohne all diese wunderbaren 

Menschen hier namentlich aufzuführen, bin sehr sicher, dass sie sich angesprochen fühlen 

und jeder einzelne von ihnen weiß, was mir dieser Rückhalt bedeutet. 


